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Abstract
Viral diseases, including emerging and chronic viruses, are an increasing worldwide health
concern. As a consequence, the discovery of new antiviral agents from plants has assumed more
urgency than in the past. A number of native Amazonian medicines of plant origin are known to
have antimicrobial and anti-inflammatory activity, although only a few have been studied for
their antiviral properties and immunomodulating effects. Those most studied include: sangre de
grado (drago) (Croton lechleri) in the Euphorbiaceae family and uña de gato (Uncaria tomentosa)
in the Rubiaceae family. This article reviews the chemical composition, pharmacological
properties, state of current research, clinical use, and potential antiviral and immunomodulating
activity of these and other plants from the Peruvian Amazon. (Altern Med Rev 2001;6(6):567579)

Introduction
Co-evolution between plants and their natural enemies including insects, bacteria, fungi,
nematodes, animals, humans, and viruses is considerably more far reaching than current theories
of reciprocal interactions suggest. Counter-resistance, genetic adaptability, polymorphic immune
capacity, and pleomorphism among microbial agents allow for immense diversity of species and
endless biochemical possibilities.1In order to adapt to environmental insults, plants produce a
vast number of natural products that have antimicrobial and immunomodulating potential.2 These
include isoflavonoids, indoles, phytosterols, polysaccharides, sesquiterpenes, alkaloids, glucans,
tannins, a variety of vitamins and trace minerals that function as antioxidants and co-enzymes,
and many other phytochemical substances. In addition, there are a number of parallels between
plant immunological activity and the immune systems of mammals, including adaptive
mechanisms for viral resistance.3
Both the attribute of reciprocal natural co-evolution and the concept of shared chemistry among
species are characteristics that allow humans to use plants as antiviral and immunomodulating

medicines.4 In an age of emerging new viruses with stunning virulence, natural antiviral and
immunomodulating substances could play a significant role in human disease prevention and
treatment.

Amazonian Ethnobotany
The Amazonian region of northwestern Peru is among the earth's richest zones of biodiversity. It
includes plants, animals, insects, as well as microbial organisms, and is one of nature's perfect
evolutionary laboratories for plant biology. Ethnobotany has a long and distinguished history
throughout the Amazon basin and its tributaries. Richard Evans Schultes (1915-2001), a tireless
supporter of Amazonian ethnobotany,5 began his investigation in the northwestern Amazon in
1941.6 In previous centuries much of our knowledge of Amazonian flora is credited to Alexander
von Humboldt of Germany (1769-1859) and Richard Spruce of England (1849-1863), as well as
to Henry Hurd Rusby of Columbia University (1885-1928). Contemporary authorities on
Amazonian ethnobotany include James Duke7 and Mark Plotkin.8

Natural Product Selection
There are two ways natural products are selected for investigation. The classical method is
laboratory based and relies on previous taxonomic findings, phytochemical factors,
immunopharmacological studies, and random screening methods. The other, which is gaining
popularity among investigators, is searching traditional texts and herbal medicine usage,
including oral interviews with traditional indigenous healers the ethnobotanical route.9,10 In one
study, researchers found that an ethnobotanically driven approach led to a higher percentage of
active compounds isolated than the standard high volume random screening method, reporting a
125-630 times more effective yield depending on the type of virus.11 In another screening, 207
plants were tested for antiviral activity with 64 percent showing in vitro activity, 42 percent with
strong activity.12

Antiviral Activity of Peruvian Plants
Largely due to the AIDS epidemic, an imperative for developing effective antivirals has
generated considerable activity in anti- viral screening during the last two decades. However, the
search for antiviral compounds has not been easy. Relatively few antiviral drugs are available,
and those approved for use often have high side-effect profiles and exhibit the potential to cause
rapid resistance among targeted viral strains. According to Colegate, an antiviral must meet three
criteria: (1) it must inhibit the virus completely without affecting the host cells, (2) it must have a
broad range of activity, and (3) it must not be immunosuppressive (Table 1).13

