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Memorandum

Date: December 16, 2002

From: Consumer Safety Officer, Division of Standards and Labeling Regulations, Office

of Nutritional Products, Labeling and Dietary Supplements, HFS-821

Vo)
o
Subject: 75-Day Premarket Notification of New Dietary Ingredients oN
N
To: Dockets Management Branch, HFA-305
&
Subject of the Notification: Gold Root Extract (GRE) %
Firm: PHYTOS, Inc. @
-
w
Date Received by FDA: February 12, 2002 Lo
¥
90-Day Date: May 13, 2002

In accordance with the requirements of section 413(a) of the Federal Food, Drug, and
Cosmetic Act, the attached 75-day premarket notification and related correspondence for the
aforementioned substance should be placed on public display in docket number 955-0316 as

soon possible since it is past the 90-day date. Thank you for your assistance.

Rhonda R. Kane, M.S., R.D.

Attachments
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PHYTOS

Rhonda Kane

Consumer Safety Officer

Division of Standards and Labeling Regulations

Office of Nutritional Products, Labeling, and Dietary Supplements (HFS-820)
Center for Food Safety and Applied Nutrition

Food and Drug Administration

HFS 821

5100 Paint Branch Parkway

Room 4D0008

College Park, MD 20740

Date:December 13, 2002
From: Philip E. Wolfson MD
To: Office of Nutritional Products, Labeling, and Dietary Supplements

Subject: Your redaction of Pre-market Notification for a New Dietary Ingredient-
Gold Root--Heliopsis longipes Both of our submisssions

Dear Ms, Kane:

As per our telephone conversations, and regarding both of our submissions,
there is no material that cannot be disclosed.

pmy )

Philip E-Wolfson, MD
President & CEO

6 Crest Road - San Anselmo, CA 94960 - 415.339,9026 ph * 415.339,9031 fax - phytos@phytos.com



DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration

College Park, MD

APR 30 2002

Philip Wolfson, MD

President and CEO

PHYTOS

6 Crest Road

San Anselmo, California 94960

Dear Dr. Wolfson:

This is to inform you that the notification, dated February 7, 2002, you submitted pursuant to
21 U.S.C. 350b(a)(2) was received and filed by this office of the Food and Drug
Administration (FDA) on February 12, 2002. The notification concerns a dried extract of the
substance “Heliopsis longipes” S. F. Blake (Asteraceae) or "Gold Root Extract (GRE)," that
you assert is a new dietary ingredient. You intend to market the new ingredient as a lozenge
or chewing gum containing 5 mg to 50 mg GRE per piece.

The term "dietary supplement" is defined in 21 U.S.C. 321(ff). 21 U.S.C. 321(ff) provides
that the term means a product (other than tobacco) intended to supplement the diet that bears
or contains a vitamin, a mineral, an herb or other botanical, an amino acid, a dietary substance
for use by man to supplement the diet by increasing the total dietary intake, or a concentrate,
metabolite, constituent, extract, or combination of any of the above ingredients.

21 U.S.C. 321(ff) further states that dietary supplements are intended for ingestion in a form
described in 21 U.S.C. 350(c)(1)(B)(i) or in compliance with 21 U.S.C. 350(c)(1)(B)(ii), are
not represented as conventional food or as a sole item of a meal or the diet, and are labeled as
a dietary supplement

Based on the information in your notification, GRE does not appear to meet the statutory
definition of a dietary supplement contained in 21 U.S.C. 321(ff) because it is not "intended
for ingestion." Therefore, GRE cannot be marketed as a dietary supplement. We explain the
basis for FDA's determination below.

Your notification states that the gum or lozenge containing GRE "generates a characteristic
acerbic or lemon-like taste, with a pleasant, tingling sensation accompanied by salivation." In
addition, you state that: "salivation is an important element in oral hygiene as saliva tends to
wash the mouth of food and contaminants; promotes a balanced ecology of the oral cavity
including the gums and teeth; and salivation refreshes the mouth." You further state that
"GRE's stimulation of salivation makes our products useful and beneficial for oral and dental
hygiene, alleviating or ameliorating the negative sensations and perception of dry mouth."
References included in the notification describe GRE's oral local anesthetic effects and the
traditional use of Heliopsis longipes for relief of toothache pain by local application of the
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root to the affected tooth and gum. Your notification also refers to, but does not substantiate
with written documentation, pilot clinical studies conducted by Phytos that demonstrate GRE
impregnated gum's effect to produce "consistently large increase in salivation". Other
references describe the antimicrobial and insecticidal properties of GRE.

An article that is delivered orally, but that exerts its effect prior to being swallowed (for
example, a gum or lozenge that stimulates salivation) is not “intended for ingestion.” As
stated above, the definition of dietary supplement in 21 U.S.C. 321(ff) states that a dietary
supplement is a product “intended for ingestion.” The term “ingestion” has been addressed by
the court in United States v. Ten Cartons, Ener-B Nasal Gel, 888 F. Supp. 381, 393-94
(E.D.N.Y.), aff’d, 72 F.3d 285 (2d Cir. 1995), which states:

The ordinary and plain meaning of the term “ingestion” means to
take into the stomach and gastrointestinal tract by means of enteral
administration. See Stedman’s Medical Dictionary (4th Lawyer’s
Ed. 1976) (defining ingestion as the “introduction of food and
drink into the stomach.”); Webster’s Third New International
Dictionary (1976) (defining ingestion as “the taking of material (as
food) into the digestive system.”)....

The interpretation of the term “ingestion” to mean enteral administration into the stomach and
gastrointestinal tract is also supported by the language of the statutory sections immediately
preceding and following section 350(c)(1)(B)(ii). Section 350(c)(1)(B)(i) states that the
vitamin must be intended for ingestion in tablet, capsule or liquid form. Each of these forms
denotes a method of ingestion that involves swallowing into the stomach. Section 350(c)(2)
states that a food is intended for ingestion in liquid form under section 350(c)(1)(B)(i) “only if
it is formulated in a fluid carrier and is intended for ingestion in daily quantities measured in
drops or similar small units of measure.” This elaboration of “liquid form” also denotes
ingestion by swallowing the fluid.

Therefore, a product like yours that does not appear to be a dietary supplement under the Act
and that is represented to affect the structure or function of the body of man appears to be a
drug within the meaning of 21 U.S.C. 321(g)(1)(C). As such, it is subject to regulation under
the drug provisions of the Act. If you wish GRE to be evaluated as a drug, you should contact
FDA's Center for Drug Evaluation and Research, Office of Compliance, HFD-310, 7520
Standish Place, Rockville, Maryland 20855.

For the reasons discussed above, the Agency concludes that Heliopsis longipes gum and
lozenge preparations do not meet the definition of a dietary supplement. Introduction of such
products into interstate commerce is prohibited under 21 U.S.C. 331(a) and (v). In addition,
because the Agency concluded that the subject of your notification cannot be marketed as a
dietary supplement, FDA did not review the evidence of safety information you submitted on
Heliopsis longipes extract gam or lozenges.
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Your notification will be kept confidential for 90 days from the date of its receipt. After May
13, 2002, your notification will be placed on public display at FDA’s Dockets Management
Branch in docket number 95S-0316. However, any trade secret or otherwise confidential
commercial information in the notification will not be disclosed to the public. You may wish
to identify in writing specifically what information you believe is proprietary by contacting
this office before May 13, 2002. Nevertheless, our Center’s Freedom of Information Officer

has the authority to make the final decision about what information in the notification should
be redacted before it is posted at Dockets.

Should you have any questions concerning this matter, please contact me at (301) 436-2371.

Sincerely yours,

Fbvo b Jabehad

Felicia B. Satchell
Director
Division of Standards
and Labeling Regulations
Office of Nutritional Products, Labeling
and Dietary Supplements
Center for Food Safety
and Applied Nutrition
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Division of Standards and Labelling Regulations

Office of Nutritional Products, Labelling, and Dietary Supplements (HFS-820)
Center for Food Safety and Applied Nutrition

Food and Drug Administration

200 C St. SW.

Washington, DC 20204

Date: February 7, 2002
From: Philip E. Wolfson MD

To: Office of Nutritional Products, Labelling, and Dietary Supplements

Subject: Premarket Notification for a New Dietary Ingredient-Heliopsis longipes

Pursuant to Secton 413(a)(2) of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. 350b (a)(2)), Phytos
wishes to inform the Food and Drug Administration of our intention to market a new dietary ingredient;
a dry extract powder of the root of the Mexican plant Heliopsis longipes (Gold Root). Accordingly, three
copies of this notification are submitted for your reference.

Also attached please find the supporting materials for safety and pertinent product information. They
included the:

* NLEA Proximate analysis of the extract.

e Summary of toxicity studies

* Photocopies of the references cited and translations where appropriate.

Based on the information submitted, we anticipate that FDA will agree with PHYTOS that the new
dietary ingredient of the root of Heliopsis longipes can reasonably be expected to be safe under the
recommended conditions of use.

Please do not hesitate to contact me if you have any further questions concerning this matter. Your
attention and efforts are appreciate

Philip W

President & CEO

;}3 E#E‘I\WE‘
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Name/Address

Dr. Philip Wolfson MD

President & CEQ

PHYTOS

6 Crest Road, San Anselmo, CA 94960, 415-339-9026, Fax 415-339-9031

Notifying party: Philip Wolfson MD, President & CEO - Phytos

Name of New Ingredient
Dry extract of Gold Root - Heliopsis longipes S.F.Blake (Asteraceae)

Description of dietary supplement that contains the new dietary ingredient:

When a Gold Root Extract (GRE) containing product is placed in the mouth, it generates a characteristic
acerbic, or lemon like taste, with a pleasant, tingling sensation accompanied by salivation. GRE will be a
component of a lozenge, or chewing gums. The gum will be of a composition sufficient for chewing.
Suitable gums include gum arabic, chicle gum, guar gum, or gum base as used in current commercial
chewing gum and lozenges.

Salivation is an important element in oral hygiene (refs. are provided in the addendum), as saliva tends to
wash the mouth of food, and contaminants; promotes a balanced ecology of the oral cavity including the
gums and teeth; and salivation refreshes the mouth. GRE’s stimulation of salivation makes our products
useful and beneficial for oral and dental hygiene, alleviating or amelicrating the negative sensations and
perception of dry mouth.

Level of the new dietary ingredient
The amount of GRE is from 5 mg to 50 mg per piece (dose), depending on the specific product, with
current preparations containing between 25 and 60 mg.

Conditions of use
One lozenge or chewing gum piece every 2 hours or as needed.

History of use

Heliopsis longipes 5.F.Blake (Asteraceae) is an herbaceous plant found in a remote region of Guanajuato
State, Mexico. The roots of H. longipes have been used primarily as a spice or flavoring and for stimulation
of salivation. The roots were also chewed to relieve toothache, based on the tingling sensation producing
a localized anesthesia. Extracts from the roots of H. longipes have been used historically for the treatment
of colds and pneumonia, and as an alcohol extract used as an anesthetic for tooth extraction. In vitro
studies have demonstrated that an extract of these roots possesses antimicrobial properties.

Constituents of the Plant

Heliopsis longipes roots are known to contain a bioactive alkamide (an isobutylamide), affinin, identified as
N-isobutyl-2E, 6Z, 8E-decatrienamide or N-isobutyldeca-trans-2,cis-6,-frans-8-trienamide. Isobutylamides
are found in other plants such as Echinacea and are generally considered to be safe for human use.

An NLEA proximate analysis of GRE is provided in the appended materials.

2 6 Crest Road « San Anselmo, CA 94960 + 415.339.9026 ph - 415.339.9031 fax - phytos@phytos.com
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Safety
To ensure safety PHYTOS has ensured that extraction and standardization meet both GMP and GLP
standards.

Standardization

Phytos has prepared a GC/MS standard for the affinin constituent of the plant. This is being used to
standardize the quantity of GRE from batch to batch of raw material, thus providing for quality control in
the production of our products. Phytos has prepared a chromatographic fingerprint of the plant, thus
protecting against adulteration in the QC of our products.

Extraction

Clean dry roots are macerated in a circulating alcohol/water solution. After 2 days time the residual solid
is filtered off and the liquid phase is spray dried using maltodextrin as the carrier. Quality control and
GMP procedures are applied at all stages of the extraction process.

Toxicology

In the literature appended, there is some toxicological information about H. longipes and affinin. In
addition, Phytos has conducted its own safety and efficacy studies.

Animal Studies

Phytos has provided its own independent laboratory assessment of GRE including mutagenicity, lethality
and 28 day, 2 dosage rodent feeding trial. Reports are provided in the documentation enclosed. No
morbidity or mortality occurred, i.e. there were no negative findings.

Human Studies

Phytos has conducted its own open label, and double-blind pilot clinical studies, the latter with IRB
approval from the University of the Pacific School of Dentistry, and in collaboration with Bastyr
University’s IRB. These pre-publication studies have demonstrated that GRE impregnated gum, causes a
consistently large increase in salivation as compared with active placebos. No adverse effects were
reported or observed.

3 6 Crest Road * San Anselmo, CA 94960 - 415.339.9026 ph + 415.339.9031 fax - phytos@phytos.com
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Reference List

Extract analysis report: Nutritional Labeling Education Act Abbreviated Nutrient Package (Proximate)

Toxicology reports: a) Bacterial Reverse Mutation Screen
b) Acute Oral Toxicity Study in Rats
c) GRE 28 day study

Martinez M, 1959 Plant Utiles De La Flora Mexicana Edicionas Botas
English translation of same.

Martinez M, 1990 Las Plantas Medicinales De Mexico Edicionas Botas
English translation of same.

Romero et.al
Estudios preliminares de los efectos antibacterianos, insecticidas y toxicologicos da la Raiz Del
Chilcuan (Heliopsis longipes). Veterinaria 1989 20:151-156
English translation of same.

Ogura M, et.al.
Ethnopharmacologic studies. I. Rapid solution to a problem--oral use of Heliopsis longipes--by
means of a multidisciplinary approach. J Ethnopharmacol. 1982 Mar;5(2):215-9.

Gutierrez-Lugo M.T. et.al.

Antimicrobial and cytotoxic activities of some crude drug extracts from Mexican Medicinal
Plants. Phytomedicine 1996 2 (4): 341-347

Molina-Torres J, et.al.
Antimicrobial properties of alkamides present in flavouring plants traditionally used in
Mesoamerica: affinin and capsaicin. J Ethnopharmacol. 1999 Mar;64(3):241-8.

Acknowledgment of receipt of Heliopsis longipes voucher specimen by the California Academy of
Sciences

4 6 Crest Road * San Anselmo, CA 94960 < 415.339.9026 ph - 415.339.9031 fax « phytos@phytos.com
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Extract analysis report:

Nutritional Labeling Education Act Abbreviated Nutrient Package (Proximate)

5 6 Crest Road + San Anselmo, CA 94960 - 415.339.9026 ph * 415.339.9031 fax « phytos@phytos.com



Food, Beverages, and Dietary Supplements
Contract Laboratory Services

EUROFINS
SCIENTIFIC

January 30, 2002

David Hoffmann, F.N.I.M.H.

