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Table 1. Mean comparison of callogenesis in Centella asiatica L.

BAP NAA Time of Callus induction  Fresh wieght Callus diameter
(mg/L) (mg/L) beginning (%) (9) (Cm)
callus induction
0 0+0.00k 0+0.001 0+0.00" 0+0.00°
0 0.25 15.5+1.64 °f 26.66 +£10.32" 0.409+0.0231 0.831+0.047 likim
0.5 12+2.1904 30 +£10.95M 0.404+0.0131 0.789+0.065™
1 11.33+2.06 50 £10.959 0.547+0.026"M  0.871+0.024 "kl
2 11.33+2.065 56.66 +8.16°% 0.582+0.018" 0.881+0.030 9niik
0 19.66+2.06 M 26.66 +£10.32" 0.251+0.011X 0.608+0.020"
0.5 0.25 12.66+2.06 ¢ 33.33+10.328" 0.685+0.036¢ 0.906+0.009 efoni
0.5 13.33+1.63 % 33.33+10.32" 0.720+0.018"  0.921+0.018¢fn
1 8.5+1.64° 66.6 £10.328%  0.983+0.035°¢  0.980+0.014 c%
2 8+1.54° 60 +17.88 df 0.971+0.016"  0.895+0.014 fohi
0 18.33+2.06 "9 30 £10.95" 0.1174£0.127™ 0.805+0.018 KIm
1 0.25 12.66+2.06 ¢ 30 +£10.945" 0.47+0.045' 0.823+0.035 KM
0.5 8+1.54° 100+0.00? 1.025+0.134 ¢ 1.162+0.132°
1 12.5+2.190¢ 66.6 £10.328%  0.971+0.048°¢  0.961+0.043 f
2 15.66+1.643 ¢ 73.3+10.32" 0.968+0.036°  0.953+0.031 ¢fo
0 16+1.54 46.66 +10.329 0.210+0.005K  0.869+0.031 "kl
1.5 0.25 12+2.1904 46.66 +10.328¢ 0.882+0.035°¢ 0.789+0.041™
0.5 740.00° 100+0.00° 1.457+0.0512 1.45940.192°
1 9+1.54 ¢ 70 £13.019 Ped 0.972+0.019 P 1.039+0.102°¢
2 15.5+1.64 *f 76.66 +8.165" 0.985+0.018°¢  0.971+0.024 coef
0 21.33+2.138' 26.66 +10.321 0.12+0.003™ 0.796 +0.012'm
25 0.25 13.5+3.834 % 50 +£10.954 9 0.787+0.026 0.823+0.041 KIm
0.5 9.5+1.224 90+10.952 1.058+0.308° 1.146+0.133"
1 12+2.1904 73.3+10.32%¢ 0.941+0.017¢%€  0.971+0.027 cdf
2 16+1.5491 70 +£10.95 P« 0.975+0.015"  0.964+0.038 °ef
0 24.33+ 2.9431 30 +10.954 N 0.128+0.005'™  0.801+ 0.014'™
3.5 0.25 17.5+ 3.834 "o 46.66 + 10.328¢ 0.781+ 0.039f 0.804+ 0.025'™
0.5 16.83+3.430 73.3 £10.95% 0.931+0.018¢% 1.029+ 0.049 ¢
1 15.5+1.643 ¢ 63.33+8.165°%  (0.925+0.022%  0.919 + 0.02 €foh
2 19.66 + 2.065" 66.6 +10.32P% 0,907 +0.029% 0.856z+ 0.022 "ikim
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Non-similar letters indicate significant difference in the probability level of 1% using LSD.
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Fig. 1. Callus formation in 1.5 mg/L BAP + 0.5 mg/L NAA.
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Table 2. Means comparison of the PGRs effects on in vitro micropropagation of nodal explants in gotukola
(Centella asiatica L.).

