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Consistent with our previous studies, we continue to evaluate the antioxidant po-

tential of representatives of the Papaveraceae family collected from the northern part of 

Poland on the model of muscle tissue of rainbow trout. Therefore, in the current study, 

oxidative stress biomarkers [2-thiobarbituric acid reactive substances (TBARS), alde-

hydic and ketonic derivatives of oxidatively modified proteins (OMP), and total antioxi-

dant capacity (TAC)] were used to evaluate the antioxidant activity of extracts derived 

from stalks and roots of great celandine (Chelidonium majus L., CM) at a final dose of 

5 mg/mL, 2,5 mg/mL, 1,25 mg/mL and 0,63 mg/mL. Homogenate of muscle tissues de-

rived from rainbow trout was used in this in vitro study. Phosphate buffer was used as a 

positive control (blank). After incubation of the mixture at 25°C for 120 min with con-

tinuous mixing, samples were used for biochemical studies. Our studies have shown that 

the use of extracts at a final dose of 5 mg/ml and 2.5 mg/ml resulted in a statistically 

significant increase of lipid peroxidation biomarkers (TBARS levels) in the muscle tis-

sue of rainbow trout. The final dose of extract 1.25 mg/ml caused a statistically signifi-

cant increase in the levels of aldehydic and ketonic derivatives of OMP, and this is re-

flected when measuring the levels of TAC. On the other hand, the use of extracts at a 

final dose of 0.63 mg/ml derived from both roots and stems of CM resulted in statistical-

ly significant reduced levels of TBARS, as well as aldehydic and ketonic derivatives of 

OMP in the muscle tissue of rainbow trout after in vitro incubation. The comparison of 

these results showed that CM extracts can effectively inhibit the production of oxida-

tively modified carbonyls by scavenging free radicals. The secondary metabolites of 

CM, i.e. polyphenols, are most likely responsible for this effect. Screening of species of 

the family Papaveraceae for other biological activities, including antioxidant activity, is 

essential and may be effective in the search for preventive measures in the pathogenesis 

of some diseases, as well as in the prevention and treatment of some disorders in veteri-

nary and medicine. 

Keywords: rainbow trout (Oncorhynchus mykiss Walbaum), muscle tissue, 

oxidative stress, 2-thiobarbituric acid reactive substances 

(TBARS), aldehydic and ketonic derivatives of oxidatively modi-

fied proteins (OMP), total antioxidant capacity (TAC). 
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Free radical-induced macromolecular damage has been studied extensively as a 

mechanism of oxidative stress. Large-scale intervention trials with free radical-

cavenging antioxidant supplements show little benefit in animals [1, 2, 36]. Recent ad-

vancements and growing attention to free radicals (ROS) and redox signaling enable the 

scientific fraternity to consider their involvement in the pathophysiology of inflammato-

ry diseases, disorders, and many defects. Free radicals increase the concentration of re-

active oxygen species and nitrogen oxygen species in the biological system through dif-

ferent endogenous sources and thus increased the overall oxidative stress [30]. An in-

crease in oxidative stress causes cell death through different signaling mechanisms such 

as mitochondrial impairment, cell-cycle arrest, DNA damage response, inflammation, 

negative regulation of protein, and lipid peroxidation. Thus, an appropriate balance be-

tween free radicals and antioxidants becomes crucial to maintain physiological func-

tion [12, 17]. 

Oxidative stress, defined as disturbances in the pro- and antioxidant balance, is 

harmful to cells due to the excessive generation of highly reactive oxygen and nitrogen 

species [7]. When the balance is not disturbed, oxidative stress has a role in physiologi-

cal adaptations and signal transduction [7]. However, an excessive amount of reactive 

oxygen and nitrogen species results in the oxidation of biological molecules such as li-

pids, proteins, and DNA [4, 18, 31]. 

Fish represent the largest group of vertebrates and they inhabit a broad range of 

ecosystems where they are subjected to many different aquatic contaminants. In many 

cases, the deleterious effects of contaminants have been connected to the induction of 

oxidative stress. Deciphering molecular mechanisms in responses of organisms to con-

taminant effects may let prevent or minimize the deleterious impacts of oxidative 

stress [20]. 

Recently, research on natural antioxidants has become increasingly active in var-

ious fields [11, 24]. Accordingly, numerous articles on natural antioxidants, including 

polyphenols, flavonoids, vitamins, and volatile chemicals, have been published [3, 19, 

27]. Assays developed to evaluate the antioxidant activity of plants and food constitu-

ents vary [23, 29]. Phenolic compounds, ascorbic acid, and carotenoids, derived from 

different plant species, are able to protect the skin by preventing UV penetration, reduc-

ing inflammation and oxidative stress, and influencing several survival signaling path-

ways [28]. 

Recent studies report the antioxidant properties of plants in the Papaveraceae 

family and it could be used in veterinary and medicine [25]. Chelidonium majus L. 

(CM, Papaveraceae), or greater celandine, has a long history of being useful for the 

treatment of many diseases in European countries [39]. This plant is of great interest for 

its use also in Chinese herbal medicine. This plant contains, as a major secondary me-

tabolite, isoquinoline alkaloids, such as sanguinarine, chelidonine, chelerythrine, berber-

ine, and coptisine [10]. Other compounds structurally unrelated to the alkaloids have 

been isolated from the aerial parts: several flavonoids and phenolic acids [10]. CM ex-

tracts and their purified compounds exhibit interesting antioxidant, antiviral, antitumor, 

and antimicrobial properties both in vitro and in vivo [6, 10, 32, 39]. 

Therefore, in the present study, the oxidative stress biomarkers [2-thiobarbituric 

acid reactive substances (TBARS), carbonyl derivatives of oxidative modification of 

proteins (OMP), total antioxidant capacity (TAC)] in the muscle tissue of rainbow trout 

(Oncorhynchus mykiss Walbaum), was used for assessing the antioxidant activity of 

root and stalk extracts derived from CM collected in urban and rural agglomerations of 

Kartuzy district (Pomeranian province, northern part of Poland). 



Науково-технічний бюлетень ІТ НААН - №128    

23 

Materials and Methods. Collection of Plant Material. Plant materials (Fig. 1B) 

were harvested from natural habitats on the territory of the Kartuzy district (54°20′N 

18°12′E) in the Pomeranian province (northern part of Poland) (Fig. 1A). Kartuzy is lo-

cated about 32 kilometers (20 miles) west of Gdańsk and 35 km (22 miles) south-east of 

the town of Lębork on a plateau at an altitude of approximately 200 meters (656 feet) 

above sea level on average. The plateau, which is divided by the Radaune lake, com-

prises the highest parts of the Baltic Sea Plate (http://www.kartuzy.pl/). Plants were col-

lected from urban (n = 5) and rural agglomerations (n = 15) on the territory of the 

Kartuzy district. 