Chief Herbalist
PHYTOS

325 Turney Street
Sausalito CA 94965

Sample ldentification:

Committed to Uncompromising Science and Customer Support

ALPHA Job # 12495

Alpha Sample #: 02-0316 Gold Root Dry Extract Heliopsis Lougipes, Powder
Date Received: 01-18-02, Time Received: 01:00 PM

ALPHA Method:
PB100: NLEA Abbreviated Nutrient Package (Proximats)
Results:

ALPHA Sample # 02-0316
Proximate (per 100 grams)
Moisture, g 3N
Ash,g 4.26
Protein, g 6.54
Fat, g 1.39
Carbohydrates (Total), g 84.7
Others
Calories 378
Calories from fat 13

Director, Client Services

Alpha Laboratories Division

1365 Redwood Way ¢ Petaiuma, CA 94954
707.792.7300 + 800.92,ALPHA ¢ Fax 707.792.7309
*

www.alphalabs.com
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Toxicology reports: a) Bacterial Reverse Mutation Screen
b) Acute Oral Toxicity Study in Rats

¢) GRE 28 day study

6 6 Crest Road * San Anselmo, CA 94960 - 415.339.9026 ph - 415.339.9031 fax « phytos@phytos.com
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PROPRIETARY PROTECTION

COMPOUND: BACTERIAL REVERSE MUTATION SCREEN:
PLATE INCORPORATION METHOD FOR LIQUIDS/SOLIDS

CLIENT STUDY NUMBER:  2002-C

- PROJECT NUMBER:  01-10-001

Next Century Incorporated
Delaware Technology Park
3 Innovation Way, Suite 220
Newark DE 19711

Confidential, Bacterial Reverse Mutation Screen
Do Not Duplicate or Distribute
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CERTIFICATION

We, the undersigned, declare that this report presents an accurate evaluation of all data
obtained from this study.

This study was not conducted under Good Laboratory Practices. Relevant guidelines and
GLPs were used as a reference for the conduction of the screening assay to determine the
proper methodology and technique for the bacterial reverse mutation test. Furthermore,
several sections required for regulatory submission (e.g., Quality Assurance Statement,
GLP Compliance Statement, etc.) have been omitted.

Signature/Approval

Technical Personn

(/1(124%/777(\ /ZZWW /////j:{/@ /

isten Schiavone Date

Study Director: W/33 70\

G
( \\Jo@ml%paro, B.S. Date

Confidential, Bacterial Reverse Mutation Screen
Do Not Duplicate or Distribute
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PROPRIETARY PROTECTION

Study Designation

Bacterial Reverse Mutation Assay in Salmonella typhimurium: Plate
Incorporation and/or Preincubation Method for Liquids/Solids

Project Number:
Client Study Number:
Test Code:

Author:

Test Guidelines

01-10-001

2002-C

413

Joseph J. Stirparo, B.S.

The assay was neither designed nor conducted in compliance with Good

Laboratory Practices.

Study Initiation/Completion Dates

Experimental Start Date:
Experimental Termination Date:

Compound/Test Article Identification

Name(s)/Identification(s):

CAS Registry Number (if applicable):
Strength:

Composition:

Purity:

Known Impurities:

Physical Characteristics:

Testing Facility

Next Century Incorporated
Delaware Technology Park
3 Innovation Way, Suite 220
Newark DE 19711 ~ U.S.A.

Study Personnel

Study Director:
Management:

Primary Technician:
Quality Assurance Auditor:

for

10-12-01
10-18-01

Gold Root Extract

N/A
N/A
N/A
N/A
N/A
Light Brown Powder

Phytos Incorporated
6 Crest Road
San Anselmo, CA 94960

(hereinafter Sponsor)

Joseph J. Stirparo, B.S.
Li Jie Fu, Ph.D.
Kristen Schiavone
Debbie A. Vick

(=

Confidential,
Do Not Duplicate or Distribute

Bacterial Reverse Mutation Screen
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PROCEDURAL SUMMARY

The objective of the study was to evaluate the test article/substance, Gold Root Extract,
for the ability to induce mutations, and thereby determine the mutagenic potential of the
test article/substance, either in the presence or absence of exogenous metabolic activation
systems (e.g., mammalian microsomal enzymes) at the histidine locus in the genome of

two strains of Salmonella typhimurium.

The test article/substance, Gold Root Extract, was evaluated in a bacterial reverse
mutation screen employing Salmonella typhimurium strains TA98 and TA100 both in the
presence and absence of an exogenous metabolic activation system. The test
article/substance was evaluated using the plate incorporation assay. Molten agar (45 to
48°C) was utilized as the medium for transference of the test article/substance, metabolic
activation system (or appropriate sham control), and the bacterial culturc to the agar
plate. Salmonella typhimurium tester strains were obtained from Bruce N. Ames Ph.D.
through the Children’s Hospital of Oakland Research Institute, Oakland CA.

The solvent, diluent and negative control used in this assay was Distilled Water. Test
article/substance concentrations of 5, 10, 50, 100, 500, 1000, 2500, and 5,000 were
evaluated with concurrent positive and negative (solvent) controls. Duplicate treatments
at the aforementioned concentrations were performed. All test article/substance
concentration levels were assessed with respect to negative (solvent) controls in order to
determine test article/substance mutagenicity and/or toxicity. Phenotypes for sensitivity
to UV light, histidine growth dependence, resistance to ampicillin and sensitivity to
tetracycline were determined for each strain.

Accepted scientific procedures were used in the preparation of solutions/suspensions, and
dilutions of the test article. Demonstration of the uniformity, concentration, or stability
of the test article in solvents or diluents was not conducted. In the absence of visible
evidence to the contrary, solutions or mixtures were believed to be uniform, stable, and
have the calculated concentration at the time of the assay performance. Further
assessment was considered unnecessary to achieve the objectives of the study.

Only trials meeting the following criteria of acceptability are presented in this report. The
mean revertants per plate in the presence or absence of exogenous metabolic activation
systems was within the following ranges: Salmonella typhimurium strain TA98: 5-40:
TA100: 60-190. Mean positive control values represented at least a three-fold increase
over the respective mean of the concurrent negative (solvent) control value for each tester
strain and condition. Bacterial titers were approximately 1 x 10°. A minimum of five
analyzable concentration levels was required for test article classification. A plate was to
be rejected if contamination, test article precipitation, or conditions exist that prevented
an accurate counting of revertant colonies.

C INCORPORATIO
Confidential, Bacterial Reverse Mutation Screen
Do Not Duplicate or Distribute
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Data was evaluated using scientific judgment taking into account both statistical and
biological significance. The guidelines below were used in the classification of the test
article/substance:

A test article was classified as POSITIVE (i.e., mutagenic) if the average number
of revertants in any strain at any test article concentration was at least two times
greater than the average number of revertants in the concurrent vehicle control
and there was a concentration-related increase in the mean revertants per plate in
that same strain.

A test article was classified as NEGATIVE (i.e., nonmutagenic) if there were no
test article concentrations with an average number of revertants that was at least
two times greater than the average number of revertants in the concurrent vehicle
control and there was no positive concentration-related increase in the mean
revertants in that same strain. In consultation with the Sponsor, negative results
may be confirmed as needed.

Results not meeting criteria for positive or negative classification were evaluated
and reported as EQUIVOCAL.

INCORPORATID
Confidential, Bacterial Reverse Mutation Screen

Do Not Duplicate or Distribute
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RESULTS AND DISCUSSION
The test article/substance Gold Root Extract was evaluated in a bacterial reverse mutation
screen employing Salmonella typhimurium strains TA98 and TA100 in the presence and
absence of exogenous metabolic activation (Aroclor® induced rat liver S9). The test
article/substance was evaluated using the plate incorporation assay. Distilled water was
selected as the test article/substance solvent, diluent, and negative control.

Tester strains demonstrated appropriate phenotypic characteristics (Table 3). The mean
numbers of revertants observed in the negative control were within the acceptable range
as outlined by historical and published control data for each strain used in this study.
Mean positive control values, documented as the number of revertant colonies per plate,
demonstrated greater than a three-fold increase over the means of their respective
negative controls. Concentrations of 5, 10, 50, 100, 500, 1000, 2500, and 5,000 ug/plate
of test article/substance were assessed in reference to negative controls. Each test
article/substance concentration, negative and positive control was plated in duplicate both
in the presence and absence of exogenous metabolic activation.

No evidence of substance-related precipitate was observed. Test substance related
toxicity, as evidenced by the reduction of the microcolony background lawn and/or as a
concentration related reduction in the mean number of revertants per plate, was observed
in all tester strains (Tables 1 and 2). No test article/substance concentration resulted in a
mean number of revertants that were four times greater than the mean of the concurrent
controls in this assay (Tables 1 and 2).

RECORDS RETENTION

The following records will be returned to the Sponsor or maintained at Next Century
Incorporated as per the Sponsor’s request: raw data, the final report, the procedure, and
any amendments. Next Century archives a verified, copy of any original documents
returned to the Sponsor ’

CONCLUSION

Under the conditions of this study, no evidence of mutagenic activity was detected in
Salmonella typhimurium strains TA98 and TA100. Based on the findings outlined, the
test article/substance — Gold Root Extract — is concluded to be negative for the induction
of mutagenicity in the bacterial reverse mutation screen.

=

Confidential, Bacterial Reverse Mutation Screen
Do Not Duplicate or Distribute
-6 -



Project Number: 01-10-001

TABLE 1:OBSERVATIONS IN Salmonella typhimurium TA98

Revertants per Plate
Concentration late 1 2 Mean SD Score Codes

WITHOUT EXOGENOUS METABOLIC ACTIVATION

0 20 30 25.0 7.07 TO, PO

5 34 27 30.5 495 TO, PO

10 25 22 23.5 2.12 TO, PO

50 11 21 16.0 7.07 TO, PO

100 19 18 18.5 0.71 TO, PO

500 26 23 24.5 2.12 TO, PO

1000 18 31 24.5 9.19 TO, PO

2500 24 35 29.5 7.78 TO, PO

5000 32 28 30.0 2.83 TO, PO

2-NF (25ug) ~29321 ~19081  ~2420.0  724.08 TO, PO

WITH EXOGENOUS METABOLIC ACTIVATION

0 27 33 30.0 4.24 TO, PO
5 19 51 35.0 22.63 TO, PO

10 15 33 24.0 12.73 TO, PO

50 30 29 29.5 0.71 TO, PO

100 21 33 27.0 8.48 TO, PO

500 28 36 32.0 5.66 TO, PO

1000 16 40 28.0 16.97 TO, PO

2500 21 22 21.5 0.71 TO, PO

5000 29 27 28.0 1.41 TO, PO

2AA (2.5pg) ~37921 ~3064 ! ~3428.0 514.77 TO, PO

1 % of plate counted and multiplied by four to obtain colony counts

Confidential, Bacterial Reverse Mutation Screen
Do Not Duplicate or Distribute
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TABLE 2:0OBSERVATIONS IN Salmonella typhimurium TA100

l Revertants per Plate |
Concentration late 1 2 Mean SD Score Codes

WITHOUT EXOGENOUS METABOLIC ACTIVATION

0 106 104 105.0 1.41 TO, PO

5 76 102 89.0 18.38 TO, PO

10 106 88 97.0 12.73 TO, PO

50 132 100 116.0 22.63 TO, PO

100 92 111 101.5 13.44 TO, PO

500 98 112 105.0 9.90 TO, PO

1000 98 99 98.5 0.71 TO, PO

2500 118 93 105.5 17.68 TO, PO

5000 112 139 125.5 19.09 TO, PO

NAAZ (2ug) ~3,1721  ~3,184'  ~3178.0 8.485 TO, PO

WITH EXOGENOUS METABOLIC ACTIVATION

0 104 188 146.0 59.40 TO, PO

5 95 174 134.5 55.86 TO, PO

10 119 158 138.5 27.58 TO, PO

50 124 148 136.0 16.97 TO, PO

100 122 171 146.5 34.65 TO, PO

500 154 182 168.0 19.80 TO, PO

1000 192 189 190.5 2.12 TO, PO

2500 173 167 170.0 4.24 TO, PO

5000 146 180 163.0 24.04 TO, PO

2AA (2.5pg) ~2,036! ~3,208 1 ~2622.0! 828.73 TO, PO

M

! Va of plate counted and multiplied by four to obtain colony counts

Next Century

Confidential, Bacterial Reverse Mutation Screen
Do Not Duplicate or Distribute
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TABLE 3: PHENOTYPE VERIFICATION OF TESTER STRAINS

DEPENDENT
STRAIN GROWTH GROWTH CHARACTERISTICS
. D-Bio/His Crystal . - Tetracycline
D-Bio /Trp Violet UV Light Ampicillin (optional)
TA98 - i+ S i - i R = S
TA100 - 4 S : - E R i S
S = Strain is sensitive; R = Strain is resistant; + = Growth; - = No Growth
N/A = Not assessed (or NA)
NOTE: Salmonella strains require histidine for growth.
STRAIN GENOTYPES/PHENOTYPES
. Gene Excision R-factor pAQ1
Strain Locus Repair LPS (pKM101) Plasmid
S. typhimurium TA98 hisD3052 AuvrB* rfa Present Absent
S. typhimurium TA100 hisG46 AuvrB* rfa Present Absent

LPS = lipopolysaccharide; A = deletion; rfa = deep rough mutation

Confidential,
Do Not Duplicate or Distribute

Bacterial Reverse Mutation Screen
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APPENDIX A
Abbreviations Used in Tables

Presence of Test Article Precipitate
Formation of a precipitate by the test article will be documented using the following key:
PO No precipitate, no precipitate observed.
P1 Microscopic precipitate, precipitate present, which does not interfere with
background lawn evaluation or automated colony counting.
P2 Non-interfering precipitate, precipitate present that is visible to the naked eye
that does not interfere with automated colony counting.
P3 Interfering precipitate, precipitate present that requires plate to be counted by
hand.
P4 Heavy interfering precipitate, precipitate present that prevents accurate colony
counting and obscures the background lawn requiring plate rejection (R).

Appearance of the Background Lawn
Evidence for test article toxicity to the bacteria will be documented by recording the
appearance of the background lawn using the following key:
TO Normal, background microcolony lawn appears normal.
T1 Slightly reduced, background microcolony lawn is noticeably thinner.
T2 Moderately reduced, background lawn is markedly thinner resulting in an
increase in the size of microcolonies compared to the vehicle control plate(s).
T3  Severely reduced, background lawn is distinguished by an extreme thinning
resulting in an increase in the size of the microcolonies compared to the vehicle
control plate(s). Microcolonies may be seen readily by the unaided eye and are
greatly enlarged relative to controls.
T4 Absent, plate(s) are distinguished by a complete lack of any microcolony lawn
over a majority of the area of the plate(s).

Positive Controls
STRAIN POSITIVE CONTROLS
in ABSENCE of metabolic activation system
S. typhimurium strain TA98 25 pg 2-Nitrofluorene (2NF) [CAS No.: 607-57-8]
S. typhimurium strain TA100 2 pg Sodium azide (NAAZ) [CAS No.: 26628-22-8]
| (in PRESENCE of metabolic activation system)
S. typhimurium strain TA98 2.5 pg 2-Aminoanthracene (2AA) [CAS No.: 613-13-8]

S. typhimurium strain TA100 2.5 L8 2-Aminoanthracene; !ZAA! !CAS No.: 613-13-8]

Additional Observations
Additional observations relevant to the appearance of the plates will be noted in the study
records including:

N - Absence of any noteworthy observation ~ SD — Standard Deviation

‘ Next Century
NCORPORATID
Confidential, Bacterial Reverse Mutation Screen

Do Not Duplicate or Distribute
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) 732-254-9200 » 800-425-0002 » FAX-732-254-6736

Thursday, November 01, 2001

Philip Wolfson
PHYTOS INC.

6 Crest Rd

San Anselmo, CA 94960

Dear Dr. Wolfson:

Enclosed please find the following FINAL REPORT for Gold Root Extract:
Study #11325 - P203 Acute Oral Toxicity Study in Rats
Invoice will be sent under separate cover.

Thank you for your confidence in Product Safety Labs. Please contact Daniel J. Merkel, our
Study Director, for comments and/or questions.

Sincerely,

Wv\-)\\\ (’L m\\« { ' g

Tammy Paleopanidis

Enc.