A number of plant substances have been found to meet the basic criteria, and screenings have
been performed on several thousand plant extracts and other natural products. However,
considering the overwhelming volume of medicinal plants in the upper Amazon and the near
epidemic prevalence of hepatitis B,14 as well as the high incidence of hepatitis A, D, C, E,15 and
G,16 and other viruses like dengue strains in Peru, surprisingly few herbs from this region are
listed in the literature as having traditional uses for viral diseases.
Selected antiviral plants of the Peruvian Amazon are listed in Table 2. Three have been well
studied: Croton lechleri, Phyllanthus niruri, and Uncaria tomentosa. Among these, Croton and
Phyllanthus have received more attention than Uncaria for their antiviral properties. Extensive
research has been conducted on Curcuma, primarily for its anti-inflammatory effects17 and on
inhibition of HIV,18 although primarily with species found in India and China. Mangifera has
been studied for its anti-inflammatory19 and antiviral activity against herpes simples II virus,20
although primarily with Cuban, Chinese, or Indian species. Although considered to have antiviral
activity and extensively used for ceremonial purposes among Amazonian healers, few studies
have been performed on the antiviral properties of the tobacco plant, Nicotiana tabacum. Dr.
Roberto Inchaustegei of Iquitos has reportedly used Draconitium loretense in combination with
uña de gato for the treatment of AIDS, but this author was unable to find any published studies to
confirm efficacy.21 The Copaifera paupera tree produces an aromatic oleoresin that is made into
oil that contains copalic acid and sesquiterpenes with reported anti-inflammatory properties,22
and is applied topically to herpes blisters.
The Euphorbiacea family is found worldwide with 300 genera and 7,500 species identified to
date. In one ethnobotanical study, 30 African Euphorbia species were studied for their antiviral
activity.23 This family also contains a number of medicinal herbs used in traditional Amazonian
healing. In a 1988 study, 34 Amazonian plants belonging to this family were screened for
antimicrobial activity, including against cytomegalovirus. Of those tested, 16 were found to have
documented use as medicinal agents.24 The two most well documented with antiviral activity are
various Phyllanthus species25 and Croton lechleri.
Several Phyllanthus species used for medicinal purposes occur in the Amazon, including P.
acutiflolius, conami, diffuses, nobilis, and niruri.26 In traditional Amazonian medicine,
Phyllanthus species are primarily used to dissolve kidney and gall stones; therefore, the name
chanca or quebra piedra which means literally "to break stone." Phyllanthus niruri, the most
studied of Phyllanthus species, is an annual herb found in tropical countries around the globe and
has been used in India for the treatment of jaundice for thousands of years. Because of its
reported effectiveness in Ayurvedic medicine for hepatitis B, extensive research has been
conducted on this herb. It is considered to have hepatoprotective27 and anti-viral effects against
hepatitis B,28 HIV,29 and possibly hepatitis C virus (HCV).30

Immunomodulating Activity
Immunomodulating activity refers to biological or pharmacological effects of compounds on
humoral or cellular aspects of the immune response. The human immune response is a highly

complex and extraordinarily sophisticated system involving both innate and adaptive
mechanisms.31 Studies of how plant substances affect immune response employ mechanistic
bioassay methodologies. Basic research on natural substances with immunomodulating
properties is performed by assays primarily carried out on the stimulation of nonspecific
immunity of the innate response, such as the efficiency of granulocytes, macrophages,
complement, and natural killer cells, and their effects on phagocytosis, lymphocyte proliferation,
and T-lymphocyte migration macrophage activation by beta-1,3-D-glucan32,33 and natural killer
(NK) cell augmentation by Echinacea purpurea for example.34 More recent research on
immunomodulating substances includes studies on cytokine production by macrophages such as
interleukin-1 (IL-1),35 interleukin-6 (IL-6),36 and tumor necrosis factor-alpha (TNF-a).37
Plants from tropical rainforests represent a rich source of potential immunomodulating
substances and leads from ethnobotanical practices have been the primary source of plant
selection in recent years. Table 3 summarizes some of the most important immune modulating
herbs of the Amazon basin. In one study, eight Amazonian herbs from the local region around
Iquitos, Peru, with potential immune-stimulating effects were screened for phagocytic
enhancement. Of those screened, three showed an increase in phagocytosis: Pistia startiotes,
Piper peltatum, and Uncaria tomentosa.38
Phyllanthus niruri, as previously discussed, is best known for its antiviral properties, and at least
two studies show related species may have potential immunomodulating activity.25,39 Although
there are more than 12 known Dracontium species, none have been studied for
immunomodulating effects and little is known of the chemistry of the genus.40 Pistia startiotes is
an aquatic plant commonly seen floating on the Amazon River, its tributaries, and the multiple
lakes of the region. A similar species is considered a nuisance weed in Cuba and Florida, where
it can obstruct waterways due to its dense overgrowth. This plant has potent phagocyteenhancing activity and has been used topically to treat warts and fungal conditions by local
healers. Although Piper angustifolium and related Piper species have been studied for their
antimicrobial effects,41 the author was unable to find any references outside the Flores study
noted above to any immunomodulating effects of Piper peltatum. The two most well studied of
Peruvian herbs for their antiviral and immunomodulating actions are Croton lechleri and Uncaria
tomentosa.

Sangre de Grado (Croton lechleri)
Croton lechleri is a large tree that grows in the upper Amazon region of Colombia, Ecuador, and
Peru where the majority of the field research has taken place. A dark red resin, from which the
name sangre de grado derives, flows easily from cuts in the bark and is used fresh or processed
into a powdered dry extract of the resin for medicinal purposes. In traditional Amazonian
medicine sangre de grado is used as an oral gargle for sore throat, as a vaginal antiseptic after
childbirth,42 topically as a hemostatic, and taken internally for wound healing. It is also used to
improve gastrointestinal function, to protect the mucous membrane lining of the lower
gastrointestinal tract, and to treat diarrhea. There is only one comprehensive review of the

