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Abstract

The study reveals the effect of natural dyes Curcuma longa (rhizome) and Nyctanthes

arbor-tristis (corolla tube) on various plant tissues under fluorescence microscopy.

The results indicated that the auto-fluorescence was seen in some of the tissues of

unstained monocot and dicot stem sections. The use of Curcuma longa dye along with

different chemical mordants leads to various colors and intensity of fluorescence

under different excitation filters (violet: 400–450; blue: 450–500; green: 500–570;

yellow: 570–610 and red: 610–750 nm) examined. The extract of Nyctanthes arbor-

tristis along with the mordants lead to bluish-orange fluorescence of vascular tissues

under violet excitation filter. Among the dyes evaluated, Nyctanthes arbor-tristis

showed better fluorescence than the Curcuma longa dye. Hence, the dye extracted

from the corolla tube of Nyctanthes arbor-tristis is a potential natural dye and could

be used as biological stain for staining plant tissues.
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1 | INTRODUCTION

The microscopic preparations of any biological specimen involves: fix-

ation of the material, followed by dehydration, clearing, embedding

and sectioning of the tissue. Free-hand sectioning provides a rapid

and inexpensive microscopic observation of the internal structures of

living plant tissues (Lux, Shigenori, Jun, & Kaori, 2005). Staining is a

crucial technique for differentiating and highlighting the important

features of the cells and tissues in biological samples. Some of the bio-

logical structures are transparent due to the presence of little or no

color pigment in their cells and hence there is a need to employ the

stains or dyes that can create a contrast between the cellular struc-

tures. The aqueous or alcoholic solutions of the dye are considered as

simple stains (Avwioro, 2002). Stains are generally used to add color

to the plant and animal tissues, microbes and spores that makes them

optically distinct (Korade, Lalita, & Deepika, 2014). Some of the dyes

require addition of mordants (chemical salt) which act as a bridge

between the dye and the tissues (Avwioro, 2002).

One of the commonly used stains is safranin (Ma, Sawhney, &

Steeves, 1993) which stains lignin, chromosomes, nucleoli, cutin, resins

and gums and cork (Horobin & Kiernan, 2002; Johansen, 1940;

Kasten, 1989; Ruzin, 1999). Some cellular components respond differen-

tially to certain dyes/stains for example eosin dye stains the cytoplasm

pink/red whereas the Feulgen's stain imparts red color to the chromo-

some. The Leishman's stain gives red-pink color to the blood cells while

safranin stains the nuclei red. The plant cell walls are composed of cellu-

lose, hemicelluloses and pectins and lignins. The Fast green stain is used

to stain cellulosewhereas phloroglucinol stain is used for staining lignins.

Fluorescence is an important phenomenon in which a substance

absorbs shorter wave length of the light of some color and almost instan-

taneously re-emits as light of another color in longer wavelength and

with lower energy, hence fluorescence occur and the same is observed

under fluorescence microscopy. In general, dyes have specific excitation

and emission range of wavelengths, but pH may influence the fluores-

cence emission. However, these changes in fluorescence may also occur

due to the increase in dye–dye or dye-substrate interactions
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(Lakowicz, 2006). But some cell wall components, such as lignin requires

no dye as it auto-fluoresce with maximum absorbance in the UV range

(Albinsson, Li, Lundquist, & Stomberg, 1999; Donaldson &Bond, 2005).

Synthetic dyes with azo bonds nitro or amino groups are carcino-

genic in nature (Aguoru, Okelionwu, & Olasan, 2016; Braide,

Akobundu, Nwaoguikpe, & Njiribaeko, 2011; Suryawanshi, Naik,

Kumar, & Gupta, 2017). Also the cationic dye Safranin-O is one of the

harmful contaminant which has negative effects on skin, digestive sys-

tem and respiratory system of humans (Bayazit, 2014). These environ-

mental threats evoked the desire of a researcher to find a substitute

for these harmful synthetic dyes. Thus, there was a growing interest

in the use of harmless, cheaper, nontoxic and ecofriendly natural dyes.

