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Abstract

Traditionally, leaves of Lacistema genus are used to combat rheumatism, vomiting, dysentery, body aches 
and as antipyretic. Due to the ethnopharmacological importance of this genus, the aims of this study were to 
investigate the in vivo anti-inflammatory and antinociceptive effects of the hexane extract from the leaves of 
L. pubescens (PHEX). Also, the total amount of flavonoids was determined and the chemical composition of 
the extract was analyzed. The antinociceptive effects were carried out using acetic acid-induced abdominal 
constriction, formalin and tail flick tests and the anti-inflammatory effect was investigated employing the 
croton oil induced ear edema in mice. The total amount of flavonoids was determined by AlCl3 reagent 
method. The composition of the extract was analyzed using TLC and GC/MS. PHEX significantly decreased the 
number of acetic acid-induced abdominal contortions being as potent than indomethacin used as reference 
drug. Also PHEX decreased the paw licking time in early (0 - 5 min) and late (15 - 30 min) phases of formalin-
induced nociception, similar to morphine. No effect was observed using tail flick test. PHEX showed a topical 
anti-inflammatory effect on croton oil induced ear edema similar to the anti-inflammatory drug, dexametha-
sone, but when administered orally, no effect was observed. Besides the presence of triterpenes and sterols, 
phytochemical screening also showed the presence of flavonoids, which constituted 32.7 mg/g of PHEX. In 
conclusion, the findings support some of L. pubescens traditional uses involving anti-inflammatory and antino-
ciceptive effects, and also represent the first report on the chemical profile and biological activities of this 
specie.
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Introduction

The Lacistemataceae family is represented by the 
genera Lacistema and Lozania at about 11 and 4 
species, respectively [1]. Traditionally, Lacistema sp 
is extensively used by Brazilian indigenous people of 
Amazon to combat rheumatism, vomiting, dysen-
tery, body aches and as antipyretic [2-4]. Roumy et 
al. (2007), listing the Peruvian Amazonian plants 
used for medicinal purposes by the local indigenous 
population, mentioned Lacistema sp as antipyretic 
and against rheumatism. There are also records on 
the use of the stalk as a fuel [5].

Experimental studies have demonstrated poten-
tial pharmacological properties of some species 
belonging to Lacistema. Roumy et al. (2007) found a 
significant antiplasmodial activity and low cytotoxi-
city of the dichloromethane extract prepared from 
the bark of L. agregatum and Wall et al. (1988) 
demonstrated its antimutagenic properties. In 
addition, bioautography tests showed that the 
crude ethanolic extract of the leaves of L. lucidum 
presented antifungal activity against Cladosporium 
cladosporioides [7] and L. hasslerianum exhibited 
potent antiviral activity [8]. Likewise, Lozania pittieri 
was able to selectively inhibit cyclo-oxygenase 
activity and the reverse transcriptase of HIV-1 [9].

Originally from Brazil, Lacistema pubescens Mart. 
is widely distributed in other countries such as 
Bolivia, Guyana and Venezuela. In Brazil, it takes 
different popular names as “espeto vermelho”, 
“canela vermelha” [10, 11], “sabãozinho” [5] and 
“cafezinho” [12].

Despite several records on popular use of species 
of Lacistema, there are no phytochemical records on 
chemical composition and/or pharmacological 
properties of L. pubescens. Therefore, the aims of 
this study were to identify the major constituents of 
the hexane extract of the leaves of L. pubescens by 
TLC and GC-MS and to evaluate its in vivo antinoci-
ceptive and anti-inflammatory properties.

Materials and Methods

Plant material: L. pubescens leaves were collected 
in Juiz de Fora, State of Minas Gerais, Brazil, in 
December 2008. A voucher specimen (CESJ 49751) 
has been deposited at the Leopoldo Krieger 
Herbarium of the Federal University of Juiz de Fora. 

