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ABSTRACT

Plants of the genus Aristolochia 1. ate included in the pharmacopoeias of different
countries because they have a high potential as anti-inflammatory, bactericidal,
wound healing agents, and antidotes and their spheres (fields) of medical applica-
tion are diverse. Due to the depletion of natural populations, the renewal of the
sFecies by biotechnological methods has become televant. Ir vitro reproduction or
clonal micropropagation enables the researchers to massively duplicate plants with
a definite genotype throughout the year. This review provides important infor-
mation available today on the 7 vitro propagation methods and further successful
regeneration for valuable plants from the genus Aristolochia. The generalized infor-
mation is necessary to create a breeding technology for each of the species of the
genus, which will save valuable medicinal resources.
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PE3IOME

Haxoneunaa O.B., Boakonckaa B.B. MuKkpokAOHaABHOE Pa3MHOYKEHHE
BUAOB poaa Aristolochia: 0630p. Pacrenus poaa Aristolochia L. Buecensr B dap-
MaKOIICH paSHbIX CTpaH HOCKO/\bKY OG/\Q.AQ.}OT BBICOKHUM ITOTCHITHMAAOM KaK HpO—
THBOBOCITAAHTEABHbIC, OAKTCPUIIMAHBIC H PAHO3LKHBAAIOIINE CPEACTBA, B TOM
YHCAC KAK aHTHAOTBL C(OEPhl X MEAHIIMHCKOTO IIPHMECHEHMA PA3HOOOPA3HBL.
M3-32 HCTOILEHHOCTH IIPUPOAHBIX IIONYAALHNA, BO3OOHOBACHHE BHAOB OHO-
TEXHOAOTHIECKIMH METOAAMH TIPHOOPEAO aKTYaABHOCTB. METOA MHKPOKAO-
HAABHOIO PA3MHOMKECHHSA ABAACTCH IPHUBACKATEABHBIM AAl HCCACAOBATEACH 13-32
CBOCTO ITOTECHIIMAAA AAS MACCOBOIO AYOAHMPOBAHUSA PACTCHHUI C OIPEACACHHBIM
ICHOTHIIOM B TCYCHUE BCEIO FOAA. DTOT 0030P IPEAOCTABAACT BAKHYIO HHMOP-
MAITHIO AASl AVYINEIO IHOHHMAHHSA OCOOCHHOCTEH KAOHAABHOTO PA3MHOKCHHS
BHAOB poAa Aristolochia. OOOOITICHHBIE CBEACHHA HEOOXOAMMBI AASl CO3AAHIIA
TEXHOAOINH PA3MHOMKCHUS KAKAOTO U3 BHAOB POAQ, YTO ITO3BOAHT COXPAHHTH
LICHHBIC ACKAPCTBCHHBIC PECYPCEHL

KaroueBpIe CAOBA: MEKPOKAOHHPOBAHIC, PA3MHOKCHIE, PEAKHE BHA, COXPAHCHIEE, yC-
AOBUS KyABTHBHPOBAHMA, i1 vitro, Aristolochia

Genus Aristolochia 1.. belongs to one of the ancient
angiosperm families Aristolochiaceae Juss. (Chevallier 1996,
Kelly & Gonzilez 2003) and includes up to 400 species
(Gonzalez & Stevenson 2002, Wagner et al. 2014), native
to the tropical, subtropical, and temperate zones of the
Northern and Southern hemispheres (IKharkevich 1987,
Gonzalez & Stevenson 2002, Kelly & Gonzalez 2003). The
genus is represented by vines, shrubs and rhizome herbs
(Endress 1990, 1994, Razzak et al. 1992). Some species
of the genus are relics of the Paleogene flora (Tertiary
relicts) (Kurentsova 1968, Adams et al. 2005, Gonzaloalez
et al. 2014) and local endemic to different regions, for
example, A. delavayi Franch. (Yu et al. 2021), A. indica
Linn., A. saccata Wall., and A. cathcartii Hook. f. (Sarma &
Tanti 2015), A. manshuriensis Kom. (Kurentsova 1968). All
members of the genus possess medicinal properties, and
their fields of application are diverse (Zhou et al. 2011).
Thus, A. bracteolata Linn. is used in Nigerian ethnomedicine,
and its anticandidal activity has been shown (Gbadamosi &
Egunyomi 2012). Roots of A. elegans Mast. are widely used
in Mexican folk medicine as a remedy for scorpion venom
(Osuna et al. 2007). Alcohol root extract of the A. zndica 1.

