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The aim of this study was to evaluate the lipid peroxidation level (2-

thiobarbituric acid reactive substances (TBARS) as biomarker) in the muscle tissue of 

rainbow trout after incubation with extracts obtained from leaves of various Camellia 

japonica L. cultivars. The leaves of various Camellia japonica cultivars (C. japonica 

'Kramer’s Supreme', C. japonica 'C.M.Wilson', C. japonica 'La Pace', C. japonica 'Mrs. 

Lyman Clarke', C. japonica cv. 3, C. japonica cv. 15), cultivated under glasshouse con-

ditions, were sampled at M.M. Gryshko National Botanical Garden (NBG), National 

Academy of Sciences of Ukraine. Specifically. 

Results obtained in this study showed that there is a possibility of using extracts 

derived from leaves of various Camellia japonica cultivars in intensive aquaculture 

farms. Leaf extracts of Camellia japonica may be used as an antioxidant agent in aqua-

culture. Furthermore, the use of such plants products as antioxidants and immunostimu-

lants in aquaculture systems may also have environmental value because of their bio-

degradability. 

Keywords: rainbow trout (Oncorhynchus mykiss Walbaum), aquaculture, li-

pid peroxidation, 2-thiobarbituric acid reactive substances, Ca-

mellia japonica L., cultivars. 
 

Herbs are currently used in commercial aquaculture as growth-promoting sub-

stances, antimicrobial agents, nutrients to prevent and control fish diseases as well as 

many other applications (Galina et al. 2009). The growing interest of using herbs in aq-

uaculture has increased world-wide because they are easy to prepare, cheap, and they 

contain natural organic compounds such as several phenolic, polyphenolic, alkaloid, 

quinone, terpenoid, lectine, and polypeptide compounds, many of which shown to be 

very effective alternatives to antibiotics, chemicals or synthetic compounds and vac-

cines in aquaculture [3, 34, 37]. Plants (fruits, vegetables, medicinal herbs) may contain 

a wide variety of free radical scavenging molecules such as phenolic compounds (Phe-

nolic acids, flavonoids, quinons, coumarins, lignans, stilbenes, tannins etc.), nitrogen 

compounds (alkaloids, amines, betalains etc.), vitamins, terpenoids (including carote-
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noids) and some other endogenous metabolites which are rich in antioxidant activi-

ty [39]. 

They also facilitate growth, anti-stress, environmentally friendly and antimicro-

bial properties in finfish and shrimp [5]. Modulation of the immune response using me-

dicinal plant products as a possible therapeutic measure has become the focus of exten-

sive scientific investigation [8]. 

In this study extracts derived from leaves of various cultivars of Camellia japon-

ica plants were chosen because of their recorded potential medical significance with an-

timicrobial [14], antioxidant [24, 28], anti-allergic [16, 29], antiviral [1, 31] and skin 

healing properties [11]. Therefore, it would be reasonable to expect that plant extract 

obtained from Camellia japonica plants can express the antioxidant properties. 

The genus Camellia L. (Theaceae D. Don) comprises more than 200 woody ev-

ergreen species. These plants are native to East Asia – China, Taiwan, Japan and South 

Korea [23]. Some species possess great economic value, particularly Camellia sinensis 

(L.) Kuntze (the tea plant) which is grown commercially mainly in tropical and subtrop-

ical regions. Other species such as Camellia japonica L., Camellia reticulata Lindl. and 

Camellia sasanqua Thunb. are cultivated in subtropical regions worldwide as ornamen-

tals. The seeds of Camellia species can be pressed to obtain high quality oils, some of 

which have been used for years in Asian cultures. The oil from Camellia oleifera 

C.Abel. (widely known as tea seed oil or tea oil) is used extensively in the Hunan Prov-

ince in China for cooking, and C. japonica oil has a long history of traditional cosmetic 

usage in Japan as a protectant to maintain the health of skin and hair [11]. Leaves and 

shoots of C. sasanqua is a source of eugenol, and of the fruits and seeds extracted oil. 

Camellia spp. have been used also in Oriental ethnomedicine and appear to be very 

promising leads for possible pharmaceutical exploitation since modern science has 

made it possible to specify potential medical significance of the genus Camellia. 

Camellia japonica is the most well-known species of the genus Camellia. C. ja-

ponica (Japanese name of ‘‘tsubaki’’) has traditionally been a popular tree as both a 

garden ornamental plant and as the source of oil material and folk medicine in Japan. 

An edible oil known as 'tsubaki oil’ is obtained from the seed [7, 18, 40]. Dried flowers 

are used as a vegetable cooked or mixed with gelatinous rice to make a Japanese food 

called ’mochi’ [7] or used as a flower tea [18]. The leaves serve as a substitute for tea 

and tobacco [7, 17, 36]. 

The flowers are astringent, anti-haemorrhagic, haemostatic, salve and tonic in 

folkloric traditional medicine [6, 36]. When mixed with sesame oil, they are used in the 

treatment of burns and scalds. The flower has been prescribed in Chinese traditional 

preparations for the treatment of haematemesis (vomiting of blood) and oketsu syn-

drome (blood stagnation), and the seed is used as stomachic and anti-inflammatory in 

Japanese folk medicine [18, 42]. C. japonica oil has been used traditionally in East Asia 

to nourish and soothe the skin as well as help restore the elasticity of skin and on all 

types of bleeding instances [15]. 