  
A B 

Fig. 1. Location of Kartuzy in the map of Poland (A), where the greater celan-

dine (B) was collected. 

 

Preparation of Plant Extracts. The collected roots and stalks were brought into 

the laboratory for biochemical studies. Freshly washed samples of plants were weighed, 

crushed, and homogenized in 0.1M phosphate buffer (pH 7.4) (in proportion 1:19, w/w) 

at room temperature. The extracts were then filtered and used for analysis. The extract 

was 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 an 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 a commercial pelleted diet. 

Muscle tissue samples. The muscle tissue samples were homogenized in ice-

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

water bath. Homogenates were centrifuged at 3,000 rpm for 15 min at 4 °C. After cen-

trifugation, the supernatant was collected and frozen at −20°C until analyzed. All enzy-

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

Zeiss Jena, Germany) in duplicate. The reactions were started by adding the tissue su-

pernatant. 

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

with extracts derived from stalks and roots of CM at four final concentrations, i.e. 5 

mg/mL, 2.5 mg/mL, 1.25 mg/mL. and 0.63 mg/mL, respectively, at room temperature. 
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The control samples (muscle tissue) were incubated with 100 mM Tris-HCl buffer 

(pH 7.2). The incubation time was 2 hours. Biomarkers of oxidative stress were studied 

in the incubated homogenates (control samples and in samples with extracts derived 

from stalks and roots of CM). 

Assay of 2-thiobarbituric acid reactive substances (TBARS). Lipid oxidation 

was evaluated by TBARS according to the method described by Kamyshnikov [13] 

with some modifications. TBARS were calculated as nmoles of malonic dialdehyde 

(MDA) per mg of protein. 

The content of carbonyl derivatives of protein oxidative modification (OMP). 
To evaluate the protective effects of the extracts derived from stalks and roots of CM 

against free radical-induced protein damage in muscle samples, a carbonyl derivatives 

content of protein oxidative modification (OMP) assay based on the spectrophotometric 

measurement of aldehydic and ketonic derivatives in samples was performed. The rate 

of protein oxidative destruction was estimated from the reaction of the resultant carbon-

yl derivatives of amino acid reaction with 2,4-dinitrophenylhydrazine (DNFH) as de-

scribed by Levine and co-workers [15] and as modified by Dubinina and co-workers 

[8]. DNFH was used for determining carbonyl content in soluble and insoluble proteins. 

Carbonyl groups were determined spectrophotometrically from the difference in ab-

sorbance at 370 nm (aldehydic derivatives, OMP370) and 430 nm (ketonic derivatives, 

OMP430). 

Measurement of total antioxidant capacity (TAC). The TAC level in the sam-

ples was estimated by measuring the 2-thiobarbituric acid reactive substances (TBARS) 

level after Tween 80 oxidation. This level was determined spectrophotometrically at 

532 nm [9]. The level of TAC in the sample (%) was calculated with respect to the ab-

sorbance of the blank sample. 

Statistical analysis. Statistical analysis of the data obtained was performed by 

employing the mean ± S.E.M. All variables were tested for normal distribution using 

the Kolmogorov-Smirnov and Lilliefors test (p > 0.05). The significance of differences 

between the levels of oxidative stress biomarkers (significance level, p < 0.05) was ex-

amined using the Kruskal–Wallis one-way analysis of variance [38].The data were ana-

lyzed using a one-way analysis of variance (ANOVA) using STATISTICA 13.3 soft-

ware (TIBCO Software Inc., Krakow, Poland) [38]. 

Results and discussion. Figure 2 shows TBARS values in the muscle tissue of 

rainbow trout after incubation of greater celandine extracts. Using a dose of 5 mg/ml, 

we observed a statistically significant increase in TBARS levels in the muscle tissue of 

rainbow trout after in vitro incubation with the root extracts by 14.9% (p < 0.05) com-

pared to the untreated samples (226.12 ± 1.5 nmol/mg protein vs. 196.72 ± 1.34 

nmol/mg protein). A similar, yet not statistically significant increase (by 13.7%, p > 

0.05) in the levels of lipid peroxidation biomarkers was recorded after in vitro incuba-

tion of the muscle tissue of rainbow trout with stalk extracts of CM compared to the un-

treated samples (223.73 ± 0.82 nmol/mg protein vs. 196.72 ± 1.34 nmol/mg protein). By 

lowering the final dose of the extract to a value of 2.5 mg/ml, we also recorded a statis-

tically significant increase in the level of lipid peroxidation biomarkers in the muscle 

tissue of rainbow trout after incubation with both root and stalk extracts (by 13 %, p < 

0.05 and 14.9 %, p < 0.05, respectively), compared to the untreated controls (222.88 ± 

0.95 nmol/mg protein vs. 196.72 ± 1.34 nmol/mg protein for root extracts; 225.99 ± 

1.36 nmol/mg protein vs. 196.72 ± 1.34 nmol/mg protein for stalk extracts) (Fig. 2). 
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Fig. 2. The content of 2-thiobarbituric acid reactive substances (TBARS) as a 

biomarker of lipid peroxidation in the muscle tissue of rainbow trout after in vitro incu-

bation with extracts in different doses (5 mg/mL, 2.5 mg/mL, 1.25 mg/mL, 0.63 

mg/mL) derived from stalks and roots of great celandine (M ± m, n = 8). 

*– changes are statistically significant (p < 0.05) in relations untreated controls 

vs. extracts derived from roots and stalks of CM. 

 

A different trend was observed after in vitro incubation of muscle tissue with 

both root and stalk extracts of CM at a dose of 1.25 mg/ml, where there was a statisti-

cally non-significant decrease in TBARS levels by 7.2 % (p > 0.05) and 1.9% (p > 

0.05), respectively, compared to the untreated controls (182.49 ± 5.84 nmol/mg protein 

vs. 196.72 ± 1.34 nmol/mg protein for root extracts; 192.97 ± 2.11 nmol/mg protein vs. 

196.72 ± 1.34 nmol/mg protein for stalk extracts). By lowering the final dose of extract 

to 0.63 mg/ml, we observed a statistically significant reduction in lipid peroxidation bi-

omarkers after in vitro incubation of muscle tissue of rainbow trout with both root and 

stalk extracts by 7.7 % (p < 0.05) and 7.2 % (p < 0.05), respectively, compared to the 

untreated samples (181.5 ± 1.23 nmol/mg protein vs. 196.72 ± 1.34 nmol/mg protein for 

root extracts; 182.5 ± 0.97 nmol/mg protein vs. 196.72 ± 1.34 nmol/mg protein for stalk 

extracts) (Fig. 2). 

