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Anatomical and biochemical investigations on medicinal tree Murraya
koenigii Spreng.
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Curry leaf (Curry Patta) tree isan economically important spice / medicinal tree. This investigation details morpho-
anatomical features of leaf and stem and explains trichome and secretory gland structures that may be associated
with medicinal properties of the plant. Transverse sections of leaf and stem clearly reveal position of oil glands
(schizolysigenous glands) and other constituent cells. Oil glands are situated close to the epidermis for the release
of secretion. The plant body is covered by cuticle, a uniseriate epidermis and is followed by multiple layers of
cortex composed of polygonal, starch grains containing parenchymatous cells. Cortex has interspersed oil glands
close to the epidermis and few cells of cortex contain calcium oxalate crystals. Inner cortex contains 2-3 layers of
sclerenchymatous cells seen as a red band due to safranin staining. In the leaves, oil glands are embedded in the
palisade cells near the upper epidermis and the leaf margins exhibit glands opening through a pore covered by
wax. Non-glandular trichomes are present on the leaf but with higher density on mid vein. These trichomes have
rough surface due to the presence of micropapillae that may function as a deterrent to the insects. Scanning
electron microscopy of the trichome cross section reveals central cavity. Fluorescent staining of trichomes for the
presence of secondary metabolites was positive using Diphenyl boric acid-B-ethylaminoester stain under UV light.
Biochemical assays of M. koenigii leaf extract estimated total polyphenol and total flavonoid contents at 547 mg/g
and 401 umol/g, respectively. Same extract registered a TROLOX Equivalent Antioxidant Capacity of 211 pug/mL.
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Introduction koenigii is cultivated as a crop, primarily due to
the high demandforleaves as flavoring agentin
Curry patta (Murraya koenigii Spreng., family various food preparations in India, Sri Lanka,
Rutaceae) is a traditional spice used in Indian Southeast Asia, Australia, Pacific Islands, and
cuisines. The name “curry patta” refers to M. Africa [3]. Curry patta is native to India and
koenigii originated from the Tamil word Kari distributed in most of South Asia.
which translates to “spiced sauce” [1]. In the
early Tamil and Kannada literatures from India, Free radicals can cause disorders, such as
the use of M. koenigii is described as the atherosclerosis, central nervous system injury,
flavoring agent for the vegetables [2]. Murraya and gastritis in the human body [4].
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Phytochemical studies on the leaves, stem, bark,
and root of this plant have shown the presence
of large concentrations of alkaloids, terpenes,
saponins, and phenolic compounds with high
radical scavengingactivity [5, 6, 7, 8]. Curry patta
is a rich source of aromatic terpenes and
pharmacologically important carbazole alkaloids
e.g. mahanimbine, murrayanol and mahanine
that are related to the antioxidant activity [6, 9).
Plant-based antioxidants block free radicals
produced through oxidation, thus inhibiting
chain reactions that could lead to degradation
and death of cells in human body. Antioxidants
are marketed as beneficial to us by protecting
the skin, supporting digestionand the immune
system. Antioxidant effect of curry leaf powder
in chicken and goat meat products has also been
reported [10, 11].

Chemical compounds are synthesized in
specialized structures in plants known as
trichomes, broadly divide into glandular and
non-glandular types. Glandular trichomes are
the synthesizing centers of many compounds
[12]. Internal secretory structures include
idioblasts, schizogenous cavities, secretory cells,
and lysigenous cavities. Idioblasts are isolated
secretory cells that usually contain distinct
substances such as mucilage, tannin, oils, and
calcium oxalate [13]. Schizogenous cavities are
formed by the separation of cells from each
other during development. These cavities are
surrounded by secretory cells which fill the
cavities with substances such as mucilage, oils,
and resins or gums [14]. These non-metabolic
compounds have important adaptive value
serving mainly to protect the plant from
herbivores and outside invasion from insects,
attract pollinators or protect proteins and
nucleic acid of the cell. These molecules
produced by the secretory glands and trichomes
are vital to the survival of the plant and
collectively provide an adaptive edge to the
plant by regulating evapotranspiration, shielding
from harmful rays and deterring insects and
predators[15, 16, 17]. Although M. koenigiiis an
important aromatic and medicinal plant, not
much is known about the biosynthesis of
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different types of secondary metabolites at the
molecular pathway level.