The leaf extract of C. japonica exhibited the most potent effect on degranulation 

in antigen-stimulated rodent and human mast cells of 100 Korean plants screened [20]. 

Aqueous extract from C. japonica leaf have antioxidant and neuronal cell protective ef-

fects. It including phenolics may be useful in the natural antioxidant substance and re-

duce the risk of neurodegenerative disease such as Alzheimer’s disease [10]. Among 

eight Camellia species, C. sasanqua showed potent anticancer activities in prostate can-

cer PC3 cells. In addition to catechins, the major component, eugenyl β-primeveroside 

was detected in C. sasanqua [41]. The Camellia spp. extract possesses a wide range of 
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pharmacological activities including anti-inflammatory, anti-cancer, anti-microbial, and 

antioxidant activities [1, 26, 29, 43]. 

Although pharmacological activities of extracts from various parts of Camellia 

species were well investigated, studies regarding its protective effects against oxidative 

damage have not yet been undertaken. The aim of this study was to evaluate the lipid 

peroxidation (2-thiobarbituric acid reactive substances (TBARS) as biomarker) level in 

the muscle tissue of rainbow trout after incubation with extracts obtained from leaves of 

various Camellia japonica cultivars. The lipid peroxidation product, malondialdehyde 

(MDA), is commonly used as a biomarker of the oxidative stress in cells. This aldehyde 

is a highly toxic molecule and it should be considered as more than just a marker of li-

pid peroxidation. Its interaction with the DNA and proteins has often been referred to as 

potentially mutagenic and atherogenic [33]. 

Materials and methods. Collection of Plant Materials. The leaves of various 

Camellia japonica L. cultivars (C. japonica 'Kramer’s Supreme', C. japonica 

'C.M.Wilson', C. japonica 'La Pace', C. japonica 'Mrs. Lyman Clarke', C. japonica cv. 

3, C. japonica cv. 15), cultivated under glasshouse conditions, were sampled at M.M. 

Gryshko National Botanical Garden (NBG), National Academy of Science of Ukraine. 

Specifically, fully expanded new leaves of these cultivars were selected for study. 

Preparation of Plant Extracts. Freshly collected leaves were washed, weighted, 

crushed, and homogenized in 100 mM sterile phosphate buffer saline solution (pH 7.2) 

(in proportion 1:19, w/w) at room temperature. The extracts were then filtered and in-

vestigated. All extracts were stored at -20°C until use. 

Experimental fish. Clinically healthy rainbow trout with a mean body mass of 

80-120 g were used in the experiments. The experiments were performed in water at 

14.5 ± 0.5°C and pH 7.2-7.4. The dissolved oxygen level was about 9 ppm with addi-

tional oxygen supply, with a water flow of 25 L/min, and a photoperiod of 12 h per day. 

The same experimental conditions were used during the whole research. The water pa-

rameters were maintained under constant surveillance. The fish were held in square 

tanks (150 fish per tank) and fed commercial pelleted diet.  

Collection of muscle tissue samples. The muscle tissue samples were homoge-

nized in ice-cold buffer (100 mM Tris-HCl, pH 7.2) using a glass homogenizer im-

mersed in ice water bath. Homogenates were centrifuged at 3000 g for 15 min at 4°C. 

After centrifugation, the supernatant was collected and frozen at −20°C until analyzed. 

Protein contents were determined with the method described by Bradford [4] with bo-

vine serum albumin as a standard. Absorbance was recorded at 595 nm. All enzymatic 

assays were carried out at 22 ± 0.5°C using a Specol 11 spectrophotometer (Carl Zeiss 

Jena, Germany). The enzymatic reactions were started by adding the tissue supernatant. 

Experimental design. The supernatant of the muscle tissue was used to incubate 

with extracts of various cultivars of C. japonica (in a ratio 19:1) at room temperature. 

The positive control group (trout muscle tissue) was incubated with 100 mM Tris-HCl 

buffer (pH 7.2) (in a ratio 19:1). The incubation time was 2 hours. Lipid peroxidation 

biomarker was evaluated in the incubated homogenate (control group and in samples 

with extracts of various cultivars of C. japonica). 

Determination of 2-thiobarbituric acid reactive substances (TBARS). The level 

of lipid peroxidation was estimated by assessing the levels of 2-thiobarbituric acid reac-

tive substances (TBARS) by Kamyshnikov [13]. The TBARS assay was performed by 

using the malonic dialdehyde (MDA) equivalents. The method involved heating of in-

cubated homogenates with the trichloroacetic acid (TCA) and 2-thiobarbituric acid 

(TBA). MDA was identified as a product of lipid peroxidation which reacted with TBA 

to give a pink colored samples that gave an absorbance at 540 nm. Briefly, 2.1 mL of 
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homogenate sample (in tris-HCl buffer, 100 mM, pH 7.2) was added to 1 mL of 20 % 

TCA, and 1 mL of 0.8 % TBA. The mixture was heated in a boiling water bath for 10 

min. After cooling, the mixture was centrifuged at 3,000 g for 10 min. The absorbance 

of the supernatant was measured at 540 nm. The concentration of MDA (nmol/mg of 

protein) was calculated using 1.56 10
5
 mM

-1
 cm

-1
 as the extinction coefficient. 