When we incubated the muscle tissue of rainbow trout with root extracts at a fi-

nal dose of 5 mg/ml, we observed a statistically non-significant increase in the levels of 

aldehydic derivatives of oxidatively modified proteins (by 2.7 %, p > 0.05) compared to 

the untreated samples (13.02 ± 0.13 nmol/mg protein vs. 12.68 ± 0.16 nmol/mg protein). 

A different trend was observed after incubation of muscle tissues with stalk extracts at a 

final dose of 5 mg/ml, where there was a statistically non-significant reduction in the 

levels of aldehydic derivatives of OMP (by 2 %, p > 0.05) compared to the untreated 

samples (12.43 ± 0.13 nmol/mg protein vs. 12.68 ± 0.16 nmol/mg protein). Using ex-

tracts derived from both roots and stalks of CM at a final dose of 2.5 mg/ml after incu-

bating in vitro with muscle tissue, we observed a statistically non-significant reduction 

in the levels of aldehydic derivatives of OMP (by 2.6 %, p > 0.05 and 12.23 %, p > 

0.05, respectively), compared to the untreated controls (12.35 ± 0.11 nmol/mg protein 

vs. 12.68 ± 0.16 nmol/mg protein for root extracts; 12.23 ± 0.21 nmol/mg protein vs. 

12.68 ± 0.16 nmol/mg protein for stalk extracts) (Fig. 3). 
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Fig. 3. The content of aldehydic derivatives as a biomarker of oxidatively modi-

fied proteins in the muscle tissue of rainbow trout after in vitro incubation with extracts 

in different doses (5 mg/mL, 2.5 mg/mL, 1.25 mg/mL, 0.63 mg/mL) derived from stalks 

and roots of great celandine (M ± m, n = 8). 

*– changes are statistically significant (p < 0.05) in relations untreated controls 

vs. extracts derived from roots and stalks of CM. 

 

Other results were obtained after incubation of muscle tissue with extracts de-

rived from both roots and stalks of CM at a final dose of 1.25 mg/ml, where there was a 

statistically significant increase in levels of aldehydic derivatives of OMP (by 14.5 %, 

p < 0.05 and 14.34%, p < 0.05, respectively), compared to the untreated samples 

(14.52 ± 0.32 nmol/mg protein vs. 12.68 ± 0.16 nmol/mg protein for root extracts; 14.34 

± 0.27 nmol/mg protein vs. 12.68 ± 0.16 nmol/mg protein for stalk extracts). The trend 

was different when we incubated in vitro muscle tissue of rainbow trout with extracts 

derived from both root and stalk extracts at a final dose of 0.63 mg/ml. We observed a 

statistically significant reduction in the levels of aldehydic derivatives of oxidatively 

modified proteins (by 8.7%, p < 0.05 and 8.5%, p < 0.05, respectively), compared to the 

untreated controls (11.58 ± 0.17 nmol/mg protein vs. 12.68 ± 0.16 nmol/mg protein for 

root extracts; 11.6 ± 0.16 nmol/mg protein vs. 12.68 ± 0.16 nmol/mg protein for stalk 

extracts) (Fig. 3). 

By incubating in vitro the muscle tissue of rainbow trout with root extracts at a 

final dose of 5 mg/ml, we observed a statistically non-significant increase in levels of 

ketonic derivatives of oxidatively modified proteins by 12.8 % (p > 0.05) compared to 

the untreated samples (13.99 ± 0.52 nmol/mg protein vs. 12.4 ± 0.62 nmol/mg protein). 

A different trend was noted after incubating the muscle tissue with stalk extracts at a 

final dose of 5 mg/ml, as there was a statistically significant reduction in the levels of 

ketonic derivatives of OMP by 9.4 % (p < 0.05) compared to the untreated samples 

(11.24 ± 0.47 nmol/mg protein vs. 12.4 ± 0.62 nmol/mg protein). Similarly, yet statisti-

cally non-significant reductions in ketonic derivatives of OMP were observed after in 

vitro incubation of muscle tissue with extracts derived from both roots and stalks at a 

final dose of 2.5 mg/ml, i.e. by 7.3 % (p > 0.05) and 11.5 % (p > 0.05), respectively, 

compared to the control (11.49 ± 0.46 nmol/mg protein vs. 12.4 ± 0.62 nmol/mg protein 
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for root extracts; 10.98 ± 0.53 nmol/mg protein vs. 12.4 ± 0.62 nmol/mg protein for 

stalk extracts) (Fig. 4). 

 

 

Fig. 4. The content of ketonic derivatives as a biomarker of oxidatively modi-

fied proteins in the muscle tissue of rainbow trout after in vitro incubation with extracts 

in different doses (5 mg/mL, 2.5 mg/mL, 1.25 mg/mL, 0.63 mg/mL) derived from 

stalks and roots of great celandine (M ± m, n = 8). 

*– changes are statistically significant (p < 0.05) in relations untreated controls 

vs. extracts derived from roots and stalks of CM. 

 

Applying a final dose of 1.25 mg/ml of both root and stalk extracts to muscle 

tissue after incubation in vitro, we recorded statistically significant increases in levels of 

ketonic derivatives of OMP by 45.6 % (p < 0.05) and 48 % (p < 0.05), respectively, 

compared to the untreated control (18.6 ± 0.8 nmol/mg protein vs. 12.4 ± 0.62 nmol/mg 

protein for root extracts; 18.35 ± 0.58 nmol/mg protein vs. 12.4 ± 0.62 nmol/mg protein 

for stalk extracts). A different trend was observed after in vitro incubation of trout mus-

cle tissue with extracts derived from both roots and stalks of CM at a final dose of 0.63 

mg/ml, where there was a statistically significant reduction in the levels of ketonic de-

rivatives of OMP by 24 % (p < 0.05) and 22.6 % (p < 0.05), respectively, compared to 

the untreated control (9.43 ± 0.39 nmol/mg protein vs. 12.4 ± 0.62 nmol/mg protein for 

root extracts; 18.35 ± 0.58 nmol/mg protein vs. 9.6 ± 0.32 nmol/mg protein for stalk ex-

tracts) (Fig. 4). 