BAP IBA Shoot induction Shoot humber Shoot length
(mg/L) (mg/L) (%) (cm)
0 0+0.00f 0+0.00! 0+0.00'

0 0.5 31.25+12.50¢ 1+0.00' 2.25+0.228"
1 50+0.00¢ 2 +0.00" 3.0740.095¢

0 50+0.00¢ 3+0.00¢ 3.05+0.129

1 0.5 56.25+12.50¢ 4+0.00° 3.65+0.30f
1 75+0.00¢ 4.25+0.25° 4.025+0.29°

0 50+0.00¢ 5+0.00°¢ 4.75+0.294

2 0.5 75+0.00¢ 6.25+0.50°¢ 4.725+0.174
1 100+0.00°2 9.75+0.572 6.275+0.242
75+0.00¢ 5.5+0.51¢ 5.312+0.24

3 0.5 87.5+14.43" 6.5+0.5°¢ 5.42+0.26°
1 100+0.00? 8+0.00° 5.125+0.15°¢
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Fig. 2. Micropropagation on nodal explants in the MS medium with 2 mg/L BAP + 1 mg/L IBA.
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Table 3. Means comparison of IBA and NAA on in vitro rooting parameters of gotu kola (Centella asiatica L.).

Auxin concentration Root Root number  Root length
induction
IBA 0 0+0.00°¢ 0+0.00¢ 0+0.00f
0.5 62.5+14.43° 12.5+3.31° 6.6+0.25¢
1 100+0.00? 21.75+2.08%  10.62+5.022
2 100+0.00? 19.25+2.212 9.47+6.84°
NAA 0 0+0.00°¢ 0+0.00¢ 0+0.00f
0.5 25+0.00¢ 4.25+0.5°¢ 4.37+0.31°¢
1 43.75+£12.5°¢ 6.5+0.57°¢ 5.37+0.55¢
2 75+20.41° 11.75+1.25° 9.08+0.53"
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Fig. 3. a: Rooting in MS medium with 1 mg/L IBA and b: 2 mg/L NAA.

-

Al g5 Js 50,5 dbul el alS ) oS el sol> e (o oud S sladisel) ) den (LS sba
S g Ay 00iiS it g0 jgax Olo Lis Babod cpl gLl g Dglie  SaSKl 9 5, plad 5 wlul ool sl
)o NAA 9 BAP ).bj.c u.u.ﬁ.’ o)l..’).) u.a.u.u.) g_)LvJUaA )\b '.,\.....»La‘sa 6)51.0 L;LM\_)T °L.f§ )o g_;}l.la,c sﬁbuug.lls 61)4 u......f\ 9
Bibi et al., 2012, Bonfill et al., 2011 & Habibiseilabi et ) <ol oo o)Ll o9, (LS Koo 5 Sladoc] Sl eylls
L BAP )...:J).v ‘b)fuluo VIO 65L‘> WSJQW o gj).v Dgadyy 4O ‘S.Cbéu.ug.‘ls Oy 0wl Candds C.’Lu d,.]o (al, 2020
Wgeiyy ) £95 ALS 0l roaiS edais 5l Galizes Zolaw jloolaiwl ;o az gy bB 4SS .05 NAA ] 156 )5 Lo <10 ol yon
oS o pl 5l cogas 4y cdale solatwl 5 )50 Gdiges s )y 9 95 ( BLS 49T Ay dy IS jebas el ad ) IS4
Sy dgadn, 5l aScpl g b 5,155 cpl ,o .(Abbasi et al., 2007) aws oo lis ol5wsllS o 1y 156 1 5 hen 0
Tobaw leslatul wls Hlas |y ass o e NAA ) 1008 Joo <10 g BAP L 5 6,5 Lo VO oS )5 00 5 ool
355 YE BV (o ufileo y5by 1y GosllS W o G e S en Y5 1) NAA 5 (2 5 0,5 Lo Y10) BAP ¥,
Sl 2ol 2l gl i g oys il S e Yoo ) @ /0 Gl ST Oliee GRIBITL Cmizen Sls Gl
Lo 10 S g 4 ST YL Cois g ST jea> pae 000 S Sloged SSHa oo wellS adg 4 e a5 0 S oy
3 @S @ dgein; Solite slagly 03S ) @la gl S a5 00,5 dgaome | (ugllS g 5 s
oy Sl 3L bl o aS cal (piSsiew 9 oS S99 zokaw 1 Oglate cdale JJody Jge,90 ilie slaclale