Statistical analysis. The mean ± S.E.M. values was calculated for each group to 

determine the significance of intergroup difference. All variables were tested for normal 

distribution using the Kolmogorov-Smirnov and Lilliefors test (p>0.05). Significance of 

differences between the total antioxidant capacity level (significance level, p<0.05) was 

examined using Mann-Whitney U test [44]. All statistical calculation was performed on 

separate data from each individual with STATISTICA 8.0 software (StatSoft, Krakow, 

Poland). 

Results and discussion. When muscle tissue was incubated with leaf extracts of 

various C. japonica cultivars, the TBARS level ranged to value of control group. More-

over, all extracts (except C. japonica cv. 3 and cv. 15) reduced the TBARS level in the 

extracts-treated muscle tissue, but these differences were non statistically signifi-

cant (Fig. 1). 

The obtained results showed that lipid peroxidation level in the muscle tissue of 

rainbow trout after incubation with extracts from leaves of various C. japonica cultivars 

was not changed. Therefore, our research could only weakly support the previous stud-

ies which were conducted for assessment of biological activities of plant extracts de-

rived from various parts of C. japonica plants.  

Several researchers investigated the efficiency of plant extracts and their effec-

tive compounds in different parts of the C. japonica plant as antioxidant agents. In par-

ticular, previous studies have indicated that the extracts of different parts of the C. ja-

ponica plant have various biological activities. It has been reported that extracts of 

C. japonica flowers possess antioxidant effects via scavenging of reactive oxygen spe-

cies (ROS) and induction of antioxidant enzymes. Piao and co-workers [32] have inves-

tigate the antioxidant properties of the ethanol extract of the flower of C. japonica (Ca-

mellia extract). Camellia extract exhibited 1,1-diphenyl-2-picrylhydrazyl radical and 

intracellular ROS scavenging activity in human HaCaT keratinocytes. In addition, Ca-

mellia extract scavenged superoxide anion generated by xanthine/xanthine oxidase and 

hydroxyl radical generated by the Fenton reaction (FeSO4 + H2O2) in a cell-free system, 

which was detected by electron spin resonance spectrometry. Furthermore, Camellia 

extract increased the protein expressions and activity of cellular antioxidant enzymes, 

such as superoxide dismutase, catalase and glutathione peroxidase. It was shown that 

Camellia extract contained quercetin, quercetin-3-O-glucoside, quercitrin and 

kaempferol, which are antioxidant compounds [32]. 

Extracts of C. japonica leaves have shown antihuman HIV activity by inhibiting 

the HIV-protease enzyme, which is required for cleaving newly synthesized polypro-

teins essential for virion maturity. To identify substances with anti-human immunodefi-

ciency virus (HIV) activity in traditional medicines, 101 extracts of Korean medicinal 

plants were screened for their inhibitory effects on HIV type 1 protease (PR) by Park 

and co-workers [30]. Of the extracts tested, strong inhibitory effects were observed in 

the acetone extracts of the pericarp and leaves of Camellia japonica, the water extract of 

the leaves of Sageretia thea (syn. S. theezans) and the methanol extract of the aerial part 

of Sophora flavescens. Camelliatannin H from the pericarp of C. japonica, showed a 

potent inhibitory activity on HIV-1 PR with IC50 of 0.9 microM [30]. 
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Fig. 1. The lipid peroxidation level measured by 2-thiobarbituric acid reac-

tive substances (TBARS) level in the muscle tissue of rainbow trout after incuba-

tion with extracts from leaves of various. Camellia japonica cultivars (M±m, n=6). 

 

In addition, it exhibits antioxidant activity via free radical scavenging potency 

mainly due to the presence of tannins and polyphenolic compounds, antiphotoaging ca-

pability by reducing the carbonylation of tape-stripped stratum corneum after 

ultraviolet B (UVB) irradiation, and decreasing intracellular ROS generation in HaCaT 

keratinocytes. In study of Mizutani and Masaki [24], both mature leaves of C. japonica 

(CJML) and green leaves (JGL) were extracted with 50 % 1,3-butylene glycol (1,3-BG) 

and used for investigations. In a chemical examination, we compared both extracts in 

terms of scavenging activities against hydrogen peroxide and hydroxyl radicals. CJGL 

exhibited higher scavenging activities against both types of ROSs compared with 

CJML. In a biological study, the intra-cellular ROS level of HaCaT keratinocytes 

precultured with CJGL for 24 h was significantly lower than that of the control cells. 

Furthermore, cell damage induced by H2O2 exposure was attenuated by 24 h precultiva-

tion with CJGL but not by 2 h precultivation. The results of examinations indicate that 

CJGL possess properties that reduce oxidative stress. In addition, the result of 2 h 

precultivation with CJGL suggests that CJGL might affect the status of intra-cellular 

antioxidants [24]. 