Recently, leaf transcriptome sequencing and
analysis was carried out to understand the
biosynthesis of specialized terpenoids and
carbazole alkaloidsin M. koenigii [18]. Thus, the
level of activity of various plant chemicals is
important for the evaluation of their potential
health benefitto humans[19, 20]. This study was
aimed at creating an understanding of
micromorphology and histology of M. koenigi
leaf and stem and assess antioxidant capacity of
the methanolicextracts.

Materials and methods

1. Plant material.

Leaves and stem pieces of M. koenigii were
collected from a two-year-old cultivated plant.
The fresh plant samples were collected,
weighed, measured,and preparedseparately for
each of the tests performed.

2. Micromorphology.

Fresh plant material was used to study surface
structures under light and fluorescent
microscope on leaf and stem. Another batch of
plant tissue was fixed and processed to study
structures in detail under a scanning electron
microscope (SEM).

3. Light Microscopy.

The trichomes on the surface of fresh leaf and
stem were observed under a Leica microscope
MZ10F with camera DFC450C (Leica Microscope
Systems, Ltd., Buffalo, IL, USA) using Leica suite v
4.4 software.

4. Fluorescent Microscopy.

In order to record the presence and secretory
nature of trichomes, two leaf samples measuring
one square cm were cut. These samples were
submergedin Natural Product Reagent Diphenyl
boric acid-B-ethylaminoester (DPBA) stain
(Sigma-Aldrich, Saint Louis, MO, USA) as outlined
in Heinrich et al., [21]. The hydroxyl group in
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DPBA reacts with the flavonoid compound
presentin trichomes, which emit yellow green
fluorescence[22]. The leaf samples were soaked
in DPBA stain underlow light for 5 min and then
placed on amicroscope slide,adaxialand abaxial
sides facing up for observations. Two drops of
DPBA were placed onthe tissue, and a coverslip
was placed over the samples to view under the
fluorescent microscope (OLYMPUS BX-43,
Olympus America, PA, USA) using DAPI filter
(with excitation light atA 386 nm; emissionA 490
nm) to capture images with camera (Olympus
DP-72, Olympus America, PA, USA) and a UV
source (X-cite series 120 Q, Lumen Dynamics,
Ontario, Canada).

5. Scanning Electron Microscopy.

Plant samples were observed under a SEM
(Hitachi S3400 NII, Hitachi High Technologies
America, Inc., CA, USA). The leaf samples were
excised tofiton Hitachi M4 aluminum specimen
mount (Ted Pella, Inc., CA, USA) for observing
abaxial and adaxial surface. Leaf and stem
samples were prepared as perVaidyaetal., [23]
with some modifications. The leaves were
submerged in chloroform (Fisher Scientific, MA,
USA) for 24 h prior to fixation. Primary fixation
was done in 2% glutaraldehyde (GA) (EMS, PA,
USA) for 1 h at 4°C and then washed in
Sorenson’s phosphate buffer saline (PBS) buffer
(pH 7.2) (EMS, PA, USA) three times followed by
secondary fixation in 1% osmium tetraoxide
(0s0,) (EMS, PA, USA) for 1 h at 4°C. Then the
samples were washed with dH,0 three times for
15 min each. Fixed samples were then
dehydrated using ascending ethanol series from
25, 50, 60, 70, 80, 95, and 100% (EMS, PA, USA)
each for 15 minandin 100% ethanol three times
to ensure complete dehydration. Critical Point
Drying (CPD) was carried outat 35°C with CO, at
1,250 psi (LEICA CPD 300, LEICA, Germany). Leaf
samples were placed on aluminum stubs using
double-sided carbon tape. The leaf sampleswere
sputter coated (Denton Desk V, Denton, NJ, USA)
with gold for 60 s under a vacuum pressure of
0.05 torr and thickness of 50 A.
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6. Histology of stems and leaves.

