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Abstract

Struthanthus marginatus (Desr.) Blume (“erva de passarinho”), Loranthaceae is a hemiparasitic species known for its popular use
for respiratory tract infections. However, caution should be taken when using this plant, noting the possible presence of harmful
components to health originating from their hosts. The aim of this study is to anatomically analyze it and evaluate S. marginatus
hemiparasitic phytochemistry on hosts Dombeya wallichii Benth. & Hook (“dombeia”) and Morus rubra L. (blackberry) in order
to compare if there is chemical variation influenced by hosts on the hemiparasitic species. For the phytochemical analysis, there
were hexanic and methanolic extractions of S. marginatus leaves and stalks, as well as the stems of the hosts. The extracts
were analyzed by GC/MS and HPLC, besides a thin layer chromatography performance. The analysis of the leaf extracts showed
that B-amyrin is the only compound found in S. marginatus leaves over D. wallichii. By HPLC only two similar compounds were
detected and three different compounds to the parasite leaves comparatively analyzed in the two hosts. The analysis of the
hexane extract revealed seven-like compounds in leaves of both herbs, and in S. marginatus leaves collected on D. wallichii
are compounds with greater intensity, in addition to establishing the presence of two more compounds. These results suggest
the occurrence of chemical variation influenced by the host, which is important for understanding the relationship between S.
marginatus and their hosts and for the plant quality control.
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Resumo

Struthanthus marginatus (Desr.) Blume (erva de passarinho) — Loranthaceae, é uma espécie hemiparasita conhecida por ser uma
planta medicinal de uso popular para infeccoes das vias respiratérias. Alguns cuidados devem ser observados ao se utilizar essa
planta como recurso terapéutico, atentando para a possivel presenca de substancias toxicas originadas de seus hospedeiros.
Analisou-se a anatomia e avaliou-se a fitoquimica do hemiparasitismo de S. marginatus sobre os hospedeiros: Dombeya
wallichii Benth. & Hook (dombéia) e Morus rubra L. (amora-negra), a fim de comparar se ha variacdo quimica influenciada pelos
hospedeiros sobre a espécie hemiparasita. Para as andlises fitoquimicas, foram realizadas extracdes hexanicas e metanolicas das
folhas e caules de S. marginatus, assim como os caules dos hospedeiros. Os extratos analisados por CG-EM e CLAE, além da
realizagdo de cromatografia em camada fina. As anélises do extrato hexanico revelaram que ha sete substancias semelhantes
nas folhas das ervas, sendo que na erva coletada sobre D. wallichii, as substancias estdo com maior intensidade, e, além disso,
constatou-se a presenca de duas substancias a mais. Na andlise dos extratos hexanicos, a-amirina foi encontrada apenas na
folha de S. marginatus sobre D. wallichii, sendo um possivel indicador de diferenca quimica influenciada pelos hospedeiros.
O resultado do extrato metandlico mostrou semelhancas entre as folhas dos parasitas, com presenca de flavonoides, além
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de substancias quimicas observadas apenas em S. marginatus sobre D. wallichii, mostrando, também, variacdo quimica em
hospedeiros diferentes.

Palavras-Chave: Hemiparasitismo, Hospedeiro, Planta medicinal, Struthanthus marginatus.

Resumen

Struthanthus marginatus (Desr.) Blume (erva de passarinho) - Loranthaceae, el muérdago es una especie conocida por ser una
planta de uso popular para infecciones del tracto respiratorio. Algunos cuidados deben ser observados cuando se utiliza esa
planta como recurso terapéutico, poniendo atencién especial en la posible presencia de sustancias tdxicas provenientes de sus
hospederos. Se analizé la anatomia y se examind la fitoquimica del hemiparaistismo de S. marginatus sobre los hospederos:

