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Abstract: Plumule of Nelumbo nucifera Gaertn., a traditional Thai medicine, is primarily used
for nervous disorder and high fevers. Neferine is the main alkaloid component in N. nucifera
plumule and has been reported to possess several pharmacological properties. Standardization of
plant materials is necessary for an assurance of quality, efficacy and safety based on various
parameters. This study aimed to investigate the pharmacognostic specification of N. nucifera
plumule and determine the neferine content using TLC-densitometry and TLC-image analysis.
Transverse section of this crude drug showed the anatomical characteristics of epidermis, air
chamber, parenchyma and vascular bundle. Additionally, the histological study of powder
showed anomocytic stomata, parenchyma with starch granule and layer of cotyledons. TLC
fingerprint and physicochemical constants were also established. The results of total ash, acid
insoluble ash, loss on drying, moisture content, ethanol and water extractive values were found
to be 3.86 + 0.17, 0.54 £+ 0.04, 9.91 + 0.09, 10.02 + 0.72, 16.54 + 1.34 and 28.27 + 2.01 g%,
respectively. Moreover, TLC-densitometry and TLC-image analysis methods were validated for
determination of neferine content in N. nucifera plumule. The calibration range was between
0.25-3.0 pg/spot and exhibited suitable accuracy, precision and robustness in both methods.
Neferine content in N. nucifera plumule were 0.495 + 0.186 g% by TLC-densitometry and 0.497
+ 0.189 g% by TLC-image analysis. Information obtained from this study can be used for the
identification and standardization of N. nucifera plumule and also toward monograph
development on this plant.

Keywords: Nelumbo nucifera plumule, Nelumbonaceae, Neferine, TLC-densitometry, TLC-
image analysis
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INTRODUCTION

Nelumbo nucifera Gaertn. is an aquatic plant and the one of only two species in the
family Nelumbonaceae (Figure 1). It has many common names such as Indian lotus, Chinese
water lily and sacred lotus, and synonyms such as Nelumbium nelumbo, N. speciosa,
N. speciosum and Nymphaea nelumbo (Mehta, Patel, Patani and Shah, 2013) which
commonly known as Bua-luang in Thailand. Different parts (leaves, flowers, rhizomes, fruits
and seeds) of this plant has been reported to possess various medicinal values to treat a variety
of conditions, including diarrhea, abnormal bleeding, poor digestion, fever, and insomnia
(Dhanarasu and Al-Hazimi, 2013).

Figure 1. Nelumbo nucifera Gaertn.

The one important part of N. nucifera is seed which has been used in folk medicine for
the treatment of tissue inflammation, cancer, skin diseases, leprosy, poison antidote and
generally prescribed to children as diuretic and refrigerant (Pal and Dey, 2013). The seed of
N. nucifera is composed of three parts including integuments (3.74%), plumule (3.03%) and
cotyledons (93.23%) (Mehta, Patel, Patani and Shah, 2013). Plumule is found only in seed of
N. nucifera and reported to have antioxidant activities (Dhanarasu and Al-Hazimi, 2013) and
recognized as a cooling food with anti-inflammatory activities (Lin, Wu, Liu and Lai, 2006).
Many studies revealed the major active constituents in plumule of N. nucifera and their
biological activities such as several major alkaloid compounds (e.g. liensinine, isoliensinine
and neferine) which showed a significant cytoprotective effect against oxidative stress (Xie,
Guo, Zeng, Zhang, Zhang and Zheng, 2013). Two major compositions (neferine and
isoliensinine) have extensive cardiovascular activity; antiarrhythmic, antithrombic and
antihypertensive (Yang and Zhou, 2004), four alkaloids (lotusine, liensinine, isoliensinine and
neferine) were determined in N. nucifera plumule and reported as major bioactive alkaloids
(Yang, Li and Pan, 2012). As previous reported, neferine (Figure 2) is one of the major
bisbenzylisoquinoline alkaloid in N. nucifera plumule which was used as an importance

