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The effects of Alchornea glandulosa ethyl acetate fraction (AGF) on hydrogen peroxide (H,0,), nitric oxide
(NO) and tumor necrosis factor-a (TNF-a) production in peritoneal macrophages activated with lipopolysaccha-
ride (LPS) or phorbol myristate acetate (PMA) were investigated. Analysis by thin layer chromatography (TLC)
of AGF showed several constituents, including flavonoids, which may have anti-inflammatory activity. Inhibitory
effects of the fraction in H,0, and NO production ranged from 8.59%+7.84% to 70.56+4.16% and from
16.06+=3.65% to 38.73+3.90%, respectively. The TNF-o production was only partially inhibited in the tested
concentrations (12.21%6.23%—15.16%+0.96%). According to these results, it is suggested that AGF has anti-in-
flammatory activity. This medicinal plant may have therapeutic potential in the control of inflammatory disor-
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From a historical perspective, medicines production and
the pharmacological treatment of diseases started with the
use of medicinal plants.” Reports showed that about 80% of
the world population uses plants for medical purposes.” De-
spite all of the powerful analytical techniques available, the
majority of plant species has not been investigated chemical
or biologically in any great detail and even well know medic-
inal plants require further clinical studies.”

In order to adapt to environmental insults, plants produce
many natural products that have antimicrobial and im-
munomodulating potential.? Alchornea glandulosa, a tree
that is about 10—20m tall, is known as tapia. In Brazilian
territory, this plant is distributed from southeast to south.”

The immune system generates an enormous variety of
cells and molecules capable of specifically recognizing and
eliminating an apparently limitless variety of foreign in-
vaders. These cells and molecules act together in an exquis-
itely adaptable dynamic network whose complexity rivals
that of the nervous system.® The monocytes/macrophages
are important cells in host defense synthesizing several medi-
ators. The H,0, has many different functions in the human
body. It acts as a signaling molecule, as a cytotoxic agent in
the defense system and it can also cause diseases.” '” H,0,
is formed by a coordinated sequence of biochemical reac-
tions that is initiated by an increase in oxygen uptake fol-
lowed by the one-electron reduction of oxygen (O,) to super-
oxide anion (O), in reaction catalyzed by an NADPH oxi-
dase. O; is subsequently converted to H,0,.'""!

The NO is another molecule that has numerous and com-
plex biological activities. It is generated by nitric oxide syn-
thases (NOS), a group of evolutionarily conserved cytosolic
or membrane bound isoenzymes that convert the amino acid
L-arginine to citrulline and NO. Neuronal NOS (nNOS), in-
ducible NOS (iNOS) and endothelial NOS (eNOS) differ
with respect to the main mode of regulation, their key func-
tions, the average amount of NO produced and the tissue ex-
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pression pattern in vivo.'>

With increasing information about the regulation of im-
mune reactions, it becomes apparent that these responses are
controlled, in part, by soluble cytokines produced by
macrophages. Cytokines are low-molecular-weight regula-
tory proteins or glycoproteins secreted by white blood cells
and various other cells in the body in response to a number
of stimuli. These proteins assist in regulation the develop-
ment of immune effectors cells, and some cytokines possess
direct effector functions of their own. They serve as messen-
gers of the immune system.” Among the cytokines, tumor
necrosis factor-o (TNF-o) exerts a key role in the cytokine
network with regard to the pathogenesis of many infectious
and inflammatory diseases.'"

The objective of this study was to investigate the im-
munomodulatory activities of AGF in the murine immune
system by determination of oxygen (H,0,) and nitrogen
(NO) intermediate reactive and TNF-q.

MATERIAL AND METHODS

Plant Material Leaves of 4. glandulosa were collected
at Parque Florestal ESALQ-USP, Piracicaba, Sdo Paulo state,
Brazil (June 2003). They were identified by Prof. Dr. Jorge
Tamashiro from State University of Campinas (UNICAMP),
Séo Paulo state, Brazil. A voucher specimen (n° 132828) was
deposited at the Herbarium of UNICAMP.

