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Abstract: The cultivation of plants in the form of callus cultures constitutes a renewable source of
secondary plant metabolites. The conditions for the cultivation of callus cultures affect the yield of
target compounds. Callus cultures of Hyssopus officinalis were chosen for study. Nutrient media of
various compositions were used for Hyssopus officinalis callus culture. For each culture, data on the
quantitative contents of saponins, flavonoids and polyphenolic compounds, as well as antioxidant
activity, were obtained. It was found that Murashige and Skoog medium supplemented with 1-
naphthylacetic acid and kinetin led to the highest yield of secondary metabolites.

Keywords: callus cultures; medicinal hyssop (Hyssopus officinalis L.); medicinal plants; biologically
active substances

1. Introduction

The cultivation of plant tissue in the form of callus cultures is well understood [1,2].
Callus plant cultures constitute a renewable source of biologically active substances, which
is independent of seasonal factors [3–5]. Obtaining biologically active substances from
callus cultures is an area of interest because refining the nutrient medium can stimulate
the biosynthesis of target biologically active substances and increase their yield [6,7]. The
production of natural compounds via callus cultures of medicinal plants is promising in the
development of industrial biotechnology for obtaining medically valuable substances [8].
The antioxidant activities and contents of polyphenolic compounds in medicinal plants
in Siberia have been well studied, in a quantitative fashion [9–11]. An example of a well-
studied plant is H. officinalis [12–14]. Hyssopus officinalis callus cultures were used to obtain
styrenes and triterpenes [15]. In accordance with previous results, laboratory samples of H.
officinalis callus were obtained [16], the chemical composition of H. officinalis callus used
for the biotechnological production of phenolic compounds was studied, and the optimal
composition of nutrient media was determined. In [17], the sequence of histogenesis
and organogenesis in the in vitro callus of nodal explants of H. officinalis was studied
upon treatment with growth regulators. This process is an important indicator of the ex
vitro adaptability of regenerated seedlings. The rate of cell proliferation was enhanced
in Murashige and Skoog medium supplemented with indole-3-butyric acid (1 mg/L).
The study proceeded from the beginning of cultivation to the development of seedlings.
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Leaf and stem anatomy was influenced by growth regulators. Combinations of auxin
and cytokinin aided the development of calli from regenerated shoots, revealing different
degrees of vitrification in the stems and leaves. The influence of the cultivation conditions
for callus cultures of H. officinalis on the yield of phenolic compounds was studied.

This study assessed the effects of the growing conditions for H. officinalis callus cultures
on the yield of H. officinalis callus culture biomass and the accumulation of polypheno-
lic compounds.

2. Results
2.1. Callus Growth Curve

The growth curves of in vitro callus cultures in various media are presented in Figure 1.
The greatest dry biomass weight of the H. officinalis callus cultures was observed on the
14th day of cultivation; by the 16th and 18th days, the amounts of dry biomass had
slightly decreased. The greatest increase in the biomass of H. officinalis callus cultures was
observed with MS-2 (medium Murashige–Skoog (MS) + 2 mg/L Kinetin (Kin) + 3 mg/L
1-naphthylacetic acid (NAA)) (up to 15 g of dry weight).

Plants 2021, 10, x FOR PEER REVIEW  2  of  10 
 

 

dole‐3‐butyric acid (1 mg/L). The study proceeded from the beginning of cultivation to 

the development of seedlings. Leaf and stem anatomy was influenced by growth regu‐

lators. Combinations of auxin and cytokinin aided the development of calli from regen‐

erated shoots, revealing different degrees of vitrification in the stems and leaves. The in‐

fluence of  the  cultivation  conditions  for  callus  cultures of H. officinalis on  the yield of 

phenolic compounds was studied. 

This  study  assessed  the  effects  of  the  growing  conditions for H.  officinalis  callus 
cultures on the yield of H. officinalis callus culture biomass and the accumulation of pol‐

yphenolic compounds. 

2. Results 

2.1. Callus Growth Curve   

The growth curves of in vitro callus cultures in various media are presented in Fig‐

ure 1. The greatest dry biomass weight of the H. officinalis callus cultures was observed on 

the 14th day of cultivation; by the 16th and 18th days, the amounts of dry biomass had 

slightly decreased. The greatest increase in the biomass of H. officinalis callus cultures was 

observed with MS‐2  (medium Murashige–Skoog  (MS)  +  2 mg/L Kinetin  (Kin)  +  3 mg/L 

1‐naphthylacetic acid (NAA)) (up to 15 g of dry weight).   