possesses antitumor activity against the colon cancer cell
line HT29 (Kangralkar & Kulkarni 2013). A. /onga L. is used
in Algerian folk medicine as an anti-cancer agent and for the
treatment of fistulas, ulcers, boils, acne (Saidi et al. 2009).

Many species are the important components of bio-
topes, as relict butterfly species are fed on their leaves. Thus,
Parides ascanins (Cramer, 1775) (Lepidoptera, Papilionidac)
feeds on the leaves of A. #ilobata 1.. (Grice et al. 2019),
A. contorta Bunge lianas ate necessary to Chinese imago
sericinus, Sericinus montela anmrensis (Staudinger, 1892) (Ku-
rentsov 1961), the leaves of A. macrophylla Lam. serve as
food for Battus philenor (Linnaeus, 1771) (Howe 1975), the
imago Battus philenor birsuta (Skinner, 1908) (Howe 1975)
dwells on the A. californica Torr. lianas, and Papilio alcinons
(Klug, 18306) feeds on the leaves of A. manshuriensis.

The fact that the Aristolochia species are confined to cer-
tain biotopes, the peculiatities of the pollination process and
the active use of these plants as medicinal raw materials have
led to the significant population decrease of many species in
natural habitats. They have become rare (A. assanzica D. Borah
& T.V. Do (Borah & Sarma 2022); A. tagala Cham. (Murugan
et al. 2006); A. contorta (Nesterova 2008); A. tongbignanensis
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JY. Shen, Q.B. Gong & ILandrein (Gong et al. 2018);
A. tomentosa Sims (Ward et al. 2003), etc.) or endangered (A.
manshuriensis (Nesterova 2008); A. delavayi (Yu et al. 2021)).
Vegetative and seed propagation is often difficult. Therefore,
the reproduction of the species using modern technologies
has become particulatly relevant. One of these approaches
is the method of clonal micropropagation, which allows to
obtain genetically identical and pathogen-free plants quickly,
continuously and massively throughout the year. This review
provides important information available today on the 7 vitro
propagation methods and further successful regeneration for
valuable plants from the genus Aristolochia. The generalized
information is necessary to create a breeding technology for
each of the species of the genus.

SPECIES OF THE GENUS
ARISTOLOCHIA IN VITRO

Aristolochia bracteata Retz.

Conditions for reproduction of A. bracteata were selected
by Sathish et al. (2011), who cultivated internodal segments
as explants on MS medium (Murashige & Skoog 1962) with
the addition of various concentrations and combinations of
plant growth regulators for direct and indirect regeneration.
The lowest percentage of explant infection (4 %) was ob-
tained after sterilization with 0.1 % mercury chloride for 2
minutes. The highest rate of shoot proliferation (61.520.43)
was observed on MS medium with the addition of 1.0
mg/L of BAP (6-benzylaminopurine) in combination with
1.0 mg/L NAA (x-naphthaleneacetic acid). The MS medium
supplemented with 1.0 mg/L BAP in combination with
0.5 mg/L NAA provided the highest percentage (73.2£0.43)
of shoots proliferation from internodes obtained from cal-
lus. The highest number of roots per shoot and their average
lengths were observed on the half-strength MS medium
supplemented with 1.0 mg/L IBA (Indole-3-butyric acid)
(Sathish et al. 2011).

Aristolochia bracteolata Lam.