Ethyl Acetate Fraction The leaves (500g) were air
dried (7d at 40°C) and powdered. The powdered dried
leaves were exhaustively macerated with chloroform and
methanol successively at room temperature (3 times, 48 h for
each solvent). The extracts were concentrated under vacuum,
yielding 21g and 59g of residues, respectively. The
methanol extract (15 g) was partitioned between ethyl acetate
and water.

The AGF was dissolved in dimethyl sulfoxide (DMSO)
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and then diluted in culture medium (RPMI-1640). None of
the samples had more than 0.5% of DMSO.

Phytochemical Analysis AGF was analyzed by TLC
(TLC plates, silica gel on glass, 20cmX20cm, Aldrich)
using a solvent mixture composed of chloroform:
methanol : n-propanol : water (5:6:1:4, v/v/v/v) and com-
pared with authentic standards available in our laboratory.
The plates were spraying with specific reagents and after
that were observed under UV light: Dragendorft’s reagent
and iodoplatinate (alkaloids), natural products/polyethylene
glycol (NP/PEG) reagent (flavonoids), ammonia vapors
(phenolic compounds), anisaldehyde-sulphuric acid reagent
(saponins and triterpenes), 5% ferric chloride solution in
methanol and with 1% gelatin solution and iodine vapours
(tannins)."

Animals Swiss mice (6—8 weeks old, weighing 18 to
25 g), supplied by animal house of the Faculty of Pharmaceu-
tical Science of Araraquara were maintained in a polycarbon-
ate box (at 23*1°C, 55*5% humidity, 10—18 circula-
tions/h and a 12-h light/dark cycle), with water and food
available ad libitum.

Peritoneal Macrophages Thioglycollate-elicited peri-
toneal exsudate cells (PEC) were harvested from Swiss mice
using 5.0 ml of sterile PBS, pH 7.4. The cells were washed
twice by centrifugation at 200 g for 5 min at 4 °C and resus-
pended in appropriate medium for each test.

Cell Viability For the determination of the cell viability,
PEC (2X10°) was utilized. The adherent cells were incubated
for 1 h with AGF and PMA (0.2 um). PEC (5% 10°) was also
utilized and the adherent cells were incubated with the frac-
tion and LPS (1 ug/ml) for 24h. After incubation, the
medium was poured off, and macrophages were incubated
with MTT (1 mg/ml) for 3 h. The formazan formed was dis-
solved in acidic 2-propanol and the optical density was mea-
sured using a microplate reader (Multiskan, Labsystem)
equipped with a 540-nm filter and 620nm reference filter.
The optical density of dissolved formazan in the control (un-
treated cells) was taken as 100% of viability.'®

H,0, Measurement PEC (adherent cells) at 2X
10° cells/ml was suspended in a solution containing 140 mm
NaCl, 10mm potassium phosphate buffer, pH 7.0, 5.5 mm
dextrose, 0.56 mMm phenol red, and 0.01 mg/ml type II horse-
radish peroxidase (HRP). Next, 100 ul of this suspension was
added to each of the wells of a 96-well flat-bottom tissue cul-
ture plate and exposed to AGF (50 ul) and PMA 0.2 um
(50 ul). Cells incubated just with PMA were used as a posi-
tive control. The cells were incubated for 1h at 37°C in a
7.5% CO, atmosphere. The reaction was stopped with 10 ul
of 4N NaOH and the samples were read at 620 nm with a
Multiskan Ascent ELISA reader (Labsystems) against a
blank containing phenol red solution and 4 N NaOH. The re-
sults were expressed as nanomoles of H,0,/2X10° cells,
from a standard curve established in each test consisting of
known molar concentrations of H,O, in buffered phenol
I.ed.ll,IZ)

Measurement of NO Production NO production was
determined by assaying culture supernatants for nitrite using
Griess reagent. PEC (adherent cells) at 5X10° cells/ml was
incubated with AGF and LPS (1 pg/ml) for 24h at 37°Cina
7.5% CO, atmosphere. Cell-free supernatant (100 ul) was
mixed with 100 ul of Griess reagent (sulfanilamide 0.1%,
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phosphoric acid 3%, naphthylethylenediamine 0.1%) and in-
cubated at room temperature for 10 min. Cells incubated with
LPS were used as a positive control. After incubation, the ab-
sorbance of the wells was determined by using a microplate
reader (Multiskan, Labsystem) equipped with a 540-nm fil-
ter. Nitrite concentration was determined using dilutions of
sodium nitrite in culture medium as standards.'”