Furthermore, its hypotriglyceridemic activity is mediated by decreasing serum 

and hepatic triglyceride level as well as lowering lipogenic enzymes activity in the liver. 

Tamaru and co-workers [38] have investigated hypotriglyceridemic potential of the 

mixed tea in rats. Fermented mixed tea made with third-crop green tea leaves and ca-

mellia leaves by a tea-rolling process has been developed. The mixed tea contained 

theasinensins and theaflavins. Rats fed the mixed tea extract at the level of 1% exerted 

significantly lower body weight and adipose tissue weight compared to animals fed 

third-crop green tea or camellia tea extract alone for 4 weeks. Serum and hepatic tri-

glyceride was significantly and dose-dependently decreased by the mixed tea. This de-

crease was associated with lowered lipogenic enzyme activities in the liver. Further-

more, an oral administration of 4 or 8% of the mixed tea extract followed by fat emul-

sion suppressed the increment of serum triglyceride level. The mixed tea has hypotri-

glyceridemic action, partially via delaying triglyceride absorption in the small intestine 

and repressing hepatic lipogenic enzymes [38]. 
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The findings of Lee and co-workers [19] have suggested that the fruit of C. ja-

ponica has strong cardiovascular protective effects and could be a good potential can-

didate for development as a natural-based medicine for the prevention and treatment 

of cardiovascular diseases. Despite these beneficial effects of the fruit, there is very 

little information available on its constituents compared with the seeds and leaves. 

The studies of the biological activities of C. japonica have been focused on the seeds, 

flowers, and leaves, but not the fruits. The constituents of C. japonica such as sapo-

nins in the seeds, flavonol glycosides in the leaves, and triterpenes, several hydrolyza-

ble tannins, acylated anthocyanins, and purine alkaloids in the flowers have been re-

ported [21, 25, 28, 31, 45]. 

Many study suggests that green tea feed may effectively enhance the antioxidant 

system and immune system in rainbow trout. Kakoolaki and co-workers [12] have eval-

uated the effect of dietary supplementation of Camellia sinensis leaf-extract on non-

specific immune responses and disease resistance of Mugil cephalus fingerling against 

Photobacterium damselae. Fish were fed with 0 (unsupplemented), 50, 100 and 200 

mg/kg of green tea extract (GTE) supplemented diets. Results indicated that GTE de-

creased mortality in M. cephalus in a dose-dependent manner after challenge with 

P. damselae. Haematological parameters containing erythrocytes, hematocrit, hemoglo-

bin and leukocytes and growth performance (weight gain) showed remarkable changes 

in comparison with control group. Lysozyme statistically increased in GTE supplement-

ed fish. Overall, results of Kakoolaki and co-workers [12] indicated that incorporation 

of C. sinensis supplemented diet at 100 and 200 mg/kg doses significantly enhanced the 

immune responses in M. cephalus and that the mortality percentage could be remarka-

bly reduced after challenging the fish against P. damselae. 

The efficacy of green tea (Camellia sinensis) on growth performance, immune 

and antioxidant systems and cytokine gene expression in rainbow trout tissues have elu-

cidated by Nootash and co-workers [27]. Green tea was supplemented at 20, 100, and 

500 mg kg
-1

 diet and fed to fish (average weight: 23.5 g) for 35 days. No remarkable 

changes in growth performance were observed among all test groups. Lower lipid pe-

roxidation product and higher superoxide dismutase activity were noted in fish received 

the medium dose of green tea. Significant increase in serum bactericidal activity and 

total protein were recorded in all treatment groups. All doses of green tea up-regulated 

Interleukin-1β transcription in the spleen, while Interleukin-1β mRNA level decreased 

significantly in the kidney of low dose of green tea. Interleukin-6 mRNA level was up-

regulated in the spleen of high dose of green tea and liver of middle and high doses of 

green tea. High dose and medium dose of green tea up-regulated the interleukin-8 tran-

scription in the kidney and liver, respectively. Meanwhile, green tea inhibited the pro-

duction of interleukin-10 in all treatment groups compared with control group. Medium 

dose of green tea up-regulated tumor necrosis factor-α transcription in all fish tissues, 

while high dose and low dose of green tea enhanced tumor necrosis factor-α mRNA 

levels in the kidney and spleen, respectively [27]. 

The decaffeinated green tea in lower doses of administration could be optimum 

to enhance the immunity of rainbow trout. In order to study the immunomodulatory ef-

fects of decaffeinated green tea extract on rainbow trout, a study with a 30-day feeding 

trial was conducted by Sheikhzadeh and co-workers (2011). Results of the this study 

showed that the inclusion of 20 mg kg
-1

 green tea (T1) in fish diet enhanced the serum 

bactericidal activity against Yersinia ruckeri, while significant elevation of lysozyme 

activity was shown in T2 group. Anti-trypsin activity due to α1-antiprotease was signif-

icantly higher in T1 and T2 groups while peroxidase content showed significant in-

crease in all treatment groups compared to control group. Hemagglutination antibody 
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titer against C-RBC was significantly higher in fish administered with 100 mg kg
-1

 

green tea (T2) [35]. 