research and literature43 and two randomized controlled trials in human subjects have been
performed on extracts of sangre de grado.44,45
Chemistry and Pharmacology
The known chemical composition of sangre de grado includes a considerable number of
compounds including several simple phenols and diterpenes,46 proanthocyanidins, phytosterols,47
a dihydrobenzofuran lignan,48 and the alkaloid taspine.49 The pharmacological actions of sangre
de grado include anti-oxidant potential, anti-inflammatory effects, anti-bacterial activity,
antitumor potential, anti-diarrheal effects, wound healing, antifungal effects, and antiviral
activity.43,50,51 In at least one study, its phenolic and diterpene compounds demonstrated potent
antibacterial activity against Bacillus subtilis and Escherichia coli.46 In a study designed to
evaluate its gastrointestinal effects, Miller et al concluded that, "sangre de grado is a potent, costeffective treatment for gastrointestinal ulcers and distress via antimicrobial, anti-inflammatory,
and sensory afferent-dependent actions."52 In the Chen study, antitumor properties were
investigated in a Brazilian species (Croton cajucara)53 as well as an Ecuadorian species.46 The
alkaloid taspine hydrochloride has been found to be the main cicatrizant or wound healing
principle54 and a potential anticancer agent.43
The anti-diarrheal action of sangre de grado has attracted the recent attention of researchers and
several papers have been published on the mechanisms and effectiveness of this herb for
diarrheal diseases. SP-303, a novel proanthocyanidin substance derived from the purified latex of
Croton lechleri, has been shown to be effective in the treatment of persistent diarrhea associated
with AIDS. One paper describes the results of a multi-center, phase II, randomized, double-blind,
placebo-controlled study on 51 subjects using this substance over a period of four days. Patients
in the SP-303 group experienced a statistically significant reduction in stool weight.44 An in vivo
mouse study (treating cholera-toxin related secretory diarrhea), examining the mechanisms of the
action of SP-303, showed that it has an inhibitory effect on cAMP-mediated chloride and fluid
secretion.55
Extracts of sangre de grado have been shown to have antiviral activity against influenza,56
parainfluenza, herpes simplex viruses I and II,46 and hepatitis A and B.43 In a multi-center,
double-blind, placebo-controlled study, a topical preparation of SP-303 was used to treat
recurrent genital herpes lesions in AIDS patients. Viral culture revealed 50 percent of the treated
group and 19 percent of the placebo-treated patients became culture-negative at the end of the
21-day trial.45 Although immunomodulating properties of sangre de grado have not been
specifically elucidated, it is feasible that its anti-inflammatory, antimicrobial, and antioxidant
activity51 may provide non-specific immunomodulating effects as well.
Clinical Applications and Dosage
There is a wide range of potential applications for sangre de grado, including as a broadspectrum anti-diarrheal agent from causes such as side effects of drugs, chemotherapy or
radiation treatment, microbial infections of the intestine, traveler's diarrhea, and viral-induced
diarrhea as in AIDS. It may also have other uses in gastrointestinal disorders such as irritable
bowel syndrome and ulcerative diseases. Its cytotoxic effects make it a possible antitumor agent

and its cicatrizant properties provide wound-healing potential. In addition, the antimicrobial and
anti-inflammatory effects of sangre de grado make it a useful compound in the clinical treatment
of chronic viral diseases and as a natural antibacterial agent.
The recommended dosage of the standardized extract of SP-303, a patented proanthocyanidin
oligomer, is 250-500 mg, two to four times daily or as needed. It is considered a moderately
quick acting medication for diarrhea and benefits may be felt in a few hours with relief evident
within 24 hours. Recommended dosages for tinctures range from 10-30 drops up to three times
daily, and for dry extracts 20-60 mg mixed in water three times daily.
Uña de Gato (Uncaria tomentosa)
Uncaria tomentosa, or uña de gato (cat's claw), is the best known of the Peruvian medicinal
plants and the most frequently represented in the literature. A woody vine containing a clear
watery sap, it grows wild in the upper Amazon region of Peru and neighboring countries, and can
reach several inches in diameter and 1,000 feet in height. The part used medicinally is the inner
bark of the vine from which a boiled decoction is made or extracts produced. In recent years,
extracts of the root have also been prepared commercially. Uña de gato is considered a sacred
plant among the Ashaninkas and other indigenous Peruvian Amazonian tribes such as the
Campo. According to the Austrian investigator Klaus Keplinger, the herb serves as a means of
"regulating the physical and spiritual worlds" for these tribal groups.57 From the perspective of
ethnobotany, the higher a plant's status among native peoples, the more potent it often proves to
be medicinally. Although its uses by native healers have been known for over fifty years, it was
not until Keplinger began studying the properties of uña de gato in 1974 that it began to receive
attention for its potential medicinal value. Keplinger's research eventually led to the development
of several extracts with immunomodulating properties.55-57
There are no randomized controlled trials on human subjects utilizing uña de gato; however, to
date, at least five review papers have been written on uña de gato. A 1999 systematic review
paper by Keplinger et al described an analysis of 55 works summarizing ethnomedical and
pharmacological uses.57 In a 1998 British narrative review paper, Syrimis concludes, "Indeed,
Uncaria tomentosa's broad therapeutic application suggests it is a worthy addition to the list of
drugs used to treat the immune system."58 In an online article by the Center for Alternative
Medicine Research in Cancer,59 43 papers were reviewed of which 32 (74%) were applicable to
cancer. Of these, 14 (44%) were retrievable and only three were human studies of which two
were clinical outcome studies and the remaining one was a case study. This paper concluded
that, although the results of the reviewed studies were very positive in terms of cancer
regression, they did not provide substantial information on use in cancer and were not well
documented. The remaining papers include brief narrative reviews by Murray,60 Dharmananda,61
Falkiewicz,62 and others.
Chemistry and Pharmacology
The chemical composition of uña de gato includes 17 different alkaloids,63 quinovic acid
glycosides, tannins, flavonoids, sterol fractions,64 and other compounds. James Duke's
Phytochemical and Ethnobotanical Database lists 29 chemical constituents found in uña de

