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Development of cryopreservation methods of seed of Nepeta cataria

This article presents the summarized data on cryopreservation of seeds of the medical plant Nepeta cataria.
Cryopreservation is a highly promising method for saving of seed materials, allowing to organize long-term
storage without viability loss. The purpose of present work is to optimize conditions of cryopreservation of
seed materials of Nepeta cataria. Assessment of seed survival rate in the storage showed a linear decrease in
seed viability and energy of germination. After 30 months of storage at the low positive temperature (+5 °C) in
paper pack seed rate decreased to 12.0 % and energy of germination to 11.2 %; after 4 years.of storage seeds
lost viability. During conduction of research the type of container, condition of thawing, optimal-moisture of
seeds and cryoprotectants are optimized. The optimal container for cryopreservation .in liquid nitrogen was
plastic cryo tubes; defrosting at room temperature. The best seed rate is found at moisture 3 %; the best cryo-
protectant was glucose, the optimal concentration was 15 %. The result of the research is.used for creation of
the long-term storage medicinal cultures’ seed bank in the liquid nitrogen.

Keywords: Nepeta cataria, medicinal plant, seed materials, germination, liquid nitrogen, cryo protectants, cry-
opreservation.

Introduction

Republic of Kazakhstan has the great resources of-wild and cultivated medicinal plants [1], the most of
which are used for development of new medicine prepared.on their base [2]. So, cultivation of the medicinal
plants is limited by the deficit of seed production and absent seed banks. Research on the development of
methods for storing seed materials is relevant and has potential for practical application. One of the modern
methods is cryopreservation in liquid nitrogen [3-5], which allows stopping physiological processes and en-
suring long-term storage at extra low temperature. Early conducted research shows the need for individual
selection of conditions for cryo freezing for.each taxon [6-8].

The perspective object is Nepeta cataria L. (Lamiaceae family), above-ground organs of which are used
in folk and official medicine as antispasmodic, tonic, stimulating remedies [9]. The infusions are used for
treatment of gastrointestinal and.respiratory diseases, gallbladder and bile pathways, against hysteria and de-
pression conditions [10, 11]. Infusion of raw material of Nepeta cataria reduces the temperature, has sedative,
antimicrobial and anti-oxidant effect [12-17].

The purpose of present study is to develop of the conditions of cryopreservation of Nepeta cataria’s seed
material.

Materials and methods

The collectionof seeds of Nepeta cataria is made from nature on Spassky hills (Bukhar Zhirau district
of the Karagandy region) in 2018. Species affiliation is determined by the Flora of Kazakhstan [18]. A sample
of the plant is.stored in the herbarium fund of the Faculty of Biology and Geography of E.A. Buketov Kara-
ganda University.

The experiments are conducted on the base of Research Park of Biotechnology and Eco-Monitoring of
E.A. Buketov Karaganda University. For experiments all seeds are cleaned, dried to a humidity of 3, 7 and
12 %; and divided into batches of 100 pieces (Fig. 1). Freezing of seeds was carried out in 2 types of containers
(foil package and plastic cryo tubes) in Dewar vessels CDC 20 (CryoMash) according to methodological
guidelines [19-21]. The moisture content in seed is obtained as mean percentage between fresh and fried
weight (3 independent determinations).
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Figure 1. Seeds of Nepeta cataria

Defrosting after freezing is carried out in 2 variants: a) rapid defrosting in water bath (40 °C) for
10-15 minutes; b) slow defrosting at room temperature (22—-23 °C) for one hour. Seeds stored in the refriger-
ator (+5 °C) for 30 months were used as control variant.

In second series of experiments different cryo protectors were used: sucrose — 10-and 15 %; glucose —
10 and 15 %; glycerin — 20 and 40 %, propylene glycol — 5 and 10 %. Seed materials are soaked in various
solutions of cryoprotectants for 15 minutes, after which were placed in liquid nitrogen. As a control seeds
frosted without cryoprotectants were used. After defrosting seeds are washed from cryoprotectors 3 times with
distilled water.

To test the viability of all variants of seeds (experimental @and control samples) they are sown in Petri
dishes on two-layer filter paper moistened with distilled water:[22].. The energy of germination (on 6" day)
and germination (on 15" day) are noted.

The data is analyzed using Statistic program STATISTICA and package EXCEL-2010.

Results and discussion

The preliminary results of germination analysis show that the viability of Nepeta cataria’s seeds quickly
loses quality — from 46.2 % for fresh to 12.0 % after 30 months of traditional storage in refrigerator
(Table 1).