Measurement of TNF-¢ Production For the cytokine
immunoassay, PEC (adherent cells) at 5X10%ml was incu-
bated for 24h with AGF and LPS (1 ug/ml) at 37°C in a
7.5% CO, atmosphere. Supernatants were removed and
TNF-o production was quantified by a sandwich immunoas-
say kit (BD Biosciences Pharmingen) following the manu-
facturer’s instructions.

Statistical Analysis The results are expressed as means
*S.D. Each experiment was performed at least five times.
One-way ANOVA with Dunnett’s post test was performed
using GraphPad InStat version 3.00 for Windows 95, Graph-
Pad Software, San Diego, California, U.S.A. Values of p<
0.05 were considered statistically significant.

RESULTS AND DISCUSSION

Many plants utilized in traditional medicine modulate the
immune response'® and the active compounds of these plants
were isolated and studied."™*” Plants from tropical rain-
forests represent a rich source of potential immunomodulat-
ing substances.”” Genus Alchornea species are present in
South and southeast Atlantic Forest and also in Amazon Rain
Forest in Brazil *>*®

AGF analysis by TLC indicated the presence of several
constituents like gallic acid derivatives, glycoside flavonoids,
tannins and alkaloids, but the majority of the compounds
were flavonoids (Table 1). Although a great amount of
flavonoids were found in the fraction and they have long
been recognized to possess many different activities,>® fur-
ther experiments are necessary to verify what class of com-
pound is responsible for the results found in this research.

Gallic acid, ethyl gallate and the flavonoids quercetin-3-
O-o-L-thamnoside, kaempferol-3-O-o-L-thamnoside  and
myricetin-3-O-o-L-thamnoside were found in A. glandu-
losa.* A mixture of steroids (sitosterol and stigmasterol),
terpenoid loliolide, guanidine alkaloid N-1,N-2,N-3-triiso-
pentenylguanidine and tannin corilagin were also reported.’®

Flavonoids have different chemical structures and charac-
teristics. They have been reported to exhibit a wide range of
biological effects, including antibacterial, antiviral, anti-in-

Table 1. Major Constituents of AGF

Classes of compounds AGF

Gallic acid derivatives
Glycoside flavonoids
Phenolic acids
Alkaloids

Tannins

Saccharides

Lipids —
Proteins —

| >4 <

The symbol (X) indicates the presence and (—) the absence of the classes of com-
pound.



1728

flammatory and antiallergic. In addition they inhibit lipid
peroxidation and the activity of enzyme systems including
cyclo-oxygenase and lipoxygenase.”” These compounds are
known to have antioxidant and anti-inflammatory activity.>

Once a cell is explanted from its normal environment, the
question of viability, particularly in the course of experimen-
tal manipulations, becomes fundamental.*® The cytotoxic ef-
fect of only AGF was evaluated using the MTT assay (Fig.
1). Under the experimental conditions described above, small
cytotoxic effects were observed during the concentration
range studied by MTT assay, allowing the development of all
experiments.

The cytotoxic effect of AGF was also evaluated in the
presence of LPS or PMA (Fig. 2). Viability levels higher
than 86.5% were observed in all different concentrations of
the fraction incubated with PMA. The viability percentage of
the different fraction concentrations incubated with LPS
ranged from 76.82 to 97.97%.

Severe oxidative stress is associated with threats to cell
function and viability, resulting in activation of repair mecha-
nisms or apoptosis and sometimes necrosis.” In this study,
AGF could strongly inhibit H,0, production in macrophages
stimulated by PMA. The inhibition percentage ranged from
8.59 to 70.56% (Fig. 3, Table 2). Experiments using lower
concentrations showed small inhibitory values, but from the
concentration 15.62 to 62.50 ug/ml, the inhibitory rate was
similar, approximately 70%. It’s an interesting result since
long exposures to high concentrations of H,O, can destroy
biological structures and lead to irreversible cell damage.*”