gato.65 Since the publication of Duke's database several additional compounds have been
isolated, including two new triterpenes.66 The most investigated of the active constituents in uña
de gato for immunomodulating and anti-inflammatory effects are pentacyclic oxindole alkaloids,
which are reported to induce a yet unknown immune regulating factor.67
Indole alkaloids possess an indole ring in their structure, a versatile heterocyclic structure
discovered in 1866, and found in a considerable number of medicinal products from plants.68
Uña de gato contains a number of oxindole alkaloids67,69 with one or more of six known isomeric
pentacyclic oxindole alkaloids believed to be the main active component. Isopteropodine-HCl,
isolated from the root, was shown to be the most potent of the tested compounds (Figure 1) while
pteropodine, isomitraphylline, and isorhynchorphylline had weaker activity, and no
immunomodulating activity was found in mitraphylline or rhynchophylline.70 Other oxindoles
found in uña de gato include uncarine F, uncarine F-N-oxide, speciophylline, and formaosine-Noxide.71
The pharmacological actions of uña de gato include antioxidant properties, anti-inflammatory
activity, immunomodulation, cytoprotection, antimutagenic properties, and antihypertensive
effects, as well as possible prevention of cerebral ischemia.72-74 Immunomodulating activity
includes suppression of NF-kappa B,73 enhancement of B- and T-lymphocytes, stimulation of
phagocytosis,75 and enhancement of IL-1 and IL-6.76 In a Peruvian study on rats, the
investigators found that phagocytosis was increased when an extract was administered at a dose
of 400 mg/kg.77 In a study by Sandoval et al a water extract showed cat's claw to be, "a
remarkably potent inhibitor of TNF-a. The primary mechanism for cat's claw's anti-inflammatory
action appears to be immunomodulation via suppression of TNF-a synthesis."73 A 1998 study
showed that pentacyclic alkaloids weakly activated human B- and T-lymphocytes, and that
tetracyclic oxindole alkaloids reduced the activity of pentacyclic oxindoles.78 In another recent
study, Swedish researchers using an aqueous extract treated radiation-induced DNA damage in
rats. Results indicated "significant" repair of DNA breaks.79 Based upon this research, it is
generally accepted that the pentacyclic oxindole alkaloids are the principle immunomodulating
agents in uña de gato.80
Clinical Applications and Dosage
Uña de gato has broad therapeutic potential, including the treatment of chronic viral infections,
viral and bacterial co-infections in AIDS, cancer, the prevention of radiation damage, and in
inflammatory disorders. Although there are no randomized controlled trials or published human
outcome studies, some conditions reportedly improved by uña de gato include osteoarthritis,
rheumatoid arthritis, prostatitis,60,62 as a non-specific immuno-modulating agent in viral illnesses
and cancer,81 and it may also have potential as an immunomodulating adaptogen in aging.79
Table 4 summarizes potential therapeutic uses of uña de gato and sangre de grado.
Several standardized extracts of uña de gato are available commercially including, (1) a root
extract containing a minimum of 1.3-percent pentacyclic oxindole alkaloids free of tetracyclic
oxindole alkaloids, with a recommended dose of one 20 mg capsule three times daily for the first
ten days and then one capsule thereafter, and (2) a low-molecular-weight fraction hot-water
extract from the whole plant containing eight-percent carboxyl alkyl esters with a suggested

dosage of 100 mg three times daily. The whole plant extract is considered a non-specific
immunomodulating agent and may be used synergistically with antioxidant therapy.82 The
dosage for C-Med-100, a patented extract of Uncaria tomentosa bark standardized to eightpercent carboxyl-alkyl-esters, is 300 mg daily. A variety of other non-standardized uña de gato
products are available, including powders from the whole dry inner bark of the vine, crude
extracts, and various alcohol extracts from 1:1 to 8:1. As with sangre de grado, the most effective
dosage for these substances remains unclear. To make a tea from the dry bark, Mejia
recommends 100 grams per liter of water, slowly boiled for up to an hour or longer.21 For
tinctures, the general dosage is 1 mL 1-3 times daily, and for dry extracts 500-2,000 mg mixed in
water 1-3 times daily.

