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ABSTRACT

Medicinal plants are abundant in the Brazilian flora including the Cerrado region.
Extracts of sixteen plant species of the Brazilian Cerrado were investigated in vitro for
antiviral activity against bovine herpesviruses type 1 (BoHV-1), infectious bursal disease
virus (IBDV) and avian reovirus. Eight plants presented potent antiviral activity.
Erythroxylum deciduum, Lacistema hasslerianum and Xylopia aromatica against
BoHV-1; Gochnatia polymorpha and Lithraea molleoides against avian reovirus; and
Banisteriopsis  variabilis, Byrsonima intermedia and Campomanesia

xanthocarpa against both viruses. No extract was active against IBDV.

INTRODUCTION

Viral infections still remain a serious worldwide problem. There is no known specific
treatment for viral diseases and limited therapeutic efficacy of most drugs has led to a
dependence on preventive measures using vaccines. Nucleoside analogues and other synthetic
compounds have traditionally been the primary sources for antiviral agents. The use of
antiviral synthetic drugs is often unsatisfactory and limited. Mutant viruses resistant to the
existing antiviral agents arise upon treatment or these agents may cause side or toxic effects
besides their high costs (Kott et al. 1999, Rates 2001, Cos et al. 2006). Higher plants may
serve as promising sources of novel viral prototypes (Cordell 1995, Cowan 1999, Rates 2001,
Jassim & Naji 2003).

Although natural products have been used by civilization since ancient times, only in
recent decades has there been growing research into alternative therapies and the therapeutic
use of natural products, especially those derived from plants (Cordell 1995, Calixto 2000,

Rates 2001). The Brazilian flora is particularly rich in medicinal plants including the Cerrado
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region where only recently has there been an interest in scientific researches or sustainable
development and conservation (Rossi-Bergmann et al. 1997, Alves et al. 2000).

Herbal preparations are frequently used not only in rural areas in developing countries
but also in developed countries in human and veterinary medical practices (Calixto 2000,
Waihenya et al. 2002,Veiga Jr. et al. 2005, Cos et al, 2006). As result, a number of studies
have been carried out on antiviral activity against several animal and human viruses in all
continents. Several screenings using local medicinal plant extracts have been done (Semple et
al., 1998, Kott, et al., 1999, Mtambo et al., 1999, Simdes, et al., 1999, Lopez et al. 2001, Abad
et al. 1999, Schmitt et al. 2001).

Bovine herpesvirus 1 (BoHV-1) is a major pathogen of cattle. Primary infection is
accompanied by various clinical manifestations such as infectious bovine rhinotracheitis,
abortion, infectious pustular vulvovaginitis, and systemic infection in neonates (Muylkens et
al. 2007). Infectious bursal disease virus (IBDV) is an acute, highly contagious viral infection
of young chickens of economic importance in poultry farms (Lukert & Saif 2003). Avian
reoviruses are recognized as a cause of viral arthritis in chickens although also related to other
disease conditions (Jones 2003, Rosenberger 2003).

The aim of the present work was assess the in vitro antiviral activity of sixteen plants
from the Brazilian Cerrado against these viruses that cause important diseases in veterinary

medicine.

MATERIAL AND METHODS
Plant material.
Leaves from Cerrado plant species were collected in Mogi-Guacu, Sdo Paulo State,

Brazil. The specimens were identified by comparison with exsiccates deposited in the
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Herbarium of the Instituto de Botanica, Sdo Paulo, by botanist, Eduardo Luis Martins

Catharino. The scientific and popular names of 16 plant species are listed in Table 1.

Table 1. Species of Brazilian Cerrado plants collected in Mogi-Guagu, Sao Paulo State,

Brazil, family and popular names.

