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Abstract: Aqueous extracts from the native Chilean Quillaja saponaria tree are used orally and topically to treat lung inflammatory
problems and toothache. This study aimed to corroborate their presumed anti-inflammatory activity, identify their active ingredients
and validate their use. The topical anti-inflammatory activity of a commercial partially purified Quillaja saponin aqueous extract
(Ultra Dry 100Q, UD), the crude acid hydrolysate (H-100Q) of this material, its two most abundant sapogenins QA (quillaic acid)
and PA (phytolaccagenic acid), and two formulations containing QA were subjected to topical assays for the inhibition of murine ear
inflammation elicited by AA (arachidonic acid) or TPA (phorbol ester). The dose-dependent anti-inflammatory activity of QA was
confirmed in both AA (maximal effect 92.1%) and TPA (maximal effect 62.2%) assays, and PA showed significant
anti-inflammatory activity against AA (46.5%). Two dermo pharmaceutical formulations containing 8% w/v QA as the active
ingredient—a cream and a gel—also exhibited significant anti-inflammatory effects in the TPA (50.8%) and AA (39.5%) assays.

Key words: Quillaja saponaria, triterpenoids, quillaic acid, phytolaccagenic acid, topical anti-inflammatory activity, phorbol acetate,
arachidonic acid.

1. Introduction used as vaccine adjuvants [3].

o ) . Saponins and sapogenins have been reported as
The bark of Quillaja saponaria Mol., Quillajaceae . ) ) ) - ) )
. . . bioactive ingredients in cosmetic formulations that
(“soap bark”, “Seifenrinde”, “Panama bark”, “Bois de ) .
. . . supposedly delay the skin aging process [3, 4]. The
Panama”) has been used from times immemorial by o o ]
) ) anti-inflammatory activity of several pentacyclic
the Mapuche people, the major ethnic group of . . o
) ) triterpenoids, such as oleanolic acid, has been reported,
south-central Chile, to wash hair and wool [1] and for ] ) ) o o
supporting their use in traditional medicine [5-9]. 38,

16a-Dihydroxy-23-oxoolean-12-en-28-oic acid (QA,

quillaic acid) has been recognized, for at least eighty

the treatment of toothache and respiratory
inflammations [2]. Recently, this species has been

intensively studied for its triterpene saponin content ] o .
years, as the major aglycone of quillaja saponin
(between 8.5% and 16.4%). The more or less pure . . . .
. . . . followed in quantity by PA (phytolaccagenic acid).
saponins and specific fractions of the same are widely . o
Recent studies have shown that all the Quillaja

sapogenins possess the oleanane skeleton [10]. The
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cdelpor@uchile.cl. reported recently [11], and so have both the topical
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and the intraperitoneal analgesic activity of QA [12].

In spite of the traditional use of saponin-rich
aqueous extracts of this species to treat inflammation,
no scientific studies are available, and the potential
use of its major sapogenin as a dermopharmaceutical
anti-inflammatory ingredient has not been explored
thus far. The main aim of this study was to determine
the topical anti-inflammatory activity of a commercial
partially purified Q. saponaria saponin extract (Ultra
Dry 100Q, UD) and its crude acid hydrolysate
(H-100Q). In addition, the anti-inflammatory effect of
PA and the dose-effect relationship of QA were
examined, and two topical formulations of QA, a gel
and a cream, were assayed.

The topical anti-inflammatory activity —was
evaluated in the mouse ear assay vs. AA (arachidonic
acid)-induced and TPA
(12-O-tetradecanoylphorbol-13-acetate)-induced
inflammation. TPA acts primarily as an activator of
protein kinase C and NF-kf, promoting the enhanced
expression of pro-inflammatory enzymes. On the
other hand, AA presumably acts as a precursor of
inflammatory mediators such as prostaglandins and
leukotrienes [13-15].