An effective regeneration protocol for A. bracteolata was
developed by a direct organogenesis 7z vitro (Sebastinraj &
Sidique 2011). Nodal segments and shoot tips were used as
explants. High-frequency organogenesis and multiple shoot
regeneration were induced on MS medium augmented with
1.0 mg/L BAP in combination with 1.0 mg/L NAA. The
microshoots were further transplanted from the 7 witro
proliferated conglomerate on MS medium with the addition
of 0.3 mg/L IBA for root formation. The obtained micro-
plants were adapted to the conditions of protected soil. A
culture medium supplemented with BAP 4.0 mg/L and
NAA 0.5 mg/L proved to be suitable for producing more
shoots (8.9). Both shoot bud induction and shoot reproduc-
tion were significantly higher in the nodal segments com-
pared with the shoot tip and axillary bud (Sathish et al. 2011).

Aristolochia elegans Mast.

In order to preserve, and cultivate the plants of 4. elegans
and standardize their morphological and pharmacological
properties, a micropropagation protocol was developed by
Osuna et al. (2007). Leaves with axillary buds were taken
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from six-week-old aseptic plants grown from disinfected
seeds and were applied for introduction to culture conditions.
Stem explants (1 cm) were used for root induction. Nutrient
MS medium with BAP (10 uM), pH 5.8, was used for repro-
duction and provided the activation of the largest number
of buds (on average 3.1) in both types of explants. Addition
of IBA (1.5 pM) to MS medium caused the highest root in-
dex (11.8) per explant. The obtained microplants were suc-
cessfully adapted to soil. This protocol was later repeated by
Izquierdo et al. (2010).

Aristolochia fimbriata Cham.

The micropropagation method for A. fimbriata was first
described by Bravo et al. (1997). The MS medium contained
salts, Gamborg vitamins and sucrose. Stem segments with
one node were cultured on a nutrient medium with the addi-
tion of 0.1 mg/I. GA3 (gibberellic acid), 2.5 mg/L. BAP and
IBA at various concentrations. A 5-fold increase in the num-
ber of developing shoots was shown after 14 days on the
medium with 0.25 mg/L IBA. The resulting shoots wete cut
and transferred to a nutrient medium with BAP (1.0 mg/L),
where an 8-fold increase in the number of shoots was ob-
tained. For root formation, the microshoots were cultured
on MS medium with half macrosalts supplemented with IBA
or NAA. The addition of IBA resulted in root formation in
all tested concentrations, while the addition of NAA resulted
only in callus formation.

Later, Bliss et al. (2009) reported that 4. finzbriata plants
were propagated 7z vitro and rooted with 100 % efficiency.
Leaves, petioles, and internodes (stem explants) were taken
as explants, and the highest regeneraton rate (97 %) was ob-
served for stem explants. Regenerated and rooted shoots
were acclimated to greenhouse conditions and bloomed
within 4 weeks after transplanting;

Aristolochia indica L.

The apical parts of shoots and nodal segments of A. 7n-
dica were used for propagation by Manjula et al. (1997).
Cultivation was performed on MS medium supplemented
with 0.54 uM of NAA and 13.31 uM BAP. This medium com-
position contributed to the development of the maximum
number of shoots (45-50) from the apical and axillary buds.
The same authors obtained a callus culture from the leaves
and internodal segments cultured on MS medium with NAA
or 2.4-D (2,4-dichlorophenoxyacetic acid) and BAP or Kin
(kinetin). The accumulation of phenols in the callus was
controlled by adding 1.0 mg/L of PG (phloroglucinol) to
the medium. For shoot regeneration from the callus, the MS
medium with the addition of 2.69 uM of NAA, 13.31 uM
of BAP and 1.0 mg/L of PG was pointed as the best. The
direct de novo shoot development from leaf segments was
achieved by using 13.31 uM BAP together with 50 mg/L
activated charcoal. The microshoots were rooted on White's
medium with the addition of 2.46 uM IBA. Adaptation to
the soil was high (85%).

Soniya & Sujitha (2000) cultivated apical and axillary
buds of A. indica on MS medium with 1-6 mg/L 2-iP
(2-Isopentenyladenine) or 1-4 mg/L BAP and obtained
multiple shoot formation. The maximum number of
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shoots was obsetved on the medium with 5 mg/L 2-iP
(about 12-14 shoots). Shoot differentiation occurred
directly from the leaf bases and internodes cultivated on a
medium containing 1-4 mg/L BAP and 0.8-2 mg/L NAA.
Callus formation was observed on MS medium containing
0.6-4 mg/L NAA in combination with 0.8-3 mg/L BAP.
When the callus was transferred to a medium with 1-6
mg/L BAP the regeneration of microshoots was observed.
The elongated microshoots were rooted on MS medium
containing 1 mg/L IBA. They wete then transferred to soil
after gradual acclimatization.