Family Species Popular name
Malpighiaceae Banisteriopsis variabilis Cip6 — prata
Malpighiaceae Byrsonima intermedia Murici - mirim

Myrtaceae Campomanesia xanthocarpa Guabiroba
Flacourtiaceae Casearia sylvestris Erva de teiu, Guagatonga
Vitaceae Cissus erosa Uva do diabo
Caesalpiniaceae Copaifera langsdorffii Copaiba
Erythroxylaceae Erythroxylum deciduum Fruta de- pomba
Asteraceae Gochnatia polymorpha Cambarid
Lacistemataceae Lacistema hasslerianum Pau de largarto
Anacardiaceae Lithraea molleoides Aroeira
Lauraceae Ocotea pulchella Canela
Mimosaceae Stryphnodendron adstringens Barbatimao
Styracaceae Styrax ferrugineus Laranjinha do cerrado
Trigoniaceae Trigonia eriosperma NK
Trigoniaceae Trigonia nivea NK
Annonaceae Xylopia aromatica Pimenta de macaco

NK: not known

Extract preparation

The crude aqueous extracts were prepared by grinding dried leaves with de-ionized
distilled water (10%, w/v) in a mixer and maintenance at 4°C overnight. The aqueous extracts
were filtered on filter paper and freeze-dried. Lyophilized extracts were dissolved in equal
parts of sterile de-ionized distilled water and Eagle minimum essential medium (MEM) at a
concentration of 10,000, 4,000 or 2,000ug/ml. The extracts were centrifuged at 2,500g/10 min

and sterilized by filtration (0.22um filter).
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Virus and cells.

The Los Angeles strain of BHV-1 and S1133 strain of avian reovirus were propagated
in MDBK and Vero cells respectively. An isolate of IBDV (BA) of our laboratory (Simoni et
al. 2002) was replicated in RK-13 cells. All cells were grown in MEM with 10% fetal bovine

serum (FBS). RK-13 cells were supplemented with 2.95% of tryptose phosphate broth (TPB).

Cytotoxicity assays.

The assays were performed using 96-well microtiter plates with 30,000 cells/well.
After 24 h of incubation at 37°C in a humidified 5% CO, atmosphere, each cell type was
exposed to decreasing concentrations of plant extract in triplicate. Any cell morphology
alteration was observed during the next 3 days to determine the maximum non-toxic
concentration (MNTC). Monolayers of cells incubated only with MEM were used as a

control.

Antiviral assays.
The antiviral activity of plant extracts was also assayed in 96-well microtiter plates.
After 24 h of incubation, the medium was poured off and 100 pl of extracts at dilutions

corresponding at MNTC maximum non-toxic concentration were added. The cells were

incubated for 1h. After this period, S0l of logarithmic dilutions of viruses were added in
triplicate or quadruplicate. The plates were incubated again for 96 h. Controls consisted of
untreated infected (virus titer), treated non-infected (extract control) and untreated non-
infected (cell control) cells. Viral titers were determined by 50% infective doses in tissue
culture-TCIDs, (Reed & Muench 1938). Antiviral activities were calculated as the difference

of virus titer between treated and untreated infected control cultures. Values were expressed
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as viral inhibition index (VII) and inhibition percentage (IP) as described in Koseki et al.

(1990).

RESULTS

The cytotoxicity of plant extracts in three cell lines is showed in Table 2. The plants were
grouped by maximum non-toxic concentration (MNTC) in three groups: G1 with MNTC
above 625ug/mL, G2 between 125-625ug/mL and G3 below 125pug/mL. Eight plants
presented equal MNTC group for three cell lines; six remained in the same group for at least
two cell lines and only two showed different MNTC group for each cell line. Cissus erosa
was the least cytotoxic whereas Byrsonima intermedia, Ocotea pulchella, Styrax
ferrugineus and Trigonia eriosperma were the most cytotoxic for three cell lines.
Campomanesia xanthocarpa, Trigonia nivea and Xylopia aromatica presented
intermediate cytotoxicity (G2) for three cells.

Eight of sixteen plants presented potent antiviral activity (IP297%). Erythroxylum
deciduum, Lacistema hasslerianum and Xylopia aromatica against BoHV-1 only;
Gochnatia polymorpha and Lithraea molleoides against avian reovirus only; Banisteriopsis
variabilis, Byrsonima intermedia and Campomanesia xanthocarpa against both
viruses. Styrax ferrugineus, Cissus erosa, Ocotea pulchella and Stryphnodendron adstringens

plant extracts presented antiviral activity (IP between 96-90%) against avian reovirus and/or

BoHV-1. The other four plants showed IP<90% for both viruses.
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Table 2: Cytotoxicity of Brazilian Cerrado plant extracts in MDBK, RK-13 and Vero cell

lines.