(Akbas et al., 2009) cuuls Joko jo oLl ;]
b gllS a8 5 (359 9 03,5 Joe 5 g0 00l (o) o Slao 13 5wl 2 ST g (S s (iiSCod 2 pl> g 50
oLl wIBA g BAP Galizs laclale 31 ol> iogh jo .ol 4l iuli8l ao,90 90 ol 5l cenlie cdale jo
‘) UWSlj Mw dwa) od.M.Sp.Jaaa 90 )49,0 u,v.b E)L\J e Iy W 090 RAY .lag“}.w BN ‘S\Ln.w.:ui ‘:4”5)‘0 ol,:.f
Al gleoaisS pulais ol iz glacdale 51 o cnl ools las ngLB..;"...,g__,—l 0,5 slbdgain, &Bw) 5 iS5 0
Y ol S s 0,5 digeiln; p=5S5 50 Lass (g powlio g 4 8925 wo 0 SO i mhaw 1o (6510 pxe gl
51 a5 (2005) I, g Shashikala i35 zols b oS sl 009: IBA jiJ 5 5,5 Lo V Lol BAP ) b 6 5 Lo
IBA 4 BAP jl lojen ooliwl .alad oo cinllas disged osliwl NAA ) 0 S Lo ) g BAP 2 np 85 Lo ¥ S5
S5l oyl ead ploul Glallas cuils ouds adei slaasls olass g Job ialidl 0 (6500 idl canlin glacdale o

YO



ol a2 g ol Aoy

a, oS e plo b aslio (0 BAP g 5 yiien 13U 51 S eobojly, p cosS g o) sbroaisS plas
S g 30,90 5l ool ;3 vae 435S (Gandi and Giri, 2013) el sl Cewsds bl 15 (G0uSL 4S edgy dnlllas 5,50
aog ol yid ppS e Vbl (g ol bt Billae g om0 ylid Jglate s wilgs oo a5 sl ] @b JISa cdale
Sl (l38 Ll 5T Cewoay YU kS L (loazealS (g5 oo BAP atug 9,5 b azei o w09 o0 g )l5 5 bty
390 (Jokw poandi 33 (6908 S S g S5 55bar 3,5 65T ol o)Ll Job wl; g slass a8l 51 BAP

oy 4 b, sleoaiS e YL slacdale 5l sy 10 90,5 Agei, Buyb Gl e SO ESE s 1 ool
Cenilgs g ailas olS Ao sloyge a0 b Jolas sz )3 108 colail 590 dalllas oyl j0 a5 lex glacdl o S giew
e ol leoansS o aigy cdale a5 caS g o a5 b os w1y el g piSE e Sge e Jols Lais L
Jyese jsboas azadle sbul g 2155k 9,15 (F9)0 Glaoge,s (ST 5 0, 8es (S 1) (618,30 (im0 23S
W oy e ol 5Les (2019) ), ¢ Siddiqui Jawgs ous plosl Sladllas .o jls 5L yuiS g 5 GunST lojod jlos 4
Cewdds o)f Agadp,y 4O NAA )...J » f’)fé“' </ Lgob.o.{b BAP ).,..J » [a)fwlm A 63[:- MS cus Ja.oua 9 L
S5 o5gS Slojy ae y0 i) a8 de Vg ¥ slacdale ;o i3 4 IBA g BAP Liulbl Ly, i (5,155 0 Ll suel
5 IBA GlonST alides slacdale 5l pliaia; lp ol o Lol izes b oy (58 BB jlade )5 baslig JoSas
5o Lol sl ails ws )0 A0 Cos b aiiy, Wy (6550 i IBA 51 2d 5 p )5 Lo +/0 clale a5 W0 ,5 oolaiul NAA
Ghadirisardrood (! 5| yis .cublo 1) oljais,; e o 3V (i 5 a5 Jee ¥ 9 VI IBA I YL slacdale 5155 ol
oy pSskee V cble 0 BAP (5090 fge Gi 4 it 1o 0)8 digeiny; 5l gobojli, 50 55 (2019) ol Sen
AliBes slolond )0 ole S Sgu> w45 Wnged o)Ll ddigei sy adsl el glp ) )8 e o/) cdale S IBA
29 NAA =J 68 Lo oV Lolen 2ip s BAP oJ a8 Lo /0 5l oS 5 Jamme o e 5 08,5 )13 olasls
S ske ) cdale 3 IBA 5 i e S e ¥ cdale 0 BAP (St 90 S 5l (oS 5 L gy Gl IS 0 o o]
A plonl aian ¥ one (b ,uiSo g oljasls oo