A method for establishing the A. indica callus culture was
also published by Siddique et al. (2006). The highest percen-
tage of callus induction (95) was achieved on MS medium
supplemented with 2.0 mg/L Kin and 1.0 mg/L BAP. The
development of adventitious shoots occurred during callus
subcultivation on the same medium or in combination of
BAP with NAA and IAA (indole acetic acid) or NAA, IAA
and BAP in combination with Kin. The highest percentage
of shoot regeneration (95) was obtained on MS medium en-
riched with 2.5 mg/L Kin and 1.0 mg/L BAP. The elongated
shoots rooted on a medium containing 1 mg/L Kin.

Veluchamy & Rajappan (2008) tested the MS medium
supplemented with various plant growth regulators: Kin,
GA3, BAP, and AdS (adenine sulfate). The hormones were
used separately and in combinations (Kin+GA3, Kin+BA
and Kin+AdS) with 2.46 uM IBA. Stem sections with a leaf
node were used for the experiment. Shoot proliferation was
only promoted by 27.1 uM AdS alone or in combination
with other plant growth regulators. The use of Kin (23.25
um) and AdS (13.5 pm) strongly activated bud develop-
ment. Addition of IBA inctreased root formation, while the
inclusion of TAA induced rooting of shoots with interme-
diate callus formation at the basal end. The application of
this protocol allowed to obtain 1012 microplants from a
single explant.

At the same period, Prabha et al. (2008) developed a
protocol for A. indica micropropagation using apical and no-
dal explants. The synergistic effect of BAP at a concentra-
tion of 1 mg/L have led to the induction of a greater num-
ber of adventitious shoots from the nodal explants, com-
pared to other medium variations. The maximum number
of roots was induced on a medium with IBA (1 mg/L).
The grown microplants were successfully transferred to the
greenhouse where they showed a high survival rate (65 %).

In another research, the maximum percentage of _A. in-
dica microshoots regeneration was obtained by Siddique et al.
2010) on MS medium supplemented with 1.0 mg/L BAP and
2.5 mg/L NAA. The highest rooting rate for microshoots
was observed on MS medium with 2.5 mg/L Kin and 2.0
mg/L IBA. Callus formation was observed on MS medium
with the addition of 1.0 mg/L IAA and 1.0 mg/L BAP.

Dey et al. (2021) used Schenck and Hildebrandt media
(SH) enriched with (BAP) (2.0 mg/L)+put (putrescine)
(0.5 mM) and in another experiment BAP (2.0 mg/L) +
SPD (spermidine) (1 mM) and achieved the best results
with 41 and 39.2 axillary shoots per nodal explant, respecti-
vely. After 4-6 weeks of incubation the explants were pro-
pagated on SH medium with the addition of various com-

binations and concentrations of BAP and Kin (0.5, 1, 1.5
and 2 mg/L), SPD (0.5 and 1 mM). The SH medium supp-
lemented with BAP (2.0 mg/L) + SPD (0.5 mM) showed
the best regeneration response with an average number of
47.5 base shoots obtained from callus. After 6 weeks of cul-
tivation on a SH medium + 1.0 mg/L TAA + 0.5 mM SPD,
the maximum average number of roots per shoot (7) was
observed on explants.

Pattar & Jayara (2012) used leaf and nodular explants to
initiate callus formation. The authors cultivated the explants
on MS medium with the addition of 0.8 mg/L BAP. The
nodular explants provided better regenerative response
(95 %), compared to the leaf explants (85 %). Shoots were
induced from callus on MS medium + 0.8 mg/L BAP + 0.5
mg/L NAA. To obtain roots on microshoots, MS media
with 0.8 mg/L NAA was used. The microplants were fur-
ther acclimatized and successfully transferred to the field.