Magcwebeba and co-workers [22] have investigated the relationship between 

polyphenol constituents, antioxidant properties of aqueous and methanol extracts of 

green tea (Camellia sinensis), the herbal teas, rooibos (Aspalathus linearis, Fabaceae) 

and honeybush (Cyclopia spp.), against skin cell viability in vitro. Phenolic composi-

tion, particularly high levels of potent antioxidants, of rooibos and green tea methanol 

extracts were associated with a strong reduction in cell viability specifically targeting 

premalignant cells. In contrast, the aqueous extracts of Cyclopia spp. were more effec-

tive in reducing cell viability. This correlated with a relatively high fla-

vanol/proanthocyanidin content and ABTS radical cation scavenging capacity. The ma-

jor green tea flavanol (epigallocatechin gallate) and rooibos dihydrochalcone (aspala-

thin) exhibited differential effects against cell viability, while the major honeybush xan-

thone (mangiferin) and flavanone (hesperidin) lacked any effect presumably due to a 

cytoprotective effect [22]. 

It should be noted that, MDA measurement is very important in pathological 

states, but it has also a large significance on the toxicological effects of pollutants such 

as metals, solvents and xenobiotics in humans and animals [9]. Nevertheless, in order to 

avoid any misinterpretation of the results obtained in this study, another alternative test 

for evaluating lipid peroxidation level in the muscle tissue of rainbow trout and as-

sessing free radical scavenging potency of leaf extracts of C. japonica cultivar could be 

employed. 

Conclusions. Based on our results, we suggested that there is a possibility of us-

ing extracts from leaves of various C. japonica cultivars in intensive aquaculture farms. 

Some discrepancy in scavenging potential of the C. japonica leaf extracts screened  in 

this study and bibliographic data reporting profound biological activities  of extracts de-

rived from various part of this plant species may be due to variation in the percentage of 

phytoconstituents extracted in various solvents or to different cultivation conditions as 

well. To conclude, Camellia japonica may be used as an antioxidant agent in aquacul-

ture as it can be easily obtained and is not expensive. Furthermore, the use of such 

plants products as antioxidants and immunostimulants in aquaculture systems may also 

have environmental value because of their biodegradability. 

This study was carried out during Scholarship Program supported by The Polish 

National Commission for UNESCO in the Department of Zoology and Animal Physiol-

ogy, Institute of Biology and Environmental Protection, Pomeranian University in 

Slupsk (Poland). We thank to The Polish National Commission for UNESCO for the 

supporting our study. 

 

References 

1. Akihisa, T., Yasukawa, K., Kimura, Y., Takase, S., Yamanouchi. S., Tamura, 

T. (1997). Triterpene alcohols from camellia and sasanqua oils and their anti-

inflammatory effects. Chem. Pharm. Bull., 45(12), 2016–2023. 

2. Akihisa, T., Tokuda, H., Ukiya, M., Suzuki, T., Enjo, F., Koike, K., Nikaido, 

T., Nishino, H. (2004). 3-epicabraleahydroxylactone and other triterpenoids from ca-

mellia oil and their inhibitory effects on Epstein-Barr virus activation. Chem. Pharm. 

Bull., 52(1), 153–156. 

3. Akrami, R., Gharaei, A., Mansour, M. R., Galeshi, A. (2015). Effects of die-

tary onion (Allium cepa) powder on growth, innate immune response and hemato-

biochemical parameters of beluga (Huso huso Linnaeus, 1754) juvenile. Fish Shellfish 

Immunol., 45(2), 828-834.  



№118 - Науково-технічний бюлетень ІТ НААН   

10 

4. Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of 

microgram quantities of protein utilizing the principle of protein-dye binding. Anal. Bi-

ochem., 72, 248–254. 

5. Citarasu, T., Babu, M. M., Punitha, S. M. J., Venket Ramalingam, K., 

Marian, M. P. (2001). Control of pathogenic bacteria using herbal biomedicinal prod-

ucts in the larviculture system of Penaeus monodon. International Conference on Ad-

vanced Technologies in Fisheries and Marine Sciences, MS University, India. 

6. Duke, J. A., Ayensu, E. S. (1985). Medicinal plants of China. Reference Pub-

lications, Inc., Algonac, 1 & 2, 705. 

7. Facciola, S. (1990). Cornucopia. A source book of edible plants. Vista: 

Kampong Publishing, 677. 

8. Galina, J., Yin, G., Ardó, L., Jeney, Z. (2009). The use of immunostimulating 

herbs in fish. An overview of research. Fish Physiol. Biochem., 35(4), 669–676. 

9. Grotto, D., Lucas Santa Maria, Valentini, J., Paniz, C., Schmitt, C., Gar-

cia, S. C. (2009). Importance of the lipid peroxidation biomarkers and methodological 

aspects for malondialdehide quantification. Quim. Nova, 32(1), 169–174. 