For histological studies samples were fixed in
Histochoice® (Amresco, OH, USA) and remaining
steps (fixing, dehydration, paraffin infiltration,
specimen mounting, tissue embedding,
sectioning, deparaffinization, and slide
preparation) were followed as per Vaidya et al,,
[23]. For anatomical details, sections were
double stained using aqueous 1% Safranin O
(SigmaAldrich, MO, USA) for 12h and 0.1% (w/v)
Fast green (Sigma Aldrich, MO, USA) in 95%
ethanol for 3-5 seconds [24]. After staining, the
slideswere rinsedin 100% ethanol two timesto
complete dehydration and remove non-
specifically bound stains. Sections were cut at 6
micron thickness to reveal all internal details.
Permanentslides were prepared by layering 1-2
drops of DPX mountant (Sigma Aldrich, MO,
USA) and cover glass over stained and
dehydrated sections, dried over night at 45°C
and then observed underamicroscope.

7. Trichome count and surface area calculation
of leaves.

Leaf samples stained with DPBA as above were
used for counting trichomes under fluorescent
microscope. The fluorescing trichomes were
counted on both abaxial and adaxial surfaces.
The surface area of mature and immature staged
M. koenigii leaves was calculated by placing
them on a graph paper that contained unit
squares measuring 5 x 5 mm?. Five leaves each
for immature and mature stage were collected
and placed on the graph paper to draw their
outer margins. Based on the number of full and
more than 50% covered squares under the leaf
on the graph paper, area was calculated, and
statistical analysis carried out.

8. Biochemical assays.

(1) Preparation of methanolicleaf extract:
Protocols outlined in Vaidya et al., 2013 [20]
were adopted with minor modifications for
extraction and biochemical assays. Two grams of
the fresh tissue (fully expanded leaves) were
submerged in liquid nitrogen in a chilled mortar
to facilitate grinding and minimize degradation
of phytochemicals. The homogenized leaf
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powder was suspendedin 50 mL of HPLC grade
methanol (Burdick and Jackson, MlI, USA) and left
overnight (18 h at 28.5°C) in the dark on an
orbital shakerat 150 RPM (Benchmark Mini Incu-
Shaker, NJ, USA). The suspension was then
transferred to 50 mL Falcon tubes (BD, NJ, USA)
and centrifuged at 13,500 RPM (Eppendorf
centrifuge 5810R, NH, USA) at 25°C for 40 min.
The supernatant was collected, and the
remaining pellet was extracted again with 25mL
methanol for 2 h. After the second extraction,
the two extracts were combined, and the pellets
were discarded. The combined extract was
filtered through adoublelayer of Whatman filter
paper No. 2 (GE Healthcare Life Sciences, NJ,
USA) and stored in air tight 50 mL Falcon tubes
at4°C inthe dark.

(2) Assays:

Total polyphenol (TPP) content was determined
by the Folin-Ciocalteu reagent method [25] as
modified by Yi and Wetzstein [19], and further
modified by Vaidya et al., [20]. The flavonoid
contentwas measured using aluminum chloride
colorimetric method [26] as standardized by
Vaidya et al., [20]. Average flavonoid content
was calculated from three different repetitions
for the same extract using the Gallic Acid
standard curve. Rosemary (Rosmarinus
officinalis) leaf extract, a plant with high
antioxidant capacity, prepared in identical
fashion was used as a standard to facilitate
comparison [19]. TROLOX equivalentantioxidant
capacity (TEAC) of asample was calculated based
on the inhibition of radical cation absorption
exerted by the standard TROLOX solution (6-
hydroxy-2, 5, 7, 8-tetramethy-chroman-2-
carboxylic acid) (Sigma-Aldrich, MO, USA) [27].
The TEAC assay was carried out as per the
protocols optimizedinourlab [20].

9. Statistical analysis.

All data are presented as means + SE forat least
three replications of each sample. Statistical
analysis was based on one-way analysis of
variance (ANOVA) with results at p< 0.05 level
and means were separated using Tukey’s post-
hoc mean separation test.
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Results and discussion

1. Micromorphology

(1) Light Microscopy:

Trichome distribution on the leaf was restricted
to the mid-vein and margin predominantly buta
few scattered on the lamina are also visible
(Figures1 A, L and 3 A). For immature leaves,
abaxial and adaxial surfaces had same density of
trichomes whereas mature leaves exhibited
higher density of trichomes on the abaxial
surface than on the adaxial surface. Only one
type of long, slender non-glandular trichomes
were observed on the leaf and stem samples
(Figure 1, - K).