Procyanidins from Vitis vinifera are compounds from
grape seeds used for protection against oxidative stress in-
duced by free radicals and active oxygen species. They inhib-
ited the PMA-induced release of H,O, by polimorphonu-
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Fig. 1. AGF Effects on the Viability of Peritoneal Macrophages

Adherent cells (5%X10°) were incubated with AGF for 24 h. Cells in culture medium
(control) correspond to 100% of viability. The cell viability was determined by MTT
assay as described previously. One-way ANOVA with Dunnett’s post test was per-
formed. * p<<0.01 vs. control.
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AGF could also inhibit NO and TNF-« production. NO
production was inhibited in a dose-dependent manner and the
values showed that TNF-¢ production had a mild inhibition.
The NO inhibition percentage ranged from 16.06 to 38.73%
(Fig. 4, Table 2) and TNF-« inhibition percentage was
12.21% and 15.16% (Fig. 5, Table 2).

Nitric oxide (NO) and reactive oxygen species affect virtu-
ally every step of the development of inflammation. Large
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Fig. 2. AGF Effects on the Viability of Peritoneal Macrophages in the

Presence of PMA or LPS

For the test using PMA, adherent cells (2 10°) were incubated for 1h with AGF and
PMA (0.2 um). Adherent cells (5X10°) were also incubated with AGF and LPS
(1 pg/ml) for 24 h. Cells in culture medium (control) correspond to 100% of viability.
The cell viability was determined by MTT assay as described previously. One-way
ANOVA with Dunnett’s post test was performed. *p<<0.01 vs. control. #*p<<0.05 vs.
control.

H,0, Production (nmols/2x10°cells)

0 1.95 3.90 7.81

AGF (ug/ml)
PMA 0.2uM

15.62 3125 6250 PMA

Fig. 3.

Adherent cells (2 10°) were suspended in a phenol red solution containing horserad-
ish peroxidase and exposed to AGF and PMA (0.2 um). Cells incubated just with PMA
were used as a positive control and cells in potassium phosphate buffer as a negative
control. One-way ANOVA with Dunnett’s post test was performed. * p<<0.01 vs. PMA
control.

AGF Effects on H,O, Synthesis in Peritoneal Macrophages

Table 2. AGF Inhibitory Effects on H,0,, NO and TNF-¢ Production
Inhibition (%)
1.95 ug/ml 3.90 ug/ml 7.81 ug/ml 15.62 pg/ml 31.25 pug/ml 62.50 ug/ml
H,0, production 8.59+7.84 37.15%+6.23 63.83+4.86 70.56+4.16 69.03%+7.29 68.38+5.89
NO production — — 16.06£3.65 21.67£6.43 30.67+8.02 38.73%3.90
TNF- ¢ production — — — 12.21%£6.23 — 15.16%0.96

Inhibition (%)=(4—B)/(A—C)X100 A=PMA or LPS (+), fraction (—); B=PMA or LPS (+), fraction (+); C=PMA or LPS (—), fraction (—).
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Fig. 4. AGEF Effects on NO Synthesis in Peritoneal Macrophages

Adherent cells (5% 10° were incubated for 24 h with AGF and LPS (1 pg/ml). Cell-
free supernatant was mixed with Griess reagent. Cells incubated just with LPS were
used as a positive control and cell in culture medium (RPMI-1640) as a negative con-
trol. One-way ANOVA with Dunnett’s post test was performed. *p<<0.01 vs. LPS con-
trol.
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Fig. 5. AGEF Effects on TNF-o Synthesis in Peritoneal Macrophages

For the cytokine immunoassay, adherent cells (5X10°ml) were incubated for 24 h
with AGF and LPS (1 pg/ml). Cells incubated just with LPS were used as a positive
control and cell in culture medium (RPMI-1640) as a negative control. One-way
ANOVA with Dunnett’s post test was performed. * p<<0.01 vs. LPS control.