Plants are considered to be the potential source of natural dyes as

many researchers have extracted various colors from local plants

(Abubakar, Usman, Etim, Nnadi, & Alaku, 2012; Bhuyan & Saikia, 2003;

Egbujo, Adisa, & Yahaya, 2008; Kamel &Najmaddin, 2016; Raheem, Ibnouf,

Shingeray, & Farah, 2015; Siva, 2007; Verenkar & Krishnan, 2017; Yan,

Pan, & Ji, 2018). Several natural dyes are used in histology, histochemistry

and histopathology. One of the most important and commonly used histo-

logical dye is haematoxylin (Avwioro, 2002) which is a natural dye produced

from Haematoxylon campechianum Linn. It is used in the combination with

eosin while staining to understand general tissue structures

(Avwioro, 2002). Several other natural dyes are used in anatomical field.

The ethanolic extract from the leaves of Lawsonia inermis Linn. (henna) con-

tains lawsone dye which was used in staining chromosome of Allium cepa

(Aguoru&Okoli, 2004). The aqueous extract of hennawas used for staining

plant epidermal cells ofAllium cepa (Aguoru,Okpe, &Olasan, 2015).

Curcuma longa Linn. is a perennial herb belonging to family

Zingiberaceae which is well known traditional Indian spice and used in

Ayurvedic and Chinese systems of medicine. It is native to tropical South

Asia. The curcumin is the bio-active component of turmeric which is used

as a natural dye (Priyadarsini, 2014) source of coloring agent for foods, tex-

tiles and cosmetics. It contains medicinal properties like anti-diabetic, anti-

ulcer, anti-coagulant, anti-fertility (Yadav & Tarun, 2017) anti-viral, anti-

microbial, anti-fungal (Moghadamtousi et al., 2014) anti-oxidant, anti-

inflammatory, antiseptic, and anticancer. Researchers have attempted to

use the curcumin for staining collagen and muscle fibers (Kumar, Singh,

Singh, Singh, & Singh, 2014). On the other hand, Abraham et al. (2017)

found that the turmeric can excellently replace the eosin stain.

Nyctanthes arbor-tristis Linn. is a well-known plant widely distributed

in India, including sub-Himalayan regions and southwards to Godavari

which belongs to family Oleaceae. The coloring matter nyctanthin is pre-

sent in the corolla tube of the plant (Gokhale, Tatiya, Bakliwal, &

Fursule, 2004). Flowers also contain other chemicals like glucose, tannin,

carotenoid and glycosides (Hiremath, Hiremath,Mohapatra, &Das, 2016).

The present study was undertaken to evaluate the staining poten-

tial of dye extracts of Curcuma longa (rhizome) and Nyctanthes arbor-

tristis (corolla tube) on dicot and monocot stem sections and to study

and understand the fluorescence in different plant tissues under vari-

ous excitation filters using fluorescence microscopy.

F IGURE 1 Dye extracts. (a) Curcuma longa (rhizome);
(b) Nyctanthes arbor-tristis (corolla tube) [Color figure can be viewed at
wileyonlinelibrary.com]

TABLE 2 Auto-fluorescence of dicot and monocot stem sections under different excitation filters in fluorescence microscopy

Different excitation filters

Unstained
section

Major plant tissues
examined

Bright field
microscopy

Violet
400–450 nm

Blue
450–500 nm

Green
500–570 nm

Yellow
570–610 nm

Red
610–750 nm

Dicot stem Vascular tissues

Epidermis

No color

No color

Light blue

Light blue

Light green

Light green

Red

Red

Yellow

Yellow

Light blue

Light blue

Monocot stem Vascular tissues

Epidermis

Ground tissue

No color

No color

No color

Blue

Blue

No color

Green

Green

No color

Red

Red

No color

Orange

Orange

No color

Bluish-pink

Bluish-pink

No color

TABLE 1 Effect of natural dyes
Curcuma longa and Nyctanthes arbor-
tristis on monocot and dicot stem
sections