S o gl Oldlas jo el ool plosl (g0l slo ipghy alize (LS oljady ) ST OO0 Al 4o
5 eliada; o oolaiwl 390 ST yiion 09 co oolatuwl (ST 09,8 Wl (sboaiiS el | Ygeme (glaid 9,0
Iy basy, JSas g oad Jokw ad) 5 ol bsb ( Jolo s Sl a5 wib oo NAA 4 IBA glainls (g0 Lol b
aS conl (8L cuiS HlalS iST s shiai ) Gl s g0 Ab) caiS edai ST Jiang et al, 2015) aiuS o S s
5 Job oy VL e S e ) cdale S IBA a5 oogy g oliady; ;0 NAA 5 IBA ol ol coisS edass
2l by adons gliaiy, ssye g cuasS 0 w2 BB Gl o e S e VIBA jloslaul bcusls |y ady ) olass
bl o caiiils o)Ll pladocl ool o550 sladigeiy, oliads, 10 IBA jae jidi pas (2013) o,Kea 4 Joshi
g Wl o s oy deaslin IBA i 638 Lo V b oljes MS cuaS lase aiiiils o,Lal 5.5 (2017) Kumar o puzes
Sl cdsllas YalS 3155 ol ol b aS o9 oliiao] o bdiy ) dawes
Zhang etal., ) 39 so 2liade) o515 o2 5 odsh o b sho (B isb 5 el S0 20 b il 4 5 ALBIS oage
3l eolainl 95,5 o polie azalS adgy 4 e Colgd jo a5 asli Job g olaws uuli8l ccnlio 9l 9 5SS sl (2010
IS5 e el S b Culdlgi IBA 2 a8 e VLS5 p0 1 a8 e ¥ ocdale 0 BAP (g0 90
G o a5 AL al, shoaS e oS 5 cpl 5o cenlio Jolu pands o 4 Wilg co ol 45T il 0 5 digad
Ly syt sl IS 5 cotS 0ol Jool> sloazals ass 1o ool 0ol o3Y jlode 4 Sore 5 Shugs,S dlge ool
O cpl il gliade ) joly asl s ] e S e ) cdale B IBA oy slvazals oljads; o aails

\Y#



I oylod FO als 3ol Bl 535 5 ol b

Slaiad(yg,0 CiS a9 s“li‘:*-.'.l-")’—‘ Lulyl jo (ol (oyme ;0 g died)l ol (pl 135 g adgi ol ) jo (SeS pl8

S5 4ond
Fod e Ske 10 s BAP i o S e VIO lils coiS lame 10 Sy digeinn; ciegh (nl sle il 4l
Arwgl g Ay (B3RSl 5o oellas 13U ) saiS pdais g0 ol el aile Slaaocl ol Ay jo 1) Al o s « NAA
Lo dgaip, b glacad gy cus byll o gs.'li&%%j olS ol38l; ols lid yiagh ol sleaidl acils by aiy
0dls e 6l Lo o owwlio Sl oolaiuwl b lg5 oo e iRg%s cl ! ol Cawddy i 4 azg bcal pdy Sl cuddge
095 LsS Ol 54y obcws aile Slhioo! cdl cuS b akaly jo b iaghy aslol gl bagyl 5l eslacd gy (iolidl jo

390 0 ge Slge (Vb 0,Shee b lalS i3S sl (L cetS JUolSloga 955 55 9 Jul5 obS g Lo cang ;0 0925
s 18 solawl

&bw

Abbasi, B., Saxena, P.K., Murch, S.J. and Liu, C.Z. (2007). Echinacea biotechnology: Challenges and
opportunities. In Vitro CellUlar Development Biology-Plant, 43, 481-492.