Toxicity and Drug Interactions of Uña de Gato and Sangre de Grado
Due to the bitterness of both of these herbs, mild nausea may occur upon ingestion of crude
extracts or teas, but other than diarrhea reported in one study,45 no other gastrointestinal events
have been associated with these herbs. In recommended dosages, sangre de grado is considered
non-toxic, and there are no known contraindications or drug interactions. Uña de gato is also
considered non-toxic and more information is available on its safety than sangre de grado. In the
Sheng study, the LD50 of a single dose of C-MED-100, a novel water extract of Uncaria
tomentosa, was determined to be greater than 8 gm/kg.79 Santa Maria et al also determined uña
de gato to be non-toxic by in vitro bioassays of Chinese hamster ovary cells and cells of the
bacterium Photobacterium phosphorem.83 In addition, historical ethnomedical usage and current
use by health care consumers suggest low or no toxicity. However, due to potential immune
stimulation, uña de gato should not be used in patients scheduled for organ transplants, skin
grafts, during immunosuppressive therapy, and, although Murray states that uña de gato may be
helpful in rheumatoid arthritis,60 long-term use should be avoided in patients with autoimmune
disorders until further information is available. Also, since the rhynchophylline alkaloids
contained in uña de gato have antihypertensive effects, it may potentiate the action of
antihypertensive drugs and their concurrent use should be avoided.84 Until the effects of both of
these herbs are better known, it is advisable to avoid their use in women attempting pregnancy,
during pregnancy and lactation, and for children under three years old.

Discussion
Although the field of study in immune enhancing compounds is relatively new, natural products
from plants represent a rich and promising source of novel molecules with immunomodulating
properties. Prof. Hildebert Wagner of the University of Munich, one of the world's most
distinguished researchers on adaptogens and immunomodulating agents from plants, including a
significant amount of research on Echinacea85 and Uncaria tomentosa,75 has published over 800
papers in this field, including a textbook on plant immune-modulating agents86 Ultimately, two
broad questions on the research of immunomodulating natural substances remain: (1) whether
stimulation of innate response parameters translates into activation of the entire immune

system,87 and (2) whether isolated pure compounds derived from plants have the same or similar
immunomodulating properties as the whole plant preparation or their crude extracts.70
Plants are also a promising source of systemic broad-spectrum antivirals that may cause less
damage to host cells infected by chronic viruses, such as hepatitis C, than do pharmaceuticals.
Topical antiviral substances are also important areas of study for the treatment of viral lesions
such as in herpes simplex virus, and plant-based substances offer promise as virucidals.
The most promising of the currently known Amazonian herbs are Uncaria tomentosa and Croton
lechleri, with Uncaria the more studied. Both plants have similar therapeutic properties,
including anti-inflammatory, antiviral, antibacterial, antioxidant, and immunomodulating
activity. By current investigations, the therapeutic differentiation between the two is that uña de
gato appears to have more immune-stimulatory effects with sangre de grado demonstrating more
antimicrobial activity. However, with a few exceptions, the majority of studies have been in vitro
or in animal models, with weak to moderate immunomodulating and antiviral effects. There is no
overwhelming evidence to support the public perception of these herbs as potent immune
stimulants, although they appear to be beneficial and safe, non-specific immunomodulating
botanicals. Further research, both in the laboratory and clinically, is warranted.

Conclusion
The available research indicates that both sangre de grado and uña de gato have antiinflammatory, immunomodulating, and antiviral effects that make them interesting candidates
for further study,10 possible adaptogenic and cellular repair properties that have not yet been
fully explored, and a broad range of potential therapeutic applications. With renewed concern
over viral plagues, increasing incidence of cancer, and inflammatory conditions associated with
aging, additional testing, both in vitro and in vivo, of these medicinal plants of the upper
northwestern Amazon basin may prove valuable to the health of individuals and to nations.

References
1. Rausher MD. Co-evolution and plant resistance to natural enemies. Nature 2001;411:857-864.
2. Dixon RA. Natural products and plant disease resistance. Nature 2001;411:843-847.
3. Waterhouse P, Wang M, Lough T, et al. Gene silencing as an adaptive defense against viruses.
Nature 2001;411:834-842.
4. Briskin D. Medicinal plants and phytomedicines. Linking plant biochemistry and physiology
to human health. Plant Physiol 2000;124:507-514.