 

Figure 1. Growth curve of in vitro callus cultures of H. officinalis in various media: 1—MS‐1 (me‐

dium MS + 500 mg/L Casein Hydrolyzate + 0.5 mg/L 6‐benzylaminopurine (BA) + 2 mg/L 

2,4‐dichlorophenoxyacetic acid (2.4‐D)); 2—MS‐2 (medium MS + 2 mg/L Kin + 3 mg/L NAA); 

3—MS‐3 (medium MS + 1 mg/L BA + 2 mg/L indolylacetic acid (IAA)); 4—B5‐1 (medium B5 + 500 

mg/L Casein Hydrolyzate + 0.5 mg/L BA + 2 mg/L 2.4‐D); 5—B5‐2 (medium B5 + 2 mg/L Kin + 3 

mg/L NAA); 6—B5‐3 (medium B5 + 1 mg/L BA + 2 mg/L IAA). MS (Murashige‐Skoog medium), B5 

(Gamborg’s medium). 

2.2. The Yield of Phenolic Compounds 

For H. officinalis, which was cultivated on various nutrient media,  the contents of 

polyphenolic compounds in the total extract were determined by high‐performance liq‐

uid chromatography (HPLC) and are presented in Table 1. The highest yield of the phe‐

nolic compounds ferulic acid, isoquercitrin, rutin, quercetin, quercetin‐7‐O‐glucoside and 

luteolin was observed  in MS‐2  (medium MS + 2 mg/L Kin + 3 mg/L NAA), at 31.15, 27.62, 

19.75, 1.14, 0.67 and 1.98 μg/g, respectively (Table 1). 

   

0

4

8

12

16

0 2 4 6 8 10 12 14 16 18

D
ry
  w

ei
g
h
t,
 g

Days

1

2

3

4

5

6

Figure 1. Growth curve of in vitro callus cultures of H. officinalis in various media: 1—MS-1
(medium MS + 500 mg/L Casein Hydrolyzate + 0.5 mg/L 6-benzylaminopurine (BA) + 2 mg/L
2,4-dichlorophenoxyacetic acid (2.4-D)); 2—MS-2 (medium MS + 2 mg/L Kin + 3 mg/L NAA);
3—MS-3 (medium MS + 1 mg/L BA + 2 mg/L indolylacetic acid (IAA)); 4—B5-1 (medium B5 +
500 mg/L Casein Hydrolyzate + 0.5 mg/L BA + 2 mg/L 2.4-D); 5—B5-2 (medium B5 + 2 mg/L Kin +
3 mg/L NAA); 6—B5-3 (medium B5 + 1 mg/L BA + 2 mg/L IAA). MS (Murashige-Skoog medium),
B5 (Gamborg’s medium).

2.2. The Yield of Phenolic Compounds

For H. officinalis, which was cultivated on various nutrient media, the contents of
polyphenolic compounds in the total extract were determined by high-performance liquid
chromatography (HPLC) and are presented in Table 1. The highest yield of the phenolic
compounds ferulic acid, isoquercitrin, rutin, quercetin, quercetin-7-O-glucoside and lute-
olin was observed in MS-2 (medium MS + 2 mg/L Kin + 3 mg/L NAA), at 31.15, 27.62,
19.75, 1.14, 0.67 and 1.98 µg/g, respectively (Table 1).

For all the extracts of H. officinalis, the antioxidant activity, total phenolic compound
content and total flavone content were determined (Figure 2).
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Table 1. Phenolic compound content (µg/g, average of three repetitions) determined by HPLC in plant material.

Name of Phenolic Compound Rt (min) ± 0.5 SD NP
Culture Media

MS-1 MS-2 MS-3 B5-1 B5-2 B5-3

Ferulic acid 17.60 1.00 36.92 28.62 31.15 29.17 22.37 11.34 20.43
Isoquercitrin 27.80 0.50 32.78 22.83 27.62 25.14 17.13 9.76 19.71
Rutin 28.50 1.00 21.93 17.43 19.75 18.19 12.45 8.34 13.43
Quercetin 32.00 0.10 1.79 0.97 1.14 1.03 0.54 0.41 0.50
Quercetin-7-O-glucoside 35.20 0.10 0.89 0.45 0.67 0.57 0.24 <0.2 0.40
Luteolin 48.20 0.10 2.25 1.14 1.98 1.60 0.76 0.31 0.82

Rt—retention time; SD—standard deviation of Rt; NP—native plants. MS-1 (medium MS + 500 mg/L Casein Hydrolyzate + 0.5 mg/L BA +
2 mg/L 2.4-D); MS-2 (medium MS + 2 mg/L Kin + 3 mg/L NAA); MS-3 (medium MS + 1 mg/L BA + 2 mg/L IAA); B5-1 (medium B5 +
500 mg/L Casein Hydrolyzate + 0.5 mg/L BA + 2 mg/L 2.4-D); B5-2 (medium B5 + 2 mg/L Kin + 3 mg/L NAA); B5-3 (medium B5 + 1 mg/L
BA + 2 mg/L IAA). MS (Murashige–Skoog medium), B5 (Gamborg’s medium). Culture medium compositions are presented in Table 2.

Table 2. Composition of culture media.