Analyzing the total antioxidant capacity (Fig. 5) after incubation of trout muscle 

tissue with both root and stalk extracts of CM at a final dose of 5 mg/ml, we observed a 

statistically non-significant reduction in TAC levels (by 8 %, p > 0.05 and 6.7 %, 

p>0.05, respectively), compared to the untreated samples (61.69 ± 1.77 % vs. 67.07 

± 1.16 % for root extracts; 62.59 ± 0.58 % vs. 67.07 ± 1.16 % for stalk extracts). Lower-

ing the dose of extracts to 2.5 mg/ml, we recorded a statistically significant reduction in 

TAC level by 12.5 % (p < 0.05) after in vitro incubation of muscle tissue with root ex-

tracts compared to the untreated controls (58.7 ± 2.16 % vs. 67.07 ± 1.16 %) (Fig. 5). 
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Fig. 5. The total antioxidant capacity in the muscle tissue of rainbow trout after 

in vitro incubation with extracts in different doses (5 mg/mL, 2.5 mg/mL, 1.25 mg/mL, 

0.63 mg/mL) derived from stalks and roots of great celandine (M ± m, n = 8). 

*– changes are statistically significant (p < 0.05) in relations untreated controls 

vs. extracts derived from roots and stalks of CM. 

 

We noted a similar yet statistically non-significant reduction in TAC level after 

incubating muscle tissue with stalk extracts at a final dose of 2.5 mg/ml (by 4 %, 

p > 0.05) compared to the untreated controls (64.42 ± 1.65 % vs. 67.07 ± 1.16 %). Us-

ing a dose of both root and stalk extract at 1.25 mg/ml, we recorded a statistically non-

significant reduction in total antioxidant capacity after incubation with muscle tissue (by 

7 %, p > 0.05 and 2.7 %, p > 0.05, respectively), compared to the untreated controls 

(62.36 ± 1.52 % vs. 67.07 ± 1.16 % for root extracts; 63.26 ± 2.94 % vs. 67.07 ± 1.16 % 

for stalk extracts). By lowering the final dose of both root and stalk extracts of CM to 

0.63 mg/ml and incubating them with trout muscle tissue, we observed a statistically 

significant reduction in TAC levels by 11.4 % (p < 0.05) and 17.9 % (p < 0.05), respec-

tively, compared to the untreated controls (59.42 ± 2.12 % vs. 67.07 ± 1.16 % for root 

extracts; 55.09 ± 1.83 % vs. 67.07 ± 1.16 % for stalk extracts) (Fig. 5). 

In our previous study [35], we also demonstrated the in vitro antioxidant activity 

of CM extracts using the muscle tissue of rainbow trout (Oncorhynchus mykiss Wal-

baum). Our results revealed that extracts derived from CM collected from both urban 

and rural areas statistically significantly reduced the levels of aldehydic derivatives of 

OMB (by 18.8 %, p < 0.05). The analysis of the levels of ketonic derivatives of OMP 

showed that extracts of CM collected from both urban and rural areas statistically sig-

nificantly decreased the levels of ketonic derivatives of OMP (by 20.6 % and 21.5 %, 

respectively, for urban areas, as well as by 26.7 % and 12.5 % for rural areas). Lower 

levels of lipid peroxidation biomarkers were observed after incubation with stalk ex-

tracts, while those collected from rural areas showed the lowest result. Root extracts of 

CM collected from urban and rural areas increased TBARS levels. Analysis of oxida-

tively modified protein levels in the blood of rainbow trout after in vitro incubation with 

root and stalk extracts demonstrated that extracts can inhibit the production of oxidative 

carbonyls by scavenging free radicals [33]. 

We also evaluated the effects of extracts derived from stalks and roots of CM 

collected from rural and urban agglomerations on levels of oxidatively modified pro-
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teins in the erythrocyte suspension of rainbow trout after incubation with the extracts in 

vitro [34]. When rainbow trout erythrocytes were incubated with root and stalk extracts 

obtained from CM plants, the OMP level was significantly decreased. Although the pre-

cise mechanisms responsible for the effects of CM on OMP levels remain to be ex-

plored more, they might be related to some components such as catechins, flavonols, 

and phenolic acids of plant pigments. Polyphenols and alkaloids are diverse groups of 

naturally occurring compounds with different biological functions. Many polyphenols 

such as catechins can regulate antioxidant reactions. 

Based on the broad spectrum of its biological activities, CM has been studied 

extensively in the medical and veterinary fields. Also, protoberberine compounds de-

rived from CM possess anticancer and antiproliferative activities. The effect of a proto-

berberine-rich fraction (BBR) of CM on endometriosis regression was investigated by 

Warowicka and co-workers [37]. BBR was prepared from an ethanolic extract of dry 

plant CM. Rats with confirmed endometriosis were treated with BBR administered oral-

ly (1 g/kg) for 14 days. The metabolomic pattern was compared before and after the 

protoberberine treatment. The performed analysis showed significant changes in the 

concentrations of metabolites that are involved in energy homeostasis, including glu-

cose, glutamine, and lactate. Histopathological studies showed no recurrence of endo-

metriosis loci after treatment with BBR. The results of the study found that BBR treat-

ment prevents the recurrence of endometriosis in rats [37]. 

In the study of Zou and co-workers [40], larvicidal activity and insecticidal 

mechanism of CM on Lymantria dispar were investigated using bioassays, in vitro and 

in vivo enzyme activity assays, determination of the nutritional index, and gene tran-

scription analysis. The results showed that alkaloids are the main insecticidal ingredi-

ents in CM. Among the five isoquinoline alkaloids, coptisine was present at the highest 

concentration (1624.23 mg/L), while tetrahydrocoptisine showed the lowest concentra-

tion (0.47 mg/L). Both the crude extract of CM (CECm) and the total alkaloids of CM 

(TACm) possessed a potent insecticidal activity toward L. dispar larvae. TACm had 

significant effects on the relative consumption rate, efficiency of conversion of digested 

food into growth, approximate digestibility, and approximate digestibility of L. dispar 

larvae. Enzyme activity assays suggested that both CECm and TACm displayed their 

strongest inhibitory activity to in vitro glutathione S-transferase (GST) and acetylcho-

linesterase (AChE), and showed the weakest inhibition of in vitro carboxylesterase 

(CarE). Moreover, CECm and TACm affected the in vivo activities of five enzymes. 

The in vivo activities of AChE and CarE in L. dispar larvae were inhibited significantly 

by CECm and TACm. Also, qRT-PCR analysis revealed that the transcription of the 

five enzymes was also affected by TACm. Thus, alkaloids in CM showed prominent 

toxicity to L. dispar by reducing food intake, influencing nutritional indices, and affect-

ing the activity and mRNA transcription of detoxifying and protective enzymes [40]. 