5. Schultes R. Amazonian ethnobotany and the search for new drugs. In: Ciba Found Symp
1994: Cambridge, MA.
6. Plotkin MJ. Tales of a Shaman's Apprentice, An Ethnobotonist Searches for New Medicines in
the Amazon Rain Forest. New York: Viking; 1993.
7. Duke JA, Vasquez R. Amazonian Ethnobotany Dictionary. Boca Raton, FL: CRC Press; 1994.
8. Plotkin MJ. Medicine Quest. New York: Viking; 2000.
9. Berlin B. Bioprospecting and prior informed consent: the realities of ethnobotanical research
on natural products in Mexico in the 21st century. In: 42nd Annual Meeting of the American
Society of Pharmacognosy 2001: Oaxaca, Mexico.
10. Vlietinck A, Vanden Berghe D. Can ethnopharmacology contribute to the development of
antiviral drugs? J Ethnopharmacol 1991;32:141-153.
11. Carlson T, Cooper R, King S, et al. Modern Science and Traditional Healing. Royal Society
of Chemistry; 1997.
12. King S, Tempesta M. From shaman to human clinical trials: the role of industry in
ethnobotony, conservation and community reciprocity. In: Ethnobotany and The Search for New
Drugs. Ciba Foundation; 1994.
13. Colegate SM, ed. Bioactive Natural Products: Detection, Isolation, and Structural
Determination. Boca Raton, FL: CRC Press; 2000.
14. Casey J, Niro G, Engle R, et al. Hepatitis B virus (HBV)/hepatitis D virus (HDV) coinfection
in outbreaks of acute hepatitis in the Peruvian Amazon basin: the roles of HDV genotype III and
HBV genotype F. J Infect Dis 1996;174:920-926.
15. Hyams K, Yarbough P, Gray S, et al. Hepatitis E virus infection in Peru. Clin Infect Dis
1996;22:719-720.
16. Corwin A, Hyams K, Kim J, et al. Short report: evidence of worldwide transmission of
hepatitis G virus. Am J Trop Med Hyg 1997;57:455-456.
17. Ammon H, Safayhi H, Mack T, et al. Mechanism of anti-inflammatory actions of curcumine
and boswellic acid. J Ethnopharmacol 1993;38:113-119.
18. Mazumder A, Raghavan K. Inhibition of human immunodeficiency virus type-1 integrase by
curcumin. Biochem Pharmacol 1995;49:1165-1170.
19. Garrido G, Gonzalez D, Delporte C, et al. Analgesic and anti-inflammatory effects of
Mangifer indica L. extract (Vimang). Phytother Res 2001;15:18-21.

20. Zhu X, Song J, Huang Z, et al. Antiviral activity of mangiferin against herpes simplex virus
type 2 in vitro. Zhongguo Yao Li Xue Bao 1993;14:452-454. [Article in Chinese]
21. Mejia K, Rengifo E. Plantas Medicinales de Uso Popular en la Amazonia Peruana. Lima,
Peru: AECI; 1995. [Book in Spanish]
22. Basile A, Sertie J, Freitas P, et al. Anti-inflammatory activity of oleoresin from Brazilian
Copaifera. J Ethnopharmacol 1988;22:101-109.
23. Vanden Berghe DA, Haemers A, Vlietinck A, Antiviral agents from higher plants and an
example of struture-activity relationship of 3-methoxyflavones, In: Colegate SM, ed. Bioactive
Natural Products: Detection, Isolation, and Structural Determination. Boca Raton, FL: CRC
Press; 1993:405-440.
24. Macrae W, Hudson J, Towers G. Studies on the pharmacological activity of Amazonian
Euphorbiaceae. J Ethnopharmacol 1988;22:143-172.
25. Unander D, Webster G, Blumberg B. Usage and bioassays in Phyllanthus (Euphorbiaceae).
IV. Clustering of antiviral uses and other effects. J Ethnopharmacol 1995;45:1-18.
26. Mors WB, Rizzini CT, Pereira NA. Medicinal Plants of Brazil. Algonac, MI: Reference
Publications; 2000.
27. Syamasundar K, Singh B, Thakur R, et al. Antihepatoxic principles of Phyllanthus niruri
herbs. J Ethnopharmcol 1985;14:41-45.
28. Mehrotra R, Rawat S. In vitro studies on the effect of certain natural products against
hepatitis B virus. Indian J Med Res 1990;92:133-138.
29. Ogata T, Higuchi H, Mochida S, et al. HIV-1 reverse transcriptase inhibitor from Phyllanthus
niruri. AIDS Res Hum Retroviruses 1992;8:1937-1944.
30. Calixto J, Santos A, Cechinel F, et al. A review of the plants of the genus Phyllanthus: their
chemistry, pharmacology, and therapeutic potential. Med Res Rev 1998;18:225-258.
31. Roitt I, Brostoff J, Male D. Immunology. London: Mosby; 1998.
32. Bogwald J, Johnson E, Seljelid R. The cytotoxic effect of mouse macrophages stimulated in
vitro by a beta-1,3-D-glucan from yeast cell walls. Scand J Immunol 1982;15:297-304.
33. Hoffman O, Olson E, Limber A. Fungal beta-glucans modulate macrophage release of tumor
necrosis factor-alpha in response to bacterial lipopolysaccharide. Immunol Lett 1993;37:19-25.
34. Currier N, Miller S. Echinacea purpurea and melatonin augment natural-killer cells in
leukemic mice and prolong life span. J Altern Complement Med 2001;7:241-251.