Components MS-1 MS-2 MS-3 B5-1 B5-2 B5-3

Sucrose, g 30 30 30 30 30 30
Casein Hydrolyzate, mg 500 - - 500 - -

Myo-inositol, mg 100 100 100 100 100 100
Thiamine, mg 0.1 0.1 0.1 10.0 10.0 10.0

Pyridoxine, mg 0.5 0.5 0.5 1.0 1.0 1.0
Nicotinic acid, mg 0.5 0.5 0.5 1.0 1.0 1.0

Kinetin, mg - 2 - - 2 -
6-benzylaminopurine, mg 0.5 - 1.0 0.5 - 1.0

Indolylacetic acid, mg - - 2 - - 2
1-naphthylacetic acid, mg - 3 - - 3 -

2,4-dichlorophenoxyacetic acid, mg 2.0 - - 2.0 - -

MS (Murashige–Skoog medium), B5 (Gamborg’s medium).
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Figure 2. Phenolic compound (I—flavones; II—phenolic compound; III—2,2-diphenyl-1-
pyridohydrazine (DPPH) antioxidant activity) contents of callus cultures of Hyssopus officinalis
in different media cultivation: 1—control (native plants); 2—MS-1 (medium MS + 500 mg/L Casein
Hydrolyzate + 0.5 mg/L BA + 2 mg/L 2.4-D); 3—MS-2 (medium MS + 2 mg/L Kin + 3 mg/L NAA);
4—MS-3 (medium MS + 1 mg/L BA + 2 mg/L IAA); 5—B5-1 (medium B5 + 500 mg/L Casein
Hydrolyzate + 0.5 mg/L BA + 2 mg/L 2.4-D); 6—B5-2 (medium B5 + 2 mg/L Kin + 3 mg/L NAA);
7—B5-3 (medium B5 + 1 mg/L BA + 2 mg/L IAA). MS (Murashige–Skoog medium), B5 (Gamborg’s
medium). Average values are presented (n = 3). Values followed by the same letter do not differ
significantly (p > 0.05) as assessed by post hoc test (Tukey test).
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2.3. The Yield of Saponins

The influence of cultivation conditions on the yield of saponins is shown in Figure 3.
The total saponins content was determined by the TLC method. The greatest quantity
of saponins was found in H. officinalis callus cultures cultivated in MS-2 (medium MS +
2 mg/L Kin + 3 mg/L NAA) medium (5.8 mg/g).
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Figure 3. Saponins contents in callus culture of Hyssopus officinalis cultured in different media:
1—control (native plants); 2—MS-1 (medium MS + 500 mg/L Casein Hydrolyzate + 0.5 mg/L BA
+ 2 mg/L 2.4-D); 3—MS-2 (medium MS + 2 mg/L Kin + 3 mg/L NAA); 4—MS-3 (medium MS +
1 mg/L BA + 2 mg/L IAA); 5—B5-1 (medium B5 + 500 mg/L Casein Hydrolyzate + 0.5 mg/L BA +
2 mg/L 2.4-D); 6—B5-2 (medium B5 + 2 mg/L Kin + 3 mg/L NAA); 7—B5-3 (medium B5 + 1 mg/L
BA + 2 mg/L IAA). MS (Murashige–Skoog medium), B5 (Gamborg’s medium). Values followed by
the same letter do not differ significantly (p > 0.05) as assessed by post hoc test (Tukey test).

3. Discussion

Our statistical analysis (Figure 1) showed no statistically significant differences in
the growth rates of callus cultures based in MS media. Significant differences (p < 0.05)
were observed in the samples cultivated in B5 media. The in vitro growth rates of callus
cultures in B5-1 (medium B5 + 500 mg/L Casein Hydrolyzate + 0.5 mg/L BA + 2 mg/L
2.4-D) differed from the growth rates in B5-2 (medium B5 + 2 mg/L Kin + 3 mg/L NAA)
and B5-3 (medium B5 + 1 mg/L BA + 2 mg/L IAA), and were statistically comparable to
the samples cultivated in MS media throughout the observation period. No statistically
significant differences arose for samples cultivated in MS-1 (medium MS + 500 mg/L
Casein Hydrolyzate + 0.5 mg/L BA + 2 mg/L 2.4-D) or B5-1 (medium B5 + 500 mg/L
Casein Hydrolyzate + 0.5 mg/L BA + 2 mg/L 2.4-D). It is possible that the absence of casein
hydrolyzate in the B5-2 (medium B5 + 2 mg/L Kin + 3 mg/L NAA) and B5-3 (medium B5
+ 1 mg/L BA + 2 mg/L IAA) cultivation media prevented similar parameters from being
realized in these callus culture samples.