Preparation of extract: The dried leaves (375 g) 
were powdered and macerated with methanol (5 x 
300 mL) for five days at room temperature. The 
crude extract (65 g), after removal of solvent, was 
dissolved in MeOH-H2O (8:2) and partitioned with 
hexane. The hexane extract was then concentrated 
using a rotary evaporator under reduced pressure 
(yield 16 g), and kept in tightly stoppered bottle 
under refrigeration until used for the pharmacologi-
cal testing, phytochemical screening and GC-MS 
analysis.

Gas chromatography and mass spectrometry: 
Capillary gas chromatography was performed using 
a Hewlett-Packard 6890 gas chromatograph cou-
pled with a Hewlett-Packard 5972 mass spectrome-
ter and equipped with a DB-5MS 30 m × 0.25 mm, 
0.25 ìm capillary column; helium as carrier gas with a 
flow rate 2.0 mL/min; and temperature program-
ming from 70 °C to 290 °C (2 °C/min); injector tempe-
rature 270 °C and detector temperature 300 °C. The 
MS operating parameters were: 70 eV, ion source 
250 °C equipped with EI. Compounds were identi-
fied by computer comparison of the mass spectra 
with those in the Wiley and NIST libraries and by 
mass fragmentation [13].

Phytochemical screening: A portion of PHEX that 
was subjected to biological screening was used for 
the identification of the major secondary metaboli-
tes employing thin layer chromatography (TLC) as 
described by Wagner (1996).

Amount of flavonoids: The amount of flavonoids 
was determined by AlCl3 reagent as previously 
described by Miliauskas et al. (2004) with slight 
modifications. Rutin was used as the standard for 
the calibration curve. Total amount of flavonoids 
was expressed in mg/g extract, in rutin equivalents 
(RE).
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Animals: Male Swiss mice (weighing 25–35 g), 
obtained from the Reproduction Biology Center of 
the Federal University of Juiz de Fora, were housed 
in a room kept under controlled conditions with 
temperature maintained at 23 °C ± 2 °C, on a 12h 
light: 12h dark cycle and free access to water and 
complete commercial chow (NuvitalTM, Colombo, 
PR, BR). For experimentation, six animals were 
included in each group and before each experiment 
they were fasted for a period of 12 h with free 
access to water. Throughout the experiments, 
animals were processed according to the ethical 
guidelines for the care of laboratory animals. The 
study was approved by the Brazilian College of 
Animal Experimentation (COBEA).

Acetic acid-induced writhing test: Writhing 
activity was determined by the method of Koster et 
al. (1959). The mice were divided into 3 groups: 
group I, treated with vehicle (saline + DMSO 2%), 
group II, treated with indomethacin (10 mg/kg) and 
group III, treated with PHEX (300 mg/kg). The 
antinociceptive activity was evaluated by the 
writhing induced by acetic acid. Treatments were 
made orally and after one hour a solution of acetic 
acid 0.6% (v/v) in saline was administered intraperi-
toneally. The total number of writhing was obser-
ved for 30 minutes to quantify the intensity of 
nociception and the results were expressed as 
mean ± SEM of the number of contortions.

Formalin test: The formalin test was carried out 
as described by Hunskaar et al. (1985). Mice were 
divided into 4 groups: group I, treated with vehicle 
(saline + DMSO 2%), group II, treated with indome-
thacin (10 mg/kg), group III, treated with morphine 
(7.5 mg/kg) and group IV, treated with PHEX (300 
mg/kg). They were injected with 20 µL of 2% forma-
lin (in 0.9% NaCl) into the subplantar space of the 
right hind paw, and the duration of paw licking was 
determined 0-5 minutes (early phase) and 15-30 
minutes (late phase) after formalin. PHEX, vehicle 
and indomethacin were given orally 60 minutes 
prior to formalin injection, while morphine was 
administered intraperitoneally 45 min prior. The 
results were expressed as mean ± SEM of the 
licking-time.