Plant species

Cell line

MDBK

RK-13

Vero

Banisteriopsis variabilis

Byrsonima intermedia

Campomanesia xanthocarpa

Casearia sylvestris

Cissus erosa

Copaifera langsdorffii

Erythroxylum deciduum

Gochnatia polymorpha

Lacistema hasslerianum

Lithraea molleoides

Ocotea pulchella

Stryphnodendron adstringens

Styrax ferrugineus

Trigonia eriosperma

Trigonia nivea

|

Xylopia aromatica

MNTC: maximum non-toxic concentration

= Group 1: MNTC above 625 pg/mL

= Group 2: MNTC between 624-125ug/mL
B - Group 3: MNTC bellow 125 pg/mL
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The Table 3 shows the results of antiviral assays of plant extracts against BoHV-1 and

avian reovirus. No extract was active against IBDV.

Table 3: Antiviral activity of Brazilian Cerrado plant extracts against BoHV-1 and

reovirus.
BoHV-1 Avian reovirus
VII IP(%) VII IP(%)

Plant species
Banisteriopsis variabilis 2.79 99 2.69 99
Byrsonima intermedia 2.67 99 1.50 97
Campomanesia xanthocarpa 2.08 99 1.50 97
Casearia sylvestris 0 0 0.50 68
Cissus erosa 1.41 96 0 0
Copaifera langsdorffii 0.59 74 0.76 83
Erythroxylum deciduum 1.75 98 0.83 85
Gochnatia polymorpha 0.83 85 1.62 98
Lacistema hasslerianum 3.10 99 0.62 76
Lithraea molleoides 0.59 74 2.96 99
Ocotea pulchella 1.20 93 0.26 45
Stryphnodendron adstringens 1.27 93 0.50 68
Styrax ferrugineus 0 0 1.00 90
Trigonia eriosperma 0.08 15 0.50 68
Trigonia nivea 0.58 73 0.50 68
Xylopia aromatica 2.58 99 0.26 45

VII: inhibition viral index; IP: inhibition percentage

DISCUSSION
Research into biological activities of plant extracts must investigate their toxicity for
safety of their future use as a therapeutic agent (Harbell et al. 1997, Rates 2001). Therefore,
plant extracts were first assayed for cell toxicity in three susceptible cell lines to three viruses.
The maximum non-toxic concentration (MNTC) was used for an in vitro antiviral screening
program that evaluated a large number of plants. Variations in a MNTC group of plant species
did not interfere with antiviral tests, once these were done using the extracts in their

respective MNTC:s in each cell line used.
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Of 16 extracts tested, seven are used in Brazilian popular medicine and four of them
were positive for at least one of the viruses used (Sciesserre 2003, Manha 2004).
Ethnobotany or ethnopharmacology have been the most common strategies for selecting a
plant for antiviral study (Vlietinck & Vanden Berghe 1991, Kott et al. 1999, Rates 2001, Cos
et al. 2006). Thus, our data confirmed the importance of the choice of plant resources based
on traditional use.

The plant species presenting strong antiviral activity for one or more viruses are
promising as an antiviral component source. No information including antiviral activity of
Banisteriopsis variabilis, Erythroxylum deciduum and Lacistema hasslerianum has formerly
been described. Leaf methanolic extracts from Byrsonima intermedia and aqueous extracts
from Campomanesia xanthocarpa were studied for the presence of mutagenic activity
(Fernandes & Vargas 2003, Sannomiya et al. 2007). Xylopia aromatica is rich in components
like diterpenes and acetogenins that showed in vitro activity against parasites and bacteria (de
Mesquita et al. 2007, Takahashi et al. 2006). Searching for these components in leaves could
elucidate the antiviral activity observed against BoHV-1.

Stem bark from Stryphnodendron adstringens is an important source of tannins used in
traditional medicine for the treatment of various diseases. Felipe et al. (2006) demonstrated a
viral inhibition of 97% using an aqueous fraction from S. adstringens barks against BoHV-1
identifying catechins and tannins. In this work the leaves presented moderate (93%) activity
against this virus. Casearia sylvestris did not exhibit antiviral activity in the present
experiment against BoOHV-1, as was formerly reported in Simdes et al. (1999) against Herpes
simplex virus type 1 and 2 (HVS-1 and 2).