Many elements of nutrient media used for growing plant cultures determine the
plants’ rates of growth and their accumulation of secondary metabolites. One of these
metabolites is saponin, which accumulates in callus cultures. In all cases, an increased
content of saponins in callus cultures compared to native plants was observed (Figure 3).
In the case of cultivation on the nutrient medium MS-2 (medium MS + 2 mg/L Kin + 3
mg/L NAA), the highest yield of saponins was observed. The best characteristics of cell
growth were also observed in MS-2 (medium MS + 2 mg/L Kin + 3 mg/L NAA). The
lowest rate of cell growth was observed in the B5 medium. These effects are explained by
the presence of different amounts of nutrients in the media. It was found that H. officinalis
callus contains up to 6 mg/g of saponins, while intact plants contain six times less saponins.
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Callus plant cell cultures are increasingly being used as a tool for the synthesis of secondary
metabolites. In intact plants, secondary metabolic pathways can be changed by external
factors, such as the levels of nutrients, stress factors, light, and growth regulators. In callus
cultures, the antioxidant activity was lower than in native plants. The yield of phenolic
compounds was comparable to that in local plants, and the highest yield was observed in
the MS-2 (medium MS + 2 mg/L Kin + 3 mg/L NAA) and MS-3 (medium MS + 1 mg/L
BA + 2 mg/L IAA) growth media. The highest yield of flavones was found when using
MS-2 (medium MS + 2 mg/L Kin + 3 mg/L NAA) and MS-3 (medium MS + 1 mg/L
BA + 2 mg/L IAA) growth media. In the case of MS-2 (medium MS + 2 mg/L Kin +
3 mg/L NAA), 1-naphthylacetic acid was used as a growth promoter [18], along with
kinetin [19]. From the obtained observation results, it was found that the most suitable
medium, leading to a significant accumulation of flavonoids and saponins, was MS-2
(medium MS + 2 mg/L Kin + 3 mg/L NAA), with the addition of 1-naphthylacetic acid
and kinetin as growth stimulants. Our results for the antioxidant activity of medicinal
hyssop are consistent with previously published data [12]. In particular, the antioxidant
activity of the MS-2 (medium MS + 2 mg/L Kin + 3 mg/L NAA) as assessed by DPPH had
a medium value of 822 µg/mL, while this value is 796 µg/mL in the published data. Our
data and the literature both determined the phytochemical composition of hyssop [20], and
the following compounds were found: ferulic acid, rutin, quercetin, luteolin. A comparison
of the contents of these compounds in callus cultures and native plants shows that a similar
level of secondary metabolites was produced by callus cultures. The use of a nutrient
medium allows callus crops to achieve values comparable with native plants. Typical
cultivation conditions for callus cultures are used when the goal is to induce and increase
the yield of flavonoids [14]. The study in [21] is a key work on this topic, wherein the
growth stimulants 2,4-dichlorophenoxyacetic acid and 1 mg/L benzyladenine were used,
which have demonstrated high efficiency. In our original study, it was found that in hyssop
callus cultures, 1-naphthylacetic acid can more efficiently produce aromatic secondary
metabolites. The use of kinetin as a growth promoter was previously reported to be
effective [22]. Additionally, in our study, kinetin had a positive effect on the growth and
production of secondary metabolites. A recent publication reported the synergistic effect of
kinetin and 1-naphthylacetic acid [23]. The results (Figures 1–3) suggest that the mineral
composition of the medium is the most important factor in the production of phenol and
saponins. NAA–kinetin is thought to enhance the production of these compounds for MS
media, but not B5. A significant influence of the medium’s mineral composition and the
presence of casein hydrolyzate on the production of biologically active substances has been
established. This hypothesis may explain the observed effects, including the increase in
the growth and production of flavanoids. It should also be noted that plant cultivation
and the isolation of individual flavonoids can be scaled up to the industrial scale. An
example of this shift from the laboratory to the industrial scale is discussed in [24]. In our
study, we achieved an efficient separation of flavanoids, which allows for their further
isolation via preparative chromatography methods. Similar examples have previously been
discussed in the literature [25]. The proposed method for the cultivation of callus cultures
of hyssop does not have any disadvantages associated with seasonal factors. Stimulating
the production of flavonoids allows the use of available reagents for the design of culture
media, and also allows for scaling the volume of callus culture under strictly standardized
conditions. This fact is important in the context of the biotechnology market [26].

4. Materials and Methods

Medicinal plants (Hyssopus officinalis L., Lamiaceae family) collected in 2018 and ob-
tained from the collection of the Gorno-Altai Botanical Garden (Russia, Altai Republic,
Shebalinsky district, Kamlak village, Chisty Lug tract), and their callus cultures, were the
object of the research. Callus cultures were studied after 14 days of in vitro cultivation,
when the greatest amount of biologically active substances had accumulated. Ferulic acid
(certified reference material, CAS: 537-98-4), isoquercitin (certified reference material, CAS:
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482-35-9), rutin (certified reference material CAS: 153-18-4), quercetin (certified reference
material CAS: 117-39-5), quercitin-7-O-glucoside (certified reference material CAS: 491-50-
9), luteolin (certified reference material CAS: 491-70-3) and oleanolic acid (≥97%, O5504)
were purchased from Fluka/Sigma-Aldrich (Sigma-Aldrich Rus, Moscow, Russia). All the
other chemicals (analytical grade and above) used in this study were obtained from the
Research Institute of Biotechnology, Kemerovo State University (Kemerovo, Russia).

