science (@)oineet:

BIOORGANIC &
MEDICINAL
CHEMISTRY

Pergamon

Bioorganic & Medicinal Chemistry 11 (2003) 1187-1190

Pharmaco-toxicological Study of Diterpenoids
Carla Delporte,** Nadine Backhouse,* Pedro Salinas,* Aurelio San-Martin,®
Jorge Borquez® and Alberto Loyola®

aDepartamento de Quimica Farmacoldgica y Toxicoldgica, Facultad de Ciencias Quimicas y Farmacéuticas,
Universidad de Chile, Casilla 233, 1-Santiago, Chile
bDeparmmenta de Quimica, Facultad de Ciencias, Universidad de Chile, Chile
¢Departamento de Quimica, Facultad de Ciencias Basicas, Universidad de Antofagasta, Antofagasta, Chile

Received 13 August 2002; revised 26 November 2002; accepted 11 December 2002

Abstract—Azorella compacta, Azorella yareta and Laretia acaulis (Apiaceae) are native species from the high Andes Mountains,
northeastern Chile, and they have being traditionally used to treat asthma, colds and bronchitis, illnesses with inflammation and
pain as the main symptoms. Interestingly, there are no scientific reports available on their benefits or toxicity. This study was car-
ried out with the purpose of validating the medicinal use of these species and to discover anti-inflammatory and analgesic new
molecules. As a working hypothesis, we have proposed that these medicinal species contain bioactive compounds with anti-
inflammatory and analgesic effects. In this context, azorellanol, 13-hydroxy-7-oxoazorellane and 7-deacetylazorellanol, three diter-
penoids previously isolated only from these plants, were subjected to farmaco-toxicological evaluation. Their topical anti-inflam-
matory and analgesic activities along with acute toxicities or innocuosness were also investigated. Our results indicate the absence of
toxic and side effects in mice. All compounds presented dose-related inhibition of pain. 13-hydroxy-7-oxoazorellane was the most
potent analgesic but it was less effective than sodium naproxen, the reference drug. Azorellanol exhibited the highest topical anti-
inflammatory potency on AA (arachidonic acid) and TPA (12-deoxyphorbol 13-tetradecanoate) induced oedema, and it effect was
similar to the reference drugs (nimesulide and indomethacin). Probably, its mechanism of action could be explained through the
inhibition to cyclo-oxygenase activity. Our results corroborate the anti-inflammatory and analgesic effects of these species, and it

justifies their use in folk medicine.
© 2003 Elsevier Science Ltd. All rights reserved.

Introduction

Azorella compacta, Azorella yareta and Laretia acaulis
(Apiaceae) are native shrubs that grow at the high
Andes, northeastern Chile.! Whole plant are used in
folk medicine to treat a large variety of ailments, such as
bronchitis, asthma and colds.! However, there are no
scientific reports available on their benefits or toxicity.
These uses suggest us that these species could present
anti-inflammatory and analgesic effects due to the pres-
ence of bioactive compounds.?

This study was carried out with the purpose of validate
the medicinal use of these species and to discover anti-
inflammatory and analgesic new molecules. As a work-
ing hypothesis, we have proposed that these medicinal
species contain bioactive compounds with anti-inflam-
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matory and analgesic effects. This paper shows the
results from a pharmaco-toxicological study of three
tetracyclic diterpenoids isolated only from the species in
study, azorellanol (1), 7-deacetylazorellanol (2) and 13-
hydroxy-7-oxoazorellane (3).>* Previous pharmacologi-
cal studies showed an antiparasitical effect of these com-
pounds.*> We have used in vivo assays to explore the
topical anti-inflammatory effect, the analgesic properties
and the acute toxicity or innocuousness of these selected
compounds. Although they are structurally similar, they
show differences at the C-7 substituents (Fig. 1).

This has allowed us to propose a structure—activity
relationship and evaluate which compound is the most
potent compound for oral and topical administration.
The pharmacological properties evaluated here were
compared with the effects of sodium naproxen (SN),
nimesulide (NM) and indomethacin (IND). We postu-
late a mechanism of action for the anti-inflammatory
and analgesic activities of these diterpenoids based upon
correlations among the different in vivo assays.

0968-0896/03/$ - see front matter © 2003 Elsevier Science Ltd. All rights reserved.
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Figure 1.

Results and Discussion

At a 4.9 molx10~*/kg dose, 1, 2 and 3 did not exhibit
acute toxicity. The mice corporal weight showed a nor-
mal variation after a 7-day observation period. Com-
mon side effects such as mild diarrhoea, loss of weight,
changes in the mobility and nutritious habits were not
recorded. Since there was not previous information on
the toxicity of these compounds, the maximum dose to
be administered was based on the SN dose that showed
the maximum analgesic effect and it was 10 times
increased. Table 1 show the results of the pharmacolo-
gical assays for 1, 2 and 3, and their maximum effects
(1) and, also show the maximum analgesic activity of
SN and the maximum topical anti-inflammatory effect
of NM and IND on AA (arachidonic acid) and TPA
(12-deoxyphorbol 13-tetradecanoate)induced oedema,
respectively.®

All three compounds exhibited analgesic activities and
the effect was dose-dependent. Even though 3 showed
the higher maximum potency, all compounds have a
potency value lower than SN. 1 also showed the weakest
relative analgesic potency.