10. Jeong, C. H., Kim, J. H., Choi, G. N., Kwak, J. H., Kim, D. O., Heo, H. J. 

(2010). Protective effects of extract with phenolics from camellia (Camellia japonica) 

leaf against oxidative stress-induced neurotoxicity. Food Sci. Biotechnol., 19 (5), 

1347–1353. 

11. Jung, E., Lee, J., Baek, J., Jung, K., Lee, J., Huh, S., Kim, S., Koh, J., 

Park, D. (2007). Effect of Camellia japonica oil on human type I procollagen produc-

tion and skin barrier function. J. Ethnopharmacol., 112(1), 127–131. 

12. Kakoolaki, S., Akbary, P., Zorriehzahra, M. J., Salehi, H., Sepahdari, A., 

Afsharnasab, M., Mehrabi, M.R., Jadgal, S. (2016). Camellia sinensis supplemented 

diet enhances the innate non-specific responses, haematological parameters and 

growth performance in Mugil cephalus against Photobacterium damselae. Fish Shell-

fish Immunol., 57, 379–385. 

13. Kamyshnikov, V. S. (2004). Reference book on clinic and biochemical re-

searches and laboratory diagnostics. Moscow: MEDpress-uniform (in Russian). 

14. Kim, K. Y., Davidson, P. M., Chung, H. J. (2001). Antibacterial activity in 

extracts of Camellia japonica L. petals and its application to a model food system. J. 

Food Prot., 64 (8), 1255–1260. 

15. Kim, S. B., Jung, E. S., Shin, S. W., Kim, M. H., Kim, Y. S., Lee, J. S., 

Park, D. H. (2012). Anti-inflammatory activity of Camellia japonica oil. BMB Rep., 

45 (3), 177–182. 

16. Kuba, M., Tsuha, K., Tsuha, K., Matsuzaki, G., Yasumoto, T. (2008). In vivo 

analysis of the anti-allergic activities of Camellia japonica extract and okicamelliaside, 

a degranulation inhibitor. J. Health. Sci., 54(5), 584–588. 

17. Kunkel, G. (1984). Plants for human consumption. An annotated checklist of 

the edible phanerogams and ferns. Koenigstein: Koeltz Scientific Books, 393. 

18. Lee, H. H., Cho, J. Y., Moon, J. H., Park, K. H. (2011). Isolation and identi-

fication of antioxidative phenolic acids and flavonoid glycosides from Camellia japoni-

ca flowers. Hortic. Environ. Biotechnol., 52 (3), 270–277. 

19. Lee, H. H., Paudel, K. R., Jeong, J., Wi, A. J., Park, W. S., Kim, D. W., 

Oak, M. H. (2016). Antiatherogenic Effect of Camellia japonica Fruit Extract in High 

Fat Diet-Fed Rats. Evid. Based Complement. Alternat. Med., 2016, 967–986.  

20. Lee, J. H., Kim, J. W., Ko, N. Y., Mun, S. H., Kim, D. K., Kim, J. D., 

Kim, H. S., Lee, K. R., Kim, Y. K., Radinger, M., Her, E., Choi, W. S. (2008). Camellia 



№118 - Науково-технічний бюлетень ІТ НААН   

11 

japonica suppresses immunoglobulin E-mediated allergic response by the inhibition of 

Syk kinase activation in mast cells. Clin. Exp. Allergy, 38 (5), 794–804. 

21. Lim, (T. K.) (2013). Edible Medicinal and Non-Medicinal Plants. Dordrecht, 

The Netherlands: Springer, 616. 

22. Magcwebeba, T. U., Riedel, S., Swanevelder, S., Swart, P., De Beer, D., 

Joubert, E., Andreas Gelderblom, W. C. (2016). The potential role of polyphenols in the 

modulation of skin cell viability by Aspalathus linearis and Cyclopia spp. herbal tea ex-

tracts in vitro. J. Pharm. Pharmacol., 68 (11), 1440–1453.  

23. Ming, T. L., Bartholomew, B. (2007). Theaceae, in Flora of China. Beijing: 

Science Press, 366–478. 

24. Mizutani, T., Masaki, H. (2014). Anti-photoaging capability of antioxidant 

extract from Camellia japonica leaf. Exp. Dermatol., 23(1), 23–26. 

25. Nakajima, H., Itokawa, H., Ikuta, A. (1984). Studies on the constituents of 

the flower of Camellia japonica. Yakugaku Zasshi., 104(2), 157–161. 

26. Nakamura, S., Fujimoto, K., Nakashima, S., Matsumoto, T., Miura, T., Uno, 

K., Matsuda, H., Yoshikawa, M. (2012). Medicinal flowers. XXXVI. Acylated olean-

ane-type triterpene saponins with inhibitory effects on melanogenesis from the flower 

buds of Chinese Camellia japonica. Chem. Pharm. Bull. 60 (6), 752–758. 

27. Nootash, S., Sheikhzadeh, N., Baradaran, B., Oushani, A. K., Maleki 

Moghadam, M. R., Nofouzi, K., Monfaredan, A., Aghebati, L., Zare, F., Shabanza-

deh, S. (2013). Green tea (Camellia sinensis) administration induces expression of im-

mune relevant genes and biochemical parameters in rainbow trout (Oncorhynchus 

mykiss). Fish Shellfish Immunol., 35 (6), 1916–1923. 

