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Pepper (Capsicum annuum L.) is an economically important

vegetable crop, with production of 2.99 million tons in 2011

[8]. Peppers are sources of spice, flavor, and capsaicin,

which is used for pharmaceutical purposes [5, 8]. Pepper

mild mottle virus (PMMoV), which is in the genus

Tobamovirus, is a rigid rod-shaped virus and an important

pepper pathogen. PMMoV is known to be transmitted to

peppers via gloves, clothing, and hands, and plants are

infected by the virus in seeds and soil [6,7]. Peppers

infected with PMMoV exhibit a variety of symptoms, such

as mottling and yellow/green mosaic in leaves, and small,

malformed, mottled fruit, which cause significant economic

losses in pepper production. Until 2005, methyl bromide

was used to fumigate soil against PMMoV [1, 7].

Glycosmis stenocarpa (G. stenocarpa) belongs in the Rutaceae

family and is a shrub distributed in northern Vietnam as an

endemic plant [4]. This plant is known for containing

carbazole alkaloids, such as murrayafoline-A, murrayanine,

isomahanine, and bisisomahanine [4]. Among them,

murrayafoline-A is the major component and has been

reported to have inhibitory activity against colon cancer

cells, cytotoxicity against MoLT-4 (leukemia) and HOP-18

(lung cancer), and anti-inflammatory activity [3, 4, 10]. The

carbazole structure is similar to the structure of carboline

alkaloids, except for a nitrogen in pyridine [2, 4]. Carbazole

and its derivatives were previously reported to have

inhibitory activity against tobacco mosaic virus (TMV) in

the Tobamovirus genus [2]. Based on this information, we
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The goal of this study was to identify a source of natural plant compounds with inhibitory

activity against pepper mild mottle virus (PMMoV). We showed, using a half-leaf assay, that

murrayafoline-A (1) and isomahanine (2) isolated from the aerial parts of Glycosmis stenocarpa

have inhibitory activity against PMMoV through curative, inactivation, and protection effects.

Using a leaf-disk assay, we confirmed that 2 inhibited virus replication in Nicotiana

benthamiana. Using electron microscopy, we found that a mixture of the virus with 2 resulted

in damage to the rod-shaped virus. 

Keywords: Pepper mild mottle virus, Glycosmis stenocarpa, isomahanine, electron miscroscopy,

antiviral agent



Inhibitory Components from Glycosmis stenocarpa on Pepper Mild Mottle Virus  2139

December 2016⎪Vol. 26⎪No. 12

selected carbazole derivatives to develop PMMoV inhibitors.

We tested two compounds, 1 and 2 isolated from methanol

extracts of G. stenocarpa, for inhibitory activity against

PMMoV.

Methanol extracts of G. stenocarpa leaves and stems were

partitioned into n-hexane, chloroform, and water fractions.

The chloroform fraction was separated by silica gel, and

C-18 open column chromatography was used to isolate

compounds 1 and 2 [4, 9]. Their chemical structures were

identified by comparing their masses and 1H- and 13C-NMR

spectra with previously published structures. The two

compounds were identified as murrayafoline (1) and

isomahanine (2) (Fig. 1) [4, 9]. 

To investigate the inhibitory activity of the isolated

compounds on PMMoV, we used a half-leaf assay on stage

4–5 Nicotiana glutinosa leaves in vitro [11]. The inhibitory

rates of the compounds were calculated based upon the

number of local lesions on infected and control leaves, after

treatment with 500 μg/ml of the inhibitor. Ribavirin

(500 μg/ml) was used as a positive control (6.7 ± 8.5%).

Compounds 1 and 2 had inhibition rates of 15.2 ± 5.2% and

49.5 ± 7.1%, respectively (Table 1).

We evaluated the antiviral activities of the compounds in

vivo, according to previously published methods (Table 1)

[11]. Compound 1 exhibited inhibition rates of 10.1 ± 6.1%,

4.5 ± 7.6%, and 12.7 ± 2.7% against PMMoV through curative,

inactivation, and protective mechanisms, respectively. In

contrast, compound 2 showed inhibition rates of 46.2 ± 5.7%,

15.2 ± 2.9%, and 42.1 ± 6.4%, also through curative, inactivation,

and protective mechanisms, respectively. These results

were similar to those of the half-leaf assay, except for the

inactivation effect of 2 (Table 1) [11].