Dombeya wallichii Benth. Y Hook (dombéia) y Morus rubra L. (zarzamora, negro), con el objetivo de comparar si hay
variacion quimica influenciada por los hospederos sobre la especie muérdago.Para el analisis fitoquimico se realizaron extracciones
hexanicas de las hojas y tallos de S. marginatus, y de los tallos de los hospederos. Los extractos analisados por CG-EM y CLAE,
ademas de La realizacion de cromatografia en camada fina. El analisis del extracto hexanico reveld que hay siete sustancias
semejantes en las hojas de las hiervas, siendo que en la hierva colectada sobre D. wallichii, las sustancias estan con mayor
intensidad, y, a parte de eso, se verifico la presencia de dos sustancias mas. En el andlisis de los extractos hexanicos, K — amirina
se encontrd apenas una hoja de S. marginatus sobre D. wallichii, siendo un posible indicador de diferencia quimica influenciada
por los hospederos. El resultado del extracto metandlico indicd semejanzas entre las hojas de los parasitos, con presencia de
flavonoides, ademas de, sustancias quimicas observadas solamente en S. marginatus sobre D. wallichii, presentando, también,
variacion quimica en hospedeiros diferentes.

Palabras-clave: Hemiparasitismo, Hospedero, Planta medicinal, Struthanthus marginatus.

INTRODUCTION

Species of Loranthaceae are recognized for they medicinal properties(1). This family that includes 70 genus and 800
species and has a pantropical distribution. In Brazil, there are around 10 genus and 100 species. All species are hemiparasites
and are popularly known as erva de passarinho (mistletoe) due to their dependence on birds to deposit their seeds on the
branches of other trees(2).

Hemiparasitic plants generally have a root structure known as haustorium, which penetrates the xylem to remove water
and nutrients from the host to ensure their photosynthetic activity®. In some species however the penetration of haustoria can
reach only the phloem®, which can generate a contamination with metabolites of the host.

Struthanthus marginatus (Desr.) Blume (Loranthaceae) is a medicinal plant that was included in the 1t edition of the
Brazilian Pharmacopoeia by its popular use against infections in respiratory tract, such as bronchitis and pneumonia, and as
decongestant in cough®. Despite this, there are reports of poisoning by the tea of S. marginatus parasitizing a Datura suaveolens
Humb, & Bonpl. The authors showed that atropine and other alkaloids were present in the ethanolic extract from both species.
Once these alkaloids were never isolated before and are not common in S. marginatus, it is suggested that these compounds
were absorbed by the haustorium of S. marginatus®.
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The aims of the present study are: (a) to analyze the anatomical structure of the haustorium of S. marginatus parasitizing
two different hosts: Morus rubra L. (Moraceae) and Dombeya wallichii Benth. & Hook (Malvaceae) and (b) to evaluate the
characteristics of the extracts of the hosts and parasite.

METHODS

Plant material

Leaves and stems of S. marginatus, M. rubra and D. wallichii were collected at the Instituto de Ciéncias Bioldgicas,
Universidade Federal de Juiz de Fora, with the vouchers deposited in the CESJ Herbarium under the numbers 54338, 54339 and
6009. Many hosts as parasites were under the same environmental conditions of climate and soil.

Histological anatomy

For anatomical analysis, freehand cross sections of branches were made of both parasitized hosts classical methodology
as plant anatomy, using double staining with Astra blue and safranin?-9.

Extractions

Plants were extracted by static maceration with n-hexane and methanol ACS grade (Sigma-Aldrich) successively, until
exhaustion. The extracts made are show in Table 1.

Table 1. List of the extracts made of Struthanthus marginatus, Morus rubra, Dombeya wallichii

Plant Solvent Part Extract
Leaves SMHL
Hexane
Struthanthus marginatus parasitizing Stem SMHS
Morus rubra Leaves SMML
Methanol
Stem SMMS
Leaves SDHL
Hexane
Struthanthus marginatus parasitizing Stem SDHS
Dombeya wallichii Leaves SDML
Methanol
Stem SDMS
Xylem MHX
Hexane
Phloem MHP
Morus rubra
Xylem MMX
Methanol
Phloem MMP
continua...
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Solvent Extract
Xylem DHX
Hexane
Phloem DHP
Dombeya wallichii
Xylem DMX
Methanol
Phloem DMP

Source: Elaborated by the authors.

TLC analysis

Thin layer chromatography analyses were performed in Alugram SIL G/UV,,, plates (Macherey-Nagel, Diren, Germany).
The solvent system was hexane: ethyl acetate (9:1) for hexanic extracts and ethyl acetate: methanol (8:2) for methanolic extracts,
and the chemical revelators were sulfuric vanillin and resublimed iodine.