28. Onodera, K., Hanashiro, K., Yasumoto, T. (2006). Camellianoside, a novel 

antioxidant glycoside from the leaves of Camellia japonica. Bioscience, Biotechnology 

and Biochemistry, 70(8), 1995–1998.  

29. Onodera, K., Tsuha, K., Yasumoto-Hirose, M., Tsuha, K., Hanashiro, K., 

Naoki, H., Yasumoto, T. (2010). Okicamelliaside, an extraordinarily potent anti-

degranulation glucoside isolated from leaves of Camellia japonica. Bioscience, Bio-

technol. Biochem., 74 (12), 2532–2534. 

30. Park, J. C., Hur, J. M., Park, J. G., Hatano, T., Yoshida, T., Miyashiro, H., 

Min, B. S., Hattori, M. (2002). Inhibitory effects of Korean medicinal plants and camel-

liatannin H from Camellia japonica on human immunodeficiency virus type 1 protease. 

Phytother. Res., 16 (5), 422–426. 

31. Park, S. H., Shim, B. S., Yoon, J. S., Lee, H. H., Lee, H. W., Yoo, S. B., 

Wi, A. J., Park, W. S., Kim, H. J., Kim, D. W., Oak, M. H. (2016). Vascular protective 

effect of an ethanol extract of Camellia japonica fruit: endothelium-dependent relaxa-

tion of coronary artery and reduction of smooth muscle cell migration Oxid. Med. Cell. 

Longevity, 2016, 6, 309–565. 

32. Piao, M. J., Yoo, E. S., Koh, Y. S., Kang, H. K., Kim, J., Kim, Y. J., 

Kang, H. H., Hyun, J. W. (2011). Antioxidant effects of the ethanol extract from flower 

of Camellia japonica via scavenging of reactive oxygen species and induction of anti-

oxidant enzymes. Int. J. Mol. Sci., 12 (4), 2618–2630.  

33. Pundey, M. K., Mittra, P., Maheshwari, P. K. (2012). The lipid peroxidation 

product as a marker of oxidative stress in epilepsy. J. of Clinical and Diagnostic Re-

search, 6 (4), 590–592. 

34. Saeidi, Asl M. R., Adel, M., Caipang, C. M. A., Dawood, M. A. O. (2017). 

Immunological responses and disease resistance of rainbow trout (Oncorhynchus 

mykiss) juveniles following dietary administration of stinging nettle (Urtica dioica). 

Fish Shellfish Immunol., 71, 230–238. 



№118 - Науково-технічний бюлетень ІТ НААН   

12 

35. Sheikhzadeh, N., Nofouzi, K., Delazar, A., Oushani, A. K. (2011). Im-

munomodulatory effects of decaffeinated green tea (Camellia sinensis) on the immune 

system of rainbow trout (Oncorhynchus mykiss). Fish Shellfish Immunol., 31 (6), 

1268–1269. 

36. Stuart,R. G. A. (1979). Chinese Materia Medica: vegetable kingdom. South-

ern Materials Centre Inc., Taipei. 

37. Talpur, A. D., Ikhwanuddin, M., Ambok Bolong, A. (2013). Nutritional ef-

fects on ginger (Zingiber officinale Roscoe) on immune response of Asian sea bass 

(Lates calcarifer) and disease resistance against Vibrio harveyi. Aquaculture, 400–401, 

46–52. 

38. Tamaru, S., Ohmachi, K., Miyata, Y., Tanaka, T., Kubayasi, T., Nagata, Y., 

Tanaka, K. (2013). Hypotriglyceridemic potential of fermented mixed tea made with 

third-crop green tea leaves and camellia (Camellia japonica) leaves in Sprague-Dawley 

rats. J. Agric. Food Chem., 61 (24), 5817–5823. 

39. Uttara, B., Singh, A. V., Zamboni, P., Mahajan, R. T. (2009). Oxidative 

stress and neurodegenerative diseases: a review of upstream and downstream antioxi-

dant therapeutic options. Current Neuropharmacology, 7, 65-74. 

40. Usher, G. (1974). A dictionary of plants used by man. London: Consta-

ble, 619. 

41. Wang, C.-C., Ho, C.-T., Lee, S.-C., Way, T.-D. (2016). Isolation of eugenyl 

b-primeveroside from Camellia sasanqua and its anticancer activity in PC3 prostate 

cancer cells. J. Food Drug Analysis, 24, 105–111. 

42. Yoshikawa, M., Morikawa, T., Asao, Y., Fujiwara, E., Nakamura, S., 

Matsuda, H. (2007). Medicinal flowers. XV. The structures of noroleanane- and olean-

ane-type triterpene oligoglycosides with gastroprotective and platelet aggregation ac-

tivities from flower buds of Camellia japonica. Chem. Pharm. Bull., 55 (4), 606–612. 