(2) Fluorescent Microscopy:

The trichomes fluoresced bright yellow when
stained with DPBA, suggesting presence of
secondary metabolites (Figure 1L and 3 A). High
concentration of trichomes on leaf mid rib and
margin can be seenon Figure 3A.

(3) Scanning Electron Microscopy:

Epidermal cell layer exhibits the presence of
cuticle and apparently covered by wax forming
chimney like pattern (Figure 1 A-B) around
openings of schizolysigenous glands (Figure 2 A-
D). A thick cuticle layer on the surface of leaves
with numerous stomata on the abaxial surface
were observed (Figure 1F, M). Most of the non-
glandular trichomes were condensed near the
mid -vein section of abaxial surface (Figure 1C,
E-F). Each trichome exhibits presence of small
protuberances known as  micropapillae
throughout on the surface and hollow cavity in
the middle (Figure 1H-I). The adaxial leaf surface
is dotted with bumps present on the entire
lamina (Figure 1A-B). Thesestructuresrepresent
central pore surrounded by multiple layers of
wax on the lamina of the leaf (Figure 1 D). Stem
contains trichomes in two distinct stripes
alternating with blank space (Figure 1 G and K).
The trichomes found are epidermal outgrowths
which play an important role in plant defence
especially with respect to phytophagousinsects,
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Figure 1. Micromorphology of M. koenigiileafand stem. A-land M are SEM images, J and K are light microscopy results, and L represents
fluorescentimaging of trichomes on the abaxial surface of the leaf. A: Adaxial surface of the leaf exhibiting non-glandular trichomes confined to
mid vein. B: Magnified view of a bump presenton the lamina. Central pore surrounded by multiple layers of wax. C: Abaxial surface of theleaf
and trichome arrangement. D: Apore atthe marginofthe leaf. E-F: Magnified view of a single trichome and theirarrangement on the mid vein
of the abaxial leaf surface. G: Trichome distribution on the stem exhibits bald and populated streaks. H-l: Magnified view of trichome presents
micropapillae on the surface and hollow cavity inthe middle. J-K: Light microscopicimages exhibittrichome distribution onthe leafand stem.L:
In the presence of fluorescent stain DPBA, trichome indicate presence of secondary metabolites. M: Partial removal of wax by dipping leaf in

chloroform for a minute toreveal stomata.

avoiding insect feeding and oviposition
responses and the nutrition of larvae [12].

2. Histology of stems and leaves

Leaves and stem sections stained with Safranin
O and Fastgreen provided a basicunderstanding
of the structure.

(1) Stem anatomy:

Cross section of a stem exhibits uniseriate
epidermiscovered with cuticle followed by many
layers of cortical region (Figure 2A). Outer three
to four cortical layer cells reveal presence of
starch. Thin walled parenchymatous pith is
presentin the center and between cortex and
pith vascular bundles are arranged. A section of
stem at higher magnification reveals the
presence of schizolysigenous oil glands (black
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arrows) and calcium oxalate crystals (white
arrows) in the cortex region (Figure 2 B). The
schizolysigenous oil glands are present close to
the upper epidermis and many suspended cells
are visible in the cavity of these glands (Figure 2
Cand D).

(2) Leaf anatomy:

Leaves on both surfaces and stem section
possess uniseriate epidermis covered externally
by a thick layer of cuticle. Internal structures
such as secretory cells and lysigenous cavities
were found (Figure 2). Leaf margin is serrated
and contains large oil gland.

On the basis of SEM and anatomical studies, itis
clear that schizolysigenous glands are present
close to the surface in stem and near upper
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Figure 2. Histology of M. koenigii stemand leaf. Permanent slides were prepared,and Fast green and Safranin O staining were usedto reveal
internal structures. A: Cross section of stem showing single layered epidermis covered with cuticle followed by cortical region. Thin walled
parenchymatous pith is presentin the center and between cortex and pith vascular bundles are arranged. B: A section of stem at higher
magnificationto show schizolysigenous oil glands (black arrows) and calcium oxalate crystals (white arrows) in the cortical region. C-D: General
and magnifiedanatomy of a leaf. Schizolysigenous oil glands are present close to the upper epidermis. Leaf margin contains large oil gland. (Sc:

sclerenchymatous layer, p: phloem, x: xylem)

Table 1. Biochemical assays tostudy secondary metabolite profile of M. koenigii and antioxidant capacity.