Shah et al. (2013) obtained aseptic cultures by growing
nodal segments (from 1 to 1.5 cm) on MS medium con-
taining 5.0 uM BAP. Five nutrient media were used in the
experiments: MS, woody plants medium (WP), Gamborg
medium (B5), Nitsch and Nitsch medium (NN) and SH
medium with the addition of various cytokinins and auxins
at a concentration of 10 uM. The MS medium + 5 uM BA
turned out to be optimal for shoots propagation i vitro.
The experiments resulted in 100 % number of shoots per
explant after 15 days and 61.9 % after 30 days on MS me-
dium, 65.2 % number of nodes per shoot after 15 days
and 196.2 % after 30 days on WP medium, and 147.5 and
366.6 % number of nodes per explant 30 days after planting
on MS medium.

Fot A. indjca callus cultures, the addition of 5 mg/L BAP
to the MS medium resulted in the highest callus induction.
The MS medium enriched with 4.0 mg/L BAP + 1.0 mg/L
NAA provided the highest shoot regeneration rate (Than-
dar & Tun 2014). It was also shown that elongated shoots
rooted on MS medium without growth regulators. The
rooted plants were transferred to a mixture of soil and
compost. They were gradually acclimatized and successfully
transferred to field conditions.

In 2017, seven media were tested 7z vitro to induce cal-
lus from the stem segments, leaf bases, and cotyledons of
A. indica, five of which were based on MS medium, one on
B5 medium, and one on White medium (Nehra et al. 2017).
The highest efficiency of callus formation was observed
on MS medium with 5 mg/L 2.4-D in combination with
1.6 mg/L BAP. This variant of the medium also contributed
to multiple shoots induction from the callus. The half-salts
MS medium with 1.2 mg/L BAP and 0.6 mg/L IBA was
the best for root regeneration. Darkness promoted rapid
root regeneration. The rooted microplants were success-
fully transplanted into pots and were transferred to a green-
house after 25 days for further acclimatization in natural
conditions. Survival rate was 63 % (Nehra et al. 2017).

The same authors evaluated different types of explants
(cotyledons, stem segment, and leaf base) for their effec-
tiveness in inducing callus on different media. The leaf base
was shown to be the best explant type in terms of the per-
centage of callus formation and the average callus fresh
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mass accumulation. Cotyledons were the least effective ex-
plants. The MS medium with the addition of 5 mg/L 2,4-D
and 1.6 mg/L BAP demonstrated high efficiency in shoot
regeneration, which may be due to high concentrations of
the hormones which are considered to be highly effective
in initiating multiple shoots from callus (Nehra et al. 2022).

Dey et al. (2021) conducted an 7 vitro study of A. indica
to isolate aristolochic acid and analyzed its endogenous level
in shoots and roots. The nodal explants and apical shoots
were cultured in SH medium enriched with various con-
centrations of polyamines (0.5-1 mM) such as puttrescine,
spermidine, spermine, as well as plant growth regulators
auxins JAA — 1.5 mg/L, IBA — 1 mg/L) and cytokinins
(Kin -2 mg/L, BAP — 1.5 mg/L) for callus induction, direct
shoot organogenesis and formation of multiple axillary
shoots. As a result, a high-performance liquid chromato-
graphy (HPLC) study of the plant extracts revealed that the
content of aristolochic acid in roots in vitro was higher than
in plants grown in the natural field. This confirms the key
role of polyamines together with phytohormones in increa-
sing the concentration of aristolochic acid (Nath et al. 2022).

Aristolochia longa L.

Saidi et al. (2009) showed for the Algerian species A. Jon-
ga that sterilization with 0.6 g/T. HgCl, for 10 minutes was
more effective than that with calcium hypochloride. The
authors noted that cultivation on MS medium with the addi-
tion of 1.5 mg/L BAP and 0.5 mg/L NAA is the best for
shoot induction. The shoots elongated more intensively on
the MS medium with 0.5 and 1.5 mg/L GA3 A high rooting
petcentage was observed on a medium with 1 mg/L NAA.
During acclimatization, 100 % of the microplants survived
in peat after 2 months of growth.

Aristolochia manshuriensis Kom.