Several reports showed antiviral activity against BoHV-1 of several plant species
(Simoni et al. 1996, Summerfield et al. 1997, Barrio & Parra, 2000, Biltoveni et al. 2005,

Felipe et al. 2006, Melo et al. 2006) but few against the two avian viruses (IBDV and
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reovirus). Meyer et al. (1997) verified an inhibition of reovirus with galangin isolated from
Helichrysum aureonitens and Hady et al. (2002) observed antiviral activity for both viruses
investigating different propolis samples. Lithraea molleoides exhibited potent antiviral
activity against avian reovirus. Resorcinols from L. molleoides showed in vitro strong
paralyzing effects on nematodes (Valcic et al. 2002). Aqueous extracts from Gochnatia
polymorpha leaves have demonstrated significant antiinflammatory activity (Moreira et al.
2000). In screening studies of Simodes et al. (1999), the hydromethanolic extracts of G.
polymorpha were not active against five different viruses including HVS-1 and HVS-2. Kott
et al. (1999) showed antiviral activity against HVS-1 and respiratory syncytial virus (RSV)
using hot leaf extracts. Under our experimental conditions (cold aqueous extracts), G.
polymorpha was active against avian reovirus but not against BoHV-1.

Studies of suid herpesvirus type 1 (SuHV-1) are also in process. Those plants that

present activity against the most viruses will have priority for further studies.

ACKNOWLEDGMENTS
The authors are grateful to the Conselho Nacional de Desenvolvimento Cientifico e

Tecnologico (CNPq) for a student fellowship (PIBIC) to Alessandra P. S. Manha.



VIRUS REVIEWS & RESEARCH 12, 2007

REFERENCES

Abad MJ, Bermejo P, Gonzales E, Iglesias I, Irurzun A, Carrasco L 1999. Antiviral activity of

Bolivian plant extracts. General Pharm 32: 499-503.

Abd El Hady FK, Hegazi AG 2002. Egyptian propolis: 2. Chemical composition, antiviral

and antimicrobial activities of East Nile Delta propolis. Z. Naturforsch. 57: 386-394.

Alves TMA, Silva A, Brandao M, Grandi TSM, Smania EFA, Smania Jr. A, Zani CL 2000.
Biological screening of Brazilian medicinal plants. Memorias do Instituto Oswaldo Cruz 95:

367-373.

Barrio G del, Parra F 2000. Evaluation of the antiviral activity of an extract from Phyllanthus

orbicularis. Journal of Ethnopharmacology 7: 317-322.

Biltoveni LR, Manha APS, Melo MS, Oliveira DB, Costa SS, Fernandes MJB, Simoni IC
2005. Antiviral evaluation of extracts and fractions from pantanal region plants against bovine

herpesvirus (BoHV-1). Virus Reviews & Research 10 (supplement 1): 93.

Calixto JB 2000. Efficacy, safety, quality control, marketing and regulatory guidelines for
herbal medicines (phytotherapeutic agents). Brazilian Journal of Medical and Biological

Research 33: 179-189.

Cordell GA 1995. Changing strategies in natural products chemistry. Phytochemistry 40:

1585-1612.



VIRUS REVIEWS & RESEARCH 12, 2007

Cos P, Vlietinck AJ, Vanden Berghe D, Maesa L 2006. Anti-infective potential of natural
products: How to develop a stronger in vitro ‘proof-of-concept’. Journal of

Ethnopharmacology 106: 290-302.

Cowan MM 1999. Plant products as antimicrobial agents. Clinical Microbiology Review 12:

564-582.

De Mesquita ML, Grellier P, Mambu L, de Paula JE, Espindola LS 2007. In vitro
antiplasmodial activity of Brazilian Cerrado plants used as traditional remedies. Journal of

Ethnopharmacology 110: 165-170.

Felipe AMM, Rincdo VP, Benati FJ, Linhares REC, Galina KJ, Toledo CE, Lopes GC, Mello
JC, Nozawa C 2006. Antiviral effect of Guazuma ulmifolia and Stryphnodendron adstringens

on poliovirus and bovine herpesvirus. Biological & Pharmaceutical Bulletin 29: 1092-1095.

Fernandes JB, Vargas VM 2003. Mutagenic and antimutagenic potential of the medicinal

plants M. laevigata and C. xanthocarpa. Phytotherapy Research 17: 269-73.

