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a b s t r a c t

Dichroa febrifuga Lour. is a traditional medicinal herb that has been applied in the treatment of malaria
and some other infectious diseases. Studies recently have focused on the anti-inflammation of the
extracts of Dichroa febrifuga Lour. although there have not many reports about which compounds play
the essential role. Therefore, in this study, we isolated hydrangenoside C (1), isoarborinol (2), and methyl
1,3,4,6-tetra-O-acetyl-fructofuranoside (3) from the leaves of Dichroa febrifuga. Subsequently, the anti-
inflammatory property of 1–3 was assessed using an in vivo assay of edema mouse model which was
induced by carrageenan. Out of the three, 2 inhibited the edema effectively and dose-dependently, sim-
ilarly to diclofenac while there was no obvious activity observed in 1 and 3. The in silico results demon-
strated that 2 enables binding to 5-LOX and PLA2 via generating h-bonds. This is the first study to
mention the anti-inflammation of 2 in Dichroa febrifuga Lour., and would be a contribution to further
studies to elucidate the promising bioactivities of this compound.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Inflammation is an activity to protect the body against the inva-
sion of harmful stimuli. In the process, inflammation might dam-
age the tissues or organs which accidentally causes various
diseases in its host (Chen et al., 2018). Up to date, nonsteroidal
anti- inflammatory drugs are mainly used to treat problems that
are linked to arthritis and other musculoskeletal disorders, reduce
inflammation and pain which contains many adverse effects, some
of which may be life – threatening (Ho et al., 2018; Bindu et al.,
2020). Therefore, finding an alternative compound, mainly from
natural resources, has been a race among scientists for many years,
attracting much attention both inside and outside the field.

Dichroafebrifuga Lour., an evergreen shrub belonging to the Sax-
ifragaceae family is an important herb for the treatment of malaria.
The extracts of the roots and leaves are demonstrated effective
against different Plasmodium species and other diseases (Jang
et al., 1948; Mitsui et al., 2020). Studies demonstrated that the
activity of this plant is predominantly attributed to febrifugine,
an active quinazoline-type alkaloid (Jiang et al., 2005; Murata
et al., 1999). Additionally, many studies have investigated the
bioactivities of an analog of febrifugine, halofuginone, which has
been approved for drugs for malaria, coccidiosis in broiler chickens
and growing turkeys, protozoan parasites in cattle, etc. (Pines and
Spector, 2015). Current approaches have focused on the other
activities of the extracts of Dichroa febrifuga Lour. and isolated
compounds including anti-cancer (Jin et al., 2014; WANG et al.,
2020; Chen et al., 2016) and anti-inflammation (Park et al., 2009;
Choi et al., 2003). The aqueous extract of Dichroa febrifuga root
inhibited the inflammation induced by endotoxin. This activity
was expressed via suppressing the production of NO, the underly-
ing mechanisms were supposed to be due to inhibiting the signal-
ing pathways of proinflammatory and inflammatory cytokines in
LPS-stimulated mouse peritoneal macrophages (Kim et al., 2000).

Hydrangenoside C (C29H38O12) is a glycoside isolated from spe-
cies of Hydrangeaceae. Together with other compounds in the
extract, hydragenoside C might exhibit anti-photoaging activity
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in UVB-exposed human fibroblasts (Myung et al., 2020). Isoarbori-
nol is a triterpene with the molecular formula of C30H50O. Isoar-
borinol methyl ether demonstrated antimicrobial and antifungal
activities ((Ragasa et al., 2009). The antiamoebic activity of Petive-
ria alliacea L. was supposed to be due to the major designated com-
ponent isoarborinol (Zavala-Ocampo et al., 2017). In an analysis of
Sanjie Zhentong Capsule which has been used to treat adeno-
myosis, the results showed that one of the key components is
isoarborinol (Du et al., 2020). Methyl 1,3,4,6-tetra-O-acetyl-fructo
furanoside (C15H22O10) is a derivative of fructofuranoside which
displayed valuable bioactivities including antitumor (n-butyl-b-
D-fructofuranoside) (Lu et al., 2014) and antioxidant activity (b-
D-fructofuranosides) (Herrera-González et al., 2017).