The same solvent concentrations were used in all tests to allow comparisons among results with the same intensity.

Gas chromatography/Mass spectrometry, GC/MS

This analysis was carried out using a Hewlett Packard 6890 gas chromatograph equipped with a fused silica capillary
column (HP-5, 30 m x 0.25 mm, 0.25 pm film thickness), helium as carrier gas with a flow rate 1.0 mL/min; temperature
programming from 70°C to 290°C (2°C/min), coupled to a Hewlett-Packard 5972 mass spectrometer. The MS operating
parameters were 70 eV, ion source 250 °C equipped with El.

HPLC analysis

Chemical profiles of samples were obtained by HPLC-DAD, in a Shimadzu (Kyoto, Japan) equipment with two LC-10AD
pumps, DGU-12A degasser, SIL-10AD automatic injector, and SPD-M10AVP diode array detector (DAD). Data were collected by
a SCL-10A interface controlled by the Shimadzu CLASS-VP 6.13 SP2 version software.

Samples were diluted to obtain a concentration of 2 mg/mL. 20 pL of each sample were injected in a Supelcosil - C18
column (250 mm x 46 mm - 5 ym), with a Supelcoguard — LC18 guard column (2 cm). The solvent system was a 0.05%
trifluoroacetic acid aqueous solution (A) and acetonitrile HPLC grade (B). The system was put in a gradient from 5 to 65% of B
(0-60 min), 65 to 100% of B (60 — 70 min), maintaining 100% of B (70 — 80 min) with a flow rate of 1 mL/min. The monitoring
was conducted with a DAD detector sweeping between 200 e 400 nm, with the wavelengths of 220, 270, 335 and 360 nm
being selected.

RESULTS

Histological anatomy

The lengthwise anatomical cut insertion haustorium of S. marginatus in the stem of the host (Figure 1) shows the interface
in the phloem stratified in the outer portion, and inside the xylem. The haustorium is seen in the central part of Picture A,
trespassing phloem.
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Figure 1. Histological sections showing the hemiparasitic Struthanthus marginatus

Fig. 1: A) Longitudinal view of the haustorium Struthanthus marginatus parasitizing the stem of Dombeya wallichii seen in cross section.

B) Longitudinal view of the haustorium Struthanthus marginatus parasitizing the stems of Morus rubra seen in cross section (arrow in B

indicates the lignified barrier).

Source: Elaborated by the authors.

Hexanic extracts

TLC analyses showed difference between SDHL and SDHS, and the latter showed a greater chemical variety. The analysis
of the plates at 365 nm showed seven compounds in SMHL and nine in SDHL.
In TLC, the extracts of hosts xylems did not show identified similar compounds, and D. wallichii xylem with greater
fluorescence intensity. The plates of hexane extracts revealed with resublimed iodine showed similar compounds in the leaves of

both parasites, although with less intensity.

Table 2 shows the chemical constituents found in the leaf extracts of different species, identified by GC/MS.

Table 2. Comparison chemistry between hosts and parasites.

Exclusive of D. wallichii

Exclusive of M. rubra

Common in both
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Cis-B-amyrin-acetate;
Host phloem _ Naphthoquinone; o
Trans-p-amyrin-acetate
4 (RT=3.05") 3 (RT=2.06") 5 (RT=3.7")
Lupenone;
Sitostenone; Gamma sitosterol o
Host xylem 5.a..-stigmastane-3,6-dione
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Exclusive of D. wallichii Exclusive of M. rubra Common in both
Nonacosane;
B-amyrin; _ _
S. ) )
. Lupenone; Lupenol;
marginatus
1 (RT=1.15"); 2
stalk 7 (RT=14.37");
4 (RT=3.05"); 6 (RT=9.8") (RT=1.95"); F1
8 (RT=16.93’)
(RT=14.37")
Nonacosane;
S. o-amyrin . B-amyrin;
marginatus Lupenol
leaf 2 (RT=1.95); 7 (RT=14.37'), 8 F2 (RT=15.99");
; 3 (RT=2.06"); 4 (RT=3.05"); 6 (RT=9.8") ,
(RT=16.93") F3 (RT=16.70")

The results in the first line refer to the analysis by GC -MS and the second line to HPLC analysis. Each number indicates a
different compound evaluated by UV and TR. F corresponds to the probable chemical flavonoid group and ( ___ ) means that
the compound was not detected. RT = Retention time.