medicinal plants.
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Figure 2. Chemical structure of neferine
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Neferine content determination also has been reported by various methods such as
TLC-scaning (Hu, Guo, Zhou, Luo and Cai, 1997), NMR spectroscopy (Yang and Zhou,
2004), LC-ESI-MS/MS (Chen, Fan, Wu, Wu and Mitchell, 2007), high-speed counter-current
chromatography (Liu, Li, Liang, Qi and Wang, 2009). Many methods have been reported for
determination of active constituent content in plant samples such as HPLC, TLC, GC, TLC-
densitometer, TLC-image analysis. Among different methods, TLC-densitometry and TLC-
image analysis have many advantages as low cost, rapid, easy (Tie-xin and Hong, 2008). In
spite of the several medicinal health benefits of N. nucifera plumule but the basic information
of the standardization parameters of this plant part is still limited. Therefore, the objective of
this study is to investigate the standardization parameters of N. nucifera plumule and to
determine the neferine content using TLC-densitometry and TLC-image analysis.

MATERIALS AND METHODS

Plant materials

Plant samples of N. nucifera plumule were collected from 15 various sources
throughout Thailand and were authenticated by one of the authors (N.R.). A voucher
specimen was deposited at the College of Public Health Sciences, Chulalongkorn University.
All samples were air dried and pulverized after removal of foreign matters.

Chemicals
All chemicals used in this study were of analytical grade and standard neferine was
purchased from Sigma-Aldrich, USA.

Morphological study
Morphological characters of N. nucifera plumule like shape, size, color, odor, taste and
other visible properties were observed.

Microscopic study

Transverse section of N. nucifera plumule was observed under a microscope (Axio
Image A2; Zeiss, Germany) to determine the anatomical characteristics. A small amount of N.
nucifera plumule powders was heated with chloral hydrate and mounted over the glass slide
in 50% glycerine and then observed its histological characteristics under alike microscope
(Axio Image A2; Zeiss, Germany).

Physicochemical study

The physicochemical parameters including ethanol soluble extractives, water soluble
extractives, moisture content, loss on drying, total ash and acid insoluble ash were evaluated
from 15 samples of N. nucifera plumule powders in triplicate according to the WHO guideline
on quality control method for medicinal plants materials with some modification
(Yukongphan, Thitikornpong, Palanuvej and Ruangrungsi, 2013).

Thin layer chromatographic fingerprint

Five grams of N. nucifera plumule powders from each 15 samples were ethanolic
extracted and then 20 ml was filtered and evaporated to dryness and redissolved in 1 ml of
ethanol. Three microliters of ethanolic extract was applied on the silica gel G60 Fs4 TLC
plate (20x10 cm; Merck, Germany). The plate was developed in a solvent system of toluene:
ethyl acetate: diethylamine (7:2:1). The profile of TLC fingerprint was visualized under
daylight, UV (254 nm and 365 nm) and sprayed with Dragendorff reagent.
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Quantitative determination of neferine contents by TLC-densitometry and TLC-image
analysis

N. nucifera plumule powders (5 g) were exhaustively extracted with 95 % ethanol
using soxhlet apparatus. The extract was filtered and concentrated under rotary evaporator to
dryness. The ethanolic extract was dissolved in ethanol to get the concentration of 40 mg/ml.
The standard solutions of neferine were prepared in ethanol to obtain the concentration of 1
mg/ml. Three microliters of the extract and standard solutions (0.25, 0.5, 1.0, 2.0, 3.0 ug/spot)
were applied on silica gel G 60 Fzs4 TLC plates and developed in toluene: ethyl acetate:
diethylamine (7:2:1). The migration distance was allowed up to 80 mm. Densitometric
measurements were performed at 285 nm with CAMAG scanner 111 using WinCATS standard
program. TLC-image analysis were carried out using ImageJ software.

Method validation

TLC-densitometry and TLC-image analysis methods for quantitative determination of
neferine in N. nucifera plumule were developed and validated with respect to specificity,
accuracy, precision, limits of detection (LOD), limits of quantification (LOQ), calibration
range and robustness according to the ICH guideline (ICH, 2005).

RESULTS AND DISCUSSION

Standardization of plant materials by evaluation of pharmacognostic parameters
including microscopic characteristics, microscopic characteristics, physicochemical constants
and TLC fingerprint is important for identification, authentication, detection of adulteration
and also assurance of quality control of crude drugs.