In this study, we isolated compounds including hydrangenoside
C (1), isoarborinol (2), and methyl 1,3,4,6-tetra-O-acetyl-fructofura
noside (3) from the leaves of Dichroa febrifuga Lour., then, exam-
ined the inflammation inhibiting activity of them using an assay
of the carrageenan-stimulated edema mouse model.
2. Materials and methods

2.1. The isolation of compounds

Dichroa febrifuga Lour.was collected and identified by the
University of Agriculture and Forestry, Hue University.

The leaves of Dichroa febrifuga were extracted at room temper-
ature using MeOH with the ratio of 1.5 kg:5.0 L solvent, 2 times
repeated. 65.7 g of crude extract dissolved in water was partitioned
using 5.0 L CH2Cl2, 3 times, then applied onto vacuo to remove the
solvent. Particularly, 2 partions were obtained, including CH2Cl2 (C,
13.5 g) and water (W, 52.2 g). The C extract was subjected to silica
gel column eluting with n-hexane-CH2Cl2 gradient system (100:0
? 0:100, v/v) to obtain 6 smaller fractions, Fr.1-Fr.6. Fraction Fr.4
(3.3 g) was separated into 10 sub-fractions, Fr.4.1-Fr.4.10, on a sil-
ica gel column eluting with n-hexane–acetone (30:1, v/v, 6.5 L).
Subfraction Fr.4.4 (185.0 mg) was purified by a silica gel column,
using n-hexane-CH2Cl2 (20:1, v/v, 1.0 L) as mobile phase to afford
1 (Off-white powder, 18.3 mg) and 2 (Colorless noodles, 22.5 mg).
Subfraction Fr.4.9 (450.0 mg) was loaded onto an open silica gel
column eluting with n-hexane-CH2Cl2 (10:1, v/v, 2.5 L) to obtain
5 smaller fractions, Fr.4.10.1-Fr.4.10.5. Finally, subfraction
Fr.4.10.4 (125.0 mg) was further purified using n-hexane–acetone
(15:1, v/v, 1.0 L) to yield 3 (white crystal, 21.8 mg). The nuclear
magnetic resonance spectroscopy has been applied to identify
the compounds.

2.2. Experimental mice

The experiments used Swiss albino mice (aged 5–6 weeks)
which were supplemented by Pasteur Institute, Ho Chi Minh City,
Vietnam with a weight of approximately 18 ± 2 g. The mice were
maintained in standard conditions for 1 week before use including
room temperature, approximately 70% humidity, 12 h dark/light
cycle. The animal experiments were followed by ethical principles
in Declaration of Helsinki (1964).

2.3. The in vivo assay

A carrageenan-induced mouse paw edema model was per-
formed following the protocol of Winter CA (Winter et al., 1962)
to examine the anti-inflammatory capability of 1–3. The mice were
administrated intraperitoneally of 1–3 for 1 h before subplantar
injection with 40 lL of 1% carrageenan to induce acute inflamma-
tion. Diclofenac (10 mg/kg) was used as positive control while sal-
ine (0.9% w/v NaCl) was used as negative control. Six mice were in
2

each group and total 5 groups of mice were used. Groups I-V were
treated with saline, diclofenac, 1–3 (50 mg/kg), respectively. The
paw volume was measured using a plethysmometer (Panlab Har-
vard Apparatus, Barcelona, Spain) at C0 (before carrageenan treat-
ment) and Ct (after carrageenan treatment) at 1, 2, 3, 4 and 5 h.

The increasing rate of paw swelling was calculated using the
following equation:

% increasing rate of paw swelling = 100 � (Ct � C0)/C0.
To confirm the swelling reduction of positive and active com-

pounds, the treated paws were pictured after 5 h of carrageenan
treatment.

The most effective compound was used for testing at different
concentrations. The experiment was performed following the
above-mentioned protocol. The mice were intraperitoneally trea-
ted with the compound at different concentrations (12.5, 25 and
50 mg/kg), then injected with carrageenan to induce the inflamma-
tion. A plethysmometer was used to measure the inflamed paw
volume at C0 (before carrageenan treatment) and Ct (after car-
rageenan treatment) at 1, 2, 3, 4 and 5 h.

2.4. Ligand docking

The binding of 2 and diclofenac to inflammatory proteins was
analyzed using Maestro software (Schrödinger Release 2020-3).
Cyclooxygenase 1 (COX-1), cyclooxygenase 2 (COX-2), phospholi-
pase A2 (PLA2) and 5-lipooxygenase (5-LOX) which are the main
proteins relating to the inflammation were used in this model.
The crystal structures of compounds were obtained from database
of Protein Data Bank including COX-1 (PDB 3KK6), COX-2 (PDB
1CX2), 5-LOX (PDB 3V99) and PLA2 (PDB 1P7O). The formation of
bond orders, removal of waters, generation het states using Epik,
optimization of the h-bond, and minimization of the OPLS3e force
field were performed using Protein Preparation Wizard. The grid
box was arranged at the centroid of native ligands with the size
of 20 Å.