Table 1
Seed rate and energy of germination of Nepeta cataria after storage in low temperature (+5 °C)

Period ofstorage, month | Seed rate, % | Energy of germination, %
Fresh'seeds 46.2+1.5 26.8+0.6
1 42.8+1.0 23.9+0.4
3 38.6£1.5 22.6+0.2
6 35.2+£1.9 24.3+0.2
9 27.1+1.2 21.2+0.8
12 26.8+1.5 20.7+0.8
15 20.3+1.1 18.9+0.3
18 19.6+1.2 17.4+0.1
21 18.9+1.3 16.2+0.8
24 15.0+1.8 15.1+0.6
27 14.1+1.6 13.8+0.4
30 12.0+1.3 11.2+0.8

The seed rate of Nepeta cataria after 1 month of storage decreased to 42.8 %; after 6 months to 35.2 %;
after 12 months to 26.8 %; after 18 months to 19.6 % (Fig. 2). Thus, optimal period of storage was 1-2 years.
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Figure 2. Seed rate and energy of germination of Nepeta cataria after 30 months.of storage

On the next step the effects of kinds of package and methods of defrosting aresstudied. The results showed
that after freezing, seed germination was higher than in the control variant (Table 2).

Table 2

Seed rate and energy of germination of Nepeta cataria after cryopreservation
in different containers and different methods of defrosting

Experimental variant Seed rate; % Energy of germination, %

Control (storage 2 years) 26.8+1.5 20.7+0.8
Cryopreservatlon, cryo tubes, 64,3130 52 041.6
thawing at room temperature

Cryo_preservatlon, foil pack, 58747 9 384407
thawing at room temperature

Cryo_pres:ervatlon, plastic cryo tubes, 628427 42.940.7
thawing in water bath

Cryo_pres:ervatlon, foil pack; 554420 423405
thawing in water bath

The maximum seed rate and energy of germination are noted in the experimental variant of freezing in
plastic cryo tube and defrosting in-'room temperature: 65.6 % and 54.0 %, respectively.

The moisture of seeds isqimportant in the organization of the storage system [19, 21]. We froze three
versions of pot seeds with humidity 12 %; 7 %; 3 %. The results showed that maximum drying of seeds led to
the best viability after thawing.(Table 3).

Table 3

Indicators of seed viability of Nepeta cataria after cryopreservation depending on moisture content

Moisture, % Seed rate, % Energy of germination, %

12 46.7+19.5 27.845.6
7 54.2+19.7 32.5+1.2
3 62.5£21.3 47.8£2.5

Thus, 3 % moisture of seed is optimal for cryopreservation.

One of the ways to increase viability of seeds is to use different cryoprotectants [19-21]. In our experi-
ments three types of cryoprotectants with different concentration were used. The best variant is observed for
15 % glucose concentration (Table 4).
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Table 4

Seed rate and energy of germination of Nepeta cataria after using cryoprotectants

Variant of experiment Seed rate, % | Energy of germination, %
Control (without cryo protector) 46.7+£19.5 27.8+£5.6
Glucose 10 % 70.5+£3.2 48.9£1.5
Glucose 15 % 74.543.3 58.9+1.6
Sucrose 10 % 65.6+3.7 60.5+2 .4
Sucrose 15 % 45.8+2.4 24.4+x1.7
Glycerin 20 % 42.8+£3.0 20.1£3.1
Glycerin 40 % 41.2+3.3 20.5+3.3
Propylene glycol 5 % 61.3+3.7 50.2+3.5
Propylene glycol 10 % 68.0+3.0 65.8+1.8

Sucrose and propylene glycol gave higher results than in control variant. But both concentrations of glyc-
erin had lower viability than control parameters.

Conclusion

During storage of seeds of Nepeta cataria a gradual decrease in seed rate and energy of germination are
noted. A year later, seed rate decreased by 20.25 %, after 2 years by 31.45%, after 30 months by 34.55 %.

Freezing of Nepeta cataria‘s seeds in liquid nitrogen made it possible to'maintain the viability of the seed
material. The best container for freezing is plastic cryotubes. The best survival results of Nepeta cataria‘s
seeds are noted with slow defrosting at room temperature (20—24 °C).. The best option is freezing the seed
material of Nepeta cataria at 3 % moisture. The use of separate cryoprotectants made it possible to increase
the results of seed rate and energy of germination of Nepeta cataria. The best results are obtained in variant of
application glucose; the optimal concentration was 15 %.

Results of research are used for creation of a seed bank of medicinal plants.