Curcuma longa Nyctanthes arbor-tristis

Staining duration (min) Dicot stem Monocot stem Dicot stem Monocot stem

5 Good Fair Fair Fair

15 Good Fair Good Good

20 Excellent Excellent Excellent Excellent

30 Over-stained Over-stained Over-stained Over-stained
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2 | MATERIALS AND METHODS

2.1 | Preparation of dye extracts from Curcuma
longa and Nyctanthes arbor-tristis

The rhizomes of Curcuma longa were collected fresh from Valpoi, Sattari

Goa, India. The rhizome was cut 0.5 cm thick and dried at normal room

temperature for 5 days. They were milled and 1 g of powder was weighed

using digital balance and dissolved in 20 ml of distilled water and boiled at

60�C for 12 hr in water bath to get maximum dye. The dark yellowish dye

obtained was filtered using Whatman filter paper (Grade-A) and used for

staining (Figure 1a). The corolla tube of Nyctanthes arbor-tristis was col-

lected fromQuepem, Goa, India. The collected materials were shade dried

at room temperature and extracted in (1 g/20 ml) distilled water for 12 hr

in water bath at 60�C to get the maximum dye extract. The extract

obtainedwas filtered usingWhatman filter paper (Grade-A) (Figure 1b).

2.2 | pH of natural dyes

The pH of natural dyes was measured using pH meter and all the

readings were taken in replicates of three.

2.3 | Sectioning

Free-hand thin transverse section (t.s.) from fresh samples of both

dicot stem (Chromolaena odorata) and monocot stem (Cyanodon

dactylon) were taken. Several free-hand sections were obtained and

transferred into clean distilled water for further staining procedure.

2.4 | Preparation of mordant solutions

Three chemical mordants were prepared in distilled water

(0.1 g/20 ml) viz. potassium dichromate (K2Cr2O7), copper sulfate

(CuSO4), and ferrous sulfate (FeSO4).

2.5 | Staining procedure with natural dyes

Thin sections of about (10 μm) thickness of both dicot and monocot

stem were chosen and transferred to staining solution, that is, dye

extracts of Curcuma longa and Nyctanthes arbor-tristis. The sections

were allowed to stain for 5, 15, 20, and 30 min and then transferred

in distilled water to remove excess stain. This was carried out to see

F IGURE 2 Fluorescence images of transverse section of dicot stem stained with Curcuma longa dye and along with different mordants
(×200). 1. Unstained section; 2–6. Auto-fluorescence; 7–12. Stained with C. longa dye; 13–18. C. longa dye and CuSO4 mordant; 19–24. C. longa
dye and FeSO4 mordant; 25–30. C. longa dye and K2Cr2O7 mordant [Color figure can be viewed at wileyonlinelibrary.com]
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the optimal staining period for both the dyes. The stained sections

were then mounted with glycerin on a clean glass slide and observed

under bright-field and fluorescence microscopy.

2.6 | Mordant staining

The sections were treated with each mordant separately, prior to

staining in natural dye extract. The sections were individually stained

in mordant solution of K2Cr2O7, CuSO4, and FeSO4 for 10 min to

enhance the staining intensity and then transferred to respective nat-

ural dyes viz. Curcuma longa and Nyctanthes arbor-tristis for 20 min.

The sections were later transferred to distilled water to remove the

excess stain and mounted on clean glass slide using glycerin. The sta-

ined sections were then observed under bright-field and fluorescence

microscopy.

2.7 | Photography

The stained sections were observed under bright-field and fluores-

cence microscopy attached with digital camera and image analyzing

system (OLYMPUS BX 53 microscope). The microphotographs were

taken using ×20 objectives (for dicot) and ×40 objectives (for mono-

cot). The slides were observed under five different excitation (fluo-

rescence) filters with the wavelength 400–450 nm (violet),

450–500 nm (blue), 500–570 nm (green), 570–610 nm (yellow), and

610–750 nm (red). The staining intensity of each section was

studied.