CM was not hepatotoxic in Wistar rats, in a 4-week feeding experiment. Maz-

zanti and co-workers [21] have evaluated the effects on the liver function of a CM ex-

tract, obtained from the herbal material responsible for one case of hepatotoxicity. Ex-

periments were performed in Wistar rats, after oral administration of doses correspond-

ing to 1.5 and 3g/(kg day) of herbal drug, for 2 or 4 weeks. Blood samples were collect-

ed to perform biochemical analysis, whereas liver samples were used for histomorpho-

logical and immunohistochemical examination along with the determination of oxida-

tive stress parameters. No significant modification in animal body weight, food con-

sumption, enzyme activities, hepatic histomorphology, and malonic dialdehyde (MDA) 

formation, at either time or dosage level. Conversely, CM induced a slight but signifi-

cant decrease in reduced glutathione (GSH) levels and superoxide dismutase (SOD) ac-
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tivity, especially at the high dose. The study of these researchers suggested that CM, at 

doses about 50 and 100 times higher than those generally used in humans, does not alter 

hepatic function. However, the reduction in GSH levels and SOD activity suggests par-

ticular attention to the use of CM or its preparations in situations (pharmacological 

treatments, physio-pathological conditions, etc.) that can compromise liver func-

tion [21]. 

CM exhibited anti-tumor and anti-oxidative stress potential against artificially 

induced hepatic tumors and hepatotoxicity in rats. Banerjee and co-workers [2] have 

analyzed the efficacy of homeopathic Chelidonium majus (Chel) 30C and 200C in ame-

lioration of experimentally induced hepatotoxicity in rats. Rats were randomized into 

six sub-groups: negative control; negative control + ethanol; positive control; positive 

control + ethanol group; Chel 30; Chel 200. Rats were sacrificed at days 30, 60, 90, and 

120; various toxicity biomarkers and pathological parameters were evaluated. Gelatin 

zymography for determination of metalloproteinases activity and Western blot of p53 

and Bcl-2 proteins were also employed. Results of these researchers revealed that 

chronic feeding of p-dimethyl amino azo benzene (p-DAB) and phenobarbital (PB) ele-

vated the levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), 

gamma-glutamyl transferase (GGT), lactate dehydrogenase (LDH), triglyceride, choles-

terol, creatinine, and bilirubin and lowered the levels of glutathione (GSH), glucose-6-

phosphate dehydrogenase (G-6-PD), catalase and HDL-cholesterol. There were statisti-

cally significant modulations of these parameters in the treated animals, compared to 

positive controls. In both treated groups, there was downregulation of metalloproteinas-

es, p53, and Bcl-2 proteins compared to over-expression in the positive control 

groups [2]. 

Alkaloids from CM and their inhibitory effects on LPS-induced NO production 

in RAW264.7 cells were studied by Park and co-workers [26]. A new alkaloid, methyl 

2'-(7,8-dihydrosanguinarine-8-yl)acetate (1), together with six known alkaloids, sty-

lopine (2), protopine (3), norchelidonine (4), chelidonine (5), berberine (6), and 8-

hydroxydihydrosanguinarine (7), were isolated from CM. The anti-inflammatory activi-

ty of the isolates was examined for their inhibitory effects on LPS-induced NO produc-

tion in macrophage RAW264.7 cells. Among them, compounds 5 and 7 showed strong 

inhibitory activities toward the LPS-induced NO production in macrophage RAW264.7 

cells with IC50 values of 7.3 and 4.5 μM, respectively. In addition, compounds 5 and 7 

inhibited the inductions of COX-2 and iNOS mRNA in dose-dependent manners, indi-

cating that these compounds attenuated the syntheses of these transcripts at the tran-

scriptional level [26]. 

Mikołajczak and co-workers [22] have evaluated analgesic activity ("hot plate" 

test), anti-inflammatory activity (carrageenan-induced paw edema), and locomotor ac-

tivity in rats under the influence of three fractions of CM herb extract: full water extract 

(FWE), protein enriched fraction (PEF), and a non-protein fraction (NPF). Effects of the 

fractions on the level of chosen cytokines and their mRNA levels were also assessed 

using lipopolysaccharide (LPS) administration as a proinflammatory cue. All fractions 

and diclofenac did not affect the locomotor activity of rats in comparison with the con-

trol group. FWE and PEF three hours after administration showed statistically signifi-

cant analgesic activities comparable to morphine (p < 0.05). A slight reduction in rat 

paw edema was observed after three (comparable with diclofenac) and six hours in the 

NPF group. FWE revealed a statistically significant pro-inflammatory effect after three 

hours in comparison with the control group. Peripheral IL-1 and IL-4 cytokine concen-

trations were reduced under FWE and NPF, PEF fractions. The combination of FWE, 

PEF, and NPF together with LPS showed only the effects of LPS. We suggest that pro-
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tein-enriched fraction (PEF) produced centrally mediated (morphine-like) analgesic ac-

tion, whereas the anti-inflammatory potential was shown only after LPS-induced in-

flammation. The precise mechanisms involved in the production of anti-nociceptive and 

anti-inflammatory responses of studied fractions are not completely understood, but 

they may be caused rather by the presence of protein more than an alkaloids-enriched 

fraction [22]. 

Tetrahydrocoptisine (THC) is one of the main active components of CM and has 

been described to be effective in suppressing inflammation. The protective effect of 

THC on LPS-induced acute lung injury (ALI) in rats was evaluated by Li and co-

workers [16]. These researchers found that in vivo pretreatment with THC to rats 30 

min before inducing ALI by LPS markedly decreased the mortality rate, lung wet 

weight to dry weight ratio, and ameliorated lung pathological changes. Meanwhile, 

THC significantly inhibited the increase of the amounts of inflammatory cells, total pro-

tein content, tumor necrosis factor-α (TNF-α), and interleukin-6 (IL-6) secretion in the 

bronchoalveolar lavage fluids (BALFs). Furthermore, THC inhibited myeloperoxidase 

(MPO) accumulation in lung tissue and alleviated TNF-α and IL-6 production in serum. 

Additionally, immunohistochemistry showed that THC efficiently reduced nuclear fac-

tor-kappa B (NF-κB) activation by inhibiting the translocation of NF-κBp65. Thus, 

THC possesses a protective effect on LPS-induced ALI through inhibiting NF-κB sig-

naling pathways, which may involve the inhibition of the pulmonary inflammatory pro-

cess [16]. 

