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Abstract

Background and objectives: Milk thistle (Silybum marianum L.) is a significant medicinal
plant that has gained a prominent place in the pharmaceutical industry. This annual or biennial
plant contains bioactive compounds, particularly flavonoids, which are primarily concentrated in
its seeds. The collective active components of this plant are referred to as silymarin, a compound
recognized for its anti-cancer properties. Cell culture systems provide a promising method for
large-scale cultivation of plant cells to produce secondary metabolites. This research aimed to
investigate the effects of genotype, micro-sample type, phytohormone treatments, and callus type
on the synthesis of bioactive compounds in S. marianum calluses using high-performance liquid
chromatography (HPLC).
Methodology: In this research, a combination of Tween-20 solution, 70% ethanol, hydrogen
peroxide, and sterile distilled water was used to disinfect Silybum marianum seeds to produce
sterile seedlings. The sterilized seeds were then transferred to sterilized water and an agar culture
medium (12 g/L) and kept in dark conditions at a temperature of 25°C for 15 days. After
germination and initial growth, the seedlings were moved to light conditions. An experiment was
conducted using two genotypes, Hungary and Borazjan, with cotyledon and hypocotyl micro-
samples. The experiment utilized Murashige and Skoog (MS) medium and hormonal treatments
of 2,4-Dichlorophenoxyacetic acid (2,4-D) at concentrations of 1, 2.5, and 5 mg/L, along with
Benzyl Amino Purine (BAP) at 0.25 and 0.5 mg/L. This setup was maintained in dark conditions
and organized as a factorial design based on a completely randomized block structure. After 30
days, the calluses were transferred to MS culture medium with half the concentration of
hormones. The effective compounds were extracted from the callus through defatting with
petroleum ether, followed by extraction with methanol solvents. The components of silymarin
were then separated into taxifolin, silychristine, silydianin, silybin, and isosilybin using high-
performance liquid chromatography (HPLC). Statistical analysis of the data was performed using
SPSS software.
Results: The test results demonstrated the effects of different micro-sample treatments, ecotypes,
and hormone concentrations on the levels of silymarin flavonoid compounds (taxifolin,
silychristin, silydianin, silybin, and isosilybin) in Silybum marianum extracts. Analysis of
variance and comparison of the mean values of flavonolignans in the callus samples revealed that
the highest amount of taxifolin was obtained from the hypocotyl micro-sample. The highest
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silychristin content was associated with the Hungarian genotype and a treatment of 5 mg/L 2,4-
D. The highest silydianin concentration was observed in the Hungarian genotype treated with 1
mg/L 2,4-D and 0.25 mg/L BAP. The maximum silybin content was found in the Hungarian
cultivar using the hypocotyl micro-sample, with 1 mg/L 2,4-D and 0.25 mg/L BAP. The highest
isosilybin levels were achieved in the Hungarian genotype, hypocotyl micro-sample, and 1 mg/L
2,4-D. The overall highest silymarin concentration was recorded in the Hungarian genotype
treated with 1 mg/L 2,4-D and 0.5 mg/L BAP.

Conclusion: The results showed that improved varieties of Silybum marianum, such as the
Hungarian genotype, produced higher levels of bioactive compounds compared to native
ecotypes. In the production of these compounds, the type of micro-sample played a more critical
role than the size and type of callus derived from it. Specifically, the hypocotyl micro-sample,
which produced small, non-embryogenic calluses, yielded a higher percentage of effective
substances compared to the cotyledon, which produced larger, embryogenic calluses.
Additionally, lower concentrations of auxin and cytokinin hormones were more effective than
higher concentrations in promoting the production of bioactive compounds.

Keyword: Flavonoid, callus, silymarin, Silybum marianum L., in vitro conditions.
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Table 1. Ecotypes, explants and growth regulators used in Silybum marianum callus culture madia

Growth regulator

Treatment number Ecotype Explant Auxin Cytokinin
(2,4-D)ymg.L! (BAP) mg.L?
1 Hungary cotyledon 1 0.25
2 1 0.5
3 25 0.25
4 25 0.5
5 5 0.25
6 5 0.5
7 hypocotyl 1 0.25
8 1 0.5
9 25 0.25
10 25 0.5
11 5 0.25
12 5 0.5
13 Borazjan cotyledon 1 0.25
14 1 0.5
15 25 0.25
16 25 0.5
17 5 0.25
18 5 0.5
19 hypocotyl 1 0.25
20 1 0.5
21 25 0.25
22 25 0.5
23 5 0.25
24 5 0.5
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Table 2. Solvents system program in HPLC device

Water (pH = 2.3)

Time (min) Methanol (%) Acetonitrile (%) with HsPos 10%
0:00 22 15 63
7:30 22 15 63
15:00 40 20 40
30:00 22 15 63
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Table 3. ANOVA of ecotype, explant, and hormonal treatment effects on callus flavonolignans amount in
Silybum marianum