1 exhibited the highest topical anti-inflammatory
potency on AA and TPA induced oedema, the results in
both assays showed that 1 topical effect was dose-
dependent. 1 potency was lower than to NM on the AA
and IND on the TPA assays.

3 and 2 showed a weak potency on the AA model. 2
presented effect dose-dependent and 3 was inactive on
TPA model.

The differences on the analgesic effects of 1, 2 and 3
were smaller than those found on AA and TPA induced
oedema. 3 was the most potent analgesic compound.
The differences on the analgesic potency among the
compounds could be based on their different physico-
chemical characteristics. In turn, this could translate in
differences on some pharmacokinetics parameters such
as gastrointestinal absorption, biotransformation and
elimination. Since the acetyl group at C-7 increases

Table 1. Analgesic and topical anti-inflammatory effects of 1, 2, 3
and reference drugs

S Dose %A+SEM  %TA+SEM %TP+SEM
1 3.0x 107> mol/kg 12.1%+16
5.7x107> mol/kg ~ 43.6**£10

11.0x10-5 mol/kg  150.7%*£11
17.4x10~5 mol/kg ~ 46.6**%15
22.0x1075 mol/kg ~ 44.8%*+14

1 1.5x107° mol/ear 2.7+8
3.2x107° mol/ear 33.3*%*+10
6.3x107° mol/ear 138.6%*+12

0.0+13
38.0%* L6
170.8%%+9
69.2%% £ 10

1 3.0x10~7 mol/ear
7.2x10~7 mol/ear
15x10~7 mol/ear
25%10~7 mol/ear

2 1.0x10~° mol/kg 6.7+5
3.1x107° mol/kg ~ 38.8%*+7
5.7x1075 mol/kg  153.4** %16
10.9x107° mol/kg ~ 32.0*%*%11

2 1.0x10~° mol/ear
3.4x107° mol/ear
6.6x107° mol/ear

13247
121.4%% £ 8
227+ 413

2 0.5x107% mol/ear 3.1+8
1.5x107% mol/ear 452%%1+10
2.6x107° mol/ear 179.0%*+3
4.0x107¢ mol/ear 66.4%*+10

3 1.0x10~° mol/kg
23x10-5mol/kg  25.6%¥%+12
49%x107° mol/kg  56.8**£7
10.0x10-5 mol/kg  159.0%*+21

2.6£10

3 1.0x10~° mol/ear
3.6x107° mol/ear
7.0x107° mol/ear

6.7+14
127.8**+10
20.3**+7

3 1.5%107° mol/ear 5349
3.5x 107 mol/ear 4.0+9

SN 49x105mol/kg 170.0%*+4  125.5%%+4

NM  3.2x107° mol/ear 148.8%*+4

IND 1.4x107° mol/ear 28.0%*+£9  181.8%*+20

Without asterisks p>0.01; *p<0.1;**p<0.05; S sample; A analgesic
effect; TA and TP topical anti-inflammatory effects induced for AA and
TPA respectively; 1: azorellanol; 2: 7-deacetylazorellanol; 3: 13-hydroxy-
7-oxoazorellane; SN sodium naproxen; NM nimesulide; IND indo-
methacin; T maximum effect. Each group represents the median +=SEM
of eight animals pretreated with compounds or reference drugs.

lipophilicity, 1 should show a relative absortion higher
than 2 and 3. Even though 3 could have low relative
absortion, its plasma concentration and half-life would
be higher than 2 and 1 since the oxo group at C-7 con-
fers resistance to hepatic biotransformation. Liver
quickly transforms compounds containing hydroxy and
acetyl groups into more polar molecules which are
readily eliminated.”

Among the compounds evaluated, 1 proved to be the
most potent on AA and TPA induced oedema. The
acetyl group at C-7 increases lipophilicity and bioavail-
ability, followed by stratum corneum penetration.® The
lower potency of 2 on the AA model could be explained
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by its lower stratum corneum penetration rate. On the
other hand, the high potency of 2 on the TPA model
could be based on the fact that the skin or mucosa is
more abraded or inflamed on TPA oedema, which in
turn increases stratum corneum penetration, bioavail-
ability and increased potency.®

1 is probably metabolized to 2 since the acetyl group at
C-7 could be quickly biotransformed to a OH group in
the skin. This transformation may contribute to a
higher relative affinity with the receptor and/or to
higher intrinsic activity.”

The 3 topical activity was very low or inactive in the AA
and TPA models, respectively. This could be a con-
sequence of a low stratum corneum penetration. Also,
the 3 bioavailable fraction could show a weaker relative
affinity to its receptor and/or weaker intrinsic activity
for the first assays. On TPA assays, oxo group sub-
stitution at C-7 causes lack of topical anti-inflammatory
effect.

