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Abstract

Brahmi (Bacopa monnieri (L.) Wettst.) is an important medicinal plant with active principle of saponins as
bacoside group. Brahmi contains therapeutic qualities that can assist to energize the mind and improve memory.
Aim of this study is to determine the stem and leaf numerical anatomy of Brahmi with correlation analysis between
some anatomical characteristics and bacosides content. Stem and leaf anatomy were studied by transverse section
using free hand technique. The leaves and stems were selected at 3, 9 and 15 cm from the shoot apex. Leaves at
the 2"°-3node position from shoot apex were selected for leaf epidermal investigation using the peeling technique.
Correlation between all stem and leaf anatomical traits was calculated. Stem anatomical characters of the 9 cm
from apex position was correlation analyzed with bacoside content, including Bacoside A3 (BacA3), Bacopaside |l
(Bacll) Bacopaside X (BacX), Bacopasaponin C (BacC) and Total bacoside (TBA). The results showed that the
cortex thickness of stem was mostly positively correlated with other stem and leaf anatomical characteristics.
Correlation analysis between the 9 cm position of stem anatomy with bacoside contents revealed that some
anatomical characters were positively correlated with bacoside content, including epidermal thickness, endodermal
thickness, vessel’s cell wall thickness, pith diameter both width and length side. The data obtained in this study can

be applied in preliminary estimation of the active compounds from Brahmi stems.

Keywords : bacoside ; Brahmi ; leaf anatomy; stem anatomy
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N 9 AR aaaeaawalugunfign (Table 1)
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= Lo o
NWLIT ARUN

Stem: 3 cm from shoot tip Stem: 9 cm from shoot tip Stem: 15 cm from shoot tip

Figure 1 Stem anatomy of the 3, 9 and 15 cm from the shoot apex. (ep = epidermis, co = cortex, pi = pith)
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Table 1 Anatomical traits of Brahmi stem at different location.

size (X + SD)
Characters Position from the shoot apex (cm)
3 9 15

Epidermal thickness (um) 33.28+0.88° 36.24+1.90° 40.99+4.99°
Cortex thickness (um) 635.19+71.89" 902.18+11.52° 906.98+42.50°
Vertical pith diameter (um) 183.86+47.84° 260.55+20.66° 257.14+£21.11°
Horizontal pith diameter (um) 209.49+49.49° 291.40£16.13° 303.36+7.71°
Endodermis thickness (um) 29.62+3.40° 30.15+0.71° 35.70+9.03°
Vascular tissue thickness (um) 66.83+7.20° 89.55+5.41° 98.60+9.87°
Xylem thickness (um) 34.05+4.73° 51.36+0.86° 59.27+5.13°
Phloem thickness (um) 19.79+2.43° 27.37+2.20° 22.43+2.21%°
Vessel's cell wall thickness (um) 1.93+0.20° 2.43+0.21° 2.61+0.12°
Total cell surface area (mm?) 2.58+0.78" 4.37+0.12° 4.73+0.86°
Airspace area (mm?) 0.54+0.08° 0.99+0.21° 1.22+0.29°
Vertical stem diameter (mm) 1.71+0.23° 2.22+0.21° 2.32+0.30°
Horizontal stem diameter (mm) 1.75+0.29° 2.41+0.08° 2.46+0.21°

Mean+SE values followed by different superscripts in the same row are significantly different according to ANOVA

and Duncan’s Multiple Range Test (p<0.05).

ng3n1Azed 1y

annsFaRNausnly nudfnkslufiaanamndszaunns 388.70 + 31.66 lulasuas idunanslufiaanu
MU 9HNUW 460.52 + 5.49 lulmsiums (Table 2) %qﬁwuuﬂﬂqmﬁm‘ﬁﬂ L?jﬂ%uaqﬁgﬂéﬁwmﬂmﬁﬂu PUNAUBILTARN
Tdwiniu Unaguanafaiiias Tnenfiodaduiogulnguny (adaxial epidermis) ﬁmmmﬁ@uﬁ’wlm&ind%ﬁ@ Saduiin
sulnawni (abaxial epidermis) (Figure 2A) Faunfuiedeilafadsiliarursoneniduundma i leiladuas
adesanlriladldedddmau waznudaulinszarsegluiiededloiad ludiusesimiesndaaduuy collateral
vascular bundle (Figure 2B)

annsaenia lunuFnnsulnawny wulletleduiia danlu (Figure 2C) uazsiasnslan (Figure 2D) Tne