Akbas, F., Isikalan, C. and Namli, S. (2009). Callus induction and plant regeneration from different explants of
Actinidia deliciosa. Biochemical Biotechnology, 158, 470-475.

Bangaru, T., Rao, S., Mani, N., Jagan, Y. and Pola, S. (2010). Conservation of an endagered medicinal plant
Centella asiatica through plant tissue culture. Drug Invention Today, 2(1), 17-21.

Bibi, Y., Zia, M., Nisa, S., Habib, D. and Waheed, A. and Chaudhary, M. (2012). Regeneration of Centella asiatica
plants from non-embryogenic cell lines and evaluation of anti-bacterial and anti-fungal properties of
regenerated calli and plants. Journal of Biological Engineering, 5,13-18.

Bonfill, M., Mangas, S., Moyano, E., Cusido, R.M. and Palazon, J. (2011). Production of centelloside and
phytosterols in cell suspension cultures of Centella asiatica L. Plant Cell Tissue Organ Culture, 104, 61-
67.

Farukhhsan, M.D. and Rahman, M. (2008). Micropropagation of Centella asiatica L. An important medicinal
herb. Agriculture, 19(2), 51-56.

Gandi, S. and Giri, A. (2013). Production and quantification of Asiatic acid from in vitro raised shoots and callus
cultures of Centella asiatica L. urban. Annals of Phytomedicine, 2(1), 95-101.

Ghadirisardrood, S., Saadatmand, S., Assareh, M.H. and Nejad Satari, T. (2019). Micropropagation of Centella
asiatica L. (A medicinal plant). Journal of Plant Research, 32(1), 143-150. (In Persian).

Gruenwald, J., Brendler, A. and Jaenicke, C. (2000) PDR for Herbal Medicine. 2" Edition. Medical Economics
Co. Montvale New Jersey, pp:729-31.

Gupta, A., Verma, S., Kushwaha, P., Srivastava, S. and Aks, R. (2014) Quantitative estimation of asiatic acid,
asiaticoside & madecassoside in two accessions of Centella asiatica (L) Urban for morpho-chemotypic
variation. Indian Journal of Pharmaceutical Education and Research, 48(3), 75-79.

Habibiseilabi, M.V., Hamidoghli, Y. and Sahraro, A. (2020). Micropropagation of Gotu Kola (Centella asiatica
L.) via runner tip culture. Iranian Journal of Horticultural Science and Technology, 21(3),309-318.

Jiang, C.H., Liu, Z. and Zheng, Q. (2015). Direct regeneration of plants derived from in vitro cultured shoot tips
and leaves of poplar (Populus euramericana). Journal of Life Sciences, 9(3), 366-372.

Joshi, K., chaturvedi, P. and Shubhpriy, A. (2013). Efficient in vitro regeneration protocol of Centella asiatica (L.)
Urban: An endemic and underutilized nutraceutical herb. African Journal of Biotechnology, 12(33), 5164-
5172.

Kumar, M.S. (2017). Rapid in vitro multiplication of Centella asiatica (L.) Urban through multiple shoots from
leaf explants. European Journal of Biotechnology and Bioscience, 5(3), 41-47.

Malcolm, C.V., Lindley, V.A., O’Leary, J.W. and Runciman, H.V. (2003). Halophyte and glycophyte salt
tolerance at germination and the establishment of halophyte shrubs in saline environments. Plant and
Soil, 253, 171-185.

Nath, S. and Buragohain, A.K. (2005). Establishment of callus and cell suspension cultures of Centella asiatica.
Biologia Plantarum, 49(3), 411-415.

Nourafcan, H., Sefidkon, F., Khalighi, A., Mousavi, A. and Sharifi, M. (2014). Effects of IAA and BAP on
chemical composition and essential oil content of lemon verbena (Lippia citriodora H.B.K.). Journal of
Herbal Drugs, 5(1), 25-32. (In Persian).

Sharafi, A., Hashemi Sohi, H. and Jourabchi, E. (2008). Improvement on the situation of regeneration of medicinal
plant Artemisia annua L. Journal of Environmental Research, 21, 565-573. (In Persian).