Murraya koenigii Antioxidant Potential

Assays

Average

Total Polyphenol Content

547.46 +11.56 mg/g GAE

Flavonoid Content

210.64 +4.80 pg/mL

W[IN [~

TROLOX Antioxidant Capacity measurement

400.88 +79.61 umol/g

epidermis in leaves. Leaf margins contain this
gland which opens out through a pore (Figure 1D
and 2D).

3. Surface Area calculation of leaves

The average cut off length for immature and
mature leaves was 1.50 cm and 2.75 cm,
respectively. Five leaves each were selected to
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calculated surface area. On an average,
immature leaf area was 115 mm? and for the
mature leaf the surface area was 200 mm?.

4. Biochemical assays

The TPP contentregistered an average of 547.46
mg/g GallicAcid Equivalent (GAE). A preliminary
study conducted previously showed the TPP
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Figure 3. DPBA fluorescent staining of trichomes tofacilitate counting of trichomes at two developmental stages of M. koenigii leaf.

content lower for Rosemary (443.23 mg/g)
which was also used as an internal standard. The
TEAC assay measurement results for the leaf
extracts on average was 400.88 pmol/g. The
total Flavonoid contentinthe extractregistered
an average of 210.64 pg/mL (Table 1).

Polyphenol supplements are found in several
medications [28]. Polyphenols are known to play
aroleinreducing oxidative stress and preventing
degenerative diseases such as cardiovascular
disease and cancers [29]. Similarly, flavonoids
have been found to play a role in regulation of
cholesterol levels [30, 31]. Flavonoids regulate
the concentration of low-density lipoproteins
(LDL) and high-density lipoproteins (HDL). LDL
are detrimental to our circulatory system,
increasing our risk of heart disease. HDL, on the
otherhand, carry LDL to the liverforelimination,
and have anti-inflammatory effects. In this way,
flavonoids can helpinimproving heart health.

Curry leaf extracts have shown anticancer
activity on MDA-MB-231 human breast cancer
cell line [32]. Leaf extract analysis revealed the
presence of significant number of flavonoid
compounds such as myricetin, quercetin and
epicatechin. These compounds were shown to
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be effective in the growth inhibition of breast
cancer cells. In addition, the curry leaf extracts
contain minerals which are important for the
maintenance of normoglycemia or normal
glucose content of blood [33]. Curry leaf extracts
can also be added to meat as antioxidant since
they show considerable levels of total phenolics
and antioxidant properties when measured in
terms of free radical scavenging and reducing
activity [34].

Conclusions

Plants are used for their flavors and aromas in
various cuisinesaround the world in addition to
their health benefits. This research was
conducted to form an understanding of the
micromorphology and histology of M. koenigii
leaf and stem to understand the presence and
location of secretory structures that may be
involvedinthe synthesis of compounds that are
beneficial to health.

The activity of medicinal plantsis closely related
to their secondary metabolites that are
sometimes present in the essential oil of
aromatic plants. The morphology, distribution
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and histochemistry of the secretory structures in
plant families are well documented but little
information is available on the morphology and
structural aspects of secretory bodies in M.
koenigii, apart from the observation that the
essential oil is produced in schizolysigenous
glands. Though thistree grows predominantly in
Indian subcontinent, its culinary use has
introduced it to many parts of the world. Study
of trichomes, secretory glands, morphology and
anatomical features provide valuable insights
into desirable characters needed for the
breeding programs to improve an economical
crop. This study clearly highlightscharacters that
can helpindeveloping drought tolerant cultivars
on the basis of the extent of cuticle on the plant
surface and presence of sclerenchymatous ring
between cortex and vascular bundles to reduce
evapotranspiration. Commercially desirable
cultivars may be selected on the basis of number
of secretory glands presentin the unit area of
planttissue.
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