35. Kim H, An C, Jung K, et al. Rehmannia glutinosa inhibits tumor necrosis factor-alpha and
interleukin-1 secretion from mouse astrocytes. Pharmacol Res 1999;40:171-176.
36. Burger R, Torres A, Warren R, et al. Echinacea-induced cytokine production by human
macrophages. Int J Immunopharmacol 1997;19:371-379.
37. Cho J, Yoo E. In vitro inhibitory effect of protopanaxadiol ginsenosides on tumor necrosis
factor (TNF) - alpha production and its modulation by known TNF-alpha antagonist. Planta Med
2001;67:213-218.
38. Flores V. Evaluacion de extractos liofilizados de plantas medicinales como
inmunoestimulantes de la actividad fagocitaria. Biodiversidad y Salud: Revista Amazonica de
Investigacion Cientifica en Plantas Medicinales de EsSalud 1999; 1:20-22. [Article in Spanish]
39. Ignacio S, Ferriera J, Almeida M, et al. Nitric oxide production by murine peritoneal
macrphages in vitro and in vivo treated with Phyllanthus tenellus extracts. J Ethnopharmacol
2001;74:181-187.
40. Schultes R, Raffauf R.The Healing Forest, Medicinal and Toxic Plants of the Northwest
Amazonia. Portland, OR: Dioscorides Press; 1990.
41. Tirillini B, Velasquez E, Pellegrino R. Chemical composition and antimicrobial activity of
essential oil of Piper angustifolium. Planta Med 1996;62:372-373.
42. Castner JL, Duke T, Duke JA. A Field Guide to Medicinal Plants of the Upper Amazon.
Gainesville, FL: Feline Press; 1998.
43. Meza EN, ed. Desarrollando Nuestra Diversidad Biocultural: "Sangre de Grado" y el Reto de
su Producción Sustentable en el Perú. Lima: Universidad Nacional Mayor de San Marcos; 1999.
[Book in Spanish]
44. Holodniy M, Koch J, Mistal M, et al. A double blind, randomized, placebo-controlled Phase
II study to assess the safety and efficacy of orally administered SP-303 for the symptomatic
treatment of diarrhea in patients with AIDS. Am J Gastroenterol 1999; 94:3267-3273.
45. Orozco-Topete R, Sierra-Madero J, Cano-Dominguez C, et al. Safety and efficacy of Virend
for topical treatment of genital and anal herpes simplex lesions in patients with AIDS. Antiviral
Res 1997;35:91-103.
46. Chen Z, Cai Y, Philliphson J. Studies on the antitumor, antibacterial, and wound-healing
properties of dragon's blood. Planta Med 1994;60:541-545.
47. Peres M, Delle Monache F, Cruz A, et al. Chemical composition and antimicrobial activity of
Croton urucurana Baillon (Euphorbiaceae). J Ethnopharmacol 1997;56:223-226.

48. Pieters L, de Bruyne T, Claeys M, et al. Isolation of a dihydrobenzofuran lignan from South
American dragon's blood (Croton spp.) as an inhibitor of cell proliferation. J Nat Prod
1993;56:899-906.
49. Vaisberg A, Milla M, Planas M, et al. Taspine is the cicatrizant principle in sangre de grado
extracted from Croton lechleri. Planta Med 1989;55:140-143.
50. Falkiewicz B, Lukasiak J. Sangre de Drago. Andean Medicine Center. 2000.
51. Desmarchelier C, Witting Schaus F, Coussio J, et al. Effects of sangre de drago from Croton
lechleri Muell.-Arg. on the production of active oxygen radicals. J Ethnopharmacol 1997;58:103108.
52. Miller MJ, MacNaughton WK, Zhang XJ, et al. Treatment of gastric ulcers and diarrhea with
the Amazonian herbal medicine sangre de grado. Am J Physiol Gastrointest Liver Physiol
2000;42:G192-200.
53. Grynberg N, Echervarria A, Lima J, et al. Anti-tumor activity of two 19-nor-clerodane
diterpenes, trans-dehydrocrotonin and trans-crotonin, from Croton cajucara. Planta Med
1999;65:687-689.
54. Vaisberg A, Milla M, Planas M, et al. Taspine is the cicatrizant principle in sangre de grado
extract from Croton lechleri. Planta Med 1989;55:140-143.
55. Gabriel S, Davenport S, Steagall R, et al. A novel plant-derived inhibitor of cAMP-mediated
fluid and chloride secretion. Am J Physiol 1999;276:G58-63.
56. Sidwell R, Huffman J, Moscon B, et al. Influenza virus-inhibitory effects of intrperitoneally
and aerosol-administered SP-303, a plant flavanoid. Chemotherapy 1994;40:42-50.
57. Keplinger K, Laus G, Wurm M, et al. Uncaria tomentosa (Willd.) DC. ethnomedicinal use
and new pharmacological, toxicological and botanical results. J Ethnopharmacol 1999;64:23-34.
58. Syrimis A. Uncaria tomentosa: a review. British J Phytotherapy 1998;5:29-31.
59. Center for Alternative Medicine in Cancer. Cat's claw. CAMC 1999:
http:www.sph.uth.tmc.edu/utcam/therapies/cat/htm.
60. Murray M. Saventero the powerful herb. 2000.
61. Dharmananda S. Uncaria tomentosa (cat's claw): Institute for Traditional Medicine.1994.
62. Falkiewicz B, Lukasiak J. Vilcacora, Uncaria tomentosa (Willdenow ex Roemer and
Schultes) DC. (Rubiaceae). Andean Medicine Center, Ltd. 2000.