\YY



ol a2 g ol Aoy

Shashikala, C.M., Shashidhara, S. and Rajashekharan, P.E. (2005). In vitro regeneration of Centella asiatica L.
Plant Cell Biotechnology, 8(4), 53-65.

Siddiqui, S., Thomas, T. and Khan, Sh. (2019). Standardization of an efficient protocol for in vitro
micropropagation of Centella asiatica L. —An important medicinal plant. Pharmaceutical and Bioscience
Journal, 7(4), 22-26.

Singh, G., Kaur, B., Sharma, N., Bano, A., Kumar, S., Dhaliwal, S. and Sharm, V. (2014). In vitro
micropropagation and cytomorphological evaluation of Centella asiatica L. urban (Mandukparni) from
Himachal pradesh, Indian_An endemic, endangered and threatened herb. Plant Tissue Culture and
Biotechno;ogy, 24(2), 155-171.

Sivakumar, G., Alagumanian, S. and Rao, M.V. (2006). High frequency in vitro multiplication of Centella asiatica
an important industrial medicinal herb. Engineer Life Science, 6, 597-601.

Suathian, T., Musa, R., Ariff, A. and Maziah, M. (2010). Effect of plant growth regulators on callus, cell
suspension and cell line selection for flavonid production from pegaga (Centella asiatica L. Urban).
American Journal of Biochemistry and Biotechnology, 6(4), 284-299.

Sweetman, S.C. (2002). Martindale: The complete drug reference. Pharmaceutical press, p: 1112.

Zhang, L., Jiarong. L., Hogan, S., Chung, H., Gregorg, E. and Zhou, W.K. (2010). Inhibitory effect of rasberries
on starch digestive enzyme and their antioxidant properties and phenolic composition. Food Chemistry,
11(9), 592-599.

YA



Iranian Journal of Horticultural Science and Technology 25 (1): 119-128 (2024)
Research article

Impact of Auxin and Cytokinin on in vitro Culture of Asiatic Gotu
Kola [(Centella asiatica (L.)] Urban

Fereshteh Heidargholinezhad?, Yousef Hamidoghli?*, Valiollah Ghasemiomran?, Pouria
Biparva*
1. Breeding and Biotechnology of Horticultural Products, Guilan University, Rash, Iran.
2. Horticulture Department of Guilan University, Rasht, Iran.
3. Tabarestan Institute of Genetics and Biotechnology, Sari, Iran.
4. Department of Basic Sciences, Sari Agriculture Science and Natural Resources university, Sari, Iran.
Corresponding Author, Email: (y.hamidoghli@yahoo.com)

Gotu Kola (Centella asiatica L.) has been listed in threatened species in Iran. It has been used
for treatment of a wide number of health disorders. The herb was used for wound healing,
anticarcinogenic, mental illness and revitalizing the nerves and brain cells. In vitro culture and
micropropagation are basic tools for conserving this medicinal plant. The purpose of this study
is to achieve a suitable protocol for propagation of this plant in in vitro. In the first experiment,
interaction of different concentrations of BAP (0, 0.5, 1, 1.5, 2.5, 3.5 mgl?) and NAA (0, 0.25,
0.5, 1, 2 mgl*) were examined on leaf explants. The results of the callogenesis experiment
showed that MS medium with 1.5 mgl* BAP and 0.5 mgl* NAA, produced the best callus. In
the next step, the interaction of BAP at 0, 1, 2, 3mgl*and IBA at 0, 0.5, 1 mgl-*was investigated
in proliferation of node explants. Rooting of amplified explants was investigated by using two
types of auxin IBA and NAA. The results of the micropropagation experiment indicated that
MS medium of 2 mglt BAP and 1 mgl* IBA was determined the most suitable medium for
micropropagation. In the comparison of the effect of auxin treatments in MS medium on
rooting, MS medium supplemented with IBA 1 and 2 mgl* were chosen as the best rooting
treatment.

Keywords: Callus induction, Gotucola, Medicinal plant, Micropropagation, Tissue culture.