Treatment with CM extract has natriuretic and antidiuretic effects against cad-

mium-induced nephrotoxicity in rats. The natriuretic and antidiuretic effects of methyl 

alcohol extracts of CM leaves in the kidneys of cadmium-intoxicated rats were evaluat-

ed in the study of Koriem and co-workers [14]. There was a decrease in kidney weight 

and serum electrolytes, but an increase in urinary volume, excretion of electrolytes, se-

rum urea, and creatinine, after 9 weeks of cadmium chloride intoxication. Treatment of 

CM methyl alcohol extract for 10 weeks starting 1 week before cadmium administration 

shifted the above parameters towards the normal values. These results were supported 

by molecular and histological investigations [14]. 

Conclusions. Our studies have revealed that the use of extracts derived from 

CM at a final dose of 5 mg/ml and 2.5 mg/ml resulted in a statistically significant in-

crease of lipid peroxidation biomarkers (TBARS levels) in the muscle tissue of rainbow 

trout in vitro incubation. The final dose of 1.25 mg/ml caused statistically significant 

increases in the levels of aldehydic and ketonic derivatives of oxidatively modified pro-

teins, and this was reflected when measuring the levels of total antioxidant capacity 

(TAC). On the other hand, the use of extracts at a final dose of 0.63 mg/ml derived from 

both roots and stalks of CM resulted in statistically significantly reduced levels of 

TBARS, as well as aldehydic and ketonic derivatives of OMP in the muscle tissue of 

rainbow trout after in vitro incubation. This may suggest that the presence of secondary 

metabolites such as alkaloids and polyphenols, among others, at such doses may induce 

such biological responses. These results demonstrated that there is a further need to 

search for an alternative dose of CM extracts for exhibiting therapeutic effects. This 

could find application in veterinary and other medical fields. 

 

References 

1. Balaban, R. S., Nemoto, S., & Finkel, T. (2005). Mitochondria, oxidants, 

and aging. Cell, 120(4), 483–495. https://doi.org/10.1016/j.cell.2005.02.001. 

2. Banerjee, A., Pathak, S., Biswas, S. J., Roy-Karmakar, S., Boujedaini, N., 

Belon, P., & Khuda-Bukhsh, A. R. (2010). Chelidonium majus 30C and 200C in in-



Науково-технічний бюлетень ІТ НААН -№128  

32 

duced hepato-toxicity in rats. Homeopathy: The Journal of the Faculty of Homeopathy, 

99(3), 167–176. https://doi.org/10.1016/j.homp.2010.05.008. 

3. Berger, R. G., Lunkenbein, S., Ströhle, A., & Hahn, A. (2012). Antioxidants 

in food: mere myth or magic medicine?. Critical Reviews in Food Science and Nutri-

tion, 52(2), 162–171. https://doi.org/10.1080/10408398.2010.499481. 

4. Birben, E., Sahiner, U. M., Sackesen, C., Erzurum, S., & Kalayci, O. 

(2012). Oxidative stress and antioxidant defense. The World Allergy Organization 

Journal, 5(1), 9–19. https://doi.org/10.1097/WOX.0b013e3182439613. 

5. Chen, A. F., Chen, D. D., Daiber, A., Faraci, F. M., Li, H., Rembold, C. M., 

& Laher, I. (2012). Free radical biology of the cardiovascular system. Clinical Science 

(London, England: 1979), 123(2), 73–91. https://doi.org/10.1042/CS20110562. 

6. Colombo, M. L., & Bosisio, E. (1996). Pharmacological activities of Cheli-

donium majus L. (Papaveraceae). Pharmacological Research, 33(2), 127–134. 

https://doi.org/10.1006/phrs.1996.0019. 

7. Daenen, K., Andries, A., Mekahli, D., Van Schepdael, A., Jouret, F., & 

Bammens, B. (2019). Oxidative stress in chronic kidney disease. Pediatric Nephrology 

(Berlin, Germany), 34(6), 975–991. https://doi.org/10.1007/s00467-018-4005-4. 

8. Dubinina, E. E., Burmistrov, S. O., Khodov, D. A., & Porotov, I. G. (1995). 

Okislitel'naia modifikatsiia belkov syvorotki krovi cheloveka, metod ee opredeleniia 

[Oxidative modification of human serum proteins. A method of determining it]. Vo-

prosy Meditsinskoi Khimii, 41(1), 24–26. [in Russian]. 

9. Galaktionova, L. P., Molchanov, A. V., El'chaninova, S. A., & Varshav-

skiĭ, B. I.a (1998). Sostoianie perekisnogo okisleniia u bol'nykh s iazvennoĭ bolezn'iu 

zheludka i dvenadtsatiperstnoĭ kishki [Lipid peroxidation in patients with gastric and 

duodenal peptic ulcers]. Klinicheskaia Laboratornaia Diagnostika, (6), 10–14. [in 

Russian]. 

10. Gilca, M., Gaman, L., Panait, E., Stoian, I., & Atanasiu, V. (2010). Cheli-

donium majus – an integrative review: traditional knowledge versus modern findings. 

Complementary Medicine Research 17(5), 241–248. 

https://doi.org/10.1159/000321397. 

11. Huang, G., Mei, X., & Hu, J. (2017). The Antioxidant Activities of Natural 

Polysaccharides. Current Drug Targets, 18(11), 1296–1300. 

https://doi.org/10.2174/1389450118666170123145357.  

12. Jones, D. P. (2008). Radical-free biology of oxidative stress. American 

Journal of Physiology. Cell Physiology, 295(4), 849–C868. 

https://doi.org/10.1152/ajpcell.00283.2008. 

13. Kamyshnikov, V. S. (2004). A reference book on the clinic and biochemical 

researches and laboratory diagnostics. MEDpress-inform, Moscow. 

14. Koriem, K. M., Arbid, M. S., & Asaad, G. F. (2013). Chelidonium majus 

leaves methanol extract and its chelidonine alkaloid ingredient reduce cadmium-induced 

nephrotoxicity in rats. Journal of Natural Medicines, 67(1), 159–167. 

https://doi.org/10.1007/s11418-012-0667-6. 

15. Levine, R. L., Garland, D., Oliver, C. N., Amici, A., Climent, I., 

Lenz, A. G., Ahn, B. W., Shaltiel, S., & Stadtman, E. R. (1990). Determination of car-

bonyl content in oxidatively modified proteins. Methods in enzymology, 186, 464–478. 

https://doi.org/10.1016/0076-6879(90)86141-h. 

16. Li, W., Huang, H., Niu, X., Fan, T., Hu, H., Li, Y., Yao, H., Li, H., & 

Mu, Q. (2014). Tetrahydrocoptisine protects rats from LPS-induced acute lung injury. 

Inflammation, 37(6), 2106–2115. https://doi.org/10.1007/s10753-014-9945-7. 