4.1. Obtaining Plant Callus Cell Cultures

Young tissues from seedlings (hypocotyls, cotyledons) were used as explants to obtain
in vitro callus cultures, being suitable for this than mature ones [27]. For the induction
of callusogenesis, the mineral media MS (Murashige and Skoog basal medium, M5519,
Sigma-Aldrich) and B5 (Gamborg’s B5 basal salt, G5768, Sigma-Aldrich mixture) [28]
supplemented with growth regulators (Table 2) were used. In total, 0.7% agar-agar was
used as a gelling agent.

Aseptic plants and cell cultures were obtained via pre-washing the seeds with de-
tergent, which were then immersed for 1 min in a 75% ethanol solution, transferred to a
laminar box and sterilized for 15 min in a 20% sodium hypochlorite solution (5% active
chlorine). They were then washed for 20 min in distilled sterile water three times. The ster-
ile seeds were placed in vessels filled with Murashige–Skoog medium (MS) [2], containing
3% sucrose and 0.7% agar-agar without growth stimulants (Murashige and Skoog Basal
Medium, M9274, Sigma-Aldrich). For germination, the seeds were placed in a thermostat at
a temperature of 24 ± 1 ◦C until sprouts appeared, after which the sprouts were transferred
to a light cabinet with a photoperiod of 16 8−1 h at a temperature of 24 ± 2 ◦C. Sterile
14-day-old H. officinalis seedlings were used to obtain callus cultures. The nutrient media
were sterilized via autoclaving (20 min in the main mode; temperature, 121 ◦C; additional
pressure, 0.7–0.8 atmospheres).

4.2. Cultivation of Callus Cell Cultures

The cultivation of callus cell cultures was performed under sterile conditions, in the
dark at 24 ± 1 ◦C (incubator/thermostat BD 53, Binder, Germany) and with a relative
humidity of 60–70%. The subcultivation cycle for callus cultures was 28–35 days. The
callus was divided into 2–3 parts, depending on the growth, and was transplanted to a
medium of identical composition. Callus cultures of H. officinalis were obtained using
the following culture media based on MS (Murashige and Skoog [29]): MS-1 (medium
MS + 500 mg/L Casein Hydrolyzate + 0.5 mg/L BA + 2 mg/L 2.4-D), MS-2 (medium MS
+ 2 mg/L Kin + 3 mg/L NAA), MS-3 (medium MS + 500 mg/L Casein Hydrolyzate +
0.5 mg/L BA + 2 mg/L 2.4-D). In addition, the following based on B5 (Gamborg’s [30])
were used: B5-1 (medium B5 + 500 mg/L Casein Hydrolyzate + 0.5 mg/L BA + 2 mg/L
2.4-D), B5-2 (medium B5 + 2 mg/L Kin + 3 mg/L NAA), B5-3 (medium B5 + 1 mg/L BA +
2 mg/L IAA). The compositions of the media are presented in Table 2.

4.3. Study of Growth Characteristics of Callus Cell Cultures (In Vitro)

To determine the initial weight (of the transplant), the cultures were weighed before
transplantation into a culture vessel (Petri dish) with the medium. After placing the
transplant onto the medium, it was weighed again, with the weight of the transplant
determined as the difference between the second and the first weighing. The weights of
the transplants were equalized to an accuracy of ± 10%. Biomass growth was determined
using standard gravimetric methods [31].

4.4. Drying of Callus Cell Culture Biomass

The callus cell culture biomass was dried via lyophilization (vacuum 0.05 mbar; cooler
temperature −80 ◦C) using a Triad lyophilic drying unit (Labconco, Kansas City, MO, USA)
for 15 h (sample temperature during drying –20 ◦C) [32].
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4.5. Preparation of Extract Samples

Samples of lyophilically dried biomass were extracted with a solution of 60% methanol
in water (1:30 ratio of biomass:extractant) under constant stirring in a thermoshaker (20 ◦C,
1400 rpm) for 40 min three times. After each interval, the extracts were centrifuged
(20 ◦C, 4500 rpm, 10 min). The supernatant liquid was taken for the qualitative analysis of
phytocomponents via HPLC [33].