3 | RESULTS

The use of dyes to improve the contrast in plant tissues has been sub-

stantiated in this work. In both the natural dyes, staining period of

5–15 min gave fair to good staining in the dicot and monocot stem

sections. However, 20 min staining period lead to excellent staining of

vascular bundles in dicot and monocot stem with clear differentiation

of tissues. But at 30 min, the stain was too intense which completely

overshadowed in distinguishing the plant tissues as shown in

(Table 1). Therefore, 20 min was considered as an optimal staining

time for both the natural dyes. Both dyes are acidic in nature with pH

(6.10 ± 0.01) of Curcuma longa dye and pH (4.32 ± 0.01) of Nyctanthes

arbor-tristis dye.

F IGURE 3 Fluorescence images of transverse section of monocot stem stained with Curcuma longa dye and along with different mordants
(×400). 1. Unstained section; 2–6. Auto-fluorescence; 7–12. Stained with C. longa dye; 13–18. C. longa dye and CuSO4 mordant; 19–24. C. longa
dye and FeSO4 mordant; 25–30. C. longa dye and K2Cr2O7 mordant [Color figure can be viewed at wileyonlinelibrary.com]
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3.1 | Fluorescence study of dicot and monocot
stems under different excitation filters

The unstained section of dicot stem when observed under different

fluorescence (excitation) filters lead to auto-fluorescence of the sec-

tions. The vascular tissues showed different colors of fluorescence

with different excitation filters: light blue with violet and red filters,

light green with blue filter, red with green filter and yellow with yellow

filter.

The unstained monocot stems section also auto-fluoresced under

different excitation filters. The vascular tissues showed different

colors of fluorescence with different excitation filters: blue with violet

filter, green with blue filter, red with green filter and orange with yel-

low filter and bluish pink with red filter. However, no fluorescence

was seen on ground tissue (Table 2).

The vascular tissues and the epidermis of the dicot stem

section were stained yellow with Curcuma longa dye under bright-field

microscopy. With the use of mordants K2Cr2O7, CuSO4, and FeSO4

along with the dye the yellow color was profound, than that of indi-

vidual staining with Curcuma longa dye. In violet excitation filter vas-

cular tissues fluoresced green when stained with the dye individually

as well as with K2Cr2O7, CuSO4, and FeSO4 mordants. The blue, green

and yellow filters did not show any fluorescence even on application

of all the mordants along with the dye. The red excitation filter over-

fluoresced the tissues. No special effects on fluorescence were seen

with the application of all the three chemical mordants (Table 3 and

Figure 2).

In monocot stem the vascular tissues and epidermis stained yel-

low in color. However, no staining was seen in the ground tissue

under bright-field microscopy. The violet excitation filter fluoresced

the vascular tissue, epidermis and ground tissue in green color when

stained with Curcuma dye individually and along with the mordants.

However, no fluorescence was seen in blue and green filter. The yel-

low excitation filter leads to green fluorescence of vascular tissues

whereas the red filter over-fluoresced the cell components (Table 3

and Figure 3).

The dye from Nyctanthes arbor-tristis imparted yellow coloration

to the vascular tissues and the epidermis in dicot stem. However, the

color was more profound on use of chemical mordants K2Cr2O7,

CuSO4, and FeSO4 under bright-field microscopy. In violet and red

excitation filters the vascular tissues fluoresced bluish-orange with

the use of all mordants, except CuSO4 mordant which lead to red

F IGURE 4 Fluorescence images of transverse section of dicot stem stained with Nyctanthes arbor-tristis dye and along with different
mordants (×200). 1. Unstained section; 2–6. Auto-fluorescence; 7–12. Stained with dye Nyctanthes arbor-tristis; 13–18. Nyctanthes arbor-tristis
dye and CuSO4 mordant; 19–24. Nyctanthes arbor-tristis dye and FeSO4 mordant; 25–30. Nyctanthes arbor-tristis dye and K2Cr2O7 mordant
[Color figure can be viewed at wileyonlinelibrary.com]
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fluorescence in red excitation filter. The blue filter showed orange

fluorescence whereas no fluorescence was seen in green excitation

filter. In yellow filter the vascular tissues and epidermis fluoresced

bright red in color (Table 4 and Figure 4).