Product Safety Labs is a division of EUROFINS SCIENTIFIC, INC.
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ACUTE ORAL TOXICITY STUDY IN RATS - LIMIT TEST

TEST METHOD NO.: P203

STUDY NUMBER: 11325

SPONSOR: PHYTOS, INC.
6 Crest Road,

TEST SUBSTANCE IDENTIFICATION:

TEST SUBSTANCE DESCRIPTION:

San Anselmo, California 94960
Gold Root Extract

Yellow powder

DATE RECEIVED: September 19, 2001

PSL REFERENCE NO.: 010919-8D

DATES OF TEST: September 26 - October 10, 2001
NOTEBOOK NO.: 01-47: pages 208-213

PURPOSE

To provide information on health hazards likely to arise from a short-term exposure to Gold Root
Extract by the oral route.

PROCEDURE

A group of Sprague-Dawley derived, albino rats was received from Ace Animals, Inc., Boyertown,
PA. The animals were singly housed in suspended stainless steel caging with mesh floors. Litter
paper was placed beneath the cages and was changed at least three times per week. The animal room
was temperature controlled and had a 12-hour light/dark cycle. The animals were fed Purina Rodent
Chow #5012 and filtered tap water was supplied ad libitum by an automatic watering system.

Following acclimation to the laboratory, a group of animals was fasted for approximately 19 hours by
removing feed from their cages. After the fasting period, ten rats (five male and five female) were
selected for test based on health and initial bodyweights. Individual doses were calculated based on
these bodyweights, taking into account the specific gravity (determined by PSL) of the test substance.
The test substance was administered as a 45% w/w suspension in distilled water. Each animal
received 5,000 mg/kg of the test substance by intubation using a stainless steel ball-tipped gavage
needle attached to an appropriate syringe. After administration, each animal was returned to its
designated cage. Feed was replaced approximately 4 hours after dosing.

Pradnet Safetv Lahs is a division of EITROFINS SCTENTIFIC INC
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The animals were observed for mortality, signs of gross toxicity and behavioral changes at
approximately one hour post dosing and at least once daily for 14 days. Bodyweights were recorded
prior to initiation and at termination. All animals were euthanized by CO, inhalation at termination.

Individual bodyweights and doses are presented in Table 1. Cage-side observations are presented in
Table 2.

Apart from one female that exhibited an abnormal gait 2 hours after administration, all animals

A Tt A d ot dh Th or, ian or 10t
survived, gained weight and appeared active and healthy. There were no other signs of gross toxicity,

adverse pharmacologic effects or abnormal behavior.

CONCLUSION

Under the conditions of this study, the single dose acute oral LDs, of Gold Root Extract is greater than
5,000 mg/kg of bodyweight in male and female rats.
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Study Number 11325

SIGNATURES

Gold Root Extract

We the undersigned declare that the methods, results and data contained in this report faithfully reflect the
procedures used and raw data collected during the study.

W/W (it 3/, zeo)

Daniel J. Merkelﬁé Date
Study Director

W AR

Date

<
Fielder, B.S.
Quality Assurance Supervisor
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TABLE 1: INDIVIDUAL BODYWEIGHTS, DOSES AND MORTALITY

Animal No.| Sex Bodyweight (g) Dose'

Initial Day 14 ml
6349 M 233 361 23
6350 M 232 347 93
6351 M 239 355 53
6352 M 252 369 2.5
6353 M 246 374 2.4
6354 F 175 236 1.7
6355 F 171 239 1.7
6356 F 179 244 1.7
6357 F 178 250 17
6358 F 186 249 1.8

! Administered as a 45% w/w suspension in distilled water. Specific Gravity - 1.139 g/ml.
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Animal
Number

MALES

6349 - 6353
FEMALES
6354 - 6357

6358

TABLE 2: INDIVIDUAL CAGE-SIDE OBSERVATIONS

Active and healthy

Active and healthy

Abnormal gait
Active and healthy

Day of
QOccurrence

0-14

0 (2 hrs)
0 (1 hr), 0(3 hrs)-14
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TABLE 3: INDIVIDUAL NECROPSY OBSERVATIONS

Animal

Number Tissue Findings

MALES

6349-6353 All tissues/organs No gross abnormalities
FEMALES

6354-6358 All tissues/organs No gross abnormalities
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January 28, 2002

Dr. Philip Wclfson
PHYTOS INC.

6 Crest Rd

San Anselmo, CA 94960

Dear Dr. Wolfson:

At the request of Dr. Ted Farber, [ am writing to provide you with a preliminary description of
the results of the 28 day study on Gold Root Extract. The study was conducted with three test

groups {Jow, mid and high dose level) and | negative control group. The test compound was
incorporated into the diets of the animals assigned to the test groups at levels of 130, 1,200 and
13,000 ppm.

As you know, the “in-life” pertion of the study ended !ast week. The amount of information we
have at this time is limited. What I can tell you is that animals from all test groups survived,
gained weight and appeared active and healthy during the 28 day study. Gross necropsy findings
at terminal sacrifice were unremarksble. Evaluation of the following parameters are still
pending; food consumption, bodyweight gain, organ to bodyweigh: ratios, clinical chemistry,
hematology and histopathiclogy. Once we have compiled this data, we will be provide you with
a final report describing our findings in more detail.

Please fee! free to contact me if you have any questions or need additional information.

Sincerely,
PRODUCT SAFETY LABS

Gary Wnorowsh
Laboratory Director

Product Safety Labs is a division ef EUROF]NS SCIENT mc, INC.
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MAXIMINO MARTINEZ 215
CHILCUAN?*

Other common names: Chilcuague, Pelitre; Chilmecatl (in Aztec: chil, chile, and mecatle, filament, alluding to the
filiform roots, spicy taste).

Botanical name: Heliopsis longipes (A. Gray) Blake, Composite family. For a long time, the plant was erroneously
confounded with Erigeron affinis; precisely identified by Dr. S. F. Blake.

21520,22, and 24 ichtyomethia Ichthyometia

* Translator’s note: transiation aniy on the section "CHILCUAN”

14



216 USEFUL PLANTS OF THE MEXICAN FLORA

[Caption]

CHILCUAN
Heliopsis longipes

A wild plant whose roots, when chewed, produce a copious flow of saliva and leave a spicy taste. Recently
studied as an insecticidal piant.

Herbaceous, with semilegnious stems in its lower part and between 20 and 70 cm in height. The leaves are
opposed, oval-shaped, between 2 and 4 cm in length, serrated, and with short petioles. The flower hears are
largely pedunculated and yeliow in color. The roots measure between 15 and 30 cm in length and 3 cm in width,
frequently less. The plant almost dries out in winter, but buds vigorously during the rainy season, from July to
September.

The plant has been observed from San Luis de la Paz to Xich( and in the vicinity of Hacienda de La Mesa, and in
Palmillas, Vergel, Macula, Ahorcados, Charco Azul, and Santa Catarina, all located in the State of Guanajuato.

Also in the South of San Luis Potosi and in the North of Querétaro. Grows at an altitude between 1,825 and 2,250
m.

The usable part is the root. Chewing a piece of about two mm numbs the tongue, produces a spicy flavor, and

triggers abundant secretion of saliva. These properties exist in the cortex of the root, and not in the center of the
same,

The root is commonly used as a condiment and added to beans instead of chile; it is also added to alcoholic
beverages to give them a special flavor and chewed to relieve molar pain. In medicine, the alcoholic tincture can

be used as a stimulant, and the extract as an anesthetic. In certain cases, it may possibly be useful against
hyperchlorhydria.

Prof. Miguel Cordero analyzed Chilcuan around 1903 and obtained the following results:

LIQUIA @ttt ctre e tees s e s s ee s se s s aessesss e ssesessssssssebnsensssnesrmrasesessssaessesernseasens 2,042
Resinous Substances, one of them similar to PYTEtIIN.......c..occiiiviviriieiirrereee et esrare e essasessesseessesann 3,362
AIKBIOIT ...ttt ettt ettt se e b e as s e s e s e e b e esaeessesnnesnessa e nensnenss e aeeseessabeeenrtorassetanteneenns [blank]
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GIUCOSE oo eeeeee e ee s eeseanstaasaenessesessnsanssesennssmnassasssrsnssarasssrsasesssrassansssststenassnssssorsssrssesssonnssssersnssrorenrrassossnnnsscer 2,270
Early QUIMMY SEAES .....eerieiiicerie ettt e ses s st b e e e et 5,420
DeXrin @Nd SIMIIAr SUDSEANCES . ... oieeeeeveeeeeite i eeeieteeeteveatserrereesssressssaseaserstnassnressstnsesssassostsnsssrrsssesearnnrsssansarssens 1,420
HYGrOSCOPIC WALET ..ottt et e e h s e b n e b eens 8,509
IMINETAE SAIS eoeeeeeeeeeeeeee e e e e e ee e et e e et e e e ettt es e s saassasssnsssnsnsssersetessrssressssssraneesssnsrrrbnansasssossnsssesssrsmssessssssrsserassanns 8,530
CellUIOSE, WOOT AN JOSS ...eveeviiiiieeeeeieeeiescceteerereietee s e eataeeeeeserseeaseesessnnssersaasessssstnsessorsasaassnsssbenessrssessratassannnans 67,991

(The alkaloid was isolated afterwards and called “affinin”).

In 1945, Acree, Jacobson, and Haller conducted another analysis after isolating a main active agent |e the
alkaloid referred to by Cordero, and whose chemical composition is N-isobutyl-2,6,8-decatrienoamide (C*H®NO).
Other investigators found that Chilcuan exhibits insecticidal properties. Flies are killed when drinking milk mixed
with the ground root. The smoke produced when burning [the root] allegedly chases away flies.

References: Francisco Hernandez - De Historia Plantarum Novae Hispaniae [History of the Plants of New Spain].
Vol. til. Ed. Matritense, 1790.

Francisco Ximénez — De la yerba llamada Chilmecatl. Los Cuatro Libros de la Naturaleza [The Herb Called
Chilmecatl. The Four Books of Nature], 121 (Reprint), Mexico, 1888.

Anales de! Inst. Med. Nacional [Annals of the National Medical Institute]. Vol. VI, 237, Mexico, 1905.
Juan Manuel Noriega — Curso de Historia de Drogas [Course in Drug History]. 419, Mexico, 1902.

Elbert L. Little - Heliopsis longipes. Journ. Wash. Acad. Sci. 38. 1948 and Bol. Soc. Botéanica de México [Bulietin
of the Botanical Society of Mexico}, Number 7, Mexico, October 1948. These and other bibliographical notes are
cited in this work.

Acree, Fred, Jr., Jacobson, Martin, and Haller, H. L.- “An Amide Possessing Insecticidal Properties from the
Roots of Erigeron affinis D.C.” Journal of Organic Chemistry 10: 236-242. 1945.

Acree, Fred, Jr., Jacobson, Martin, and Haller, H. L.- “The structure of Affinin, the Insecticidal Amide from
Erigeron affinis D.C.” Journal of Organic Chemistry 10: 449-451. 1945,

Jacobson, Martin, Acree Fred Jr.,, and Haller H. L.- “Correction of the Source of “Affinin” (N-isobutyl-2,6,8-
decatrienoamide)”. Journal of Organic Chemistry 12: 731-732. 1947.

Roark R. C.- “Some Promising Insecticidal Plants”. Economic Botany 1947.
Maximino Martinez — Plantas Medicinales de México (Medicinal Plants of Mexico), 1959
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Es un arbol bien conocido de Tamaulipas y San Lwy Potosi a Yuca-
tan y Quintana Roo. Alcanza de 15 a 18 metros de altura o algo mas,
con tronco hasta de un metro de didmetro, Corteza agrietada, de color
ceniciento. Sus hojas se componen de 7 a 9 hojuelas &speras, oblongas
o elipticas v agudas, de 4 a 12 em. de largo. Flores de coltr rosado
algo violaceo: fruto de 2.5 a 7.5 mm. con unas seis semillas o mencs,
de color moreno, La madera es mo-
reno amarillenta con peso especifi-
co de 0.87, durable v muy resistente
a la humedad, llegando a petrificar-
se, Se wsa en carpinteria, construc-
cicmes, durmientes, ete. Lia corteza es
irritante v de olar desagradable y
contiene una substaneia (picidina)
narcOtica v analgéaea, wsada contra
neurvleias, insomnio ¥ tos ferina. Las
hojas v la coitesa. mechacadas y
arrojadas en el agua, atontan a los
pecoes.

Hay otras tres especies de Ichtyo-
methia en México:

Ichtyomethia grandiflera (Don.
Sm.) Blake. en Oaxaca, I mollis
(Rose) Blake, en Rinaloa y Scnora;
Ichtyomethia americana Moce. et
CHIJOL Sessé. en Michoacan v Guerrero. “Ta-

Piscidia prscipula. o ,
prscip tungo”, *‘zatzumbo™, “cocuile”, “co-

lorin de peces”, “mata pez’.

Bibliografia: Blake.—Revision of Ichthyomethin, Journ. Wash, Acal. Sen IX.
p. 241, 1919

P. €. Standley. Trees and Shiubs of Mémco. Contr. U, S N Herh, XIII, p.
511, Washington, 1922,

M. Martinez.—Plantas Medicinales de Méxicn, p. 428, 1939,

CHILCUAN

Otros nombres vulgares: Chilcuague, pelitie, chilmecatl (en lengua azteca:
chil, de chih, y meceat], o, haciendo alusién a las raices filiformes, de sabor
picante.

Nombre botanico: Heliorsis longipes (A. Gray) Blake. Familia Je las Com-
‘puestas. Durante mucho tiempo se confundié con Erigeron affinis, v fué el Dr.
S. F. Blake quien la identificd exactamente.

-
215 20, 22 v 23 Ichtyomethin »w  Iehthyomethia
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E.s ung planta silvestre, cuvas rajees, al
11.1ustlvnrsc, producen un copioso tlujo (le,sa-
liva ¥ dejan un sabor picante. Recientemens-
te se i estudindo como planta inseeticida

E« herbiacea, con Jos tallos semileiiosos on‘
su parte inferior y de 20 a 70 ¢m. de altura
Las hojas son opuestas, ovadas, de 2 a 4 («nl‘
de Jargo. aserradas y con peciolos cortos. Ln;
cahezuelas son largamente pedunculadas \
de color amarillo. Las raices miden de 15 a
30 em. de Javgo por 3 mm. de ancho, frecuen-
Tem.c'nto menos. La planta casi se seea en el
invierno, pero brota con vigor en la estacion
Huviosa. de julio a septiembre.

:Se ha observado de San Luis de la Paz
hacia NXiehit y cerea de 1a hacienda de Ta Me-
sa, v en Palmillas, Yergel, Macula, Ahorea-
dos, Charco Azul y Santa Catarina, todas lo-
(‘falidndv\ del Estado de GllHl);ljll;lT(). Tam-
bién al sur de San Luis Potosi v al norte de
Querétaro, Vive entre 1,825 v 2.250 metros
de altitud.

Lf‘ parte utilizable es la raiz. Cuando se
adormece la lengua, se hercil:]:a:rt:(:al;::; r;;.:-]'\mfo ‘]f’ A
secrecion de saliva, Esas propiedades ox]i.ste:l:] (il)l N 1".'0(]“0" f'b"“d{”‘”
10 en el eje de ella. ncortenn el vaiz ¥
y \]nlgt;r‘monto .se‘}t'«'a como condimento, aiadiéndola a los frijoles en

".m: }:(‘:‘71;]‘0 ;otn‘:::nl"n]ln::' a;r]l'oga &, bebidas aleohélicas para dm.'los ma-
e Q " ‘ iear a’(-.onh‘n el dolor de muelas. En medicina
» ree Ia nn'tma alcohdlica como estimulante ¥ el extract

10 anestésico. Posiblemente en ciertos casos sea a .m\’ AIA bl oomn
.xm];],(:o;;vo para combatir Ja hiperclorhidria. preee ot

3 Py e ) ., .

e p:tfl.m‘\:.]p:ll‘:llngz:(zhl‘0 analizé el ehilendn por el #fie de 1003 v

CHILCUAN
Heliopus longipes.