1Y 13
A o a A

WaldeduioNsUsemaneanaed (jigsaw-like shaped) tilamad lidaitiaduiiaiimu (sinuous cell wall) Tuwuinlu

U

TP UL ULAZATUAN (amphistomatic leaf) ﬂﬁﬂluﬁquiﬁmLﬂuLLUUE:u@N@VLGHEﬂ (Anomocytic: WUL@W’W:L%@@%N
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ldnugagdraadan) (Figure 2C) uazaranuuuuazilalafin (Anisocytic: Himasdnizadanaualaimini) e
ihnlufiawiandredsznnns 10.02 £ 0.29 lulaswms uazenatsznins 18.37 £ 1.05 lulasims HAaumuiuyy

FENUN 1 ANT19RAANATLTENNL 69.60 + 8.21 Tu daulnslaniduuuyusen (glandular trichome) Usenavldmas

8 11aa (Figure 2D) AANUUILUULTLNNDL 6.80 + 0.60 Tuse 1 ANTNRARNAT (Table 2)

Figure 2 Brahmi leaf anatomy displaying transverse section (A), vascular tissue (B), epidermis with stomata
(arrow) and glandular trichome (arrow) (D).
ANNNINATITHANANNUTUDIA N UL NNEINIALDIAFULAL U TALITINTINNA 13 ANHTUL WLTTAINTLN

' v

293pafinnd (Cortex) HANANRUSTILANAUAN s 7 udouluey 1w Aunwinfnecaadyiaunn (SA-TT)
NUNTRII1992MINUTAR (SA-A) wazANmnzediatiaeulnnesia (Endo) WAl ANNANRUSITIaLAUAINULN
aaauauly (LT) AN TR aA LT una1e L (MMT) WAZAMNUUN DTN TN AF LS D1 (LMT) ¥inn

v o

NANTUIANHANNUTURIATNAUI B LWL (LT) nmnwmzﬁuj NUINH A NANAUSTIUINTUANNNUI DS

[ 1
A o

FuilaNagusinaiduly (LMT) sarAduunaaiiaiiaaiidsaluwuaueu (VTH) A2 Nuu 2898l ma g Laa
(Ve-CW), SA-TT 1Az MMT WARAMNENAUSITIa LAY A2 NuuiLiua29l Ty (STD) WaTA N UL LULIBIsAa M
nslan (TRD) @vmanvuiuuuaeslnly (STD) HAnuduiufiieauiuaunuiwiuaassasnslas (TRD)

(Figure 3)
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Table 2 Assessment of anatomical features of Brahmi leaf

Characters Size (X + SD)
Midrib (um)
Midrib thickness 460.52 +5.49
Adaxial epidermis thickness 40.42 + 6.45
Abaxial epidermis thickness 40.53 £ 2.69
Mesophyll thickness 389.83 £9.42
Vertical vascular tissue thickness 86.20 + 19.36
Horizontal vascular tissue thickness 131.63 £6.26
Vessel cell wall thickness 2.21+0.06

Lamina (um)

Lamina thickness

Adaxial epidermis thickness
Abaxial epidermis thickness
Mesophyll thickness

Leaf margin (um)

Adaxial epidermis thickness
Abaxial epidermis thickness
Mesophyll thickness
Stomata (um)

Stomatal width

Stomatal length

Stomatal density (mm?)
Glandular trichome density (mm?)