M.S.
SOV. df taxifolin ~ Silychristin  Silydianin Silibin Isosilibin  Silymarin
ecotype 1 0.806 36.285™ 130.68™ 29.235™ 22.932" 815.043"
explant 1 25.56™ 0.424 22.001 22.088™ 6.697" 68.959
ecotype x explant 1 0.118 24.595™ 11.842 8.612™ 1.952 170.999"
2,4-D 2 2.113 85.04™ 770.158™ 9.874™ 6.519™ 690.449™
ecotype x 2,4-D 2 11.218™ 24834™ 123.594™ 0.939 0.285 219.977"
2,4-D x explant 2 10.278™ 0.876 68.868" 2.633™ 3.58" 131.255"
ecotype x explant x 2,4-D 2 8.881" 14.303™ 9.004 0.046 3.086" 67.089
BAP 1 4.47 0.297 68.056" 12.87™ 0.851 237.735™
ecotype x BAP 1 11.94" 6.534 376.294™ 5.88™ 13.736™ 380.958™
BAP x explant 1 50.803™ 7.057 3.125 0.083 1.14 52.369
ecotype x explant x BAP 1 13.364" 1.655 169.28"™ 0.034 2.431 274.801™
2,4-D x BAP 2 10.199™ 4.26 361.42"™ 1.719 2.84 231.291™
ecotype x BAP x 2,4-D 2 13.621™ 26.555™ 362.683™ 1.383 0.688 700.93™
explant x BAP x 2,4-D 2 5.705 17.149™ 17.14 0.118 4.047" 68.396
ecotype x explant x BAP x 2,4-D 2 4.057 1.162 34.841 1.146 0.079 42.259
error 48 2.279 1.892 18.23 0.618 1.028 34.387
C.V. (%) 15.1 11.38 18.58 7.6 10.26 8.96

n.s., *, and **: non-significant, significant at 1% and 5% probability levels, respectively

Jist 5o 5S35 2,4-D ilie sl 53 IS 51 Jolo (Kts s3le 08 1 0 8 s) LS 5553 S0l alie =¥ J

Table 4. Comparison of the mean of flavonolignans (mg/g dry matter) obtained from callus in different amounts of 2,4-D in
Silybum marianum

2,4-D Silychristin Silydianin Silibin Isosilibin Silymarin
1 mg\L 0.1041 c 0.2948 a 0.1103 a 0.1032 a 0.7157 a
2.5 mg\L 0.1172 b 0.2028 b 0.1024 b 0.1001 a 0.6247 b
5 mg\L 0.1412 a 0.1915 b 0.0976 ¢ 0.0931 b 0.621 b
LSD 0.0081 0.0246 0.0045 0.0058 0.0339
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Table 5. Means comparison of ecotype, explant, and hormonal treatment effects on callus flavonolignans amount
in Silybum marianum

Treatment

Taxifolin Silychristin Silydianin Silibin Isosilibin Silymarin
number

1 0.0855 0.1115 0.2087 0.1062 0.1003 0.6121
2 0.0858 0.0968 0.4133 0.1071 0.1047 0.8078
3 0.0862 0.1098 0.2517 0.1018 0.1012 0.6506
4 0.1377 0.1211 0.1833 0.0902 0.0935 0.6258
5 0.0971 0.1397 0.1943 0.097 0.0972 0.6254
6 0.0821 0.149 0.2163 0.1028 0.1016 0.6519
7 0.1288 0.1209 0.249 0.1291 0.1136 0.7414
8 0.0863 0.1 0.3937 0.1305 0.116 0.8264
9 0.1138 0.1076 0.1827 0.1196 0.1069 0.6306
10 0.0961 0.1282 0.145 0.1147 0.1263 0.6103
11 0.1405 0.2001 0.2937 0.1135 0.0878 0.8356
12 0.0851 0.1506 0.186 0.1055 0.1043 0.6315
13 0.1020 0.1059 0.324 0.1088 0.0961 0.7368
14 0.0871 0.0918 0.2283 0.0869 0.0859 0.58

15 0.0831 0.1295 0.3183 0.1021 0.1042 0.7473
16 0.0998 0.1128 0.147 0.0888 0.0863 0.5348
17 0.0811 0.1091 0.175 0.0951 0.0896 0.5499
18 0.1134 0.1638 0.152 0.0884 0.0884 0.606
19 0.1229 0.0991 0.292 0.1168 0.1206 0.7514
20 0.1279 0.1072 0.249 0.0973 0.0884 0.6698
21 0.1053 0.1212 0.2517 0.1134 0.0933 0.6838
22 0.095 0.1072 0.1327 0.09 0.0895 0.5143
23 0.0959 0.1025 0.1217 0.09 0.0879 0.4989
24 0.0862 0.1139 0.1927 0.0886 0.0877 0.5691

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
The details of the treatments are written in Table No. 1
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Figure 1. Amounts of silymarin (mg/g dry matter) in the callus obtained from the desired treatments in Silybum
marianum
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