4.6. Quantitative Determination of the Contents of Individual Phenolic Compounds by HPLC

All chromatograms were obtained on an HPLC Shimadzu module LC-10AD and a
DAD SPD-M20A. Chromatographic separation was performed on an RP-18 chromato-
graphic column. The chromatographic column has a C18 standby phase with a phenyl-like
end group, which is 25 cm long, 0.4 cm in diameter and 5 µm particle size, connected to
the chromatographic column pre-block. Mobile phase: A—water containing 1% trifluo-
roacetic acid (99:1, v:v) and solvent; B—100% methanol, flow rate 1 mL/min, gradient 5%
of B, increasing to 70% of B over 45 min. The injection volume was 1 µL of callus extract;
a Shimadzu SIL-20AC autosampler was used for injection. The UV spectra of various
compounds were recorded in the range of 240 to 400 nm. Detection was performed at 280
and 320 nm. Peak identification was confirmed by comparing the peak retention time with
that of a pure standard, and quantification was performed by comparing the peak area
of the sample chromatogram with the peak area of the standard. All measurements were
carried out three times at 40 ◦C, and the results were expressed as the mean ± micrograms
of phenolic compounds/1 g standard deviation of plant material [20].

4.7. Determination of the Total Polyphenol Compounds

The modified Folin–Ciocalteu method was used to determine the total contents of
plant polyphenols in gallic acid using a UV 3600 spectrophotometer (Shimadzu, Japan) [34].
This method involves the oxidation reaction of plant polyphenols with the Folin–Ciocalteu
reagent, and the subsequent photometric determination of the blue complex obtained at a
wavelength of 765 nm. Gallic acid was used as an internal standard.

4.8. Determination of Total Flavonoids

Total flavonoids (in terms of rutin) in the plants were determined using the spec-
trophotometric method with a UV 3600 spectrophotometer (Shimadzu, Kyoto, Japan).
The method [35] involves the spectrophotometric detection of flavanol complexes with
aluminum chloride at a wavelength of 410-413 nm. Rutin was used as the internal standard.

4.9. Qualitative and Quantitative Determination of Saponins

The total saponin levels in the plants were determined using thin-layer chromatog-
raphy in the benzene–acetone system (3:1). Detection was performed with 10% sulfuric
acid. Oleanolic acid was used as the witness (Sigma-Aldrich Rus, Moscow, Russia). The
amount of triterpene saponin was determined by UV spectroscopy using a UV 3600 spec-
trophotometer (Shimadzu, Japan) [36] after reaction with concentrated sulfuric acid. A
typical maximum absorption was observed at 310 nm. The content of biologically active
substances in the cell cultures was compared with that in the intact plants. The ages of these
plants depended on which parts were used to isolate phenols, saponins, and flavonoids
(hypocotyls, cotyledons, immature embryos, inflorescences). The ages of the plants were
1–2 months.

4.10. Antioxidant Activity

The ability of antioxidants to trap 2,2-diphenyl-1-pyridohydrazine (DPPH) free radi-
cals was used to determine the antioxidant activity of the plant extracts via spectropho-
tometry on a Shimadzu UV 3600 spectrophotometer [37]. This method was performed
as described in [38]. Different volumes (200 µL, 400 µL and 800 µL) of different callus
extracts were mixed, then Tris buffer (100 mM, pH 7.4) and 1 mL of DPPH (1,1-diphenyl-
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2-pyridohydrazine) (500 µM) were added to obtain a final volume of up to 2 mL. After
30 min incubation at room temperature, the formation of a yellow complex was determined
via spectrophotometry at 517 nm. Tocopherol and ascorbic acid were used as the positive
control, and the reaction mixture without the extract was used as the negative control.

4.11. Statistical Analysis

Each experiment was repeated three times and the data are expressed as means
± standard deviation. Data processing was carried out via the standard methods of
mathematical statistics. The correspondence of the samples used to the normal distribution
was assessed via t-test (mathematical expectations) for independent samples, and by
Fisher’s test (variance). Post hoc analysis (Tukey test) was undertaken to identify samples
that were significantly different from each other. The equality of the variances of the
extracted samples was checked using the Levene test. The data were subjected to analysis
of variance (ANOVA) using Statistica 10.0 (StatSoft Inc., 2007, Tulsa, OK, USA). Differences
between means were considered significant when the confidence interval was below 5%
(p < 0.05).

5. Conclusions

The potential of callus cell cultures of Hyssopus officinalis to produce antioxidant
substances has been studied in different cultivation media. Under certain cultivation
conditions, the Hyssopus officinalis callus cultures produced significant amounts of phenolic
compounds, and these were the most abundant of all the biologically active substances in
the callus cultures. The use of suitable cultivation media has resulted in significant contents
of saponins in the callus culture extracts of Hyssopus officinalis. An effective medium for the
cultivation of callus in our study was MS supplemented with 2 mg/L kinetin and 3 mg/L
1-naphthyl acetic acid as growth stimulants. In the future, this will presumably allow us to
determine the mechanisms of the accumulation of secondary metabolites in plants under
stress, and offer opportunities for managing the synthesis of unique bioactive components
in rare medicinal plants, including the ones growing in Siberia and the Far East. Through
our studies, we determined the optimal parameters of the nutrient medium used for the
biotechnological cultivation of H. officinalis, which will allow the future scaling-up of the
technology for obtaining phenolic compounds from callus cultures.
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15. Skrzypek, Z.; Wysokińska, H. Sterols and triterpenes in cell culture of Hyssop officinalis L. Z. Nat. C 2003, 58, 308–312.
16. Aghaei, K.; Ghasemi Pirbalouti, A.; Mousavi, A.; Badi, H.N.; Mehnatkesh, A. Effects of foliar spraying of l-phenylalanine and