Grasa liquida ......... 2042
e TN e 2042
ub .t.m( lux resinosas, una de ellas semejante a la
piretring ., .
e e 3062

Alealoide .......

MAXIMINDO MARTINEZ 217
Glueosa ..o e P ... 2720
Principion GUMOSOS +oeennevriarreene st . 5,120
Dextrina ¥ andlogos ..ooeeeeinens .. L0
Agtin MEGrOSEOPICa o overevussrnveren e 8.609
Sales IINCTALES « o vverrerrvsosar e AU K13 1)

. 67.901

Celulosa, lefiosa ¥ pérdida ...

(Kl alealdide se ha aislado posteriormente, Namandoto afinina).
En 1945 Acree, Jasobson ¥ Haller hic tro anilisis, habiendo ais-

ieron o
lado un prineipio activo (afinina), o sea ¢l alealoide de gne habln Cor-
qmposicion es N-isubityl 2.6.8, decatrienoamida (14 H23
ado en el chileuin propicdades
he mezclada con la rafz

wenta los mos-

dero, y enya ¢
N 0). Otros investigadoves han encontr
iusccticidas. Las moscas mueren si beben la lec
molida. Se dice que el humo yue produce al guemarse aln

quitos.
Bibliografia: Fruncisco Hermadnez.—De Ihstotia Plantanam Novae Hlixpanine.
Vol. 111, 383, Ed. Matutense, 1700,
Franci-eo Niménez.—De I verha 1lainda Chilmeentl,
turnlers, 121 (Reimpresiin}. Mdéxico, 1888.

Anales del Inst. Med. Nacional, Vol. VI, .
Juan Manuel Noviega—-Cuizo de Tistaria de Drogas. 410, México, 1002,

Tibert L. Little.—Helinpsis longipes. Jontn, Wash, Acad, Sei. 18 w48 v Dol
Sae. Botinica de México, nitmero 5, Méxieo, octubre de 1948, Bn cste trabajo xe

citan estas y otras noins pibliogrificas:

Acree Fred, Jr., Jacohson, Martin p Ialler, H. L—An Amide Possessing
Insectical Properties from the Roots of Erigeron atfinie . C.”. Journal of Organie
Chomistry 10: 236-242, 1945

Acree Fied, Jr., Jaccheon.
the insecticidal Amide from Frigeron aff

10: 449-451. 1945,

Tacohson Martin, Acree Fred Jr. and Haller
of “Affinin" (No, jeobhutyl-2, 8, 8-deeatricnonmide)
12: 731-732, 1947,

Roark R, C.o~

Masimino Martinez.—

Cuntro Lihros de la Na-

237. México, 1905,

Alartin and Halter 1, L. “The atructure of Affinin
inic D, .7, Journal of Organie Chemistry

H. L.—%Correction of the Nource
. Journal of Organic Chemistry

#Qome Promising Tnrecticidal Plants”. Teonomic Botany 1047.
Tlantaz Medicinales e México, 1959, -

CHILE

Nombres vulgares: Chile verle ehile xerrann, chile morita, chiltipin, ete.,
glin las especies ¥ variedades. Tk (en Yueatin),

Nombre botdnico: Capsicum annuum L., Oap
nunsorosas variedades y formas.

8e-

gicum frutescens I.. y otros, con

tantes en el pais por sn uso tan ge-
remotos. A pesar de la
mplea de prefe-

s una de las plantas mis impev
neralizado como condimento desde tiempos muy
introduecion de los condimentos eurepcos, el chile se @
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CHILCUAN?

Other common names: Chilcuague, Pelitre or Peritre. In the Aztecan language Chilmecatl (from chili, chile, and
mecatl, filament, alluding to the filiform roots and their spicy taste).

Botanical name: Heliopsis longipes (A. Gray) Blake. Composite family.

Places of Vegetation: San Luis de la Paz, Xichu, Palmillas, Vergel, Macula, Ahorcados, Charco Azul, and Santa
Catarina, all located in the State of Guanajuato. Also in the South of San Luis Potosi and North of Querétaro.

A herbaceous, perennial plant, between 20 and 70 cm. Opposed leaves, oval-shaped, between 2 and 4 cm,
serrated and with small petioles; yellow flower heads with a large peduncle. Roots 15 to 30 cm in length and 2
mm wide, with a dark brown cortex covering a ligneous and yellowish center.

Parts used: Roots. When chewed, the roots produce a spicy flavor, numb the tongue, and cause abundant
secretion of saliva. These effects are obtained with the cortex of the root, not with its center.

[Caption]

CHILCUAN
Heliopsis longipes

3 Translator’s note: translation of section on “CHILCUAN” s
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Its action on other secretions, as mentioned above, and its action on all functions of the organism also remains to
be studied; and finally, the main active agent(s) remain to be isolated (Dr. E. Novoa).

References: Francisco Hernandez: De Historia Plantarum Novae Hispaniae (History of the Plants of New Spain).
lii. Ed. Matritense. 1790.

Francisco Ximénez. Los Cuatro Libros de la Naturaleza (The Four Books of Nature), p. 121. Morelia Reprint,
1888.

Anales del Instituto Nacional (Annals of the National Institute). VI. p. 237. Mexico, 1905.

Acree, Jacobson, et al. An Amide Possessing Insecticidal Properties from the Roots of Erigeron affinis D.C.
Journ. Organic Chemistry X, p. 236-242. 1945. The structure of Affinin, the insecticidal amide from Erigeron affinis
D.C. Ibid. 449-451; Correction of the source of affinin. Ibid. Xli. p. 831-732 [sic]. 1947. (until 1947, Chilcuan was
incorrectly identified as Erigeron affinis. Blake clarified that it was Heliopsis longipes).

Elbert E. Little. Heliopsis longipes. Journ. Wash. Acad. Sci. XXXIli. 1948; Boletin de la Soc. Botanica de México
(Bulletin of the Botanical Society of Mexico), Number 7. October 1948. Other bibliographical notes are cited in this
work.

Maximino Martinez. Algunas Plantas Utiles de la Flora Mexicana (Some Useful Plants of the Mexican Flora).
Mexico, 1959.
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naces von diez centigramos de 1.40 gramos de extracto hidroaleohélico,
observandose en algunos casos cblicos intestinales, estado nauseoso y vé-
mitos. Ademés de sus cfectos purgantes se le encontraron marcados efec-
tos diuréticos en enfermos del corazén y de los rifiones a la dosis de
0.30 a 0.40 gramos de extracto hidroaleohélico en pfldoras de 0.10 gra-
mos repartidos en 24 horas. Por otra parte, ejerce aceién sobre el siste-
ma nervioso, el aparato circulatorio, locomotor y respiratorio. Hay que
advertir que estos efectos de la planta sélo se. verifican con el extracto

hidroalcohélico o con el polvo de la rafz, la tintura es ineficaz, lo mismo
que el cocimiento.

*Beferencias: Dalos para la Materia Médica Mexicann, 3a. parte, pfig. 93, Mé-
xico, 1900,

CHILCUAN

Otros nombres vulgares: Chilcuague, pelitre o peritre. En la lengua azteen chil-

mecatl (de chili, chile y mecatl, hilo, aludiendo a las raices filiformes y nl sabor
picante de éstas),

Nombre botinico: Heliopsis longipes (A. Gray)
Blake. Familia de las Compuestas,

Lugares de vegetacién: San Luis de la
Paz, Xichd, Palmillas, Vergel, Macuala,
Ahorcados, Charco Azul y Santa Catarina,
todos del Estado de Guanajuato. También
al sur de San Luis Potosf y norte de Que-
rétaro,

Es planta herbAcea, perenne, de 20 a 70
em. Hojas opuestas, ovadas, de 2 a 4 em,,
aserradas y con peciolos cortos; cabezuelas
amarillas con largo pedinculo, Rafees de 15
a 30 em. de largo por unos 2 mm. de ancho,
con corteza morena gue cubre a un eje le-
fioso y amarillento.

Partes usadas: Las raices. Al masticarse
producen un sabor picante, adormecen la
lengua y provocan abundante secrecién de

CHILCUAN. saliva. Esos ?fectos se obtien.en con la cor-
Heliopsis longipes. teza de la raiz y no con su eje.




Missing Pages 114 & 115 of original Spanish version
of Medicinal Plants of Mexico



PHYTOS

Romero et.al
Estudios preliminares de los efectos antibacterianos, insecticidas y

toxicologicos da la Raiz Del Chilcuan (Heliopsis longipes). Veterinaria 1989
20:151-156
English translation of same.

9 6 Crest Road + San Anselmo, CA 94960 - 415.339.9026 ph + 415.339.9031 fax + phytos@phytos.com



[first line illegible]

Preliminary Studies of the Antibacterial, Insecticidal, and Toxicological
Effects of Chiluan root (Heliopsis longipes)

CARLOS M. ROMERO-R.*
ARCELIA R. DEL CASTILLO R.*
ADRIANA C. MARTINEZ M**
CARLOS J. CALDERON***

SUMMARY

The root of Chilcuan (Heliopsis longipes) is used empirically as an oral anesthetic in humans and against cattle

worms. In this study, the antibacterial, insecticidal, and toxicological effects of the otal alcoholic extract of
Chilcuan root (EAT) were investigated. The antibacterial effects of EAT were tested in vitro against Escherichia
coli and Staphylococcus aureus; EAT exhibited a bactericidal activity on both bacteria, the first one being more
resistant to small doses (0.01 mg), whereas the effect was the opposite at higher doses (1.0). The insecticidal
effects were also quantitatively examined in vitro against Oestrus ovis larvae and qualitatively against
Gasterophilus app; the stage Il Oestrus larva had a higher incidence of survival in the culture medium and was
more sensitive to EAT (1.0 mg/ml), which produced a mortality of 43% after 24 hours vs. 3% for the reference
sample; under the same conditions, the stage lil larva exhibited a mortality of 50% vs. 40% for the reference
sample. On the other hand, EAT (400 mg) was capable of producing the detachment of the Gasterophilus larvae
of equine gastric mucosa in vitro. Finally, the toxic effects were determined by calculating the intraperitoneal 50%
lethal dose of EAT in rats, which was 566 mg/kg. These results, although they are the first ones to show the
antibacterial effects of EAT and its insecticidal action on fly larvae affecting domestic animals, can not be
attributed to any compound in particular, and may even be caused by different compounds; for that reason, it is
necessary to purify the extract and test the different fractions.

INTRODUCTION

In Mexico, medicinal plants are commonly used for therapeutic purposes, both for humans and animals. Although
this practice is old, very common, and effective in many cases, so far, nobody has yet attached the necessary
importance to the experimental study of the therapeutic properties attributed to these plants.
L]

Chilcuan root (Heliopsis longipes), formerly classified as Engeron affinis?, is used in rural areas as a local
anesthetic administered orally to humans, and against cattle worms'®. The therapeutic use of this root dates back
to the days before the Spanish Conquest and was described by the Surgeon General of the Indies, Francisco
Hernandez®. Affinin (N-isobutyl-2,6,8-decatrienoamide), which exerts insecticidal eﬁects snmllar to those exhibited
by pyrethrins against domestic flies and mosquitos, has been isolated from this root'?"®_ From Heliopsis scabra,
another plant of the same genus, a compound, the so-called “scabrin®, has been |solated which, in addition to
insecticidal effects against domestic flies, has been found to exert antibacterial effects against both gram-positive

and gram-negative bacteria. During prehmlnary tests, this compound was found to exert a toxic effect against rats
at a dose between 50 and 300 mg/kg."

In the case of Chilcuén,ain addition to the aforementioned insecticidal effects, this effect of affinin has only been
found against bean grub®. This present study resumes a number of studies aimed at the experimental analysis of
the antibacterial, insecticidal, and toxicological effects of the total alcoholic extract (EAT) of the Chilcuan root.

Received for publication on August 26, 1988
* Department of Reproductive Biology, Autonomous Metropotitan University of {illegible], 09340 Mexico City; P.O. Box 5§5-535
Department of Biological Sciences, School of Higher Studies [iliegible], National Autonomous University of Mexico, fillegible}, 54730 Edo.
de México, Mexico.

Department of Physiology and Pharmacology, School of Veterinary Medicine and Zootechnics, National Autonomous University of
Mexico, 04510 Mexico City, Mexico.
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MATERIAL AND METHODS

Collection. Roots of plants collected in the Sierra del Pinal, Guanajuato, Mexico, were used and analyzed in the
herbarium of the School of Sciences of UNAM (National Autonomous University of Mexico).

Obtention of the Alcoholic Extract. The root was desiccated, ground and extracted in an Sohxlet extractor with
absolute ethy! alcohol at 70° C; extraction continued until alcohol appeared colorless in the funnel. Afterwards, the
alcohol was removed through evaparation until two equal weights of extract were obtained. This EAT was used to
prepare the working dilutions.

Experiment 1. The antibacterial effects were tested in vitro against Escherichia coli and Staphylococcus aureus
bacteria. The bacteria were placed in Petri dishes with nutrient agar, after sterility testing for 48 hours. At the time
of sowing, lots comprising 25 dishes were prepared for each EAT dose (0.0, 0.01, 0.1, and 1.0 mg) which was
impregnated on a filter paper disk 6.3 mm in diameter and placed in the center of each dish. The dishes were
incubated in a stove at 37° C, and the growth inhibition areas were measured at 24, 48, and 72 hours after
sowing. To measure the growth inhibition area, the perimeter of the halo surrounding the disk without bacterial
growth was traced on graph paper.

Experiment 2. The insecticidal effects were examined against the larval stages of two types of arthropods. The
first of these experiments was carried out with larvae of the Oestrus ovis fly, which were collected in the residue
directly from the head of cattie. The larvae were separated by development stage and distributed in Petri dishes
(15 dishes with 10 stage Ii larvae and 15 dishes with 10 stage lll larvae each) containing 15 mi of a culture
medium consisting of 25% nutrient agar, 12.5% defibrinated ovine blood and 62.5% of a 0.85% NaCl solution;
plus 100,000 U of procaine penicillin per liter®.

The treatments were carried out in triplicate for each group; these treatments consisted in adding a suspension of
the extract to obtain a final concentration of 0.0, 0.01, 0.1, and 10.0 mg/ml of EAT in each dish, respectively. The
Petri dishes were maintained in a bacteriological stove at 37° C, and the number of dead/alive larvae was counted
after 24, 42, and 54 hours. The lack of movement of the respiratory signs and the absence of response to
mechanical stimuli was used as a criterion for determining the death of the larvae.

Experiment 3. The second of the experiments aimed at determining the insecticidal activity was carried out
against Gasterophilus app. larvae. To two sections of equine stomach, maintained in a Ringer solution, to whose
mucosa these living larvae were attached, 20 ml of a solution containing 400 mg of EAT were added. The degree
of attachment and the viability of the larvae was evaluated.

Experiment 4. For the purpose of analyzing the toxicological aspects, a first test was carried out during which the
dose was determined at which the first signs of toxicity occurred in 5 groups of 4 rats each upon administration of
0.0, 0.1, 1.0, 10.0, and 100.00 mg of EAT per kilogram of weight, respectively. The results of this pilot experiment
showed that the first signs of toxicity in the rats appeared at a dose of 100.00 mg of EAT per kilogram of weight.
Based on the results of this test, the EAT concentrations were chosen to determine the intraperitoneal 50% lethal
dose (i.p. LDso) in rats. Five groups with 20 animals were randomly formed: 11 Wistar females, 4 Wistar males,
and 5 Long-Evans males in each group. Each of the groups was treated with 0.0, 100, 200, 400, and 800 mg of
EAT per kilogram of body weight. The number of alive and dead animals after application of the treatments was

recorded for a period of seven days''. Once LDs, had been obtained, the value was empirically tested in a group
of 10 Wistar females.