Lipoxygenase inhibitors show higher potency than
cyclo-oxygenase inhibitors on AA-induced oedema,
while cyclo-oxygenase inhibitors are more potent on
TPA-induced oedema.® Cyclo-oxygenase inhibitors also
show analgesic activity since the drugs prevent the con-
version of arachidonic acid to prostaglandins and
tromboxanes. The terminal prostaglandins are extre-
mely proinflammatory and induce pain and fever. By
contrast, anti-inflammatory drugs inhibit lipoxygenase
activity and leukotrienes release and do not show
analgesic effects.’

Our results support the notion that SN and IND
showed a weak potency on the AA model. However,
IND showed a strong effect on the TPA model. SN and
IND are stronger inhibitors of cyclo-oxygenase than
NM.!% The NM activity exhibited on AA model could
be explained if we consider it as a strong free radicals
scavenger.'!

1 and 2 showed higher potency on TPA than AA
induced oedema assays. This may indicate that their
mechanism of action could be the inhibition of cyclo-
oxygenase and could explain in part the analgesic
activity showed to these compounds. The OH group at
C-7 could be in part responsible of these activity. How-
ever, the analgesic activities of 3 cannot be explained as
inhibition of ciclooxygenase, and this activity should
have an alternative mechanism. This could also be valid
for the analgesic activity exhibited for 1 and 2.

Materials and Methods

The compounds under evaluation were isolated from
petrol ether extracts of aerial parts of native medicinal
species of the Apiaceae family. 1 and 2 were isolated
from A. compacta. 1 and 3 were isolated from A. yareta.
1, 2 and 3 were obtained from L. acaulis. Their struc-
tures (Fig. 1) were assigned as reported by Loyola et
al.>* The purity (>95%) of the compounds was mon-

itored by thin-layer chromatography with several sol-
vent system of different polarity and were confirmed by
spectral data (‘"H NMR).

In vivo assays with animals: CF-1 mice of either sex-
(2025 g) were used to assess the analgesic and anti-
inflammatory effects and acute toxicity. Animals under
standard conditions from the Chilean Public Health
Institute were fasted overnight before the experiments.

The studies of the acute toxicity were carried out to
know the dose range to use in the pharmacological
assays without the toxic effects for the animals. For
each assay, groups of 10 mice of both sexes were
allowed free access to water. 1, 2 and 3, suspended in
5% saline arabic gum, were orally administered via
gastric catheter, at various doses. In order to detect
physiological alterations, mice were weighed and
observed daily during one week. The observed beha-
viors were: mobility and nutritious habits.!?

The analgesic activity of each dose sample was
evaluated in groups of eight mice and 16 control sub-
jects, using an ip injection of 0.5 mL of 0.6% acetic
acid.®"3

The analgesic effect was calculated by comparing the
number of abdominal writhes between the treated and
control group, which only received the vehicle. The
number of abdominal writhes of each mouse was coun-
ted for 30 min, beginning 5 min after acetic acid
administration. The following equation was used to
calculate the mean pain percentage: %P =[Cs2mple/
Ceontrol], 100, where C%™P' js the median writhes
reached in sample-treated animals and C"! (41.6+4)
is the median writhes reached in control animals which
received only the vehicle.® The analgesic effect (A), was
calculated according to the following equation:
%A =100—%P.

For the evaluation of topic anti-inflammatory activity
(T), eight mice were treated with a dose sample and
after 5 min they received 2 mg AA (arachidonic acid) or
2.5 ng TPA (12-deoxyphorbol 13-tetradecanoate), dis-
solved in 20 upL acetone. Sixteen control subjects
received only AA or TPA at the same concentration.
Both the sample and AA or TPA were applied to the
inner (10 pL) and outer (10 pL) surfaces of the right ear.
The left ear received only acetone. Mice were sacrificed
by cervical dislocation and a 6 mm diameter section of
the right and left ears were cut and weighed.!# Dermal
anti-inflammatory activity was evaluated according to
the following equation: % T =[Wc—Ws/Wc]x 100 where
Wc and Ws are the difference median values of the
weights of the right and the left ear sections of the con-
trol and treated animals, respectively.®

For analgesic and anti-inflammatory assays, diterpe-
noids suspended in saline arabic gum, were orally
administered 1 h before acetic acid, using an intragastric
catheter. The compounds doses for each assay were
equivalent to the reference drug dose showing maximum
effect.®
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Drug-induced changes were statistically estimated using
the Wilcoxon test for independent data.!> The effects
were considered significant if p<0.05. The SEM values
were calculated from the mean writhes constriction and
mean ears weight for treated and untreated animals.

Sodium naproxen, from Laboratorios Saval, Chile, was
used as a reference drug for analgesic activity. Nimesu-
lide and indomethacin, from Laboratorio Chile, Chile,
were used as reference drugs for dermal anti-inflammatory
activity.®
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