In the first studies on the microclonal propagation of
A. manshuriensis (Svensson 1999), MS medium with the ad-
dition of BAP (0.4 mg/L) was used. The explants wete
placed in the dark during the first 1-7 days. This provided
an increase in the percentage of rooted shoots. It was also
useful to separate the shoot base before rooting. Duting the
reproduction, illumination with the following levels of pho-
tosynthetic photon flux (PPF) was tested: 20, 40, 60, and
80 umol/m*s. The effect of PFF levels on reproduction
stabilized after three passages (84 days); a PPF level of
20 umol/m?*s resulted in the lowest reproduction rate (RR)
pet month (3.0), and 80 umol/m**s provided the highest
RR per month (4.2). The level of PPF during reproduction
also affected subsequent rooting. According to the results,
the maximum percentage of rooted shoots was achieved
under 80 umol/m?*s. A prolonged cultivation petiod on the
propagation medium before rooting (6 weeks instead of 4
weeks) significantly increased the multiplication rate, but
negatively affected subsequent rooting, which decreased
from 41 to 12 % (Svensson 1999).

The method of _A. manshuriensis clonal micropropagation
was patented in 2016 by Molkanova et al. (2018b). It in-
cludes isolation of apical and lateral buds from immature
and virginal plants, sterilization with sodium hypochlorite
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(exposure for 7—10 minutes), planting on MS medium
with 0.8 mg/L BAP and 0.05 mg/L IAA, propagation of
microshoots, their subsequent rooting on half-strength
MS medium containing 20 mg sucrose and adaptation of
regenerated plants to ex vifro conditions by planting on a
mixture of sand, peatand soil ata ratio of 1:1:1, preliminarily
stetilized at 85-90°C for 1-2 hours. The invention allows
to increase the yield of regenerating plants to more than
150 thousand specimens per year (Molkanova et al. 2018b).
Molkanova & Egorova (2017) noted that the maximum re-
production coefficient (14.84 £ 0.8) was obtained on MS
medium with 0.8 mg/L BAP and 0.05 mg/L IAA. The op-
timal medium for rooting was pointed as half-strength MS
medium with 3.0 mg/L IBA. The same authors obtained
seedlings from buds, microshoots, and microcuttings via
organogenesis and somatic embryogenesis at a temperatute
of 24 £ 1°C and a light intensity 2-3 klux. The authors
showed that storage of the viable explants at 4-8°C and light
intensity 0.2—0.3 klux inhibited their growth. The optimal
explants for a long-term storage were buds, microshoots,
and microcuttings. RAPD-analysis (randomly amplified
polymorphic DNA) was performed for model species to
control the genetic stability of explants preserved uz vitro
(Molkanova et al. 2018c). In another study, Molkanova et al.
(2018a) used stem explants. The optimal nutrient medium
for rooting was half-strength MS medium containing 3.0
mg/L IBA. It was found that explants from young (no older
than 4-6 years) plants of _A. manshuriensis were characterized
by a higher ability for shoot proliferation compared
to plants that reached the age of 12 years. The explants
obtained from 2-3-year-old plants were characterized by a
higher morphogenetic capacity (Molkanova et al. 2018a).

Aristolochia rotunda L.

A micropropagation protocol for A. rotunda was develo-
ped by (Gatti & Vecchi 2017). The cytokinin BA was shown
to affect the formation of new shoots, but did not affect
the length of shoots. The addition of IBA negatively affec-
ted the length of shoots, but provided the best rooting pet-
centage and root length at concentration of 1.5 uM.

Aristolochia saccata Wall. and A. cathcartii Hook.

In vitro reproduction of A. saccata and A. cathcartii was
performed by Sarma & Tanti (2017) using nodal explants.
These explants in both species demonstrated direct soma-
tic embryogenesis when cultured on MS medium with dif-
ferent concentrations of BAP (1-4) and 2-iP (1-4) sepa-
rately or in combination with low concentrations (0.5 and
1.0 mg/L) of auxin (NAA). A combination of BAP and
NAA was more effective for shoot induction than the hot-
mones used separately. The best combination for A. saccata
explants proliferation (96 %) during 28 days was 3.0 BAP
and 1.0 mg/1 NAA. For A. catheartii, the best result (88.3 %
of explants) was obtained using 4.0 mg/L BAP with
0.5 mg/L NAA. The range of concentrations (0.1, 0.5, 0.8,
and 1.0 mg/L) of NAA and IBA was tested for rooting of
in vitro-grown shoots. The best results in rooting were ob-
tained with half strength with IBA (0.5 mg/1).
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Aristolochia tagala Cham.