amounts of NO, generated primarily by iNOS can be toxic
and pro-inflammatory. Similarly O, produced by NADPH
oxidases may lead to toxic effects, when produced at high
levels during oxidative burst.*”) Nitric oxide is not a strong
oxidant; however, nitric oxide reacts at a nearly diffusion-
limited rate with superoxide to form a strong oxidant, perox-
ynitrite. Peroxynitrite is formed by activated inflammatory
cells and agonist-stimulated endothelial cells, and has been
found to oxidize several biological molecules and to nitrate
free or protein tyrosine residues and other phenolics.***
When iNOS is synthetized, it releases higher NO quanti-
ties than cNOS and the production of NO continue until L-
arginine or the cofactors are depleted or when cellular death
occurs.*” Prolonged exposure to a large amount of NO, as in
activation of iNOS, inhibits the activity of several enzymes,
such as aconitase, cytochrome ¢ oxidase and ribonucleotide
reductase. Thus, NO may becomes cytotoxic or cytostatic.*
Agents that modulate the activity of NO may be of consid-
erable therapeutic value. In particular, those that reduce the
formation of NO may be beneficial in pathophysiological
conditions where excessive production of NO is a contribu-
tory factor. These include diseases such as septic shock, neu-
rodegenerative disorders, and inflammation.>®
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Some pro-inflammatory cytokines, notably interleukin-1,
interleukin-6, tumor necrosis factor-¢, and interferon-y, and
the bacterial lipopolysaccharide (LPS), are potent agents
stimulating the induction of inducible nitric oxide in the
macrophages (iNOS).*” TNF-« induces a number of pro-in-
flammatory changes in endothelial cells, including cytokine
production, expression of adhesion molecules, releasing pro-
coagulatory substances and induction of iNOS. These alter-
ations may lead to septic shock.'® In particular, enhanced tu-
mour-necrosis factor-o (TNF-o) synthesis is associated with
the development of rheumatoid arthritis, psoriatic arthritis
and inflammatory bowel disease.*®

Resveratrol, occurring flavonoid in grapes, powerful inhib-
ited NO generation in activated macrophages and also re-
duced the amount of cytosolic iNOS protein.*” Flavonoids
isolated from citrus were evaluated for their ability to affect
the inflammation response through suppression of cytokine
expression by human monocytes. Several polymethoxylated
flavones inhibited lipopolysaccharide-induced monocyte ex-
pression of TNF-a.*” Different classes of flavonoids are
known to scavenge oxygen free radicals.*"

Other species of Alchornea genus showed biological ef-
fects. A. castaneifolia exhibited inhibitory activity of ethyl
phenilpropiolate induced rat ear oedema in vivo and moder-
ate inhibition of COX-1 catalyzed prostaglandin biosynthesis
in vitro.*® Alchornea cordifolia inhibited HIV-1 strain
HTLVIII, cytopathicity and the seeds had high antiviral in-
dices.* A-ring-opened triterpenoids form A. latifolia showed
in vitro cytotoxic activity against Hep-G2 and A-431 human
cancer cell lines and inhibit topoisomerase 11.*9

Previous experiments realized in our lab have showed that
AGF does not have any effect inhibiting HRP. The results of
the present study indicate that H,0O, inhibition was probably
due the potential of 4. glandulosa to scavenge H,0,, since 4.
glandulosa has strong antioxidant activity (paper in prepara-
tion). Possibly, AGF can also inhibit the induction of iNOS in
LPS-activated murine macrophages at the transcriptional
level, because LPS-induced NO production was inhibited by
AGF in a concentration-dependent manner. Now, it is impor-
tant to verify if NF-xB activation can be inhibit by AGEF,
whereas NF-xB is one of the most important transcription
factors in the control of pro-inflammatory genes as TNF-o
and iNOS. Besides, TNF-« secretion by macrophages in re-
sponse to LPS stimulation is not only regulated by mRNA in-
ducible but also by mRNA stability*> and proteolytic pro-
cessing.*® Thus, it is possible that AGF affects some of those
processes. Experiments are in progress to elucidate these
mechanisms, but our findings prove the real potential of this
plant.

Immunomodulation using medicinal plants can provide an
alternative to conventional chemotherapy for a variety of dis-
eases, especially when host defense mechanism has to be ac-
tivated under the conditions of impaired immune response or
when a selective immunossupressor is desired in situations
like autoimmune disorders.*”

According to this work, it is possible to suggest that ethyl
acetate fraction obtained from A. glandulosa presents anti-in-
flammatory activity. Our findings may contribute to a better
understanding of the beneficial effects of this medicinal
plant.
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