The yellow color dye from Nyctanthes arbor-tristis (corolla tube)

stained the monocot section bright yellow under bright-field micros-

copy. The violet and red excitation filters lead to bluish-orange fluo-

rescence of the tissues, whereas the blue filter lead to orange

fluorescence. No fluorescence was observed in green and yellow fil-

ters (Table 4 and Figure 5).

When Nyctanthes arbor-tristis dye was used, all the components

fluoresced distinctly in both the monocot and dicot stem

section under all the excitation filters except green filter.

4 | DISCUSSION

Staining facilitates the observation of cells and tissues under a micro-

scope with the use of dye that has an affinity to the cell organelle

(Kumar, Mehul, Das, & Solanki, 2015). A good biological stain should

be effective, cheap, eco-friendly and the source must be easily avail-

able (Kharbude & Agarwal, 2000).

Curcumin is an active ingredient of turmeric which imparts char-

acteristic yellow color to the plant tissue (Priyadarsini, 2014). The tur-

meric contains flavonoids, which are typically polyphenolic

compounds. Phenols are acidic, due to their ability to release the

hydrogen from their hydroxyl group and hence the extract stains the

basic parts of the cell, mainly protein part of the cytoplasm

(Priyadarsini, 2014). The curcumin was also used for staining sections

of skin, liver, intestine, kidney, lung, and spleen (3 mm) of human tis-

sue at post-mortem examination. The staining with curcumin was

excellent and hence proved to be an alternative source to eosin stain

(Avwioro et al., 2007).

Nyctanthin is the coloring component present in the corolla tube

of Nyctanthes arbor-tristis flowers which acts as a source of yellow

dye for staining plant tissues (Smitha, Sachidananda, Subhas, &

Dinesha, 2014). This dye is also used for dyeing and painting of cotton

and silk with Kalamkari technique using bamboo stick (Deshmukh &

Dongre, 2015).

The fluorescence microscopy gave distinct colors to the vascular

tissue and epidermis. The dyeing of tissues is dependent on binding

forces to the tissues, or they will simply be rinsed out of the tissue

when the section is washed in another reagent (Papawee, Suppaluk, &

Natthawut, 2011). The positive ions are released by the dyestuff

F IGURE 5 Fluorescence images of transverse section of monocot stem stained with Nyctanthes arbor-tristis dye and along with different
mordants (×400). 1. Unstained section; 2–6. Auto-fluorescence; 7–12. Stained with Nyctanthes arbor-tristis dye; 13–18. Nyctanthes arbor-tristis
dye and CuSO4 mordant; 19–24. Nyctanthes arbor-tristis dye and FeSO4 mordant; 25–30. Nyctanthes arbor-tristis dye and K2Cr2O7 mordant
[Color figure can be viewed at wileyonlinelibrary.com]
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which binds covalently to the negative ions present on the cell wall of

the tissue this is due to the electrostatic bond reaction between the

dye charge and the different cell parts of the cell tissue (Chukwu

et al., 2011). Both the dyes used viz. Curcuma longa (pH—6.10) and

Nyctanthes arbor-tristis (pH—4.32) are acidic in nature with low pH

values and thus stains the basic part of the cell. Since, the Nyctanthes

arbor-tristis being more acidic in nature leads to good fluorescence of

the components in all five excitation filters. None of the sections were

over-fluoresced in any of the filters like the use of Curcuma dye which

lead to over-fluorescence of both monocot and dicot sections under

red filter. Hence, Nyctanthes arbor-tristis can be used as an excellent

fluorescent dye to distinguish the plant cell components.
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