2. Materials and Methods
2.1 General Procedures

Synthesis grade reagents and solvents were
purchased from Merck (Darmstadt, Germany). UD
(Ultra Dry 100Q) was donated by Natural Response
S.A. (Quilpué, Chile). CC (column chromatography)
was carried out using Merck silica gel 60 (0.015-0.040
mm), and analytical TLC (thin layer chromatography)
was performed on Merck silica gel 60 F254
aluminium foils. Spots were detected by spraying with
p-anisaldehyde/sulfuric acid reagent, followed by
heating for 1 min at 120 °C. "H NMR and *C NMR
spectra were recorded at 500 MHz and 126 MHz for
QA, and 'H NMR and C NMR spectra were
recorded at 400 MHz and 100 MHz, for PA, on

commercial spectrometers. Chemical shifts (5) are

reported in ppm relative to the TMS signal, using the
solvent as internal reference. MS (mass spectra) were
obtained using a commercial instrument with an
ESIMS (electrospray ionization source). For the
pharmacological studies, two pro-inflammatory agents
used, TPA
(12-O-tetradecanoylphorbol-13-acetate) and AA
(arachidonic acid), both purchased from Sigma (St.

Wwere

Louis, MO). Reference drugs, indomethacin and
nimesulide, were donated by Laboratorio Chile
(Santiago, Chile).

2.2 Preparation of the
Sapogenins of Quillaja saponaria Mol.

Aqueous Extract and

To hydrolyze the aqueous extract, UD (20 g) was
refluxed with 9% HCI (500 mL) for 3 h, cooled to
room temperature and filtered. The solid (H-100Q)
was washed three times with water and then dried to
obtain a residue weighing 8 g. To obtain sapogenins
QA and PA, H-100Q was subjected to CC, first on
silica gel and then on Sephadex LH-20. The major
fraction eluted from Sephadex was identified as QA,
and a slightly more polar fraction was shown to be PA
by comparison with standards [11], and on the basis of
NMR and MS analysis whose results were in
agreement with published data [16, 17].

2.3 Preparation of Formulations

Two formulations—a cream (O/W) and a gel—both
containing 8% of QA, were prepared as follows:

(1) Cream formulation. All the aqueous phase
material and the oil phase ingredients were placed in
separate stainless steel containers and heated at 70 °C.
The water phase was then added to the oil phase with
continuous stirring. The semisolid emulsions (O/W)
were then cooled to approximately 40 °C, and QA,
previously dissolved in phosphate buffer (pH 6.8),
was added together with other additives;

(2) Gel formulation. HEC (Hydroxyethyl cellulose,
4%) powder was added to distilled water at 70 °C with
stirring, and the dispersion was allowed to cool. The
QA previously dissolved in phosphate buffer (pH 6.8),
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was dissolved in 5 g of 2-propanol and 5 g propylene
glycol and mixed with the HEC dispersion with
continuous stirring at 37 °C until the gel formed (2 h).
Then it was completed with distilled water until 100 g.

2.4 Topical Anti-Inflammatory Activity

Adult male CF-1 mice (20-25 g) from a stock
maintained at the Chilean Public Health Institute were
used to assess the anti-inflammatory effect of the
samples under study. All animals were kept on a 12 h
light-dark cycle, with water and food provided ad
libitum and fasting overnight before the experiments.
All the animal experiments were performed according
to the ethical guidelines suggested by the
“International Guiding Principles for Biomedical
Investigation with Animals”, promulgated by the
CIOMS (1990) and the regulations of the Bioethics
Committee of the Chilean Public Health Institute.

The topical anti-inflammatory activity was assessed
in vivo as described by Delporte et al. [18]. Briefly,
groups of 8 animals were treated with a single dose of
each test compound dissolved in acetone (equimolar
doses with regard to the reference drugs), topically
applied on the inner (10 L) and outer (10 L) surfaces
of the right ear of the animals. After 5 min, 2 mg of
AA or 5 pg of TPA, both dissolved in acetone, were
topically administered on the right ear, using acetone
on the left ear as a solvent control. In order to prevent
alterations in the active ingredient absorption through
the skin, the test compounds were applied before
using either pro-inflammatory agent.