Harbell JW; Knootz SW; Lewis RW; Lovell D 1997. IRAG working group: cell cytotoxic

assays. Food and Chemical Toxicology 35:79-126.

Jassim SAA, Naji MA 2003. Novel antiviral agents: a medicinal plant perspective. Journal of

Applied Microbiology 95: 412-427.



VIRUS REVIEWS & RESEARCH 12, 2007

Jones RC 2003. Other reovirus infections. In: YM Saif (ed). Diseases of Poultry 11 ed. lowa

State University Press, p.293-298.

Kaziyama VM, Simoni IC, Silva FV, Yoem RHC, Rossi MH, Fernandes MJB 2007.
Atividade antiviral contra herpesvirus animal a partir de extratos de plantas medicinais

disponiveis comercialmente. Biologico 69 (supplement 1): 30.

Koseki I, Simoni IC, Nakamura IT, Noronha AB, Costa SS 1990. Antiviral activity of plant
extracts against aphtovirus, pseudorabies virus and pestivirus in cell cultures. Microbios

Letters 44: 19-30.

Kott V, Barbini L, Cruafies M, Monoz J de D, Vivot E, Cruafies J, Martino V, Ferraro G,
Cavallaro L, Campos R 1999. Antiviral activity in Argentine medicinal plants. Journal of

Ethnopharmacology 64: 79-84.

Lopez A, Hudson JB, Towers GHN 2001. Antiviral and antimicrobial activities of Colombia

medicinal plants. Journal of Ethnopharmacology 77: 189-196.

Lukert PD, Saif YM 2003. Infectious bursal disease. In: Y.M. Saif (ed). Diseases of Poultry

11 ed. Iowa State University Press, p. 161-179.

Manha APS 2004. Atividade antiviral de plantas brasileiras contra herpesvirus bovino e
virus da doenca de Gumboro. Trabalho de conclusdao de curso, Universidade Metodista de

Sdo Paulo, Sao Bernardo do Campo, SP. 62p.



VIRUS REVIEWS & RESEARCH 12, 2007

Melo FL, JB Fabricio, Roman Jr. W A, de Mello JCP, Nozawa C, Linhares REC 2006. The in
vitro antiviral activity of an aliphatic nitro compound from Heteropteris aphrodisiaca.
Microbiology Research. Available on: http//dx.doi.org/10.1016/j.micres.2006.03.011.

Accessed 10™ October 2007.

Meyer JJM, Afolayan AJ, Taylor MB, Erasmus D 1997. Antiviral activity of galangin isolated
from the aerial parts of Helichrysum aureonitens. Journal of Ethnopharmacology. 56: 165-

169.

Moreira AS, Spitzer V, Schapoval EE, Schenkel EP. 2000. Antiinflamatory activity of
extracts and fractions from the leaves of Gochnatia polymorpha. Phytotherapy Research 14:

638-640.

Mtambo MMA, Mushi EJ, Kinabo LDB, Maeda-Machang’u A, Mwamengele GLM, Yongolo
MG, Temu RPC 1999. Evaluation of the efficacy of the crude extracts of Capsicum
frutescens,; Citrus limon and Opuntia vulgaris against Newcastle disease in domestic fowl in

Tanzania. Journal of Ethnopharmacology 68: 55-61.

Muylkens B, Thiry J, Kirten P, Schynts F, Thiry E 2007. Bovine herpesvirus 1 infection and

infectious bovine rhinotracheitis. Veterinary Research 38: 181-2009.

Rates SMK 2001. Plants as source of drugs. Toxicon 39: 603-613.

Reed LJ, Muench H 1938. A simple method of estimating fifty per cent and point. American

Journal of Hygiene 27: 7-493.



VIRUS REVIEWS & RESEARCH 12, 2007

Rosenberger J 2003. Reovirus infections. In: YM Saif (ed). Diseases of Poultry 11 ed. lowa

State University Press, p. 283-293.

Rossi-Bergmann B, Costa SS, Moraes VLG 1997. Brazilian medicinal plants: a rich source of

immunomodulatory substances. Ciéncia e Cultura 49: 395-401.