application of bio-fertilizers on growth, yield, and essential oil of hyssop [Hyssop officinalis L. subsp. Angustifolius (Bieb.)]. Biocatal.
Agric. Biotechnol. 2019, 21, 101318. [CrossRef]

17. Toma, I.; Toma, C.; Ghiorghita, G. Histo-anatomy and in vitro morphogenesis in Hyssopus officinalis L. (Lamiaceae). Acta Bot. Croat.
2004, 63, 59–68.

18. Meyer, H.J.; Van Staden, J. The in vitro production of an anthocyanin from callus cultures of Oxalis linearis. Plant Cell Tissue Organ
Cult. 1995, 40, 55–58. [CrossRef]

19. Sangwan, R.S.; Norreel, B.; Harada, H. Effects of kinetin and gibberellin a3 on callus growth and organ formation in Limnophila
chinensis tissue culture. Biol. Plant 1976, 18, 126–131. [CrossRef]

20. Vlase, L.; Benedec, D.; Hanganu, D.; Damian, G.; Csillag, I.; Sevastre, B.; Mot, A.; Silaghi-Dumitrescu, R.; Tilea, I. Evaluation of
antioxidant and antimicrobial activities and phenolic profile for Hyssop officinalis, Ocimum basilicum and Teucrium chamaedrys.
Molecules 2014, 19, 5490–5507. [CrossRef]

21. Maneechai, S.; De-Eknamkul, W.; Umehara, K.; Noguchi, H.; Likhitwitayawuid, K. Flavonoid and stilbenoid production in callus
cultures of Artocarpus lakoocha. Phytochemistry 2012, 81, 42–49. [CrossRef]

22. Tan, S.H.; Musa, R.; Ariff, A.; Maziah, M. Effect of plant growth regulators on callus, cell suspension and cell line selection for
flavonoid production from pegaga (Centella Asiatica L. urban). Am. J. Biochem. Biotechnol. 2010, 6. [CrossRef]

23. Luczkiewicz, M.; Kokotkiewicz, A.; Glod, D. Plant growth regulators affect biosynthesis and accumulation profile of isoflavone
phytoestrogens in high-productive in vitro cultures of Genista tinctoria. Plant Cell Tissue Organ Cult. 2014, 118, 419–429. [CrossRef]

24. Park, J.-S.; Seong, Z.-K.; Kim, M.-S.; Ha, J.-H.; Moon, K.-B.; Lee, H.-J.; Lee, H.-K.; Jeon, J.-H.; Park, S.U.; Kim, H.-S. Production of
flavonoids in callus cultures of Sophora Flavescens Aiton. Plants 2020, 9, 688. [CrossRef] [PubMed]

25. Appelhagen, I.; Wulff-Vester, A.K.; Wendell, M.; Hvoslef-Eide, A.-K.; Russell, J.; Oertel, A.; Martens, S.; Mock, H.-P.; Martin,
C.; Matros, A. Colour bio-factories: Towards scale-up production of anthocyanins in plant cell cultures. Metab. Eng. 2018, 48,
218–232. [CrossRef] [PubMed]

26. Lorenz, A.; Raven, M.; Blind, K. The role of standardization at the interface of product and process development in biotechnology.
J. Technol. Transf. 2019, 44, 1097–1133. [CrossRef]

27. Yang, Y.; Asyakina, L.K.; Babich, O.O.; Dyshlyuk, L.S.; Sukhikh, S.A.; Popov, A.D.; Kostyushina, N.V. Physicochemical properties
and biological activity of extracts of dried biomass of callus and suspension cells and in vitro root cultures. Food Process. Tech.
Technol. 2020, 50, 480–492. [CrossRef]

28. Kahrizi, D. Study of callus induction and cell culture to secondary metabolite production in Hyssop officinalis L. J. Rep. Pharm. Sci.
2016, 5, 104–111.

29. Murashige, T.; Skoog, F. A revised medium for rapid growth and bio assays with tobacco tissue cultures. Physiol. Plant 1962, 15,
473–497. [CrossRef]

30. Gamborg, O.L.; Miller, R.A.; Ojima, K. Nutrient requirements of suspension cultures of soybean root cells. Exp. Cell Res. 1968, 50,
151–158. [CrossRef]

31. Bibi, A.; Adil, M.; Mashwani, Z.-R. Production of callus biomass and antioxidant secondary metabolites in black cumin. J. Anim.
Plant Sci. 2018, 28, 1321–1328.