This research is funded by the Science Committee of the Ministry of Education and Science of the Repub-
lic of Kazakhstan (Grant No. AP09259548 “Cryopreservation of wild and medicinal plant seeds and organi-
zation of a short-term and long-term storage bank ).

References

1 ®apmaneBTruecknii peiHOK Kazaxcrana: HCTOPHs, OCHOBHBIC HANIPABIICHUS Pa3BUTHS U COBPEMEHHOE COCTOSIHUE. — AJIMATHI:
AEQUITA, 2015. — 36 c.

2 T'pymsunckas JL.M. AHHOTHPOBaHHBIA CIIMCOK JIeKAPCTBEHHBIX pactenuii Kazaxcranma: cmpas. m3a. / JLM. I'pym3unckas,
H.I". l'ememxuesa, H.B: Hemra, XK.JK. Kapxaybexosa. — Ammarsr, 2014. — 200 c.

3 Medical plant conservation. — Vol. 14. — Ontario, 2011. — 36 p.

4  HecrepoBa C.B. KpuokoHcepBamus CeMsH IMKOPACTyIIUX pacTeHuil [IpuMopckoro kpas: AWC. ... KaHA. OWOJ. Hayk /
C.B. HectepoBa. — Bnanuocrok, 2004. — 150 c.

5 Dixit' S. Cryopreservation: a potential tool for long-term conservation of medicinal plants / S. Dixit, S. Ahuja, A. Narula,
P.S. Srivastava //-Plant Biotechnology and Molecular Markers. — New-Delhi: Anamaya Publisher, 2004. — P. 278-288.

6 Chen S.-L. Conservation and sustainable use of medicinal plants: problems, progress and prospects / S. -L. Chen, H.-M. Luo,
Q. Wu, C.-F. Li, A. Steinmetz // Chinese Medicine. — 2016. — Vol. 11 (37). — P. 2-10. DOI 10.1186/s13020-016-0108-7

7 Ishmuratova M.Yu. Cryopreservation of Calendula officinalis seeds / M.Yu. Ishmuratova, S.U. Tleukenova, S.N. Atikeyeva,
A.K. Auelbekova, G.O. Zhezbayeva, Z.Z. Zhumagaliyeva // EurAsian Journal of BioScience. — 2020. — Vol. 14. — P. 501-505.

8 Al-BabaH. Cryopreservation and genetic stability assessment of threatened medicinal plant (Ziziphora tenuior L.) growth wild
in Jordan / H. Al-Baba, R.A. Shilbi, M. Akash, T.A. Al-Qudah, R.W. Tahtamouni, H. Al-Ruwaieri // Jordan Journal of Biological
Science. — 2015. — Vol. 8, No. 4. — P. 247-256.

9 Tlamwmii A.E. buonorudeckue akruBHbie BemiectBa Nepeta cataria L. / A.E. IManwuii, .H. TTanmii, H.B. Mapko, B.JI. Pa6otsiros
/] Broin. I'n. Hukur. 6ort. cana. — 2016. — Beimn. 118. — C. 38—44.

10 Cigremis Y. In vitro antioxidant activity and phenolic composition of Nepeta cataria L. extracts / Y. Cigremis, Z. Ulukanlia,
A. llcimb, M. Akgozc // International Journal of Agricultural Science and Technology. — 2013. — Vol. 1, No. 4. — P. 74-79.

11 Zomorodian K. Chemical composition and antimicrobial activities of essential oils from Nepeta cataria L. against common

causes of oral infections / K. Zomorodian, M.J. Saharkhiz, S. Shariati, K. Pakshi, M.J. Rahimi, R. Khashei // Journal of Dentistry,
Tehran University of Medical Sciences. — 2013. — Vol. 10, No. 4. — P. 329-337.

40 BecTHuk KaparaHgmMHCKoOro yHusepcureTa



Development of cryopreservation’s method ...