2.5. Statistical analysis

The collected data were described with the standard error of the
means. A Graphpad Prism software program was used to analyze
the data (Graphpad prism, version 8.0, San Diego, CA). The signifi-
cant difference between the sample means compared to the nega-
tive control was analyzed using t-test. *, p < 0.05; **, p < 0.01 and
***, p < 0.0001 with p < 0.05 were considered statistical difference.
3. Results

3.1. The isolation and identification of compounds

The MeOH extract of Dichlora febrifuga was partitioned with
CH2Cl2 and applied onto chromatographies. As a result, three com-
pounds including hydrangenoside C (1), isoarborinol (2), and
methyl 1,3,4,6-tetra-O-acetyl-fructofuranoside (3) were isolated
(Supplement S1). The structure of compounds was described in
Fig. 1.

3.2. Anti-inflammatory assay

An edema mouse model which was induced by injection of car-
rageenan was used to assess the anti-inflammatory activity of 1–3.
Particularly, the mice (six mice in each group) were peritoneally
injected with 1–3 for 1 h before injection of carrageenan. The vol-
ume of oedema was identified to compare to that of negative and
positive controls. The increasing paw volume is described in
Fig. 2. Diclofenac significantly reduce paw edema during the tested



Fig. 1. Structures of 1–3 isolated from Dichroa febrifuga Lour.

Fig. 2. The edema inhibition of 1–3. After peritoneal injection of compounds and then subplantar injection of carrageenan, the volume of the edema paw was identified
hourly from 1 to 5 h. Saline was used as negative control and diclofenac was used as positive control. Six mice were used in each group.
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period, especially at 5 h (p < 0.01). Of the three, 2 effectively inhib-
ited the paw swelling in the late phase (5 h) of carrageenan treat-
ment (p < 0.05). There was no inhibition observed in 1 and 3
(p > 0.05).

The reduction in paw size in Groups treated with diclofenac or 2
at a concentration of 50 mg/kg was observed in Fig. 3. There was a
dramatic increase in the size of paw treated with saline (Negative)
while in those treated with diclofenac and 2, there was a slight
collapse.

To analyze further the activity of 2, different concentrations of 2
were used to administer into mice, followed by inflammatory
induction using carrageenan. The paw volume was measured and
shown in Fig. 4. As a result, 2 reduced the edema dose-
dependently. Specifically, at a concentration of 50 mg/kg, 2 clearly
lowered the swelling during 1–5 h, especially at 5 h (p < 0.01).
3

Lower concentrations of 12.5 and 25 mg/kg also significantly inhi-
bit the inflammation-induced swelling (p < 0.05).
3.3. Ligand docking

To confirm the in vivo assay, the binding of 2 with different
inflammatory proteins including COX-1, COX-2, 5-LOX and PLA2
was analyzed using docking software. The binding free energy of
2 and diclofenac was shown in Table 1. In case of COX-1 and
COX-2, 2 could not bind to these compounds while diclofenac
showed high binding capacity with low free energy (-45.2 and
�49.4 kcal.mol�1 respectively). However, 2 expressed high binding
affinity to 5-LOX and PLA2, similar to diclofenac. Particularly, the
MM-GBSA estimation of 2 and diclofenac to 5-LOX were �26.7



Fig. 3. The paw images after treatment of 2. The mice were peritoneally injected with 2 (50 mg/kg), followed by injection of carrageenan to cause edema. After 5 h, the size of
treated paws was pictured at both lateral and plantar views. Normal is mouse’s paw without carrageenan treatment. Saline was used as negative control.

Fig. 4. The edema inhibition of 2 at different doses. The mice were peritoneally injected with 2 (12.5 mg/kg, 25 mg/kg and 50 mg/kg), followed by injection of carrageenan to
cause edema. The paw edema was measured hourly from 1 to 5 h after carrageenan treatment. Saline was used as negative control. Six mice were used in each group.

Table 1
The estimation of 2 and diclofenac with different inflammatory compounds.