Sannomiya M, Cardoso CR, Figueiredo ME, Rodrigues CM, dos Santos LC, dos Santos FV,
Serpeloni JM, Coélus IM, Vilegas W, Varanda EA 2007. Mutagenic evaluation and chemical
investigation of Byrsonima intermedia A. Juss. leaf extracts. Journal of Ethnopharmacology

112: 319-26.

Schmitt AC, Ravazzolo AP, Poser GL von 2001. Investigation of some Hypericum species
native to Southern of Brazil from antiviral activity. Journal of Ethnopharmacology 77: 239-

245.

Sciessere L 2003. Atividade antiviral de extratos de plantas do Cerrado contra o Reovirus
Aviario na linhagem celular Vero. Trabalho de conclusdo de curso, Universidade

Presbiteriana Mackenzie, Sao Paulo, 29p.

Semple SJ, Reynolds GD, O’ Leary MC, Flower RLP 1998. Screening of Australian

medicinal plants for antiviral activity. Journal of Ethnopharmacology 60: 163-172.

Simdes CMO, Falkenberg M, Auler Mentz L, Schenkel EP, Amoros M, Girre L 1999.

Antiviral activity of South Brazilian medicinal plant extracts. Phytomedicine 6: 206-214.



VIRUS REVIEWS & RESEARCH 12, 2007

Simoni IC, Munford V, Felicio JD, Lins AP 1996. Antiviral activity of crude extracts of

Guarea guidona. Brazilian Journal of Medical and Biological Research 29: 647-650.

Simoni IC, Fernandes MJB, Silva CCC, Arns CW, Madeira AMBN 2002. Use of RK-13 cell
line for propagation of field strains and neutralization assay for infectious bursal disease virus.

Virus Reviews & Research 7 (2): 28-37.

Summerfield A, Keil GM, Mettenleiter TC, Rziha HJ, Saalmiiller A 1997. Antiviral activity
of an extract from leaves of the tropical plant Acanthospermum hispidum. Antiviral Research

36: 55-62.

Takahashi JA, Pereira CR, Pimenta LP, Boaventura MA, Silva LG 2006. Antibacterial

activity of eight Brazilian annonaceae plants. Natural Products Research 20: 21-26.

Valcic S; Watcher GA; Eppler CM; Timmermann BN 2002. Nematicidal alkylene resorcinols

from Lithraea molleoides. Journal of Natural Products 65: 1270-1273.

Veiga Jr VF, Pinto AC, Maciel MAM 2005. Plantas medicinais: cura segura? Quimica Nova

28: 519-528.

Vlietinck AJ, Vanden Berghe DA 1991. Can ethnopharmacology contribute to the

development of antiviral drugs? Journal of Ethnopharmacology 32: 141-153.



VIRUS REVIEWS & RESEARCH 12, 2007

Waihenya RK, Mtambo MMA, Nkwengulila G 2002. Evaluation of the efficacy of the crude
extract of Aloe secundiflora in chickens experimentally infected with Newcastle disease virus.

Journal of Ethnopharmacology 79: 299-304.



	Family
	Cissus erosa
	Erythroxylaceae
	Gochnatia polymorpha
	Lacistema hasslerianum
	Lithraea molleoides

	Ocotea pulchella
	Stryphnodendron adstringens
	Trigoniaceae



	Virus and cells.
	Cytotoxicity assays.
	Antiviral assays.
	The cytotoxicity of plant extracts in three cell lines is showed in Table 2. The plants were grouped by maximum non-toxic concentration (MNTC) in three groups: G1 with MNTC above 625g/mL, G2 between 125–625g/mL and G3 below 125g/mL. Eight plants presented equal MNTC group for three cell lines; six remained in the same group for at least two cell lines and only two showed different MNTC group for each cell line. Cissus erosa was the least cytotoxic whereas Byrsonima intermedia, Ocotea pulchella, Styrax ferrugineus and Trigonia eriosperma were the most cytotoxic for three cell lines. Campomanesia xanthocarpa, Trigonia nivea and Xylopia aromatica presented intermediate cytotoxicity (G2) for three cells.
	Cissus erosa
	Gochnatia polymorpha
	Lacistema hasslerianum
	Lithraea molleoides
	Stryphnodendron adstringens adadstringens adstringens adstringens


	VII
	Cissus erosa
	Gochnatia polymorpha
	Lacistema hasslerianum
	Lithraea molleoides
	Stryphnodendron adstringens