12 Devyatov A. Study of Nerpetae catariae herba fruits as promising medicinal plant raw material / A.G. Devyatov, G.S. Lapshin,
E.Yu. Babaeva, E.A. Matina, E.V. Zvezdina, V.V. Vandishev // Pharmacy & Pharmocology. — 2019. — Vol. 7, Iss. 3. — P. 120-128.
DOI: 10.19163/2307-9266-2019-7-3-120-128

13 Ashrafi B. Biological activity and chemical composition of the essential oil of Nepeta cataria L. / B. Ashrafi, P. Ranak,
B. Ezatpour, G.R. Talei // Research in Pharmacy. — 2019. — Vol. 23, Iss. 2. — P. 336-343. DOI: 10.12991/jrp.2019.141

14 Sharma A. Pharmacology and toxicology of Nepeta cataria (Catmint) species of genus Nepeta: a review / A. Sharma,
G.A. Nayik, D.S. Cannoo // Plant and Human Health. — 2019. — Vol. 3. — P. 285-299. DOI: 10.1007 / 978-3-030-04408-4_13

15 Adiguzel A. Antimicrobial and antioxidant activity of the essential oil and methanol extract of Nepeta cataria. / A. Adiguzel,
H. Ozer, M. Sokmen, M. Gulluce, A. Sokmen, H. Kilic, F. Sahin, O. Baris // Pol. J. Microbiol. — 2009. — Vol. 58. — P. 69-76.

16 Morombaye S.M. Evaluation of the antimicrobial effect of Nepeta cataria and Basella alba against clinically resistant Acineto-
bacter baumannii in Nairobi, Kenya/ S.M. Morombaye, M. Kangogo, G. Revathi, A. Nyerere, J. Ochora // Advances in Microbiology.
— 2018. — Ne 8. — P. 790-803. DOI: 10.4236/aim.2018.810052

17 Compendium of Medicinal and Aromatic Plants. Volume Il. Asia. — Triestre, 2006. — 295 p.
18 ®nopa Kazaxcrana. — T. 7. — Anma-Ata: Hayka, 1964. — 345 c.

19 Sakai A. Development of cryopreservation techniques / A. Sakai // Cryopreservation of tropical plant germplasm. Current
research progress and application. — Rome, 2000. — 215 p.

20 Kymnapenko C.B. KpuocoxpaHeHue anmuKalbHBIX MEPHCTEM IUIOAOBBIX U SATOAHBIX KyIbTyp: MeToa. pekom. / C.B. Kyuina-
pesxo, N.1O. KoBansuyk, H.B. PomaganoBa. — Anmartsr, 2008. — 58 c.

21 Jlomonoa A.Ill. PekomMeHaaIu mo KpHOKOHCEPBALMK CEMEHHOTO MaTepHaiia JICKApCTBCHHBIX W SHJIEMUYHBIX BUJIOB pacTe-
uuii: cripas. 3. / AL Jlomonosa, E.A. I'apuiskosa, M.JO. Umyparosa, C.VY. Tieykenosa. — Kaparamna: TOO «IToaurpaducty,
2017. — 76 c.

22 3opuna M.C. Onpenenenue ceMEeHHON POIYKTUBHOCTH M KauecTBa ceMssH MHTpoayuenToB / M.C. 3opuna, C.I1. Kabanos //
MeToauKu HHTPOIYKIIMOHHBIX UccienoBanuii B Kazaxcrane. — Anma-Ata: Hayka, 1986. — C. 75-85.

M.IO. Ummyparosa, [.11. bairapaes, C.Y. TneykeHosa,
E.A. I'aBpunbkoBa, A.K. Pamazanos, A.l". )Kymuna

Nepeta cataria TyKbIMIapbIHbIH KPHOKOHCEPBAIUsIJIAY JICiH d3ipJiey

Maxkanaga Nepeta cataria MeaMuMHAIBIK (©CIMIITiHIH TYKBIMAAPBIH KPHOKOHCEPBALMsIAY HOTHXKEIEpi
6epinren. KpnokoHcepBalys — eMIpIICHIITH )KOFaNITIAl Y3aK YaKbIT CaKTay bl YHBIMAACTBIpYFa MYMKIHIIK
OepeTiH TYKbIM MaTepHalIapblH YHEMIAEYiH MEePCIeKTHBAIBIK Tacimi. MakanansiH Makcatsl Nepeta cataria
TYKbIM MaTepHaIJapblH KPHOKOHCEPBAIMsIAy IIapTTapblH OHTAaWIaHABIpY Oombim Tabbputagsl. Kopmarsr
TYKBIMAAPBIH Tipl KaTyblH Oaraiay TYKBIMIApJbIH XKBUIAAMIBIFEl MEH CaKTay Ke3iHJe eCy YHepTHsACHIHBIH
CBI3BIKTHIK TOMEHIEYiH kopeetTTi. 30 aiimaH keitin +5 °C Temmneparypasa Kara3 opaMmbiHa ecy 12,2 %-ra neitin
a3aiapl; 4 KbULTAH KeiiH TYKbIM OMIPIISH T H )KOFaITThL. 3epTTey XKYPTidy Ke3iHJe KOHTeHHePIiH Typi, epy
JKarJalbl, TYKBIMHBIH OHTAMJIBI BUIFAILABUIBIFEI JKOHE KPHUOIPOTEKTOpIap OHTaimaHabIpeuIabl. HaTmkenep
CYMBIK a30TTarbl KPHOKOHCEpBALWSJIAy YIIIH OHTAMIbl KOHTEWHEp IUIACTHKANBIK KPUOTEHIIK TYTIKTep
OOJFaHBIH KOPCETTi; epiry — OesMe TemrmeparypachiHAa Kypri3inmi. TYKIMHBIH €H KaKChl JKbLUIIAMJIBIK
BUTFAIIBUTBIEHI 3 %; €H Y3AiK KpHOIIPOTEKTOp 15 % KOHIEHTpanusgars! TII0K03a 0061, 3epTTey HOTIKenepi
Nepeta cataria TYKbIMAApBIH CYMBIK a30TTa Y3aK YaKbIT CaKTaylbl YHBIMIACTHIPY YIIiH MailjanaHbUIIbl
(mopintik eciMAIKTep TYKBIMAAPBIHBIH KPUOOAHKI).