Tail-flick: Hot tail-flick method was performed by 
the method described by D`Amour and Smith (1941). 
The mice were divided into 3 groups: group I, 
treated with vehicle (saline + DMSO 2%), group II, 
treated with morphine (7.5 mg/kg) and group III, 
treated with PHEX (300 mg/kg). The lower two-
thirds of the tail were immersed in water bath at 55 
°C. The mice were exposed to hot water for no 
longer than 15 seconds to avoid tissue damage. The 
latent period of the tail-flick response was taken as 
the index of antinociception and was determined 
before and at 20, 40, 60, 80, 100 and 120 minutes 
after the administration of PHEX, vehicle and 
morphine. The results were expressed as mean ± 
SEM of the time taken by the mice to deflect their 
tails.

Croton oil-induced ear edema: The croton oil ear 
test was performed as previously described [19]. 
For oral activity, the mice were divided into 3 
groups: group I, treated with vehicle (saline + DMSO 
2%), group II, treated with indomethacin (10 mg/kg) 
and group III, treated with PHEX (300 mg/kg). For 
topical activity, the mice were divided into 3 groups: 
group I, treated with vehicle (acetone + DMSO 4%), 
group II, treated with dexamethasone (0.1 mg/20 µL 
acetone) and group III, treated with PHEX (1 mg/20 
µL), diluted in DMSO 4%, ethanol 20% and acetone 
76%. For all groups, a total of 20 µL of an acetone 
solution of croton oil (2.5%) was applied to the inner 
surface of the right ear of each mouse. The left ear 
remained untreated. The animals were euthanized 4 
hours later, and a plug (6 mm in diameter) was 
removed from both the treated and untreated ear. 
The difference in weight between the two plugs 
was taken as a measure of edematous response.

Statistical analysis: The data for anti-inflammatory 
and antinociceptive  activities were expressed as 
mean ± SEM and the statistical significance was 
determined by analysis of variance (ANOVA) follo-
wed by Newman-Keuls or Bonferroni test using the 
Prism 5.0 (GraphPad Software Inc.) statistic pro-
gram.
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Results

PHEX was obtained from the dried leaves of L. 
pubescens and yielded 25% (w/w). The analysis of 
volatile compounds by gas chromatography/mass 
spectrometry (GC-MS) resulted in the identification 
of fatty acids such as palmitic acid (4.21%), stearic 
(1.19%) and linoleic acid (2.15%). Also á and â toco-
pherol (2.50%), the diterpene phytol (5.98%), the 
sterol gamma sitosterol (9.14%) and triterpenes 
(41.05%) were identified. Although triterpenes were 
presented in great amount in PHEX, their complete 
identification was not possible from the mass 
spectra obtained in the total extractives, but they 
were classified as such due the typical fragments 
presented in mass spectra. Besides the presence of 
triterpenes and sterols, phytochemical screening 
also showed the presence of flavonoids, which 
constituted 32.7 ± 2.8 mg/g of PHEX.

In the acetic acid-induced writhing (Figure 1), the 
PHEX presented 70% inhibition of the nociceptive 
response, superior to that observed to the positive 
control indomethacin at 10 mg/kg (60% inhibition). 
This assay is used for detecting both central and 
peripheral analgesia [20].

Fig.1. Effect PHEX administered orally against acetic acid induced 
writhing movements in mice. Animals were pretreated orally with 
vehicle, extract (300 mg/kg) or indomethacin (10 mg/kg) one hour 

prior to acetic acid application (0.6%, i.p.). The values in each column 
represent the mean ± SEM for number of writhing in each group. 
*P<0.001 compared with the control group (one-way analysis of 

variance followed by Newman-Keuls test).

 

In the formalin test, PHEX reduced pain-related 
behavior in both the early and the late phases, 
although it was less pronounced in the early phase 
(Figure 2a) with inhibition of 47%, while in the late 

phase (Figure 2b) the inhibition was 68%, which 
suggests that its activity may be the result of its 
peripheral action associated with inflammatory pain 
reaction. As expected, indomethacin acted only in 
the second phase of formalin test.