32. Asyakina, L.K.; Babich, O.O.; Pungin, A.V.; Prosekov, A.Y.; Popov, A.D.; Voblikova, T.V. Optimization of extraction parameters
of biologically active substances from dried biomass of callus, suspension cells and root cultures in vitro. IOP Conf. Ser. Earth
Environ. Sci. 2020, 613, 012008. [CrossRef]

http://doi.org/10.1016/S1674-6384(17)60085-6
http://doi.org/10.1080/14786419.2020.1727474
http://doi.org/10.1016/j.heliyon.2019.e02245
http://doi.org/10.21603/2308-4057-2020-1-163-170
http://www.ncbi.nlm.nih.gov/pubmed/24312758
http://doi.org/10.1016/j.indcrop.2012.07.028
http://doi.org/10.1007/s11101-014-9349-1
http://www.ncbi.nlm.nih.gov/pubmed/24899872
http://doi.org/10.1016/j.bcab.2019.101318
http://doi.org/10.1007/BF00041119
http://doi.org/10.1007/BF02923151
http://doi.org/10.3390/molecules19055490
http://doi.org/10.1016/j.phytochem.2012.05.031
http://doi.org/10.3844/ajbbsp.2010.284.299
http://doi.org/10.1007/s11240-014-0494-4
http://doi.org/10.3390/plants9060688
http://www.ncbi.nlm.nih.gov/pubmed/32481711
http://doi.org/10.1016/j.ymben.2018.06.004
http://www.ncbi.nlm.nih.gov/pubmed/29890220
http://doi.org/10.1007/s10961-017-9644-2
http://doi.org/10.21603/2074-9414-2020-3-480-492
http://doi.org/10.1111/j.1399-3054.1962.tb08052.x
http://doi.org/10.1016/0014-4827(68)90403-5
http://doi.org/10.1088/1755-1315/613/1/012008


Plants 2021, 10, 915 10 of 10

33. Ali, A.M.A.; El-Nour, M.E.M.; Yagi, S.M. Total phenolic and flavonoid contents and antioxidant activity of ginger (Zingiber
officinale Rosc.) rhizome, callus and callus treated with some elicitors. J. Genet. Eng. Biotechnol. 2018, 16, 677–682. [CrossRef]
[PubMed]

34. Ainsworth, E.; Gillespie, K. Estimation of total phenolic and other oxidation substrates in plant tissues using Folin–Ciocalteu
reagent. Nat. Protoc. 2007, 2, 875–877. [CrossRef]

35. Pirogov, A.; Sokolova, L.; Sokerina, E.; Tataurova, O.; Shpigun, O. Determination of flavonoids as complexes with Al3+ in
microemulsion media by HPLC method with fluorescence detection. J. Liq. Chromatogr. Relat. Technol. 2016, 39, 220–224.
[CrossRef]

36. Desbène, S.; Hanquet, B.; Shoyama, Y.; Wagner, H.; Lacaille-Dubois, M.-A. Biologically active triterpene saponins from callus
tissue of Polygala amarella. J. Nat. Prod. 1999, 62, 923–926. [CrossRef]

37. Rasool, R.; Ganai, B.A.; Kamili, A.N.; Akbar, S. Antioxidant potential in callus culture of Artemisia amygdalina Decne. Nat. Prod.
Res. 2012, 26, 2103–2106. [PubMed]

38. Rasool, R.; Ahmad, B.; Azra, G.; Kamili, N. antioxidant and antibacterial activities of extracts from wild and in vitro- raised
cultures of Prunella vulgaris L. Med. Aromat. Plant Sci. Biotechnol. 2010, 4, 20–27.

http://doi.org/10.1016/j.jgeb.2018.03.003
http://www.ncbi.nlm.nih.gov/pubmed/30733788
http://doi.org/10.1038/nprot.2007.102
http://doi.org/10.1080/10826076.2016.1147462
http://doi.org/10.1021/np980577i
http://www.ncbi.nlm.nih.gov/pubmed/21950614

	Introduction 
	Results 
	Callus Growth Curve 
	The Yield of Phenolic Compounds 
	The Yield of Saponins 

	Discussion 
	Materials and Methods 
	Obtaining Plant Callus Cell Cultures 
	Cultivation of Callus Cell Cultures 
	Study of Growth Characteristics of Callus Cell Cultures (In Vitro) 
	Drying of Callus Cell Culture Biomass 
	Preparation of Extract Samples 
	Quantitative Determination of the Contents of Individual Phenolic Compounds by HPLC 
	Determination of the Total Polyphenol Compounds 
	Determination of Total Flavonoids 
	Qualitative and Quantitative Determination of Saponins 
	Antioxidant Activity 
	Statistical Analysis 

	Conclusions 
	References