Source: Elaborated by the authors.

Methanolic extracts

Table 2 highlights the difference between the chemical methanolic extracts of phloem and xylem of both hosts, with only
a similar compound, called 5 (TR = 3.7’). Although different hosts showed different chemical characteristics, a similarity between
the parasite leaves was found for the presence of a likely flavonoid group detected by UV being represented by F1 (TR = 14,37’),
F2 (RT=1599") and F3 (TR = 16.70").

The compounds represented by the numbers 7 (TR = 14.37’) and 8 (TR = 16.93’) were found only in S. marginatus
parasitizing D. wallichii, showing the chemical variation in different hosts, and the compound number 3 (TR = 2.06') in S.
marginatus parasitizing M. rubra.

DISCUSSION

The anatomical sections showed that the root of the parasite goes through the xylem of the host plant. However, some
species of Loranthaceae may have a decrease in their vegetative share and penetrate only in the phloem®?. There is also a
possibility of contamination if its host has some toxic substance.

Comparisons of the results obtained by thin layer chromatography (TLC) and GC/MS were done to associate the common
compounds in each analysis, considering that both analyzed hexanic extracts. The CCD analysis of the hexanic extracts of S.
marginatus on hosts under a 365nm UV light, showed marked differences between the stem extracts of both parasites when
considering the intensity and the amount of the compound.

The extracts from S. marginatus leaves presented different compounds, corroborating the analysis done by GC/MS.
a-amyrin (TR = 70.2") was present in the extract of S. marginatus collected on D. wallichii but was not present in the leaf of the
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parasite collected on M. rubra, suggesting a changing in the chemical composition of the parasitic plant according to its host.
a-amyrin has anti-inflammatory properties, inhibiting the activity of some kinases proteins .

The stems of S. marginatus collected on D. wallichii revealed more compounds than the other parasite, as seen in the
results of GC/MS below, in which compounds as nonacosane (RT = 61), B-amyrin (RT = 69.3’); lupenone (RT = 69.7°) and
lupenol (TR = 70.3’) were identified in this analysis. Lupenol has a chemopreventive and chemotherapeutic potential in human
cells(11).

In this analysis (Table 2), similar compounds were identified, nonacosane, B-amyrin and lupenol, in the leaves of both
parasites and stem of S. marginatus parasitizing D. wallichii, indicating that the production of such compounds possibly did not
influence by varying the host. In contrast, a-amyrin was found only in S. marginatus leaves on D. wallichii, indicating a possible
chemical interference by the host. Similar compounds were not observed in the phloem and xylem between the two hosts.

The results of CCD analysis in methanolic extracts were compared to the results of HPLC, because both analyzed
methanolic extracts. The analysis in TLC under UV light 365nm of S. marginatus methanolic extract on hosts revealed that
extracts of S. marginatus leaves have a similar profile. However, when comparing these results to HPLC, one realizes that there
really is such a compound, which is represented by 2 (TR = 1.95") in Table 2. There was the presence of 2 (TR = 1.95") in S.
marginatus leaves on M. rubra, revealing that parasite plants do not possess all similar chemical constituents, which could be
related to the hosts interference.

The HPLC results showed that the phloem of the hosts were not entirely equivalent regarding the chemical composition,
but they had a common compound, represented by the number 5 (TR = 3.7’), as seen in Table 2.

The hemiparasitic relation shown in Picture 1 was chemically confirmed by GC/MS and HPLC (Table 2) to appear in the
presence of the parasite compounds present only on the xylem of the respective host, when compared to those detected on
the phloem.

Chemical results corroborate the hemiparasitic relationship between S. marginatus and the hosts observing gifts substances
of the xylem hosts appear leaves and stems of their herbs. The chemical variation among the parasites suggests to hosts care
exchange, being thus relevant for the quality control of this plant.
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