Fig.2. Effect of the PHEX administered orally on the time of licking 
induced by formalin in mice. Animals were pretreated orally with 

vehicle, extract (300 mg/kg) and indomethacin (10 mg/kg) for one 
hour prior to formalin application and morphine (5 mg/kg) for 30 

minutes prior to formalin application. The total time spent licking the 
hindpaw was measured in the (a) first and (b) second phases after 

intraplantar injection of formalin. The values in each column represent 
the mean ± SEM for time of licking in each group. *P<0.001 compared 

with the control group (one-way analysis of variance followed by 
Newman-Keuls test).

In the tail-flick (Figure 3), morphine (7.5 mg/kg, 
i.p.) significantly increased the latency time. Unlike 
morphine, PHEX did not manifest a significant 
effect.
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Fig.3. Effect of the PHEX administered orally on the reaction time in 
tail flick test in mice. Animals were pretreated orally with vehicle, 

extract (300 mg/kg) and morphine (5 mg/kg) 30 or 60 minutes prior to 
the thermal stimulus to the tail of the animal. The values in each 

column represent the mean ± SEM of the time of tail flick in seconds in 
each group. *P<0.001; ***P<0.05 compared with the control group 

(two-way analysis of variance followed by Bonferroni test).

As a model of inflammation, the croton oil-
induced mouse ear edema model was used. The 
previous oral administration (60 minutes) of the 
PHEX did not show an edema reduction (Figure 4a). 
However, when applied topically, PHEX reduced 
significantly the edema (88%), similar to the positive 
control dexamethasone (93%) (Figure 4b). 
Therefore, topical administration of PHEX on the 
site of inflammation was more effective than oral 
administration. It is known that the route of admini-
stration determines the activity observed. This was 
probably due to the fact that higher concentrations 
of drugs can be achieved topically [21].

Fig.4. Effect of PHEX administered orally on the ear edema induced by 
croton oil in mice. Animals were pretreated orally with vehicle, PHEX 
(300 mg/kg) and indomethacin (10 mg/kg) one hour prior application 
of croton oil (a) and effect of PHEX given topically on the ear edema 
induced by croton oil in mice. Animals were pretreated topically with 
dexamethasone (0.1 mg/20 µL) and PHEX (1 mg/20 µL) immediately 

after the application of the oil (b). The values in each column 
represent the mean ± SEM of the weight of the ears (mg). *P<0.001 

compared with the control group (one-way analysis of variance 
followed by Newman-Keuls test).

Discussion

The antinociceptive effect produced by the PHEX 
was assessed using three models of nociception, as 
the writhing and the formalin which involve chemi-
cal stimuli and the tail flick which involves thermal 
stimuli. 

The acetic acid-induced writhing in mice is an 
inflammatory visceral pain model and it is very 
useful to detect painful complaints due to inflam-
matory disorders of internal organs such as the 
stomach or intestines [22]. It has been suggested 
that acetic acid acts by releasing endogenous 
mediators that stimulate the nociceptive neurons. 
In this model, the processor releases arachidonic 
acid via cyclo-oxygenase (COX); notably, prostaglan-
dins biosynthesis plays an important role in the 
nociceptive mechanism [23]. This method is sensi-
tive to non-steroidal anti-inflammatory drugs 
(NSAIDs), to narcotics and other centrally acting 
drugs [24], but shows poor specificity because 
abdominal constrictions could be suppressed by 
smooth muscle relaxants so results could be misun-
derstood [25].
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Injection of formalin produced distinct biphasic 
responses being the first phase associated to the 
irritant effect of formalin in the C type sensorial 
fibers, which characterize the neurogenic pain. 
Otherwise, the second phase is associated to the 
inflammatory pain. Analgesics for central action, 
such as morphine, inhibit the both phases in con-
trast to drugs of peripheral action such as anti-
inflammatories and corticoids, which inhibit only 
the second phase [17, 26]. The formalin test is 
believed to represent a more valid model for clinical 
pain, and is a very useful method, not only for 
assessing antinociceptive drugs, but also helping in 
the elucidation of the action mechanism. The 
neurogenic phase is probably a direct result of 
stimulation in the paw and reflects centrally media-
ted pain with release of substance P while the late 
phase is due to the release of histamine, serotonin, 
bradykinin and prostaglandins. Drugs that act 
primarily on the central nervous system, such as 
narcotics, inhibit both phases equally while periphe-
rally acting drugs such as anti- inflammatory non-
steroidal (NSAID) and anti-inflammatory steroidal 
only inhibit the late phase [27]. 