43. Yoshikawa, M., Murakami, T., Yoshizumi, S., Murakami, N., Yamahara, J., 

Matsuda, H. (1996). Bioactive saponins and glycosides. V. Acylated polyhydroxyolean-

12-ene triterpene oligoglycosides, camelliasaponins A1, A2, B1, B2, C1, and C2, from 

the seeds of Camellia japonica L.: structures and inhibitory activity on alcohol absorp-

tion. Chem. Pharm. Bull., 44 (10), 1899–1907. 

44. Zar, J. H. (1999). Biostatistical Analysis, 4
th

 ed. Prentice Hall Inc., New Jer-

sey, 663. 

45. Zhexiong, J., Xin, L. (2014). Study on chemical constituents from leaves of 

camellia. J. of Chemical and Pharmaceutical Research, 6(6), 1770–1776. 

 

УРОВЕНЬ ПЕРЕКИСНОГО ОКИСЛЕНИЯ ЛИПИДОВ В МЫШЕЧНОЙ 

ТКАНИ РАДУЖНОЙ ФОРЕЛИ (ONCORHYNCHUS MYKISS WALBAUM) ПРИ 

ИНКУБАЦИИ С ЭКСТРАКТАМИ ИЗ ЛИСТЬЕВ РАЗЛИЧНЫХ СОРТОВ 

CAMELLIA JAPONICA L. (THEACEAE) (ОБЗОРНАЯ) 

Харченко И., Маринюк М., Буюн Л., Национальный ботанический сад 

им. М. М. Гришко НАН Украины 

Ткаченко Г., Пазонтка-Липински П., Виташек М., Осадовски З., Инсти-

тут биологии и охраны среды Поморского университета (Слупск, Польша) 

Целью исследования была оценка уровня перекисного окисления липидов 

(реактивные вещества 2-тиобарбитуровой кислоты (TBARS) как биомаркера) в 

мышечной ткани радужной форели после инкубации с экстрактами из листьев 

Camellia japonica. Исследовали экстракты листьев различных сортов камелии 

японской (C. japonica 'Kramer’s Supreme', C. japonica 'C.M.Wilson', C. japonica 'La 

Pace', C. japonica 'Mrs. Lyman Clarke', C. japonica cv. 3, C. japonica cv. 15), выра-
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щенных в условиях теплицы Национального ботанического сада им. М. М. Гришко 

НАН Украины. 

Результаты исследования показали, что в интенсивных аквакультурных 

хозяйствах существует возможность использования экстрактов, полученных из 

листьев различных сортов камелии японской. Экстракт листьев камелии япон-

ской может быть использован в качестве антиоксиданта в аквакультуре. Кроме 

того, использование таких растительных продуктов, как антиоксиданты и им-

муностимуляторы, в системах аквакультуры может также иметь экологиче-

скую ценность из-за их биоразлагаемости. 

Ключевые слова: радужная форель (Oncorhynchus mykiss Walbaum), аква-

культура, перекисное окисление липидов, реактивные вещества 2-

тиобарбитуровой кислоты, Camellia japonica L., сорта растений. 

 

РІВЕНЬ ПЕРЕКИСНОГО ОКИСЛЕННЯ ЛІПІДІВ У М'ЯЗОВІЙ ТКАНИНІ 

РАЙДУЖНОЇ ФОРЕЛІ (ONCORHYNCHUS MYKISS WALBAUM) ПРИ ІНКУБАЦІЇ 

З ЕКСТРАКТАМИ З ЛИСТЯ РІЗНИХ СОРТІВ CAMELLIA JAPONICA L. 

(THEACEAE) (ОГЛЯДОВА) 

Харченко І., Маринюк М., Буюн Л., Національний ботанічний сад 

ім. М. М. Гришко НАН України 

Ткаченко Г., Пазонтка-Ліпінскі П., Віташек М., Осадовскі З., Інститут 

біології та охорони середовища Поморского университета (Слупск, Польща) 

Метою дослідження була оцінка рівня перекисного окислення ліпідів 

(реактивні речовини 2-тиобарбитуровой кислоти (TBARS) як биомаркера) в 

м'язовій тканині райдужної форелі після інкубації з екстрактами з листя 

Camellia japonica. Досліджували екстракти листя різних сортів камелії япон-

ської (C. japonica 'Kramer's Supreme', C. japonica 'C. M. Wilson', C. japonica 'La 

Pace', C. japonica 'Mrs. Lyman Clarke', C. japonica cv. 3, C. japonica cv. 15), ви-

рощених в умовах теплиці Національного ботанічного саду ім. М. М. Гришка 

НАН України. 

Результати дослідження показали, що в інтенсивних аквакультурних го-

сподарствах є можливість використання екстрактів, отриманих з листя різ-

них сортів камелії японської. Екстракт листя камелії японської може бути ви-

користаний в якості антиоксиданту в аквакультурі. Крім того, використання 

таких рослинних продуктів, як антиоксиданти та імуностимулятори, в систе-

мах аквакультури можуть також мати екологічну цінність через їх біорозкла-

дності. 

Ключові слова: райдужна форель (Oncorhynchus mykiss Walbaum), акваку-

льтура, перекисне окислення ліпідів, реактивні речовини 2-тиобарбитуровой кис-

лоти, Camellia japonica L., сорти рослин. 

 