To study its inhibitory activity on virus proliferation, we

applied the potential antiviral inhibitor 2 to Nicotiana

benthamiana leaves in a leaf-disk assay. The leaves were

then inoculated with PMMoV at a concentration of 2 μg/ml,

cultivated for 6 h at room temperature, and then cut into

1-cm-diameter disks. The virus on the leaf disks was

incubated for 48 h in several concentrations of 2, and then

the amount of the replicated virus was determined using a

double antibody sandwich-enzyme-linked immunosorbent

assay with absorbance at 405 nm monitored with a UV-Vis

spectrophotometer [2]. As shown in Fig. 2, 2 exhibited

inhibition rates of 58.3 ± 5.0%, 39.5 ± 6.5%, 35.2 ± 3.8%, and

21.4 ± 1.1% of the value between the control and negative

control in a dose-dependent manner against PMMoV.

However, the replication inhibitor ribavirin (94.2 ± 1.5 μg/ml)

had a lower IC50 value of 392.5 ± 2.1 μg/ml against the

virus than 2 (Table 2). 

To determine the direct influence of inhibitors on PMMoV,

Fig. 1. The structure of isolated compounds from G. stenocarpa.

Table 1. Anti-PMMoV activities of compounds 1 and 2.

Inhibitor

Inhibition rate at 500 µg/ml (%)

 Half-leaf 

assay

Curative 

effect

Inactivation 

effect

Protective

effect

1 15.2 ± 5.2 10.1 ± 6.1   4.5 ± 7.6 12.7 ± 2.7

2 49.5 ± 7.1 46.2 ± 5.7 15.2 ± 2.9 42.1 ± 6.4

Ribavirina   6.7 ± 8.5

aPositive control.

Fig. 2. Inhibition rate of compound 2 on the replication of

PMMoV by leaf-disk assay.

Table 2. IC50 value of the potential inhibitor on the replication

of PMMoV.

Inhibitor IC50 (µg/ml)

2 392.5 ± 2.1

Ribavirina   94.2 ± 1.5

aPositive control.
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the inhibitor mixtures and the control (methanol) were

stored at room temperature for 24 h and then observed

with an electron microscope. As shown in Fig. 3, the virus

treated with control (5% final volume methanol) kept their

clear rod shape and their adhesion and aggregation.

Treatment with the inhibitor at a concentration of 100 μg/ml

resulted in viruses that were separated into rod-shaped

particles that exhibited no aggregation.

PMMoV is an important pathogen that causes reductions

in crop production [1]. Antiviral agents to protect peppers

from PMMoV infection are not available globally. Therefore,

the goal of this study was to develop antiviral agents from

natural products. β-carboline alkaloids were previously

reported to have inhibitory effects on TMV, which is in the

Tobamovirus genus [2]. This information led us to isolate

murrayafoline (1) and isomahanine (2) carbazole alkaloids

from G. stenocarpa. Compared with 1 and ribavirin (positive

control), 2 had a stronger inhibitory effect on PMMoV both

in vitro and in vivo. This compound (2) showed curative

and protective effects on PMMoV but had no inactivation

effect. These results suggested that leaves had soaked up

the compound 2, and then it may inhibit the replication of

PMMoV. In leaf-disk assay, about a 4-fold concentration of

2 from natural plant was shown to possess the equivalent

inhibitory activity as Ribavirin. Additionally, 2 interrupted

virus aggregation and damaged the rod-shaped virus when

preserving the mixture between PMMoV and inhibitor (2).

These results suggested that isomahanine (2) could be a

lead compound to develop natural antiviral agents against

PMMoV to increase pepper production in the greenhouse

and the field.
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Fig. 3. The rod shape of PMMoV treated with methanol (A)

and compound 2 (B) after 24 h, respectively (Segmented

PMMoV was indicated by the red arrow).