The tail-flick is only predictive for substances that 
are morphinomimetic in the strictest sense [28], 
therefore, it seems that the mechanism of the 
antinociceptive and anti-inflammatory actions of 
extract are not related to the opioid system. 

The croton oil-induced mouse ear edema model is 
an in vivo model useful to screen of the topical anti-
inflammatory activity of synthetic and natural 
compounds, often available in limited amounts 
during the bioassay-oriented fractionation procedu-
re due to the small amount of substances necessary 
to carry out the assay [29]. In this edema the most 
important mediators involved are prostaglandins, 
histamine and serotonin, whereas the lypoxygenase 
pathway has no important role [30].

Compounds identified in PHEX like -tocopherol 
[31], gamma sitosterol [32], phytol [33], triterpenes 
[34] and lipophilic flavonoids [35], could be involved 
in the biological/pharmacological activities presen-
ted by PHEX. Many studies have indicated the 

increasing importance of lipophilic flavonoid as 
biologically active natural products [36]. Lipophilic 
flavonoids presented in plants are usually flavones 
or flavonol methyl ethers but flavanones and other 
classes of flavonoids may also be present [37]. 
Some of those are known to inhibit the major 
pathways of arachidonate metabolism in leukocytes 
[38,39] and possibly act as cyclo-oxygenase or/and 
lipoxygenase inhibitors, therefore serving as anti-
inflammatory and non-narcotic analgesic agents 
[40]. Naturally occurring terpenoids, among other 
actions, also present anti-inflammatory and antino-
ciceptive properties, inhibit platelet aggregation, 
and interfere at the intracellular level with several 
steps of signal transduction mechanisms [41].

Conclusion

The results support some of the traditional use of 
L. pubescens involving anti-inflammatory and antino-
ciceptive effects. This study also represents the first 
report on the chemical profile and biological activi-
ties not only for L. pubescens but also for the 
Lacistema genus.

Acknowledgements

The authors are grateful to Fundação de Amparo 
a Pesquisa do Estado de Minas Gerais (FAPEMIG) 
and Universidade Federal de Juiz de Fora 
(UFJF)/Brazil for financial support, to the 
Reproduction Biology Center of the Federal 
University of Juiz de Fora for providing the animals, 
to Dr. Fatima Regina Salimena for the botanical 
identification of species, to Delfino Antonio Campos 
for technical assistance and Far-Manguinhos 
Analytical Center for GC-MS chromatograms.

References
1. Young FE. Lacistemataceae holistic database. Retrieved 

March 02, 2009, from http://www.lacistemataceae.org 2008.
2. Di Stasi LC, Hiruma-Lima CA. Plantas medicinais na Amazônia 

e na Mata Atlântica. São Paulo, Editora UNESP 2002.
3. Barbosa WLR, Pinto LN. Documentação e valorização da 

fitoterapia tradicional Kayapó nas aldeias A'Ukre e Pykanu - 
sudeste do Pará. Rev Bras Farmacogn 2003; 13:47-49.294.



http://pharmacologyonline.silae.it
ISSN: 1827-8620

15   (9 - 15)PhOL

4. Roumy VG, Garcia-Pizango G, Gutierrez-Choquevilca AL, et al. 
Amazonian plants from Peru used by Quechua and Mestizo 
to treat malaria with evaluation of their activity. J 
Ethnopharmacol 2007; 112:482-489.