Науково-технічний бюлетень ІТ НААН - №128    

33 

17. Liochev, S. I. (2013). Reactive oxygen species and the free radical theory of 

aging. Free Radical Biology & Medicine, 60, 1–4. 

https://doi.org/10.1016/j.freeradbiomed.2013.02.011. 

18. Locatelli, F., Canaud, B., Eckardt, K. U., Stenvinkel, P., Wanner, C., & 

Zoccali, C. (2003). Oxidative stress in end-stage renal disease: an emerging threat to 

patient outcome. Nephrology, Dialysis, Transplantation, 18(7), 1272–1280. 

https://doi.org/10.1093/ndt/gfg074. 

19. Lu, W., Shi, Y., Wang, R., Su, D., Tang, M., Liu, Y., & Li, Z. (2021). Anti-

oxidant Activity and Healthy Benefits of Natural Pigments in Fruits: A Review. Inter-

national Journal of Molecular Sciences, 22(9), 4945. 

https://doi.org/10.3390/ijms22094945. 

20. Lushchak, V. I. (2016). Contaminant-induced oxidative stress in fish: a 

mechanistic approach. Fish Physiology and Biochemistry, 42(2), 711–747. 

https://doi.org/10.1007/s10695-015-0171-5. 

21. Mazzanti, G., Di Sotto, A., Franchitto, A., Mammola, C. L., Mariani, P., 

Mastrangelo, S., Menniti-Ippolito, F., & Vitalone, A. (2009). Chelidonium majus is not 

hepatotoxic in Wistar rats, in a 4 weeks feeding experiment. Journal of Ethnopharma-

cology, 126(3), 518–524. https://doi.org/10.1016/j.jep.2009.09.004. 

22. Mikołajczak, P. Ł., Kędzia, B., Ożarowski, M., Kujawski, R., Bogacz, A., 

Bartkowiak-Wieczorek, J., Białas, W., Gryszczyńska, A., Buchwald, W., Szulc, M., 

Wasiak, N., Górska-Paukszta, M., Baraniak, J., Czerny, B., & Seremak-

Mrozikiewicz, A. (2015). Evaluation of anti-inflammatory and analgesic activities of 

extracts from herb of Chelidonium majus L. Central-European Journal of Immunology, 

40(4), 400–410. https://doi.org/10.5114/ceji.2015.54607. 

23. Moon, J. K., & Shibamoto, T. (2009). Antioxidant assays for plant and food 

components. Journal of Agricultural and Food Chemistry, 57(5), 1655–1666. 

https://doi.org/10.1021/jf803537k. 

24. Neha, K., Haider, M. R., Pathak, A., & Yar, M. S. (2019). Medicinal pro-

spects of antioxidants: A review. European Journal of Medicinal Chemistry, 178, 687–

704. https://doi.org/10.1016/j.ejmech.2019.06.010. 

25. Nile, S. H., Wang, H., Nile, A., Lin, X., Dong, H., Venkidasamy, B., 

Sieniawska, E., Enkhtaivan, G., & Kai, G. (2021). Comparative analysis of metabolic 

variations, antioxidant potential and cytotoxic effects in different parts of Chelidonium 

majus L. Food and Chemical Toxicology, 156, 112483. 

https://doi.org/10.1016/j.fct.2021.112483. 

26. Park, J. E., Cuong, T. D., Hung, T. M., Lee, I., Na, M., Kim, J. C., Ryoo, S., 

Lee, J. H., Choi, J. S., Woo, M. H., & Min, B. S. (2011). Alkaloids from Chelidonium 

majus and their inhibitory effects on LPS-induced NO production in RAW264.7 cells. 

Bioorganic & Medicinal Chemistry Letters, 21(23), 6960–6963. 

https://doi.org/10.1016/j.bmcl.2011.09.128. 

27. Parveen, A., Akash, M. S., Rehman, K., & Kyunn, W. W. (2016). Recent 

Investigations for Discovery of Natural Antioxidants: A Comprehensive Review. Criti-

cal Reviews in Eukaryotic Gene Expression, 26(2), 143–160. 

https://doi.org/10.1615/CritRevEukaryotGeneExpr.2016015974. 

28. Petruk, G., Del Giudice, R., Rigano, M. M., & Monti, D. M. (2018). Antiox-

idants from Plants Protect against Skin Photoaging. Oxidative Medicine and Cellular 

Longevity, 2018, 1454936. https://doi.org/10.1155/2018/1454936. 

29. Pisoschi, A. M., Pop, A., Cimpeanu, C., & Predoi, G. (2016). Antioxidant 

Capacity Determination in Plants and Plant-Derived Products: A Review. Oxidative 



Науково-технічний бюлетень ІТ НААН -№128  

34 

Medicine and Cellular Longevity, 2016, 9130976. 

https://doi.org/10.1155/2016/9130976 

30. Pryor, W. A., Houk, K. N., Foote, C. S., Fukuto, J. M., Ignarro, L. J., 

Squadrito, G. L., & Davies, K. J. (2006). Free radical biology and medicine: it's a gas, 

man!. American Journal of Physiology. Regulatory, Integrative and Comparative Phys-

iology, 291(3), R491–R511. https://doi.org/10.1152/ajpregu.00614.2005. 

31. Schieber, M., & Chandel, N. S. (2014). ROS function in redox signaling and 

oxidative stress. Current Biology, 24(10), R453–R462. 

https://doi.org/10.1016/j.cub.2014.03.034. 

32. Stefanowski, N., Tkachenko, H., & Kurhaluk, N. (2021). Effects of ex-

tracts derived from roots and stems of Chelidonium majus L. on oxidative stress bi-

omarkers in the model of equine plasma. Agrobiodiversity for Improving Nutrition, 

Health, and Life Quality, 5(2), 197–208. https://doi.org/10.15414/ainhlq.2021.0018. 

33. Stefanowski, N., Tkachenko, H., & Kurhaluk, N. (2021). Biomarkers of ox-

idative stress in the blood of rainbow trout after in vitro treatment by extracts derived 

from Chelidonium majus L. In Youth and Progress of Biology: Abstracts of XVIІ Inter-

national Scientific Conference for Students and Ph.D. Students (Lviv, April 19–21, 

2021). – Lviv: LLC Romus-Poligraf, 2021. – P. 69-70. 

34. Stefanowski, N., Tkachenko, H., & Kurhaluk, N. (2021). Oxidatively modi-

fied proteins in the erythrocyte suspension of rainbow trout (Oncorhynchus mykiss 

Walbaum) after treatment with extracts derived from roots and stalks of Chelidonium 

majus L. In: Medicinal Herbs: from Past Experience to New Technologies: Proceedings 

of Ninth International Scientific and Practical Conference; June, 29-30, 2021, Poltava 

State Agricultural Academy, Poltava, Ukraine. – P. 161-166. http://doi.org/ 

10.5281/zenodo.5541344. 