Stomatal Index

388.70 + 31.66
30.38 + 2.93
27.40 £ 0.99

346.24 £ 20.77

28.01 +2.97
25.20 £ 1.01
289.07 £ 35.18

10.02 £ 0.29
18.37 £ 1.05
69.60 £ 8.21
6.80 £ 0.60
13.04 £1.62
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Endo VT Ve-CW SA-TT SA-A LT MMT VTH VCW-M LMT STD TRD
Cortex 0.728 0.011 -0.078 0.73 -0.484 0.443
Endo 0.694 0.741 B m -0.952
VT d -0.998* -0.691 -0.191 0.063 -0.88 0.448
Ve-CW 0.035 -0.649 -0.382 0.339
SA-TT 0.343 0.237 -0.481 -0.186 0.141 0.717
SA-A -0.831 -0.989 0.448 0.659 -0.987
LT [ome  oix -0.928
MMT -0.578 -0.936 -0.956
VTH - 4 0.253 -
VCW-M 1 0 1 -0.528 0.489
LMT -0.999* -0.819
STD -0.791

Figure 3 Estimates of phenotypic correlation coefficients between 13 traits of stem and leaf anatomy
* Significant difference at P < 0.05; ** Significant difference at P < 0.001
(Cortex-cortex thickness; Endo- endodermis thickness; VT- vascular tissue thickness;
Ve-CW- vessel cell wall thickness; SA-TT-cell surface area (cross-sectional area of all cells);
SA-A- surface area (airspace area); LT- lamina thickness; MMT- midrib mesophyll thickness;
VTH- vascular tissue- horizontal length; VCW-M- vessel cell wall thickness- (midrib); LMT- lamina mesophyll

thickness; STD-stomata density; TRD- trichomes density)

PAIANNNTIATIZAAIN N AN UF I LU AN UTNNNNEAINIATBIAFUNINRN AN O [uRLNATaNLane

2an wardTunuaseananednAny 4 sannquadeldaaulliauntitiuda (Maneeply et al., 2018) i BacA3,

q

Bacll, BacX, BacC AT TBA WUINANHULN NN ATDIATFUUA AN DT R AN NANAUSN9a LA UFN D819

pangnand Ay unsud agelsfinunudnEuzneinATeIR AULNEANEUE IR AN ANTUEINaUanAL T AN
ﬂﬂﬂqm%ﬁziq Tty iU AN TesiiaEiaduia (Epi) Anuunaadeulnmaiia (Endo) ANNUUNTa9HTITARLIALTA

(Ve-CW) idusinuauenatsnealdldluuuwss (Pith-v) uazuuaueu (Pith-H) Wusiu (Figure 4)
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corlex Endo vT Xy Ph Ve-CW  Pith-V Pith-H Dia-Vv Dia-H  SA-TT SA-A BacA3 Bacll BacX Bac(C TBA

Epi 0445 -0.260
-0.486  -0.248 0.417
0.165

-0.281 0.020 0.438 0.562 0.485 0.021 0.261

cortex

Endo -0.171 -0.418  -0.241 0.565 0.677 0.607 0.167 0.398
vT
Xy
Ph

Ye-CW 0.065 0.600

0.067

1305

Pith-V -0.190 0.377 -0.189 0.053

Pith-H
Dia-V
Dia-H

SA-TT
SA-A

e WD

Baell - ]_ 0 1
BacX

BacC

Figure 4 Heat maps describing the phenotypic correlation coefficient approximation of anatomical features of
the 9 cm from the shoot apex stem and main bioactive compounds of Brahmi, including BacA3, Bacll, BacX,
BacC and TBA. * Significant difference at P < 0.05; ** Significant difference at P < 0.001
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cell surface area (Total cell surface area); SA-A- surface area (airspace area); LT- lamina thickness;
MMT- midrib mesophyll thickness; VTH- vascular tissue horizontal; VCW-M- vessel cell wall

thickness- (midrib); LMT- lamina mesophyll thickness; STD- stomata density; TRD- trichomes density)
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