5. Sobrinho FAP. Conhecimento etnobotânico de mateiros 
residentes no entorno de Unidades de Conservação no 
estado do Rio de Janeiro. Masters Thesis, Botanical Garden 
Research Institute of Rio de Janeiro 2007.

6. Wall ME, Wani MC, Hughes TS, Taylor H. Plant antimutagenic 
agents 1. General bioassay and isolation procedures. J Nat 
Prod 1988; 51:866-873.

7. Agripino DG, Lima ME, Silva MR, et al. Screening of Brazilian 
plants for antimicrobial and DNA damaging activities. I. 
Atlantic rain forest - ecological station Juréia-Itatins. Biota 
Neotrop 2004; 4:1-15. 

8. Simoni IC, Manha APS, Sciessere L, et al. Evaluation of the 
antiviral activity of Brazilian cerrado plants against animal 
viruses. Virus Rev Res 2007; 12:1-17.

9. Calderon AI, Angerhofer CK, Pezzuto JM, et al. Forest plot as 
a tool to demonstrate the pharmaceutical potential of plants 
in a tropical forest of Panama. Econ Bot 2000; 54:278-294.

10. Silva NRS. Florística e estrutura horizontal de uma floresta 
estacional semidecidual montana – Mata do Juquinha de 
Paula, Viçosa, MG. Masters Thesis, Federal University of 
Viçosa 2002. 

11. Silva CT, Reis GG, Reis MGF, Silva E, Chaves RA. Avaliação 
temporal da florística arbórea de uma floresta secundária no 
município de Viçosa, Minas Gerais. Rev Árvore 2004; 28:429-
441.

12. Trindade EFS. Atributos físico-hídricos e matéria orgânica do 
solo em função de sistemas de uso e manejo da vegetação 
secundária. Masters Thesis, Federal Rural University of 
Amazonian 2007.

13. Adams RP. Identification of essential oil components by gas 
chromatography/mass spectroscopy. Illinois: Allured 
Publishing Corporation 1995.

14. Wagner H, Bladt S. Plant Drug Analysis: A Thin Layer 
Chromatography Atlas. Berlin Springer-Verlag 1996.

15. Miliauskas G, Venskutonis PR, Van-Beek TA. Screening of 
radical scavenging effect of picrolive from Pichrorhiza kurroa 
against Leishmania donovani infectious in Mesocricetus 
auratus. Life Sci 2004; 63:1823-1834.

16. Koster R, Anderson M, De Debeer EJ. Acetic acid for 
analgesic screening.  Fed Proc 1959; 18:412-418. 

17. Hunskaar S, Fasmer OB, Hole K. The formalin test in mice, a 
useful technique for evaluating mild analgesia. J Neurosci 
Meth 1985; 14:69-76.

18. D’Amour FE, Smith DL. A method for determining loss of 
pain sensation. J Pharmacol Exp Ther 1941; 72:74-79.

19. Schiantarelli P, Cadel S. Anti-inflammatory activity and 
bioavailability of percutaneous piroxican. Arzneim-
Forsch/Drug Res 1982; 32:230-235.

20. Fukawa K, Kawano O, Hibi M, et al. A method for evaluating 
analgesic agents in rats. J Pharmacol Meth 1980; 4:251-259. 

21. Carlson RP, O'Neill-Davis L, Cheng J, Lewis AJ. Modulation of 
mouse ear edema by cyclo-oxygenase and lipoxygenase 
inhibitors and other pharmacologic agents. Agents Actions 
1985; 17:197−'2d204.