Statistical Analysis. Experiments 1 and 2 were subject to multiple regression variance analysis; averages were
separated by using Tukey’s honestly significant minimum difference method; path diagrams were also drawn to
determine at what percentage the variables were responsible for the overall effect. The LDy, results were

analyzed by using the Reed and Muench method and graphically represented on a probit-log scale. The resuits
are shown as the average +/- standard deviation.
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RESULTS

Experiment 1. Tables 1 and 2 in Figure 1 show the growth inhibition areas of E. coli and S. aureus produced by
EAT at different times. The multiple linear regression resuits showed that the variable that has the most significant
impact on the variation in the size of the inhibition area was the treatment (93.7%); bacteria type also impacts this
variation (5.0%), with S. aureus being more sensitive than E. coli to the small EAT dose, while this effect is

reversed at higher doses. Time had very little impact on the size of the inhibition area (0.5%).

X-axis: Hours
Y-axis:
Tratamiento:  Treatment

Inhibition Area (mm?)

Figure 1: Inhibitory effect of EAT on bacterial growth [illegible]

TABLE 1

INHIBITION OF GROWTH (mmz) OF E.COLI

TREATMENT (mg) 24 48 72 hours
0.0 13.3 +/- 16.2 10.3 +/- 14.0 4.7 +/-9.9
0.01 31.8 +/- 38.9 255 +/- 354 17.4 +/- 246
0.1 90.3 +/- 85.0 71.4 +/-65.7 56.0 +/- [illegible]
1.0 258.0 +/- 149.0 218.0 +/- 169.0 153.0 +/- 149.0
TABLE 2
INHIBITION OF GROWTH (mm?) OF S.AUREUS
TREATMENT (mg) 24 48 72 hours
0.0 6.7 +/- 13.9 47 +/-11.6 3.3+/-94
0.01 83.4 +/-67.4 74.8 +/- 64.6 66.0 +/- 53.0
0.1 135.8 +/-71.3 125.0 +/- 70.6 115.0 +/- 69.1
1.0 136.9 +/- 70.3 127.0 +/-67.5 115.0 +/- 50.7

Experiment 2. The results are shown in Tables 3 and 4. The most striking result in Table 3 is the higher mortality
of the larvae when ftreated with 1.0 and 10.0 mg/mi; treatments with lower doses do not show significant
differences compared with the reference group. Table 4 shows that the larvae !li experienced high mortality in all
treatments, including the reference group. The path diagram showed that the variable having the most significant
impact on larvae mortality was time (81.3%), followed by the treatment (16.7%); larva type had a very small

impact (2.0).
TABLE 3
SURVIVAL OF STAGE Il LARVAE
NUMBER OF LARVAE

TREATMENT 0 24 42 54 hours
0.0 (mg/mi) 10 9.7 +/-0.6 50+/-1.0 50+/-2.0
0.01 10 7.7 +/-0.6 6.3 +/- 0.6 5.7 +/-0.6

0.1 10 8.7 +/-12 6.3 +/-0.6 57 +/-1.2

1.0 10 5.7 +/-1.2 40+/-1.0 2.7 +-2.1

10.0 10 3.3+-06 20+/-1.0 1.7 +/-1.2
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TABLE 4

SURVIVAL OF STAGE lll LARVAE

NUMBER OF LARVAE
TREATMENT 0 24 42 54 hours
0.0 (mg/mi) 10 6.0 +/-17 33+/-16 23+-12
0.01 10 47 +/-1.2 2.7 +/-1.5 1.3+/-0.6
0.1 10 4.3 +/-0.6 2.7 +/-0.6 23+/-0.6
1.0 10 50 +/-1.7 1.7 +/-0.6 0.3+/-0.6
10.0 10 40+/-1.0 1.7 +/-0.6 1.9+4/-1.0

Experiment 3: Exposure of the larvae to the EAT-containing solution for thirty minutes or more lead to their
detachment from the gastric mucosa; however, after three hours, the larvae were still alive and moving.
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Experiment 4: The values of LDs, are depicted in Table 5 and show that deaths only occurred with high dose:s of
EAT (400 and 800 mg/kg). The table also shows that the Long-Evans rats were more susceptible than the Wistar
ones. The LDs, value obtained was 566.0 mg/kg for all animals together; for the Long-Evans males, it was 400.0
mg/kg, and 682.0 mg/kg for the Wistar animals. Table 5 shows the results of the empirical LDso test. Toxic
symptoms appear in acute form in all animals and preceded death in five out of the ten animals used in the

experiment.
TABLE 5
LDs, VALUES OF
CHILCUAN ROOT EAT
DOSE mg/ml ANIMALS PERLOT ALIVE DEATHS CUMULATIVE CUMULATIVE
% ALIVE % DEAD

11 female W 11 0 100 0
0.00 4 female W 4 0 100 0

5 male LE 5 0 100 0

20 TOTAL 20 0 100 0

11 female W 11 0 100 0
100.0 4 female W 4 0 100 0

5 male LE 5 0 100 0

20 TOTAL 20 0 100 0

11 female W 11 0 100 0
200.0 4 female W 4 0 100 0

5 male LE 5 0 100 0

20 TOTAL 20 0 100 0

11 female W 9 2 85.7 14.3
400.0 4 female W 3 1 83.3 16.7

5 male LE 2 3 50.0 50.0

20 TOTAL 14 6 76.9 23.1

11 female W 3 8 23.1 76.9
800.00 4 female W 2 2 40.0 60.0

5 male LE 1 4 12.5 87.5

20 TOTAL 6 14 231 76.9

TABLE 6
EMPIRICAL TEST OF THE LDs, VALUE
(682.0 mg/kg) OF EAT
Animal Latency | Duration of Observations
Weight (g) | Time Toxic Symptoms
301 2 min 2 minutes Lack of coordination, contractions, diarthea, asphyxiation. Death.
277 4 min 5 minutes Lack of coordination, pain, contractions, rigidity, respiratory and
cardiac arrest. Death.
265 3 min 27 minutes Very irritable, {illegible}, pain.
315 3 min 52 minutes Diarrhea, prostration, [illegible] for 24 hours.
236 4 min 47 minutes Pain, contractions, prostration, diarrhea, [illegible] for 48 hours.
258 2 min 4 minutes Contractions, prostration, diarrhea, respiratory arrest. Death.
231 3 min 35 minutes Pain, {iliegible]
204 5 min 15 minutes Pain, {iliegible].
238 2 min 2 minutes Rapid death.
225 2 min 3 minutes Pain, prostration, contractions, lack of coordination, rigidity,
diarrhea, respiratory and cardiac arrest. Death.
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CONCIL.USION

The results shown herein are the first to describe an antibacterial effect of an EAT of the Chilcuan root and an
insecticidal effect on parasitic insect larvae of domestic species. Even though the antibacterial effect of a
compound isolated from the root of Heliopsis scabra has already been reported, the discovery of this effect in the
EAT of the Chilcuan root is relevant since it is commonly used in this manner against cattle worms; for that
reason, it was decided to use EAT for this study. The use of a total extract, however, while permitting the
experimental evaluation of established popular treatments, is not sufficient to attribute the effects observed to a
specific compound. In view of the foregoing, all of the effects of EAT described herein can not be attributed to
affinin, even though affinin has already been proven to exert insecticidal effects.

As a result, these experiments must only be considered preliminary steps in the isolation of the compound(s)

exerting bactericidal and insecticidal properties, or both, of the root of Heliopsis longipes, whose toxicity must be
proven in test animals.

For the moment being, as shown in this study, EAT exerts more of a bactericidal effect on E. coli than on S.
aureus during the first 24 hours, even though this effect was more sustained in the latter case. The antibacterial
effects must be tested with a larger spectrum of both gram-positive and gram-negative bacteria.
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The insecticidal effect on Oestrus ovis larvae could not be assessed in a satisfactory manner since no medium
was available which would permit good survival of the larvae; in spite thereof, stage Il larvae were found to be
more sensitive to EAT, which was also the most resistant to the medium used. Subsequent experiments will
require a suitable culture medium for larvae maintenance.

Even though the acute insecticidal effect of the EAT on Gasterophilus larvae did not lead to mortality, the
exposure time was similar to that in case the EAT was acting on parasites in vivo, and this time was sufficient to
cause the detachment of the larvae from the gastric mucosa, which represents sufficient action to permit the
removal of the same through the peristaltic movements of the animal.

Finally, the LDs, of the EAT in rats was approximately equivalent to the dose required for an insecticide against
Oestrus ovis and Gasterophilus, as a result of which its use as such is not recommended; prior thereto, it is
necessary to at least partially purify the component(s) responsible for this effect and once again assess its
toxicity.

SUMMARY:

Chilcuan (Heliopsis longipes) is a Mexican plant, the root of which has been used traditionally as an oral cavity
aneasthetic in humans, and as an insecticide in cattie mylasis. In this work, the antibacterial, insecticidal and
toxicological effects of an alcoholic extract of Chilcuan root (EAT) were investigated. Four experiments were
performed: 1) Antibacterial effects of EAT were tested on agar cultures of Escherichia coli and Staphylococcus
aureus to which 0.0, 0.01, 0.1 or 1.0 mg doses of EAT were added. 2) Insecticidal effects were examined against
Oestrus ovis larvae (larval stages Il and 1) cultivated in vitro, by adding enough EAT to the culture medium in
order to get a final concentration of 0.0, 0.01, 0.1 or 10.0 mg/ml. 3) Insecticidal properties were also tested
against Gasterophilus app larvae, by mixing 400 mg EAT with the culture medium containing a section of equine
stomach to which these sort of larvae were attached. 4) Toxic effects of EAT were evaluated by determining its
intraperitoneal 50% lethal dose (i.p. LDsp) in rats. Results of experiment 1 showed that EAT exerts antibacterial
effects on both E. coli and S. aureus. However, the antibacterial action of EAT against S. aureus was greater at
lower doses (0.01 mg), while the growth-inhibition area was large in E. coli cultures at higher doses (1.0 mg).
Results of experiment 2 indicate that O. ovis larvae stage il survived longer in the culture medium, displaying
higher susceptibility to antilarval effects of EAT (1.0 mg/ml); stage [l larvae survived poorly in the culture medium,
making it difficult to assess the antilarval effect of EAT. In experiment 3, detachment of Gasterophilus larvae was

observed. Lastly, i.p. LDs; of EAT was found to be 566.0 mg/kg b.w. in rats. Further investigation is needed to
isolate the active ingredients present in Chilcuan root.
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Estudios preliminares de los efectos antibacterianos, in-
secticidas y toxicolégicos de la raiz del Chilcuén (Heliopsis

longipes)

RBSUMEN

La rafs del Chilcuhn (Heliopsis longipes), ea
utilizads empiricamente como anestéaico bucal en
humanos y contra las gusaneras del ganado. En
este trabajo se analizazon loe efactos antibacteria-
nos, insecticidas y toxicos del extracto alcohdlico
total (EAT) de la raiz del Chilcudn. Los efec-
tos antibacterianoe fueton probados in vitro scbre
Bosckerichic coli y Stayhplococcus gureus; el EAT
raostré actividad bactiricids sobre ambas bacte-
riaa, siendo més resistente & pequefias dosis (0.01
mg) Ia primers, pero invirtiéndose el efecto & dosis
meyores (1.0 mg). Los efsctos Insecticidas fueron
probados i

bre Ocsirus ovia y cualiiativaments scbre Gastero-
phslus spp, ls larva de Ocstrus en segundo estadio,
tavo mayor sobreviven:is en ol cultivo y fue mas
sensible al EAT (1.0 mg/ml) que produjo una mor-
talidad del 43% u las 24 horas s 3% del testigo; la
larva 3, en las mismas condiciones tuvo una mor-
talidad de 30% vs 40% del testigo. Por otro lado,
el EAT {400 mg) fue capas de producir ol despren-
dimiento de las larvas de Gasterophilus de la mu-
cosa de estémagos de equino in witro, Por Gitime,
los efectos téxicos se duterminaron calculando Ia
doais letal 30% del EAT v(s intraperitoneal en
ratas que fue de 566 mg Estos resuitados aun-
que son los primeras en mostrar efectos antibacte-
riancs del EAT y actividad insacticida sobre larvas
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de moscas que afectan a los animales domésticos,
no pueden ser atribuidos a ningén compussto en
particular, e incluso cads uno puede ser debido
& compuestos diferentes, por lo que 3o hace nece-
sario purificar el extracto y probar las diferentes
fracclones.

INTRODUOGION

En México es comin el uso de las plantas
medicinales en la terapéntica, tanto en humanos
como en animales. A pesar de que wsta préctica
&8 antigus, ampliamente diseruinada y efectiva
en muchos casos; hasta ahora no se le ha dado
Ia importancia debida al estudio experimental
de las propledades terapéuticas asignadas s cstas
plantas.

La rafs dsl Chilcudn (Heliopsis longipes), an-
teriormente clasificada como Evigeron effinis,? es
utilizads en ¢l medio rural como anestésico Jocal
a nivel bucal en humanos y contra las gusancras
del ganado.'® El uso terapéutico de esta rafs es
anterior a la conquista y fue descrita por el pro-
tomédico de jas Indias, Francisco Hernéndes.® De
e8ta rals s¢ ha aislade la afining {N-isobutil-2,8,8-
decatrionamida), que tiene efectos insecticidas se-
mejantes s loa que tienen las piretrinas, contea la
mosca doméstica y los mosquites.'27# De Helioip-
#i2 seabdra, otra planta del mismo género, se ha ais-
Isdo un compuesto, el “scabrin®, al que ademés de
Jos efectos insecticidas contra la mosca doméstica,
s¢ Jo ha encontrado sfectos antibacterianos sobre
bacteriss Graui positivas y negativas. Este com-
puesto en prusbas prelimineres ka mosiredoe efec-
tos téxicos en ratas » dosis entre 50 y 300 my/kg.®

Para el caso del chilcudn, ademés de las valo.
raciones insacticides mencionndas, sélo se ha pro-
bado ese efecto de s afinina contra el gorgojo del
frijol.} En el presente trabajo se resumen varios es-
tudios encaminados al anélisis experifiental de loa
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focton antibacterianos, insacticidas y toxicologi-
:ﬂ! del extracto alcohélico total (EAT) de Ja rais
del Chileusn.

MATERIAL ¥ METODOS

Colecia, Se utilizaron rafcew de planias colec-
tadas en la Sierrs del Pinal, Guan » Miéxico y
fuerop determinadas en ol herbario de la Facultad
de Clenclas de la UNAM.

Obtencidn dal extvarto alcohdlice. La rafz fue
desecada, molida y sometids a extraccién en un
extractor Sphxlet con alcohol stflico absoluto a 70
C; In extraccién fue mantenida hasts que e} aleohol
aparecid incolors en ¢l embudo. Posteriormenie se
elimind el aleohol por evaporacién hasta oblener
dos pescs del =xtracto, A partir de este
EAT se hiciaron las diluciones de trabalo.

Experimento 1. Loa efectos antibacterianos fus-
ron probados in wiive contra (s bacterian Eeche-
sichis coli y StapAglococcus suveus. Las bacterias
fuszon sembradas en cajas de Petri con ags? mu-
tritivo, después de una prusba de esterflidad de 48
horas. Al tiempo de la siemnbrs, se hicieron lotes
de 25 cajas para cada dosis del EAT, (0.0, 0.01,
0.1 y 1.0 mg) que se impregné en un disco de
pepel filtzo de 6.3 mm de didmetro y se colocs al
centro de cada caja. Estes fueron fncubadas en
una estufe de cultive & 37 C ¥ s midieron las
éreas de inhibicidn del crecimionto a Jas 24, 48 y
72 hotas despuds de Ia slambra. Paxa medir ¢] £rea
de inhibicién del crecimbento se talcd sobre papel
albanene milimétrico, el petimetro del halo que
rodeaba al dlsco en donde no habia crecimiento
bszteriano.'?