35. Stefanowski, N., Tkachenko, H., Kurhaluk, N., & Aksonov, I. (2021). Bi-

omarkers of oxidative stress in the muscle tissue of rainbow trout (Oncorhynchus 

mykiss Walbaum) after in vitro treatment by extracts derived from stalks and roots of 

greater celandine (Chelidonium majus L.). Naukovo-tekhnichnyi biuleten Instytutu 

tvarynnytstva NAAN–  Scientific and Technical Bulletin of the Institute of Animal Sci-

ence of the National Academy of Agrarian Science of Ukraine, Kharkov, 126, 4–14. 

https://doi.org/10.32900/2312-8402-2021-126-4-14. 

36. Tripathi, R., Gupta, R., Sahu, M., Srivastava, D., Das, A., Ambasta, R. K., 

& Kumar, P. (2022). Free radical biology in neurological manifestations: mechanisms 

to therapeutics interventions. Environmental Science and Pollution Research Interna-

tional, 29(41), 62160–62207. https://doi.org/10.1007/s11356-021-16693-2. 

37. Warowicka, A., Qasem, B., Dera-Szymanowska, A., Wołuń-Cholewa, M., 

Florczak, P., Horst, N., Napierała, M., Szymanowski, K., Popenda, Ł., Bartkowiak, G., 

Florek, E., Goździcka-Józefiak, A., & Młynarz, P. (2021). Effect of Protoberberine-

Rich Fraction of Chelidonium majus L. on Endometriosis Regression. Pharmaceutics. 

13(7), 931. https://doi.org/10.3390/pharmaceutics13070931. 

38. Zar, J. H. (1999). Biostatistical Analysis. 4th ed., Prentice Hall Inc., New 

Jersey. 

39. Zielińska, S., Jezierska-Domaradzka, A., Wójciak-Kosior, M., Sowa, I., 

Junka, A., & Matkowski, A. M. (2018). Greater Celandine's Ups and Downs-21 Centu-

ries of Medicinal Uses of Chelidonium majus From the Viewpoint of Today's Pharma-

cology. Frontiers in Pharmacology, 9, 299. https://doi.org/10.3389/fphar.2018.00299. 

40. Zou, C., Lv, C., Wang, Y., Cao, C., & Zhang, G. (2017). Larvicidal activity 

and insecticidal mechanism of Chelidonium majus on Lymantria dispar. Pesticide Bio-

chemistry and Physiology, 142, 123–132. https://doi.org/10.1016/j.pestbp.2017.04.009. 

https://doi.org/10.15414/ainhlq.2021.0018


Науково-технічний бюлетень ІТ НААН - №128    

35 

ДОЗОЗАЛЕЖНІ ЗМІНИ БІОМАРКЕРІВ ОКИСНЕННЯ ЛІПІДІВ ТА БІЛКІВ 

У М'ЯЗОВІЙ ТКАНИНІ РАЙДУЖНОЇ ФОРЕЛІ (ONCORHYNCHUS MYKISS 

WALBAUM) ПІСЛЯ ІНКУБАЦІЇ IN VITRO З ЕКСТРАКТАМИ ЧИСТОТІЛУ 

ВЕЛИКОГО (CHELIDONIUM MAJUS L.) 

Стефановський Н., Ткаченко Г., Кургалюк Н., Інститут біології та наук 

про Землю, Поморська Академія в Слупську, Польша 

Аксьонов Є., Інститут тваринництва НААН, Україна 

Відповідно до наших попередніх досліджень, ми продовжуємо оцінювати 

антиоксидантний потенціал представників родини Papaveraceae, зібраних у 

північній частині Польщі, на моделі м'язової тканини райдужної форелі. Тому у 

цьому дослідженні, для оцінки антиоксидантної активності екстрактів чи-

стотілу великого використовували біомаркери окиснювального стресу [реактивні 

речовини, які взаємодіють з 2-тіобарбітуровою кислотою (TBARS), альдегідні та 

кетонові похідні окиснювально-модифікованих білків (OMP) та загальна антиок-

сидантна активність (TAC)]. У дослідженні використовували екстракти, отри-

мані з стебел і коренів чистотілу великого (Chelidonium majus L., CM) у кінцевій 

дозі 5 мг/мл, 2,5 мг/мл, 1,25 мг/мл та 0,63 мг/мл. У цьому дослідженні in vitro ви-

користовували гомогенат м'язової тканини, отриманих з форелі. Як позитивний 

контроль використовували фосфатний буфер. Після інкубації суміші при 25°С 

протягом 120 хв при безперервному перемішуванні, проби використовували для 

біохімічних досліджень. Наші дослідження показали, що застосування екс-

трактів у кінцевій дозі 5 мг/мл та 2,5 мг/мл призводило до статистично істот-

ного підвищення рівня біомаркерів перекисного окиснення ліпідів (рівня TBARS) у 

м'язовій тканині райдужної форелі. Кінцева доза екстракту 1,25 мг/мл викликала 

статистично істотне підвищення рівнів альдегідних і кетонових похідних OMP, 

що відображалося при вимірюванні рівнів ТАС. З іншого боку, використання екс-

трактів у кінцевій дозі 0,63 мг/мл, отриманих як з коренів, так і зі стебел СМ, 

призвело до статистично істотного зниження рівнів TBARS, а також аль-

дегідних та кетонових похідних ОМР у м'язовій тканині райдужної форелі після 

інкубації in vitro. Порівняння цих результатів показало, що екстракти СМ мо-

жуть ефективно інгібувати продукцію окиснювально модифікованих білків шля-

хом поглинання вільних радикалів. Швидше за все, за цей ефект відповідальні 

вторинні метаболіти СМ, тобто поліфеноли. Скринінг видів родини 

Papaveraceae на інші види біологічної активності, у тому числі антиоксидантної, 

має важливе значення і може бути ефективним при пошуку профілактичних за-

ходів у патогенезі деяких захворювань, а також при профілактиці та лікуванні 

деяких патологічних порушень у ветеринарії та медицині. 

Ключові слова: райдужна форель (Oncorhynchus mykiss Walbaum), м'язова 

тканина, окиснювальний стрес, реактивні речовини, що взаємодіють з 2-

тіобарбітуровою кислотою (TBARS), альдегідні та кетонові похідні окиснюваль-

но-модифікованих білків (ОМР). 

 