22. Al-Chaer ED, Traub RJ. Biological basis of visceral pain: 
recent developments. Pain 2002; 96: 221-225. 

23. Duarte ID, Nakamura M, Ferreira SH. Participation of the 
sympathetic system in acetic acid-induced writhing in mice. 
Braz J Med Biol Res 1988; 21:341-343. 

24. Santos ARS, Vedana EMA, Freitas GAG. Antinociceptive 
effect of meloxicam, in neurogenic and inflammatory 
nociceptive models in mice. Inflamm Res 1998; 47:302-307.

25. Angeles-López G, Pérez-Vásquez A, Hernández-Luis F, et al. 
Antinociceptive effect of extracts and compounds from 

Hofmeisteria schaffneri.  J Ethnopharmacol 2010; 131: 425-
432.

26. Tjolsen A, Berge OG, Hunskaar S, Rosland JH, Hole K. The 
formalin test: an evaluation in the formalin test. Pain 1992; 
51:5-17.

27. Souza ET, Lira DP, Queiroz AC, et al. The antinociceptive and 
anti-inflammatory activities of Caulerpin, a bisindole alkaloid 
isolated from seaweeds of the genus Caulerpa. Marine Drugs 
2009; 7:689-704. 

28. Le Bars D, Gozariu M, Cadden SW. Animal models of 
nociception. Pharmacol Rev 2001; 53:597-652.

29. Altinier G, Sosa S, Aquino RP, et al. Characterization of 
topical anti-inflammatory compounds in Rosmarinus 
officinalis L. J Agric Food Chem 2007; 55:1718-1723.

30. Chen XS, Sheller JR, Johnson EN, Funk CD. Role of 
leukotrienes revealed by targeted disruption of the 5-
lipoxygenase gene. Nature 1994; 372:179-182.

31. Singh U, JIialal I. Anti-inflammatory effects of -tocopherol. 
Ann NY Acad Sci 2004; 1031:195-203.

32. Prieto JM, Recio MC, Giner MR. Actividad anti-inflamatoria 
del â-sitosterol en un modelo de hipersensibilidad retardada 
inducida por oxazolona. BLACPMA 2006; 5:57-62.

33. Shimizu M, Tomoo T. Anti-inflammatory constituents of 
topically applied crude drugs. Biol Pharm Bull 1994; 17:665-
667.

34. Cunha WR, Silva ML, Turatti ICC, Ferreira DS, Betarello HL. 
Evaluation of the analgesic activity of Miconia ligustroides 
(Melastomataceae) using the writhing test in mice. Braz J 
Pharm 2003; 82:47-49. 

35. Kim HK, Namgoong SY, Kim HP. Anti-inflammatory activity 
of flavonoids: mouse ear edema inhibition. Arch Pharm Res 
1993; 16:8-24.

36. Nikolova M, Gevrenova R, Ivancheva S. External flavonoid 
aglycones from Veronica chamaedrys L. (Scrophulariaceae ). 
Acta Pharm 2003; 53:145-149.

37. Greenham J, Harborne JB, Williams CA. Identification of 
lipophilic flavones and flavonols by comparative HPLC, TLC 
and UV spectral analysis. Phytochem Analysis 2003; 14:100-
118. 

38. Williams CA, Hoult JRS, Harborne JB, Greenham J, Eagles J. 
Biologically active lipophilic flavonol from Tanacetum 
parthenium. Phytochemistry 1995; 38:267-270.

39. Williams CA, Harborne JB, Geiger H, Hoult JRS. The 
flavonoids of Tanacetum parthenium and T. vulgare and 
their anti-inflammatory properties. Phytochemistry 1999; 
51:417-423.

40. Yam MF, Lim V, Salman IM, et al. HPLC and anti-
inflammatory studies of the flavonoid rich chloroform 
extract fraction of Orthosiphon Stamineus leaves. Molecules 
2010; 15:4452-4466.

41. Calixto JB, Beirith A, Ferreira J, et al. Naturally-occurring 
antinociceptive substances from plants. Phytother Res 2000; 
14:401-418.