63. Laus G, Brossner D, Keplinger K. Alkaloids of Peruvian Uncaria tomentosa. Phytochemistry
1997;45:855-860.
64. Sentore A, Cataldo A, Iaccarino F, et al. Phytochemical and biological research on Uncaria
tomentosa L. Boll Soc Ital Biol Sper 1989;65:517-520.
65. Beckstrom-Sternberg S, Duke J, Wain K. Chemicals in: Uncaria tomentosa DC
(Pedaliaceae). 1994: The Ethnobotany Database, Agricultural Research Service.
66. Kitajami M, Hashimoto K, Yokoya M, et al. Two new 19-hydroxyursolic acid-type
triterpenes from Peruvian 'uña de gato' (Uncaria tomentosa). Tetrahedron 2000;56:547-552.
67. Muhammad I, Dunbar D, Khan R, et al. Investigation on uña de gato I. 7-deoxyloganic acid
and 15N NMR spectroscopic studies on pentacyclic oxindole alkaloids from Uncaria tomentosa.
Phytochemistry 2001;57:781-785.
68. Tyler V, Brady L, Robbers J.Pharmocognosy. Philadelphia: Lea & Febiger; 1981.
69. Ganzera M, Muhammad I, Khan R, et al. Improved method for the determination of oxindole
alkaloids in Uncaria tomentosa by high performance liquid chromatography. Planta Med
2001;67:447-450.
70. Labadie R. Immunomodulatory compounds. In: Colegate SM, ed Bioactive Natural Products:
Detection, Isolation, and Structural Determination. Boca Raton, FL: CRC Press: 1993.
71. Stuppner H, Strum S, Konwalinka G. Capillary electrophoretic analysis of oxindole alkaloids
from Uncaria tomentosa. J Chromatogr 1992;609:375-380.
72. Sandoval-Chacon M, Thompson J, Zhang X, et al. Antiinflammatory actions of cat's claw:
the role of NF-kappaB. Aliment Phamacol Ther 1998;12:1279-1289.
73. Sandoval M, Charbonnet R, Okahama N, et al. Cat's claw inhibits TNFalpha production and
scavenges free radicals: role in cytoprotection. Free Radical Biol Med 2000;29:71-78.
74. Aquino R, De Feo V, De Simone F, et al. Plant metabolites. New compounds and antiinflammatory activity of Uncaria tomentosa. J Nat Prod 1991;54:453-459.
75. Wagner H, Kreutzkamp B, Jurcic K. The alkaloids of Uncaria tomentosa and their
phagocytosis-stimulating action. Planta Med 1985;54:19-23.
76. Lemarie K, Assinewe V, Cano P, et al. Stimulation of interleukin-1 and -6 production in
alveolar macrophages by the neotropical liana, Uncaria tomentosa (Uña de Gato). J
Ethnopharmacol 2000;64:109-115.
77. Mestanza D. Evaluacion de la actividad inmunoestimulante de Uncaria tomentosa (Willd.)
DC. uña de gato en ratones albinos. Bioversidad y Salud 1999; 1:16-19. [Article in Spanish]

78. Wurm M, Kacani L, Laus G, et al. Pentacyclic oxindole alkaloids from Uncaria tomentosa
induce human endothelial cells to release a lymphocyte-proliferation-regulating factor. Planta
Med 1998;64:701-704.
79. Sheng Y, Bryngelsson C, Pero R. Enhanced DNA repair, immune function and reduced
toxicity of C-MED-100, a novel aqueous extract from Uncaria tomentosa. J Ethnopharmacol
2000;69:115-126.
80. Reinhart K. Uncaria tomentosa (Willd.) DC: cat's claw, uña de gato, or Saventaro. J Altern
Complement Med 1999;5:143-151.
81. Rizzi R, Re F, Bianchi A, et al. Mutagenic and antimutagentic activities of Uncaria
tomentosa and its extracts. J Ethnopharmacol 1993;38:63-77.
82. Pero RW. Method of preparation and composition of a water soluble extract of the plant
species Uncaria. HerbalGram 2000;49:30.
83. Santa Maria A, Lopez A, Diaz M, et al. Evaluation of the toxicity of Uncaria tomentosa by
bioassays in vitro. J Ethnopharmacol 1997;57:183-187.
84. Fetrow CW, Avila JR. Professional's Handbook of Complementary & Alternative Medicines.
Springhouse, PA: Springhouse; 1999.
85. Melchart D, K L, Worku F, et al. Results of five randomized studies on the immunodulatory
activity of preparations of Echinacea. J Altern Complement Med 1995;1:145-160.
86. Wagner H. Immunomodulating Agents From Plants. Basel: Birkhauser; 1998. 87. Ber L,
Gazella KA. Activate Your Immune System. Green Bay, WI: Impact Communications; 1998.
87. Ber L, Gazella KA. Activate Your Immune System. Green Bay, WI: Impact
Communications; 1998.