Kinm ~co30ep:  Nepeta cataria, mopimik eciMmiKk, TYKBIMABIK Marepuaigap, OCIMIiK, CYWBIK a3oT,
KPHOKOHCEpBaLUSL.

M.IO. Ummypatosa, [.I11. baitrapaes, C.Y. TneykeHona,
E.A. I'aBpunskoBa, A.K. Pama3zanos, A.I'. )Kymuna

Pa3paboTka MmeTon0B KpHOKOHCcepBanuu cemsiH Nepeta cataria

B cTaTbe MpeACTaBIEHbI pe3ybTaThl KPHOKOHCEPBALMK CEMSIH JICKapCTBEHHOro pactenus Nepeta cataria.
KpuokoHcepBarys — BBICOKOIIEPCIIEKTUBHBIA METO/ Il COXPaHEHHsI CEMEHHOTO MaTtepuajia, KOTOPBIil 1mo3-
BOJISIET OPraHU30BaTh JJIMTENBHOE XpaHEeHHe 0e3 noTepu xusHecriocobHocTu. Llenp HacTosIero uccnenosa-
HUSI — ONTHMH3HUPOBATh YCIOBUS KPHOKOHCEPBAIlMU ceMeHHOro Mareprana Nepeta cataria. OreHka cemeH-
HOH BCXOKECTH B IPOLIECCE XPAaHEHNUsI IOKa3alla JINHEHHOE CHIKEHUE JKM3HECTIOCOOHOCTH B IIPOIecce XpaHe-
uus. [Tocie 30 mecsiueB npu temmneparype +5 °C B GymaxkHOW Tape BCXOXeCTh cHU3Mnach 10 12,2 %; nocne
4-X JIeT XpaHeHHs CeMeHa MOTEPSITH BCX0XKECTh. [P poBeIeHNH UCCIIeIOBaHUs ObLTH ONTHMH3UPOBAHBI TUIT
Tapbl, yCIOBHS Pa3MOPaKUBAHMS, ONITUMAJIbHAS BIAKHOCTh M KPHOIPOTEKTOPHI. Pe3ysbTaThl MOKa3aiy, YTo
OINITUMAIIbHBIM KOHTSHHEPOM JUISl KPHOKOHCEPBALIMH B KUIKOM a30Te SBJISIIUCH [UIACTHKOBBIE KPHOPOOUPKH;
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pa3MopaxXxMBaHUE MTPOU3BOIUIOCH IIPH KOMHATHOI Temmeparype. Jlydmime nmokazaTenu ceMeHHOH BCXOXKECTH
HOJIYEeHBI TIPU BIXHOCTH 3 %; JIy4IINi KPHONPOTEKTOp — IIIIOKO3a B KOHIeHTpauuu 15 %. PesynbraTs
HCCIICIOBaHMI HCIIONB30BAHBI TSl OpraHU3alii UIMTEIbHOTO XpaHeHus cemsH Nepeta cataria B sxumkoM
a30Te (CEMEHHOI KpHOOaHK JIGKapCTBEHHBIX PACTCHHIA).

Knioueswie crosa: Nepeta cataria, nekapcTBeHHOE pacTeHHE, CEMEHHON MaTepuall, BCXOKECTb, JKUIKHN a30T,
KpPHUOIIPOTEKTOPBI, KPHOKOHCEPBALIHSL.
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