Ezperimento 2. Los efectos insecticidas fueron
probados en low estados larvarion de dow tipos de
artrépodos. El primero de estos sxperimentos se
realiss con las Iazvas de Ia mosca Ocstrus owis, lus
coales fueron coleciadas en el restro diractamente
de cabezas de ovines. Las larvas fueron separsdas
por su estadio de desarrollo y repartidas en cajus
de Petri (15 cajas coh 10 larvas en ol estadio 2 y
16 cajas con 10 Inrves en el astadio 3 eads una),
las cuales comtenfan 16 mi de un medie de cultive,
compiteste por: 35% de agar nutritivo, 12.5% de
eangre de ovino desfibrinads y 82.8% de solucién
de NaCl al 0.85%; adicionado con 100,000 t/ de
penielling procafnica por litro.t

Los tratamientos se hicieron por triplicado
pars cads grupo, estos consistieron em sdicionax
una suspensién del extracto para der una concen-
tracién finsl de 0.0, 0.01, 0.1, 1.0 ¥ 10.0 mg/m}
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de] EAT en cada caja respectivaments. Las ¢
Jas de Petri fucron mosntenidas en uns estufa bac-
teriolégica &4 37 C y se hicieron conteos de lar-
vas vivas y muertas a las 24, 42 y 64 boras, Se
tomd como criterio para considarar Ia muerte de
las larvas, ls falta de movimiento en los estig-
mas respiratorios ¥ la susencia da reapuests a los
estimnulos mecdnicos.

Bxperimento 3. Ef segundo de los experimentos
que valor la actividad insecticida me realiz6 sobre
larves de la mowca Gosterophédus spp. Se tomaron
dos trozos de estomago de equino, mentenidos en
una solucién de Ringer, con larvas vivas fijadas a
Ja raucosa ¥ 8¢ le agregaron 20 m} de una solucitn
que contenfa 400 mg de EAT. Se valord ol grado
de Ia fijacién y In viabllidad de las larvas.

Esperimentoj. Para analizar los aspectos toxi-
coidgicos, ptimero se realisé una prueha en la que
se determin la dosis & [a cual se presentaron los
primeros signos de Loxicidad ep 5 grupoes de 4 ratas
cada uno, cuanda se les adminlstzé 0.9, 0.1, 1.0,
10.0 y 100.0 mg de EAT por kg de peso respectivs-
mente. Los resultados de zste experimento piloto,
mostraron que log primerog signos de toxicidad en
lax ratas se presentaron a la dosis de 100.0 mg de
EAT por kg de peso, Con bast en los resultados
de ests pruebs se seleccionaron las concentracio-
nes del EAT para la determinacién da la dosis le-
tal 50% (DLgy) por via intraperitoneal ev ratas.
Se formaron sleatoriamente ¢inco grupos con 20
animales: 11 hembras Wistar, 4 machos Wistar y
5 machos Long-Evans en cada grupe. Cada uno de
los grupas fue tratado con 0.0, 100, 200, 400 y 800
mg de EAT par kg de peso corporal. B} niimero de
animales vivos y muertos despuéa de Ia aplicacién
de los tratamientos se recabé durante wiete diss.”
Una ves obtenida Is DLy, se probd empfricamente
en un grupo de 10 hembras Wistar.

Andhxis Brtadéaitico. Los experimentos 1 y 2
se sometieron a un anlisis de variansa regresién
miltiple. En ellos se realizd 1a separacién de me-
dias por el métode de Tukey de diferencia minima
significativa honesta; asimismo se efectuaron dia-
gramas de trayectorias, para conocer e] porcentale
de participacién de las varfables en el efecto total.
Los resuitados de 1a DL, fueron analizxadas pat «l
métado de Reed y Muench, graficados en escala
probit-log.’ Los tesultados se muestran como la
media  Ia desviacién esténdar.

RESULTADOS
Eczperimento 1. En los Cusdros 1y 2yenla

Figura 1, se mueatran las éreas de inbibicién del
crecimiento da F. cols y de & euwreus producidas

—d

a1

tow e oy Pee S 1T °



Erem: CI5'TI To: DONNA ARROWOOD

Y L

Ma Librerion

pot & EAT a diferentes tlempos. Los resultados
de o regresidn linesl mditiple, mmh n ?uui;
viariable axplica sn mayor parie la variac
anllh?n:ﬁoddimdninhibi:i&nmnel
tratamiento (03.7%), ¢l tipo de bacteris tamhlén
fofluye en esta varlacitn (6.0%), siendo mds
senaible S, exrens que B. coli a pequaias dosis
dal EAT, pero invieriléindose este efecto & dosia
mayores, El efecio del tiempo fus poco

en ¢l tamafo del érea de ihibicién (0.5%).
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Pigura 1. Biacde nhibitaris dal crecimiveie bacleriane de] EAT.
Ohniswnase que a docls maevmrnn, § comns oo mes smarapdibla al

EAT; sis sbargn, wie ofacto mo se incrementa propuicional-
manis & dotls mayeres come s of cato 4o F. afi,

CUADRO 1

INHIBICION DEL CRECIMIENTO (mm?) DE E. co#

TRADMENTD (mg ™ “ 72 tors
L 1] 132 12 WIx 1P W1 9
0.0 I E W9 85+ 84 et 24¢
(X MI+ B Hex oy Wwox ser
1.9 2040 = 1400 280 W0 1530 = 194

Brpevimenio 2. Loa resultados aparscen en los
Cundros 8 y 4. Lo mis sobresalionte en ¢l Cuadra
3, o8 la mayor mortalidad de las larvas en los
tratamientos de 1.0 y 10.0 mg/ml, Jos tratamicntos
por debajo de estas dosis no muestran diferencias
significativas con el grupo testige. En e Cuadro
4 sc puede observar que la larva 3 tuvo uns alta
mortalidad en todoa loa tratamientos incluyendo
al griupa testigo. El diagrams de trayectorias
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CUADRO 2
INHIBICION DEL CRECIMIENTO (mm?) DE S. aureus

TRAARENTO (e 3 “@ R
[ 1] &1+ 138 41 ns M 4
- L4] Rax M4 I @b [ 17 3 -1]
[ }] »ar N2 20+ 6 M50Ek &
10 1294 R3S 12702 &3 150k WY

mostrd que la variable que explica en mayor
medida la wortalidad de las larvas fue el siempo
(81.3%), siguiéndole el tratsmiento (16.7%); ¢
tipo de larva tuvo un efecto muy pequeiio {2.0%).

CUADRO 3
SOBREVIVENCIA DE LARVAS EN ESTADIO 2

NIMERC DE LAFVAS
TRATAMENTO
[ 24 @ 54 hene
pO(wph) 10 8T 08 BD: 1D Dk 2D
2o 0TI G653 08 AT 09
(T3] 10 BJ: 12 3% 08 eIz 12
10 0 5Tk 12 404 18 2re 2
100 w 334 08 204 10 tld 42
CUADRO 4

SOBREVIVENCIA DE LARVAS £N ESTADIO 3

NOMERD D€ LARVAS
TRATAMIENTY
[} ] ' 54 horas
W0imgndh 10 Eok 17 3% 16 E 12
Dot 0 4rt 2 LTk 18 14 05
81 1 43k o8 2T 08 3t 08
10 10 50x 1 17+ o8 e 0§
100 1 40k 1B \7+ D§ 19 10

Eaperimento 3. La exposicion por 30 o més
minutos de 1as larvas a Is solucidén que contenfa
el BEAT, provocd zu desprendimiento de 1a mucoss.
géstrica; aunque despufs de 3 horss las larvas
continuaron vivas y con movimiento,
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Baperimeato 4. La velussion de la DLy, oo
muestra en el Cusdee 3 3 wn & sc puede ar
qu:hnmumuumwon-ﬂoenbm
altas del EAT (400 y 800 mg/kg). También se
desprende que las ratas Long-Evant fuercu mds
suscaptibles que las Wistar. La DLy, oblenids
fue de 566.0 mg/kg para ¢l confunto de todos
los animales, mientras que para los machos Long
Evans fue de 400.0 mg/kg ¥y para Joa Wistar de
682.0 ., Bn el Cuadro 8 se presentan los
restiltados de le pruebs empirica de la DLy, lca
signos tSXicos se presentaron en forma aguda en
todos Jos animales y antecedieron In muerte en §

de los 10 animales experimentales.
CUADRO 5
VALORACION DE LA Dl
DEL EAT DE LA RAJZ DEL CHILCUAN
DOSIS  mewALES 2 ACUMUAADD % ACUMELATD
ogi PALOTE VS WS Torges oemuentos
HEw n 9 ) ) 0
agw q b 0 0
00 5d1F 5 0 w8 ®
20 0N, » ° w00 .
Vew n 2 (™ 3
isw . 0 100 8
oo sk s 2 "0 N
20 TOUL x [ } 190 &
new I ) ™ 0
43 W 4 ] o [ ]
M5 BSLE 5 5 0o o
W ) 0 100 5
Iew 9 4 357 143
42 W 3 1 [ 3] "
«00R LY 34 2 3 209 50
MO " . Ty 281
W : s =X} 79
Ew 2 7 “o @0
W 53t 1 : 128 ns
WAL [ 3 # 231 789
DI18CUSION

Loa resultados aqui mosttados, son los pri-
meros que describeu un efacto antibacterianc del
EAT de la rals del Chilcudin y un efecto inmcticida
sobre las larvas de insecios parésitos de especiex
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CUADRC 6
PRUEBA EMPIRICA
DE \A DL, (882.0 mg/kg) DEL EAT
Pmodd  Tanow Duncidnd
wod i) lawca  Sgosthioo Onervaciorsa

mn 2win 3 viruios nwoordeecion, corrarciones dums, &3-
oca. Myere.

m dmin  Bmindos xeoordnaciin, dolor, cartracclons, -
det. paso meapirsiofe ¥ emdae. Maetty

w 3my 27 mians My wibible, mprie,

318 Semin 52 thruiee Thizatn, powiracsbs. Agiy por 24 horat

% dmh 47 writutow (alot, carftscciarey, posttaciin, duvie
thpolagia por 48 hors

258 imn  émn pouneide. $xea pare
rwspidorio. Mumrta

kA Smin  ¥minios Dok tagignen.

204 Smin 1Y miios Doy, anee.

% T 2 mendos Muerte ripide.

br ) 1mn  3mmas Dolox, conmcoons iogdi-
rcién, tgicez, GVa, Dara raprolo y
cardisco. Nuarte

domésticas. Aun cusndo ya se habis comunicado
el dlecto antibacteriano de un compussto aislado
de 1a raiz de Heliopais scabdra, el hallazgo de este
sfecto en ¢l EAT de In rals del Chilcusn cobra
relevantis, ya que 8 de eats forma como se uti-
lizs cominmente contrs las gussaerss del ganado;
razén por Ia cual se resolvié utilizar ¢l EAT en
este trabajo. La utllisacidn de un extracto total
si bien permite Ia valoracién experimental de Jos
tratamientos popularmente establecidos, por otro
lado, &3 insuficiente para poder asignar a un de-
terminado compuesto los efectos obaervados. Por
lo anterior, no se puede atribuir a la afinina todos
los efectos del BAT aquf deseritos, sun cnando ya
se ha demostrado que tlene efectos insecticides.

Consecusnteroente, estos experimentaos se de-
ben considerar sdle como los pasos preliminares
para ¢ aislamiento del o los compuestos con pro-
piadades bactericidas e insacticidas (o ambas) de
)a raix de Hebopris longipes; de Jos que habrs que
probar su toxicided en animales experimentales.

Por ¢l momenta, segiin se muestra en este tra-
bajo, e} EAT ejercié un mayor efecto baclaiicida
sohre B. col que sobre S auress durante las pri-
merss 24 horas, aungue este efecto fue sostenido
por mayor tiempo para el segundo caso. En ne-
cesatic probar Jos sfectos aniibacleriancs con un
mayor espectro de bacterias tanto Gram positivas
cOMD negativas.

El efscto insecticida sobre Ins jatvas de Oestris
etis no pudo ser valorado satisfactoriamente, por

ragv <",
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no teper ub medic que permitiese una buenas so-
berevivencis de las larvas; atin asf, se encontrd una
mayor sensibilidad de la larva 2 al EAT, que
ademnés fue |a mis resistente al medio que se usé.
En experimentos postariores serk necesario contar
con un medio de cultivo adecuado para &l mante-
nimiento de las larvas,

Adn euando el efecto insecticida del EAT

sobre loa larvas de Qasterophilue en forma aguda,
no produjo mortalidad, el tiempo de exposicidn
semejé al que estarfa al EAT actuande sobre
Jos parésitos n vivo, y este tismpo basté para
provocar el desprendimiento de las Jarvas de la
mucoss gistrica, accitn suficiante para permitic
]a salids de las mismas por los movimientos
peristélticos del animal.

Finalmente, la DLy, del EAT en ratas, aproxi-
madamente equivelente a la dosis requerida como
insecticids sobre Oesirus ovis y Gosterophidus, por
o que no se recomiends su uso como ial; antes,
« necesario purificar por lo menos parcialmente,
¢l o los compuestos responsables de esto cfecto y
valorar nuevamente su toxicidad.

SUMMARY

Chilcuan (Holiopsis longipesj s & Mexican
plant, the root of which has been used traditio-
nally as an oral cavity snacsthetic in humans, and
as aDn insecticlde in cattle mylasis. In this work, the
antibacterial, insecticidal and loxicological effects
of an alcoholie extract of Chilcuan root {EAT)
were investigated. Four experiments were perfor-
med: 1) Antibactarial effects of EAT were tested
on agar cultures of Bscherichia coli and Staphglo-
coceus aurets to which 0.0, 0.01, 0.1 or 1.0 mg do-
ses of EAT were added. 2) Insecticidal effects were
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examined sgainst Ceatrus ovis larvas (larval stages
II and M) cultivated in vidro, by adding enough
EAT to the culture medium In order to get a 8-
nal concentration of 0.0, 0.01, 1.0 or 10.0 rog/ml.
3) Insecticidal properties ware also tested against
Gosterophilus spp larvae, by mixing 400 mg EAT
with the culture medium contalning a section of
equine stomach to which thess sart of larvas were
attached. 4) Toxic effects of EAT were evaluated
by determining 1ta intraperitoneal 50% lethal dose
(i.p. LDy) In rats. Results of experiment 1 sho-
wed that EAT exerts antibszterial effects on both
B, coli apd 5. awreus. However, the antibacterial

action of EAT against 3. sureus was greater at Jo-
wer doses {0.01 mg), while the growth inhibition
srea was larger In F. colf cultures at higher doses
{1.0 mg). Results of experimens 2 indicate that Q.
ovuis larval stage II survived longer in the culture
medium, displaying higher susceptibility to anti-
larval effects of BAT (1.0 mg/ml); stage I larvae
survived poorly in the culture medium, making it
difficult to nssess the antilarval effects of EAT. In
experitaent 3, detachment of Gasicrophilus larvas
was observed. Lastly, i.p. LDy, of EAT was found
to be 566.0 mg/kg b.w. in rata. Further investi-
gation is needed to isolate the active Ingredients
present in Chilcuan root.
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Short Communication

Ethnopharmacologic studies. I. Rapid solution to a problem — oral use of
Heliopsis longipes — by means of a multidisciplinary approach

M. OGURA, G. A. CORDELL, M. L. QUINN, C. LEON* P S. BENOIT, D. D. SOEJARTO
and N. R. FARNSWORTH

Department of Pharmacognosy and Pharmacology, College of Pharmacy, University of
Hlinois at the Medical Center, Chicago, IHlinois 60612 {U.S.A.)