The control animals were treated similarly, but they
did not receive the test compounds. Two other groups
of 8 animals were treated with nimesulide or
indomethacin dissolved in acetone, drugs used as
references for topical inhibition of inflammatory
activity induced by AA or TPA, respectively. After 1
h and 4.5 h for AA and TPA, respectively, all the
animals were sacrificed by cervical dislocation and a
section of 6 mm diameter of the right and left ears was
weighed.  The

punched out and dermal

anti-inflammatory effect (%EAI) was evaluated
according to the following Eq. (1):

%EAL = [W. — W/W.] x 100 €))
where W, and W, are the medians of the weight
differences of the right and the left ear sections for
control and treated animals, respectively.
of the

log-dose response curves allowed the calculation of

Least-squares linear regression analysis
the dose or concentration that produced 50% of
anti-inflammation (EDsy for each QA). The doses
evaluated for QA were 0.7 mg/ear against TPA and

1.6 mg/ear against AA.
2.5 Statistical Analysis

Data were expressed as median values + SEM
calculated from the weight of the ear disks for treated
and untreated animals considering control values as
100% inflammation. Statistical significance of more
than two groups was evaluated using the
Kruskall-Wallis test, followed by Dunnett’s multiple
test for individual comparisons (free PRISM software
was used). The criterion for statistical significance

was set at P <0.05 [19].
3. Results and Discussion

H-100Q was obtained as a dark brown solid
corresponding to about 30% of the UD. The yield of
QA was about 17.5% of the H-100Q. The
pharmacological results for UD, H-100Q, PA, QA and
its formulations are shown in Table 1. While UD did
not exhibit topical anti-inflammatory activity in either
assay, H-100Q was significantly active against TPA
and less so against AA. QA had already been shown
to exhibit strong anti-inflammatory effects in both
models [11] (Table 1). Our present results show that
PA is also active, although not as potent as QA (Table 1).
QA were
administered at the single dose of 20 L/ear, i.c., 1.6

The cream and gel containing 8%
mg/ear. Both proved effective, but so less than the QA
acetone solutions.

The topical anti-inflammatory effect of QA was
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Table 1 Results of topical anti-inflammatory effect against AA and TPA of UD, H-100Q, PA, QA and its formulations.

Sample Doses %EAI A £ SEM %EAlps = SEM
Nimesulide (AA) 1.0 mg/ear T48.8%+4.0 50+5.6
Indomethacin (TPA) 0.5 mg/ear 0.0£9.0 192.9*%+32
UD 1.5 mg/ear 19.8 +£13.3 0.0 £22.8
H-100Q 0.8 mg/ear 25.0+8.0 35.7*+5.5

PA 0.7 mg/ear 46.5* £ 10.0 273+7.1

QA (AA)T 1.6 mg/ear T92.1%+42 -

QA (TPA)T 0.7 mg/ear - 162.2%+16.6
QA—gel 8% w/v 20 pL/ear 32.4*¥+10.5 50.8%+11.2
QA—cream 8% w/v 20 pl/ear 42.6%+10.5 39.5%+10.4

Each value represents the median + SEM of the results obtained from eight animals treated with samples or reference drugs. * P <
0.005, n = 8; T maximal effect; EAl,, = Anti-inflammatory effect against AA; EAltpy = Anti-inflammatory effect against TPA;

T from Ref. [10].

Table 2 EDs¢ and log EDsy values for the antiinflammatory effect against AA and TPA, and maximal effect (%EAI) for

topical administration of QA (quillaic acid).

Drug EDs¢ (mg) + SEM Maximal effect %EAI + SEM
Nimesulide (AA) 1.33+£0.02 48.8* +£14.0

Indomethacin (TPA) 0.13 +0.03 92.9*%+£3.2

QA (AA) 0.60 +0.01 92.1*%+4.2

QA (TPA) 1.0 £ 0.09 62.2*% £16.6

EDs: Dose that produced 50% of anti-inflammatory effect. * P < 0.005.

different
effect was

QA doses. The

dose-dependent,

now assessed at
anti-inflammatory
reaching a maximum effect of 92.1% against AA 1.6
mg/ear, and it was 62.2% against TPA at 0.68 mg/ear.
Table 2 shows the EDs calculated from dose-response
curves for QA. The strongest effect of QA against AA
(92.1%) greatly exceeded the maximum achieved by
the reference drug nimesulide (48.8%). The strongest
effect of QA against TPA was 62.2%, less than that of
indometacin, but reached at a lower dose than that
which proved maximally effective against AA.