Ligands MM-GBSA estimation (kcal.mol�1)

COX-1 COX-2 5-LOX PLA2

2 – – �26.7 �64.6
Diclofenac �45.2 �49.4 �29.3 �59.1
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and �29.3 kcal.mol�1 respectively while these to PLA2 were �64.6
and �59.1 kcal.mol�1, respectively.
4. Discussion

Carrageenan is an acute inflammatory inducer that is proceeded
widely to examine the inflammation-inhibiting property of new
agents or extracts. Carrageenan causes acute inflammation via
4

biphasic mechanism: (1) early phase, the release of mediators
including histamine, serotonin, 5-hydroxytryptamine (5-HT) and
bradykinin; (2) late phase, the elevation of prostaglandins and
inducible cyclooxygenase (COX-2), neutrophil infiltration and acti-
vation to produce reactive oxygen species (Necas and Bartosikova,
2013; Salvemini et al., 1996; Posadas et al., 2004). This study found
that 2 significantly and dose-dependently inhibited the oedema
caused by carrageenan in both early phase and more effectively
in the late phase (5 h) after inflammation.
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Triterpenoids are constituents predominantly isolated from
plants, demonstrating numerous promising properties consisting
of antiviral, antibacterial, antifungal, anticancer, anti-
inflammatory, etc. (De Almeida et al., 2015). Previous research
mentioned the inflammatory inhibition of triterpenoids via reduc-
ing the release of serotonin and phospholipase A2; arachidonic
acid, 5-lipoxygenase. Additionally, some triterpenoids have been
demonstrated to inhibit the release of interleukin, colagenase, rad-
ical species, lipid peroxidation and histamine (Ríos et al., 2000).
Therefore, the studies about anti-inflammation of triterpenoids
have attracted much attention. However, in a study of Jeong
et al. (2014), there was no activity of isoarborinol on the inhibition
of NO release in activated macrophage cells. In our study, isoar-
borinol inhibited carrageenan-induced inflammation at the injec-
Fig. 5. Binding poses of 2 (left) and diclofen

5

tion dose of 50 mg/kg dose-dependently (Fig. 1 and Fig. 3).
Therefore, the action mechanism of isoarborinol might be accom-
panied by another pathway in the in vivo model. This is the first
study to demonstrate the anti-inflammation of isoarborinol using
an edema model using carrageenan.

A docking software was applied to confirm the binding of 2 to
different anti-inflammatory proteins. As a result, 2 could not bind
to both COX-1 and COX 2 while diclofenac showed high binding
capacity. The disabled binding of 2 can be explained by the large
steric structure of 2. However, 2 expressed high binding affinity
to 5-LOX and PLA2, similar to diclofenac. These estimates were
consistent with in vivo results of 2 and diclofenac which showed
similar efficiency in reducing the carrageenan-induced swelling.
Fig. 5 exhibited that 2 was held by one h-bond donor with 5-LOX
ac (right) with 5-LOX (A) and PLA2 (B).
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and one h-bond donor, one h-bond acceptor with PLA2. In addition,
an important factor in 5-LOX inhibition of 2 and diclofenac is the
ability to form coordination bonds with the ferrous ion, where
the inflammatory redox reaction of arachidonic acid has been
reported previously (Radmark and Samuelsson, 2009; Nguyen
et al., 2020). Based on the in silico results, we might explain the
anti-inflammation mechanism of 2 via the inhibition of 5-LOX
and PLA2 pathways by h-bonds generation. Futher experiments
to confirm the binding of 2 with 5-LOX and PLA2 by analyzing
the downstreammRNA or protein levels should be performed. Fur-
thermore, OH residue of 2 seems to be responsible for the anti-
inflammatory activity, thus, the study of 2 without OH residue
should be tested.

5. Conclusions

In this study, we isolated 1–3 from the leaves of Dichroa febri-
fuga to explore the anti-inflammatory property of this precious
herb. Subsequently, property of inflammatory inhibition was
assessed using an in vivo assay of edema mouse model. Among
three compounds, 2 inhibited the edema effectively and dose-
dependently, similarly to diclofenac while there was no obvious
activity observed in 1 and 3 based on the obtained research results.
The in silico results suggested that the activity of 2might be related
to inhibiting 5-LOX and PLA2 via generating h-bonds. This is the
first study to state the anti-inflammation property of 2, contribut-
ing to further studies to elucidate the promising bioactivities of
this compound.
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