{Received September 11, 1980; accepted February 3, 1981)

One goal in studying plants alleged by indigenous practitioners to be
useful for the alleviation of human illness is to isolate the principle(s)
responsible for the stated effect so that it (they) can be determined safe and
effective. A knowledge of the exact pharmacological effects of active principles
may then lead to improved application of the ethnomedical preparation.
Under ideal circumstances, problems of this type are best solved by a multi-
disciplinary group of scientists, each contributing their specific expertise.

At this time we would like to report on a recent ethnopharmacological
problem that was solved in our laboratories involving a plant alleged to be
used by indigenous practitioners and people for the palliative treatment of
toothache. The personnel involved in the study included a physician, a
botanist, a biologist, two pharmacognosists, one organic chemist and one
pharmacologist. Starting with less than 30 g of dried plant material, a
chemical compound was isolated inf sufficient quantity to determine that it
was the active principle. The structure was determined, the compound was
studied for acute toxicity (LDgo), and several additional pharmacological
tests were conducted. Less than one week was required to complete the
entire study. '

We were made aware that a Mexican plant, claimed to be effective for
the alleviation of toothache pain, was being used extensively in the rural
areas of Mexico. Relief was claimed to be rapid following local application of
a piece of the root of the plant to the tooth and gum involved. In Mexico,

*Address at the time of this investigation: Instituto de Investigaciones Biomedicas,
U.N.AM., Mexico, D.F,
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the plant is commonly known as peritre del pais, chilcuague or chilcuan, and
was identified, by comparison with herbarium specimens, as Heliopsis
longipes (A. Gray) Blake, a member of the Compositae. Because of the rapid
resolution of the problem all of the literature applicable to the plant was not
acquired until the experimental work was completed. According to the
literature, the roots of H. longipes have been used popularly in Mexico for
the treatment of toothache [1, 2] and in the preparation of an insecticidal
powder [2]. Acree and co-workers [3, 4] isolated the active principle in 1.9
per cent yield from the dried roots of H. longipes, and showed it to be the
isobutylamide of an unsaturated C,, acid; the compound was named affinin
[3, 5]. Affinin was subsequently shown to be N-isobutyldodeca-2-trans-6-cis-
8-trans-trienamide (I) [6 - 8], and is identical with spilanthol {9, 10], the
pungent principle of several Spilanthes species [11 - 14].

The source of affinin was originally named as Erigeron affinis DC., but
in 1946 Little [15] indicated that Mexican Peritre del pais was actually
Heliopsis longipes (A. Gray) Blake. This led Jacobson et al. [4] to correct
the plant source and to recommend that the name affinin not be used for the
active principle. Subsequently, several investigators have implied that H.
longipes is synonymous with E, affinis, and this error may be traced to
Martinez’s Catalogue of 1937 [16]. When Fisher {17] monographed the
genus Heliopsis he clearly indicated that Erigeron aeffinis DC. was a misidenti-
fication of Heliopsis longipes (A. Gray) Blake, since the two binomials are
not synonymous.

CH,CH=CHCH= CHCH,CH,CH=CHCONHCH,CH(CH,),
I
) ]

N ]
CH;CH=CHCH=CHCH,~ CH1CHICH=CH~:'CO

H-CH,-CH(CH,),
! n

AN
m/e 81 m/e 141  m/fe 121

.
S - S

»CH3 S
m/e 149
m/e 126

Extraction and identification of the active principle
A commercial sample of the dried stem of H. longipes (29.8 g), obtained

from a native market in Mexico, was extracted with two 200-ml aliquots of
50 per cent ethanol by stirring the mixture for several minutes each time
over a steam bath, filtering, combining the two filtrates, and reducing the
volume to approx. 100 ml. This aqueous ethanolic extract was partitioned
with 3 X 100 ml volumes of ethy! acetate and the combined ethyl acetate
extracts were reduced to dryness in vacuo to yield 1.4 g of residue (A). The
aqueous fraction was frozen and lyophilized to give 4.2 g of a dry powder
(B).
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A sample of fraction A , which was shown by bioassay to contain a
highly active analgesic principle (vide infra), was dissolved in a minimum
volume of ethyl acetate and applied to several silica gel PF,5; preparative-
layer (2 mm) chromatography plates and developed twice with a mixture of
chloroform—methanol (98:1). The major component of the mixture was
visualized under ultraviolet light at Ry 0.25. This band was removed from the
plate, extracted from the silica gel with hot methanol, and crystallized from
methanol to yield 0.102 g of crystalline material having m.p. 22 - 23 °C,
IR vmax 3380, 3075, 3020, 1675, 1632, 1550, 980, 948 and 760 cm ™t
UV Apax 277 nm; NMR & ppm 0.90 (6H, d, J = 7 Hz, —CH(CHj3),), 1.75
(3H, d, J = 7 Hz, 10-H3), 1.78 (1H, m, —CH(CH3),), 2.25 (4H, m, 4-H),
3.08 (2H, t, J = 6 Hz, N—CH,), and 5.10 - 6.80 (6H, m, olefinic H) NH not
observed; MS m/e 221 (M*, 12.5), 149 (8.0), 142 (8.0), 141 (67.2), 126
(23.5), 121 (5.5), 103 (8.0), 98 (24.4), 93 (8.0), 81 (100), 79 (31), 69
(20.3), 68 (34.0), 57 (22.5), 56 (14.0), 55 (23.0), 53 (35.0), 43 (33.0), and
42 (15.0). The infrared (IR) [18], ultraviolet (UV) [18] and nuclear
magnetic resonance (NMR) [1] data are in agreement with those reported
previously for affinin (I) and the mass spectrum is in accord with the frag-
mentation shown in II.

Biological evaluation of extracts and affinin

Initially, we determined that the application of a piece of the stem to
the tongue produced an intense numbing effect that persisted for about 45 -
60 minutes. Using the inhibition of acetic acid writhing effect in mice [19]
as a bioassay for analgesic activity, the ethyl acetate (A) and water (B)
fractions were tested. Fraction B was found to have an ED;, of 426.98 mg/kg
in this assay. On the other hand, fraction A exhibited an ED5, of 19.04 mg/
kg. All samples were administered by gavage, with distilled water serving as
the solvent for fraction B and 10 per cent ethanol for fraction A. Morphine
(HCY) routinely has shown an EDg, of 2.0 mg/kg (p.o.) in this assay in our
laboratory. The data are presented in Table 1.

Affinin, in aqueous solution and administered orally at doses ranging
from 2.5 to 10.0 mg/kg, exhibited an EDg, of 6.98 mg/kg.

No gross manifestations of pharmacologic activity were noted with any
doses of fraction B (50.0 - 400.0 mg/kg, p.o.). Mice receiving 25.0 mg/kg
(p.o.) of fraction A showed some initial depression followed by mild tremors.
Normal activity resumed after 5-10 minutes, interrupted by short, infrequent
periods of minor tremor and a decrease in motor activity. Animals receiving
50 mg/kg of fraction A exhibited marked tremors, especially of the head and
forelimbs, within 2 - 5 minutes following dosing. Tremors continued for about
20 minutes. An initial increase in respiration and heart rate followed by
severe depression was also observed; within 30 minutes 60 per cent of the
mice had died. The remaining mice survived, but exhibited depressed motor
activity for more than 2 hours.

The only manifestation of toxicity observed in mice receiving 7.5 mg/kg
(p.o.) affinin was an initial mild depression, followed by resumption of
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TABLE 1

Analgesic evaluation of Heliopsis longipes extracts and affinin (I)

Fraction Dose No. Mean S.D. S.E. Percentage p Signif- EDgg

(mg/kg) animals No. - inhibition icance (mg/kg)
utilized writhes
A 1 5 41.8 2.17 0.97 2.0 0.636 n 19.04
2 5 40.2 3.30 1.65 5.7 0.321 n
5 5 27.8 3.86 1.93 34.9 0.002 s
10 5 24.6 1.67 0.75 423 0.001 s
25 5 21.2 6.42 287 50.3 0.001 s
50 *
10% ethanol 5 42.7 2.52 1.45
B 50 5 39.4 2.97 1.33 16.2 0.020 s
75 5 34.4 2.79 1.25 26.8 0.002 s
100 5 32.0 3.74 1.87 31.9 0.002 s 426.98
200 5 30.7 340 1.70 345 0.001 s
400 5 23.3 16.1 8.07 505 0.026 s
H,0O 5 47.0 5.00 2.24
Affinin 2.5 5 39.4 7.16 3.20 12.1 0.142 n
5.0 5 30.6 7.13 3.18 31.7 0.003 s 6.98
7.5 5 21.8 998 4.47 513 0.001 s
10.0 5** 14.3 3.21 1.85 68.0 0.001 s
10% ethanol 5 44.8 1.92 0.86

*3 animals (60%) died within 30 minutes after dosing; remaining animals were not used
due to their severe depression.

**2 animals (40%) died within 30 minutes after dosing.

normal motor activity within 10 minutes. Animals given 10 mg/kg (p.o.)
were more severely depressed, 40 per cent of the mice dying within 40
minutes following dosing. No toxicity was observed at doses lower than 7.5
mg/kg (p.o.).

A 1.0 per cent aqueous solution of affinin failed to elicit a local anes-
thetic effect when applied to rabbit cornea. At 15.0 mg/kg (p.o) affinin also

failed to exhibit an anti-inflammatory effect in the carrageenin-induced rat
pedal edema assay [20].

The study of indigenous drugs used in traditional medicine will become
increasingly important for the developing nations as petroleum costs increase.
This paper, using the example of Heliopsis longipes, a drug used orally as an
analgesic, emphasises the need for collaboration between scientists to evaluate
effectively the potential of these drugs and their active constituents.
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Antimicrmablal and cytotoxic activities of some crude drug
extracts from Mexican Medicinal Plants
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Summary

31 crude extracts derived from 28 plants highly valved as and-infective agenes in Meatican folk
medicibe: have been screened for andmicroblal scdvity againse four bacteria, s yeast and oo
molds. The resulss of the quantitative study indicated that the excacts derived from five spacies
{Mabmea deprevsa, Heliopsis longipas, Datura larnosa, Cnidoseulus rebuacanensis and Heliarnthel-
la quing eenervis) possessed significant antiseptic propersties, therefore supporting the ethnomed-
ical uses of these species. The cymoroxic activiry was 1ssayed against three cel lines 1T-29 (Colon
adenocarcinoma), MCF-7 (Beeast carcinoma), A-5S49 (Lung cercinema) and only the extrace of
Helianthalla quinguenervis possessed significant acrivity against the MCF-7 cell line.

Keywords: anrimicrobial acdvity, cytotoxik acdvity, Mexican medicinal phnu. brine shrimp

bioassay.

introduction

In Mexico, a3 well as in other parts of the wocld, tradi-
tional healers prescribe herbal preparations for the trcat-
micnit of different types of infectious diseases end cancer ail-
menrs. Considering that folk medicine ia 2 good lead for
discovering new drugs with antimicrobial and antivamor
properties, the potentiat for finding wseful new agents from
these mediciazl species s very promising {Mitscher et al,
1984, 1987; Hamburger and Hosrermian, 1991).

In this conrext, the zim of the curtent work was to inves-
tigere che antimicrobisl and cytotoxic acrivides of 31 ex-
eaces derived from 28 Mexacan plants. Most of these spe-

cies are highly valoed as anti-infecrive agents in Mexicen |

folk medicine (Mastinez, 1989; Disr, 1976).

For vome of the plant. species examined in this study, anti-
infective 20d cytotoxic propetties have been described pre-
viously. Thus Lepidiurn virginicums inhibits the growth of
Eschevichia coll, Salmonella typln A and Shigella boydii
{Avila et al., 1993) and Heliopsis longipes the growth of
E. coli and Stapbylocciocus aurens (Romaero er al_, 1989).

The excract of Ploubago scandens bad antmicrobial sctiv-
iy againse S. mowes, Bacillus subtilis, Klabsiella preurson-
ise and Candida albicans (Hoffman ¢t al., 1993). The anti-

roicrobial activicy of thic species has been traced ro the
" naphthoquinone plumbagin which inhibies the growth of

several microorganisms including some fungi and the gram
negative bacteria K. preumonias and X, aurens (Goneabver
et al., 1963). Finally, Prelea trifoliata demonsteaced antimi-
crobisl properties against Mycobacterium sregunaiiy and
C. albicans {Micscher et al., 1975). Bioactivity guided frec:
tionadon of the active exuact led vo the isolation of prelea-
tiniuna chloride as the active principls (Mirscher ez al.
1978). Other compounds isotared from P. trifoliaca posses:
marked antimicrobial #nd cytotoxic properiies {Chipcaw
ez al., 1976; Ridean et al., 1979).

From a chemical point of vicw the composition of som:

.of these species has been previously described. Phytochem

il investigattons of P. trifoliase bave sliowed the solatios
of different rypes of secondacy merabolites including sever
al slkaloids and coumarine. [Brolova ¢t al., 1964; Kowals
ka, 1966; Mulvcy <t al.,, 1969; Reish et 3l 1569, 1972
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1973, 13754, b, 1978; Karosi, 1976; Novak «x al_, 1970;
syendre o al., 1973, 1974; Rideau et al., 1979; Peric-Pily
et 3h, 1989). From Swigrenia humibs six limonoids were
salated (Okorie ec al., 1971; Segura-Correa et al,, 1993).
Scveral niterpenoids were obtained from Kobleria deppua-
nt (Nogitera et 3l., 1994) and Cigarrills muexicarna (Maca ¢t
af., 1988, 198%). Chemical saalysis of Asredera scandens
han revealed the peesence of a retrochaleone (Calzads et al,,
1390), o-spinasterol and B-amyrin were isolared fiom
Conyzd Maginoides (Domfnguez ec al., 19721 and Datura
{arne s wes foamd to contain several tropane atkaloids (Bye
etal, 1998). Plumbagin was isolated from Plumbago seun-
duns (Goncalves et ol., 1968; Bhattacharyys and De Car-
ballo, 1986). Chromans were vhtained from Helianrbella
quinguanernss (Herz and Kulanthaivel, 1984), Tecragalloyl-
gulnic acid derivatives snd some triterpesionds were isolar-
& from Galphbimia glawca (Wagner and Dorseh, 1932 Tos-
xano ot aly, 19934, Fivally, frooy Metopiian hrownei several
flavopolds wete detected wsbiyg poper chromucography
{Young. §373).