In vivo pharmacological studies of QA using the
topical route allowed us to obtain a preliminary
estimate of the potential of this natural compound for
more advanced work in animals. These studies are
fundamental for later clinical studies. Additionally, the
use of two inflammatory agents—TPA and AA—has
yielded data that provide some insight into the levels
at which QA interferes with the inflammatory cascade.

As to the reference drugs used, indomethacin is a
potent COX inhibitor, while nimesulide is fairly weak

in this regard. Nevertheless, indomethacin is much
more potent in anti-inflammatory tests than expected
from its ability to inhibit COXs, suggesting that it acts
largely at an early stage in the cascade of events
leading to inflammation. This is borne out by the fact
that, in topical assays like those used by us,
indomethacin is very active against TPA-induced
inflammation but is practically inactive in the AA
model. In contrast, nimesulide is effective in the latter
model and shows little, if any, activity against
inflammation elicited by TPA. The inflammatory
process elicited by TPA develops much more slowly
than AA-induced inflammation, presumably because
TPA acts primarily as an activator of protein kinase C
and NF-«xf, promoting the enhanced expression of
proinflammatory enzymes such as the iNOS and
COX-2. On the other hand, the action of AA is most
probably exerted downstream as a precursor of
inflammatory prostanoids [13-15].

Inhibition of AA- or, more usually, TPA-induced
inflammation has been demonstrated over the last two
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decades for a number of pentacyclic triterpene acids
with the ursane, oleanane, and lupane skeletons, all of
these from various medicinal plants. Some of them
exhibited potent activity when compared with
synthetic non-steroidal anti-inflammatory drugs [20].
Older shown that the

anti-inflammatory activity of triterpenoids depends

reports had already

largely on the method used to generate inflammation,
effect TPA-induced
inflammation [15]. According to recent reports, some

with a stronger against

natural products diminish the release of early
mediators of TPA-induced inflammation in mouse
ear [21, 22].

Our studies lend support to previous results in the
sense that most of our triterpenoids were more active
in TPA- than in AA-induced inflammation, suggesting
that they might be acting at an early stage, such as
inhibition of NF-kB activation [11]. A particularly
well studied example of a pentacyclic triterpenoid
exerting its anti-inflammatory action by this
mechanism is a-amyrin, which seems to act by
suppressing COX-2 expression via inhibition of ERK,
p38 MAPK and PKCa, and blockade of NF-xB
activation [22]. However, QA also proved to be very
effective in the AA-induced inflammation model. QA
also shows analgesic activity [12], and we suggest that
its mechanism of action might involve the inhibition
of COX-2 and iNOS activity. In relation to the
sapogenin (mostly QA)-rich H-100Q, the 0.75 mg/ear
dose also exhibits a stronger effect against TPA- than
against AA-induced inflammation. The low solubility
of H-100Q did not allow the testing of higher doses.

The anti-inflammatory activity of the cream and gel
containing QA is weaker than that of pure QA at
similar concentrations. It seems likely that the simple
excipients used reduce the bioavailability of the active
compound, and that this drawback might be
circumvented by the inclusion of absorption enhancers
in the formulations. This loss of potency is more
marked in the case of inflammation elicited by AA.
This might be a of the

consequence rapid

inflammation induced by AA that could further delay
the absorption of QA.

4. Conclusion

The current study confirms that QA is a highly
effective inhibitor of in vivo inflammation induced by
topical application of either TPA or AA and
demonstrates that PA is also active, although less so.
The maximal effect of QA against AA-induced
inflammation is stronger than that of the reference
drug nimesulide. The crude hydrolysate H-100Q,
containing both QA and PA, presented weaker
anti-inflammatory  activity than the purified
sapogenins against inflammation elicited by AA or
TPA. QA can be formulated as an O/W emulsion
(cream) or water-soluble gel in which its topical
anti-inflammatory activity is preserved against both
AA- and TPA-induced inflammation. The fact of
presenting by both anti-inflammatory and analgesic
effect shows the possible mechanism of action is
through inhibition of PGE2 synthesis. Also we
propose to investigate other formulations that allow

the QA to maintain its effect.
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