The plumule of N. nucifera is useful in traditional medicine for the treatment of some
ailments, so it is important to standardize this plant part for safety and efficacy use as a
medicinal plant material. In this study, microscopic evaluation including transverse section of
N. nucifera plumule and powder study revealed the presence of various important
characteristics of this plant. On the basis of microscopic aspects, the presence of these
characters can serve as useful parameters for the identification of N. nucifera plumule.
Microscopic study of medicinal plants materials is necessary for the identification of the
broken and powdered materials (Bele and Khale, 2011).

Morphological study
Plumule of N. nucifera is the green germ of a mature seed, located between of two
cotyledons, 1-1.4 cm long, from its radicle stretching two unequal clavate arms forming an

arrow-shaped structure (Figure 3).

WIIH]IIIIIHH'HM,Z
5l 6/ om

Figure 3. Dried plumule of N. nucifera
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Microscopic study
Transverse section of N. nucifera plumule showed an important characteristics as

present in Figure 4.

@)

Figure 4. Transverse section of N. nucifera plumule transverse section: Epidermis (a); Air
Chamber (b); Parenchyma (c); Vascular bundle (d)

Powder study
The powder microscopy showed the present of anomocytic type stomata, parenchyma

surface with starch granule, starch granule (round shape), starch granule (hilum shape), layer
of cotyledons in surface view (Figure 5).

100 pm

@
10 pm ) 10 pm

Figure 5. Histological character of N. nucifera plumule powders: anomocytic type stomata
(a); Parenchyma surface with starch granule (b); Starch granule (round shape) (c); Starch
granule (with hilum) (d); Layer of cotyledons in surface view (e)

Physicochemical study

Physicochemical parameters could be useful for the quality control and quality
assurance of plant materials. The total ash is particularly important in the evaluation of purity
of plant sample. Alcohol and water soluble extractive values were determined to find out the
amount of water and alcohol soluble components. In present study, the moisture content of
N. nucifera plumule is not too high (10.02 £ 0.72%w/w), thus it could discourage bacterial,

72



BHST. 2016, 14 (1) : 68-76 Uacharoen et al.

fungi or yeast growth, as the general requirement for moisture content in crude is not more
than 14%w/w (Chumbhale and Upasani, 2012). In previous studies, physicochemical
properties of the other parts of N. nucifera such as moisture content (10.50 %w/w) of N.
nucifera seed (Pal and Dey, 2013), total ash (9.03+0.02); acid insoluble ash (1.28+0.23);
alcohol extractive value (2.12+0.04); water soluble extractive value (16.45+0.54) of N.
nucifera leaves (Srivastava, Lal and Pant, 2012) were also reported. The physicochemical
parameters of N. nucifera plumule were presented in Table 1.

Table 1. Physicochemical specifications of N. nucifera plumule

Parameter Contents* (Yow/w)
Mean + SD*
Total ash 3.86 £0.17
Acid insoluble ash 0.54 +£0.04
Loss on drying 9.91 +0.09
Water soluble extractives 28.27 £ 2.01
Ethanol soluble extractives 16.54 + 1.34
Moisture 10.02 £ 0.72

*Results were expressed as grand mean + pooled SD from 15 samples in triplicate

Thin layer chromatographic fingerprint

The TLC fingerprint profile of N. nucifera plumule using toluene: ethyl acetate:
diethylamine (7:2:1) was shown in Figure 6. The TLC fingerprint profile of compounds
present in plant materials is useful in standard setting up for evaluating the quality and purity
as well as screening analysis of plant materials. The advantages of TLC are its simplicity,
versatility, high velocity, specific sensitivity and simple sample preparation. Thus, TLC is a
convenient method of determination the quality and possible adulteration of plant materials
(Mauji, Abdin, Khan Mather and Prabhakar, 2011). In this study, TLC was used to construct
the fingerprint of N. nucifera plumule which exhibited clear pattern of compounds in all
investigations; under visible light, UV 254 nm, UV 365 nm and after spraying with
Dragendorff reagent.