An effective protocol for A. tagala regeneration by a di-
rect organogenesis 7 vitro was developed by Biswas et al.
(2007) using nodal segments as explants. Multiple buds were
induced directly from nodal explants cultured on the MS
medium with the addition of 2.0 mg/L BAP and 0.5 mg/L
NAA. The multiplication coefficient (number of shoots per
explant) was equal to 6. The best result in microshoots roo-
ting was observed on a half-strength MS medium containing
0.5 mg/L IBA. The rooted microplants were transferred to
the natural environment after acclimatization.

Later, Remya et al. (2013) developed the protocol for
plant propagation 7z vitro from somatic tissues and pro-
duction of artificial seeds by node encapsulation. Leaves
were used as explants for callus induction. The maximum
number of adventitious shoots was regenerated from the
leaf callus on MS medium containing BAP 2 pM, NAA
0.5 pM and 10 uM PG (phloroglucinol). Multiple shoots
were successfully regenerated from nodes cultured on MS
medium with 3 uM BAP and 0.5 pM Kin. The regenerated
shoots were successfully rooted and acclimated to green-
house conditions. A protocol for root regeneration from
A. tagala callus was also developed. The maximum root
length was obtained by growing the callus on MS medium
with the addition 1 uM Kin, 0.5 uM IAA, 0.1 uM NAA,
and 10 uM PG. The biochemical parameters of calli grown
on the medium with and without PG were studied to find
out a correlation between these parameters and shoot
morphogenesis.

Remya et al. (2016) cloned the apical bud explants. The
addition of activated carbon to a medium helped to solve
the problem of polyphenol exudation from explants into
the medium, which blocked the regeneration of adventitious
shoots. The most effective medium composition was MS
with 3 uM BAP, 0.5 pM Kin, and activated carbon (0.1 %).
The maximum number of shoots (12.6) was obtained from
apical bud explants after 25 days of inoculation. Well-deve-
loped shoots were rooted on MS medium with the addition
of 1.5 uM TAA, 1.5 uM Kin, and 0.5 uM BAP. Regenerating
shoots from apical buds were successfully rooted and
acclimated to greenhouse conditions.

Rajanna & Shailaja (2015) developed an effective protocol
for axillary bud proliferation and direct organogenesis in
A. tagala using in vitro propagation method. The shoot tips
and nodal segments (1-1.5 cm) of these plants were used
as explants. They were washed with running tap water, then
treated with a few drops of Twin-20, then 0.3 % bavistin,
and then thoroughly washed with sterile distilled water. MS
medium with various concentrations of PGRs was used for
cultivation. The results showed that the medium enriched
1 mg/L with BAP, and half-strength MS medium with
2 mg/L IBA wete the best for inducing shoots and roots,
respectively.

CONCLUSIONS

Medicinal properties of the plants from the genus
Aristolochia have determined an increased interest in each
species of the genus for several centuries. An intensive
use of plants as an officinal raw material contributed to

the depletion of natural populations. The application of
the microclonal propagation method to the plants of the
genus Aristolochia can be a reliable alternative to seed pro-
pagation. The regenerated plants can be used for further
reintroduction, as well as to create nurseries for growing
plants for medical application. Reaction of the plants of
different species on the introduction into culture vary con-
siderably, and depend on genotype, tissue or organ, stage of
development, maturity and seasonal variations, the protocols
of microclonal reproduction are different for each species.
By the present time, the protocols have been developed for
only 11 species out of 400 (2.8 %). Revealing the features
of microclonal reproduction for the distinct Aristolochia
species and generalization of the previously obtained data
are the initial and necessary steps to preserve and restore
the population of the valuable medicinal resources.
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