Figure 6. TLC fingerprint of ethanol extract of N. nucifera plumule under daylight (a), UV
254 nm (b), UV 365 nm (c), under daylight after spraying with Dragendorff reagent (d)
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Quantitative determination of neferine content by TLC-densitometry and TLC-image
analysis

The vyield of ethanolic extract by soxhlet extraction and neferine contents
determination by 2 methods (TLC-densitometry and TLC-image analysis) of 15 samples of N.
nucifera plumule from different locations in Thailand were presented in Table 2 and TLC
chromatograms were shown in Figure 7. At present, several studies have been reported on the
determination of neferine in both quantitative and qualitative aspects such as TLC, HPLC and
GC-MS. Until now, the TLC densitometric method and TLC image analysis method have not
been reported of the method validation for determination of neferine.

Table 2. The amount of neferine in N. nucifera plumule by TLC-densitometry and TLC-
image analysis

Extract yield Neferine content Neferine content
Source | (9% of dried by TLC-densitometry by TLC-Image analysis

crude drug) | (9% of dried crude drug) | (9% of dried crude drug)

1 44,12 0.69 £ 0.01 0.76 £ 0.06

2 38.30 0.62 +0.04 0.61 +£0.09

3 39.47 0.52 +£0.04 0.51 +£0.06

4 40.97 0.84 +0.03 0.85 +0.05

5 41.55 0.71 £0.05 0.66 = 0.09

6 40.27 0.57 £0.03 0.51 £ 0.06

7 39.08 0.25+0.03 0.29+£0.04

8 36.14 0.25+0.02 0.29+£0.01

9 38.53 0.50 £0.01 0.55+0.11

10 41.88 0.64 £ 0.04 0.69 = 0.06

11 38.56 0.38 £ 0.01 0.37 £0.02

12 37.49 0.40 £ 0.02 0.37 £0.02

13 36.61 0.30 £ 0.04 0.27 £0.07

14 44,71 0.51 £0.05 0.47 £0.06

15 41.39 0.25+0.01 0.25+0.01

Average 0.495 + 0.186 0.497 £0.189

*Samples were from 15 different sources throughout Thailand. Each sample was performed in
triplicate.

(@

(b)

Figure 7. TLC chromatogram developed with toluene: ethyl acetate: diethylamine (7:2:1)
(a) detection under UV 254 nm
(b) detection under UV 365 nm
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Method validation

The Amax of neferine was found at 285 nm. Method validity with respect to
specificity, accuracy, precision, LOD, LOQ, calibration range and robustness according to the
ICH guideline were shown in Table 3. In this study, TLC-densitometric method and TLC-
image analysis method were developed and validated for the identification and quantification
of neferine content in N. nucifera plumule samples. The overall results of the accuracy of
TLC-densitometry and image analysis showed best recoveries (99.61 + 5.34 and 103.74 +
7.19 %), indicated that the methods were accurate. The results of repeatability (9.48 £ 3.61
and 2.99 + 1.22%RSD), intermediate precision (8.52 + 2.81 and 2.63 + 1.15%RSD) and
robustness for mobile phase variation (5.52 and 7.44%RSD) indicated that the method were
precise and robust. These results can indicated that the propose methods are precise, accurate
and robust for determination of neferine content in N. nucifera plumule. Moreover the
methods are simple, rapid and economic which can be used for analysis in quality control of
N. nucifera plumule.

Table 3. Method validation of TLC-densitometry and TLC-image analysis of neferine in
N. nucifera

Parameter TLC-densitometry TLC-image analysis

Amax (nm) 285 285

Range (p1g/spot) 0.25-3.0 0.25-3.0
Regression equation Y =-1137.3x% +8041.2x+1155.9 | Y = -1214.8x° + 21048x-2452.2
R 0.9992 0.9997

LOD (pg/spot) 0.07 0.07

LOQ (ug/spot) 0.20 0.22
g‘zcggi%¥/ew) 99.61 + 5.34 103.74 + 7.19
Precision

Repeatability(%RSD) 9.48 £ 3.61 2.99+1.22
Intermediate precision 8.52+281 2.63+1.15
(%RSD)

Robustness (%RSD) 5.52 7.44
CONCLUSION

The present study was undertaken with an aim of pharmacognostic standardization of
N. nucifera plumule and method validation of TLC-densitometry and TLC-image analysis for
determination of neferine content in this plant. The finding generated from this study would
be useful in quality assurance and also for preparation of monograph on the N. nucifera
plumule.
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