Materials and moethods
Piayt mstersal

Atichenticated voucher specimens {in parendiesis) of
jome of the species iuvestigated were deposived in the Na-
‘ional Herbariutn (MFEXU) Inscicute of Biology, UNAM,
Mexico, D.F The others were deposited at the hesbagjiom
f the Intituted of Ecology (XAL), Xalapa, Verzcruz. Plants
were collocted in different pans of Mexico: Convea filagi-
suides (DC.) Hievon, (Bye and Linares 18965), Lapidism
virgirieron L. (Bye and Linares 18872), Acalypho phleoides
27ar. {Bye snd Linares 18780} and Bunchosia lindemiana
[uss. (Bye and Linares 18677) from the state of Mexico. V-
ox tubra S, Wars (Bye et gb. 13004), Blyrraria imbricata
iVahl) Pets. (Bye et al. 18015), Cardiosparmum corindum
1. {Byeer al. 1801 8), Prelea trifolivta L. |Bye <« 2}, 18029),
Peritylé batopilensis Powel (Bye et #l. 18030), Plumbugo
seandemy L. (18013), Datiry lanosa Barclay ex Bye (Bye et
al. 13619, Dyssodia pupposa (Vene} Hitche. (Byz et al.
18238), Geranivnrs nivetimn S. Wars (Bye <r 2l. 18054) and
Heltanthells guinguensrvis (Hook.) A. Gray (Bye e 2l
18058) from the state of Chihushua, Cigarilla maxicana
(Ziex. ot Martivs ex DC.) Aiello. {Bye and Linares 17982)
snd Heliopsis longipes A, Gray Bluke [Bye and Linares
18938) trom the state of San Lusis Povos!, Ptaridisun arach-
voudewn (Kaulf.) Maxon {Palacios-Rios and V. Rico-Cray
33503) wnd Cridosesdus berbaceus 1. M. Johuston (J.1. Cal-
rada, 368-7) from the stare of Veracruz. Anredere satndens
L. Moq. (Bye and Linares 181771 from Distrito Federal.
Commeling erecta L. (Bye and Linaces 17984) from e
stacs of Tlaxcala. Galphimla ghauca Cav, (Bye and Metaz,
18105} from the stuce of Guerrero. Koblevia deppeana
{Schlecht and Cham.) Fritsch {Bye #nd Linares 17742),
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Yournefortia birsusispnu L. {Bye and Linsecs 17744), Cris
doaeniis tebuscanensis Breckon (J. A. Zavala 63) and Swis-
tortia buwnidis Zuce. (Bye and Linures 18824} from the stite
of Puebla. Mabmea depressa (Bajll) R.E. Pries {Anava
1993-2), Metopim brownei {acq,) Urban (Anaya 1993-1)
and Stesrorhyinchos lawceolatws (Awbl) 1.C. Richard
(Anaya 1993-3) from the state of Quintana Roo.

Preparction of cruds drug eatracty

Biological (microbiological and cytorexicity} scudies
were performed with the extrocts of the dried plants pre-
paced as follows: 100 g of the fincly ground marerial were
macerated at room tempecature with methanel (SO0 ml) or
chioraforn: ($00 ml). The resulting extracts wae evaporar-
ed under vacuum o 8 thick 1endue.

Migroorgunisms

The microotganisis used in the present study were ob-
tzined from ATCC: Stupbylococens aurews (ATCC 25923,
Bucitluy subrilis (ATCC 66331, Escharichia enli (ATCC
10436), Preudormonas auruginesa (A1CC 27553), Candidu
albicans (ATCC 10231), Aspargillus ruger (ATGCC 16858)
and Trichophyton maentsgrophytes (ATCC 9129,

Antimicrobal assuy

Tryptic voy agar {DIFCO) was used for bacrerial cultores
and Sabouraud agar (DIFCO) supplemented with glucoss
{3%) for yrast aud wnlds. Teyptic sy broth ({DIECQ) and
Sabouraud-glucose agar (DIFCO) were usad for MIC doter-
miitatons.

The crude exteavts were evalndted for qualitative antini-
crobig! activiyy using rwo ditferent diffusion 2ssays a pra-
dient plate diffusion procedire (Cooper, 1372) and the disc
diffusion assay (Vanden Berghe ond Vieoruek, 1991; Rios
et al., 1989; Linton, 1984%), Derermination of minimaons u3-
bitory concentration (MIC) was accomplished by the di-
luticn technigue (Vanden Betghe and Viietinck, 13915
Sahm and Washington, 1991).

The gradient plate diffusion proceduce was petformed as
follow: sn amounc of extracr, enough to obrdin 4 concen-
rrstion of 1mg/ml in ager, was dissolved un 0.5 ml of meth-
anol, This solution way poured into a Fetei dish which wasy
placed on a tited surface, in oeder to obuain solidification
with a concencration gradiens. After solidification LOnil of
the same 3g4¢ medium was ndded and keft w solidify huri-
rontzily. The sutface of the agar mediun was juoculated

. {by wroke) with sn appreopiare suspension of miccoorgan-

ism, contalning 10° bacreria/mnd, i the cese of the bacteria.
For hungi a suspension of sporas with a to bidity equivalent
to Mc Fatland rube N® 0.5 was prepured (Shadomy and
Plalles, 1991),

The disc diffusion asssy was performed as follow: two
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layur plates wxre seeded with & suspansion containing 10°
pactetia/ml of an ovesnight broth culvire. Disc papers hav-
ing a diameter of 13 mm ware placed on the seed layer and
impregnated with 100l of test solugion o obtain concen-
tianon? of 500 and 1000 g per dise, The crude exgacts
were 3ssayed 43 methanolic solutions of 10 mgml and
§ mg/inl. The plates were chen incubated at 37“C for 24 b
except for C. albicans, A. niger and T.omentagrophytes,
which wete inctbared ar 28+C.

For each organism » positive control wes employed: am-
pieillin sadinm salr [Sigma} { | pg/dizc) foy S. axres, E. Co-
ko and P, aermgbrosa; steeptomyan sulface (Sigma) (10ug/-
disey for B. subtilis; armvphatericin B {Sigena) {15 pgfdisc) For
Cr albicans and A, wiger, and for T. menragrophyres, grise
efalvin (Sigma) (8 pg/dise).

The diamcters of the resulung inhibition zones were
measured. As cach experiment was performed in triplicate,
the means of the diameress for inhibition zoncs were deter-
mined.

For quantitative untimicrobial assays, vach extroct was
dissolved in mecharw! {10 wmg/ml), Different volumies of this
solution ware sdded asepOctly w 1 mi of rryptic soy broth
gnd 1 mi of bacterial coleure (10F haeceria/ml) 10 produce
concntratdons rangiag from 1000pg to 10ug/ml. Afer
overnight incubation the MIC was datermined. & serles of
theee determinativus were run for vach organism.

To test the guantilstive anumicrobial acrivity In the case
of T, manpagrophytey, the agar dilution niethod was tised
{Sahm snd Washington, 1991; Vindea Berghe and Viie-
tnck, 1991). The plant cxeract was dissolved in marhanol

Tuble k. Screening for antmeobial sctiviry of crude drug sxtraces derived from 28 medicing! plants by the gradicnt agac place diffusion

peovedure.
Spesies Fauily Parc ured* Miceoorgsnisins®

1 2 3 4 5 3 7
Acalyphs phieoides Euphorbiaciac wr - -~ - - - - N
Aspedura scundsns Basilaceee rZ - - - - - -
Bunchosia Indenisng Malpghiacosus 34 - - - - - - -
Brchosia lindendana Malpighiaceas LF - - - ~ - - -
Cardiosperitaun cormdury Sapsndaxec ¥r - - - - -
Crgeare e e vicand Rubizceae LF - - - - - -
Cridoscuts harbuceus Euphorbiaceac WP - - - - - - -
Cotdusculns sabuscrnensis Euphotblacese wp - - - -~ - - -
Commialing drecra Conunelinacese h.24 - - - - - - -
Conyxe filsginoides Asceracesw wWr - - - - - - -
Darrra lannse Solanacese 8 4 -t ++4 - - - + -~
Pyssodia pappors Asvericeyy wP - - - - - - -
Ehtruria imbsicatas Asrarmiene wr - - - - - -
Coiphimnia glacn Maipighiacenr wP - - - - - -
Geruhsar stivetn Ceranisceac FL + - - - - +4 -
Haliwwhelln quinguanervis Ayteraczue RT - —_ - e .
Heliopsiz leorgrp2s® Astreaccic RrT ree - - - . -
Nex rubra 5. Waks Agquifobiaceac WP - - - - - - -
Kofplaria Jepppmsriis Coasrensiadudke AP - - - -
L epidim Virginiesin Cruciterasae wp - - - - - - -
Malmiwt diprassa Annunaceas SB - - - - - - -
Malniea dgpressa® Annouacese B - - - - e -
Metoyium berentids Anacardinceas wD [y ~ - - - - -
Mutopium browened Anpoardieveac $B - - -~ -
Parityle baropilensis Asteracase wP - - - - - -
Plumbagn scandens Plumbaginaceds LE - - - - - -
Frslea trifoliata Ruraceas b ~ - - - - “sd -
Fieridoon uracknoidesmn Dennstusdrizesas wp - - - - -
Stanow vynchus Linceolalus Oechldaceue wp O Py - - - - -,
Stwiatenie baonilis Mellaceus D - - - - - -
Thursefortsa birsutlssinea® Boraginsceae sB - - - - - s -

* (WP Whole plang (RZ) Rhizoroe; (SB) Socm bark; (LV) Leevex; {FT) Fruit; (FL} Flowsers; (RT) Rooty; (AP) Accial plang; WD) Wood:

(D) Semds.

.

pbyson mamayrophyres; 7 Cundide aibicans,
(=] Calaure growth more thau 2/4 ot the Petei dish. («} Cultute groweh of 3/4 of the Pete! dish diznmerer. (+.o) Culture growsh of 172 of she
Petr dish diamsrer, t44+) Culture growch of 174 of the Patn dish diamecer.

* Chlocoform exerace.

13) Srophyloioccus anrenv; (2) Bacillns tubprtey |3) Esscharichia <olis (4) Pﬁ'udoma;:n}i Jeruginosd; (51 Aspergittas niger, (6) Trickoe
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Tablc 2. Antimicrobia) scrivity of sonsc crude drug extracty desived trom rleven medicina plints by the diffusion disc sgar platz ami div
Tutinn metherds, !

Inhibigon Tenes [nvm)” MIC tpg/inD)
Species Microorgenism® Micoo: gaasin®
1000 ug S00ux
L} 2 3 1 2 b, 1 2 3
Cridoscadus tehvacanonsis : 19 16 400
Datura lanase 21 16 19 ie 21 17 230 80 > 1000
Dyssodia pupposu : 17 13 1000
Geruninrs wvewrn 14 13 13 1 » 1000 » 1000
Helivrthella quingrentrvis 31 2] 300
Heliopsia longipes 8 20 22 14 400 ¥
Malmea depress (swem bask) 13 7 W 13 13 13 450 1000
Mulwiea depressa (srem back)” 17 23 33 13 1% 2 400 180 300
Metopiums browngé (Wood) 15 13 > 1000
Pralea vrifediars (wood) 17 13 75D
Prvdau srafoliaty [stens bark) 15 13 750
Stenorrynehbuy lanceo)vus 13 15 13 13 13 13 » 100D 1600 > 1000
Fovrnafortia birsutissizna™ pls 750

——— 1 Sy g - [

* Due diamewe 3. ¥ [ 1) Staghylococens aurensz (2) Baedillses srehirlis: (3) [richephyton menragrophyres, * Chiorafoem ck!'uct.

Table 5. Resalts of Brine shrimp kehaltey and cyrotoxic acrlvicy,

Playst Material Btine shrimp ED,, (pg/mil}

Lethality LC., Celt line

(pg/mb) HT-294 MCE7 A~545¢
Hax rubra 40.53 2933 1913 31.29
Prefea trifolivia (Swan bark) 3,08 ND ND ND
Damra fgposa 63,54 ~ND ND ND
Dyssodiu papposu® A40.01 3025 a5 2 50,46
Gurumines nitesm 88.45 1933 84.65 4989

B Pasityle butopilensis 815.2) > J0O > 300 > 100

Anvedeord scomlens 430.82 » {00 » 100 = 00
Conyza filagineindes 342.0% 3.98 > 100 =100
Faliopsis longipes 58.65 ND ND ND
Heliguthe e qllt'rﬁ;unrmr‘vfs 6.90 » 109 13.10 36.48
Metopiums brourei {(wood) 214 » 100 > 100 - 100
Mecopiuors browrws (Stem bark) 104 » 100 > 300 » 100
Mulwiez depressa (Stem batk)™ 62.48 20.96 .86 2057

* Colon x~1a;c;<;rcl:wma, ¥ Braeast carcinoms, ™ L:mg carginom, * Clorctormic extrace.
Roots; [AF} Acrial pacts; (WD) Wood; (SD) Seeds.

was Mmeasured at the Cell Culture Laboratory, Purdue Can-
<er Ceneer, Purdue University, bor the A-549 (Lung carcino-
ma), MCF-7 (Breast carcinomni) and HT-29 (Colon adeno-
«atcinoma), with adtiamicin as a pasitive control in saven
day assays (Anderson € al., 1291).

and 30 shquot of this solution (enough ro obtzin concen-
tuations ranging from 1000 ro 10 gfml) was mixed with
desttense Sabouraud agar (which wais naincained at ¢5°C)
and with & suspension of ypores of T mmwtoxroph yres
{10* sporesinl). Control ager plares were always used in
pacaliel and treated similarly. Afver incubation st 28C tor
7 days, the ugur plates wera observed, MIC represents the
loweest concensradon of plant extruct at which complete in-
hibition occurs.

Results and Discussion

et M am oA B -

Thirty one crude plant extraers obtained from medicinal
plants used in Mexcan folk medicine 29 anti-infetlve

ine sbrl d cytotoxie biouss . .
Brine shrimp and cytotoxic bioussays agents were rested against sevesal standacd microorgan-

The beive shrimp assey wWas performed 83 previously de-
scribed {Meyer er ai, 19%1; Muiaughlin, 1991, Wah,
1993). Tytotoxicity against theed buman solid tymor calls

ssms. The scleered ipictoorganismis were predictive of po-
wential wpplications agaiost human discases caused by bec-
teris, yeasrs and molds,

s

REE WL AN IR R Pt S o Y S YOS T L % AT R ST A AT I A TR TS TSN T S T T I e - e sens @ o

s

Vet

A




'.TP .\‘x‘

Antimicrobial and eytotoxic activities of some crude drog extracrs from Mexican Medtcina( Mangs 345

‘I be exrraces wete ficst avalusted by rhe gradienc plate
diffusion dssay snd the results ace summarized in Table 1,
‘The rosr mucrovrganisms showed seong differends! sensi-
sivity 1o the plant cxcracts. The most sensirive was T. snen-
taprophytas which was inhibiced by 10 (32%) of the vx-
11395, 5. aurens was inhibited by five extracts {16 %) while
8. subrilis and C. albicans by two (6% ). As with most plaut
eatracts the Gram aegacive bacreria were not affected by
any of the test exiracts. The exmmucty of D. lanosa apd
3. hirtceolatrs showed the widast spectrum of acrivity.

The active extraces from Table 1 wese thereafier evaluar-
cd by the agac disc dilfusion method sad the zones of inhi-
bition gre given in Table 2. In this asssy rhe achve extescts
were only teated against the susceprible microorgenismm we-
wording ro the resules indicared in Tuble §. Also, the mini-
el ivhibitory concentration [MIL) of these active extracts
way deternined sad summanzed in Table 2,

According to the resuslos shows in Table 2, Cridosculys
tehyudcanensis, Datwsa lanosd, Helionthalls quinguencrvis,
Heliopass longipes and Malmea depressd have the porendal
7 gwierare movel ann-nfective agents, In the case of M. de-
presa the 3cuve prinkiple seerns ro be of & Jipophilic nature
siner the chlorotonm extrace cxhibits boteer activity than
the mechanol extract. In addizion. the uss of thase species 35
ano-infecnve agents i folk medicine can be explained on
the basis of the present regults.

The remaining species from Table 2 were not active ¢
concentrations % 1000 pugfral in the tesrs pertormed in thiz
investigation. Further work masy show thar many of these
species contain active compounds, 35 hay been the case of
Pretea trifofiacs {Mitscher e¢ al., 1975). The sntimicrobial
acrivicy peuvionsly described for Prelea orifolisca. P Scare-
dens and L. sergiricurn could nor be reproduced in che
prezent investigation. Thesa differences could be attdbied
to & vaciacion in the content of active secondary metabolites
due to geographic vaviadions,

The bzine sheimp (Artemia saling Leach) lechality assay
1y eonsidered 2 useful ol fur prelaninary aswsnment ot
cyrotoxicity (Meyee et al,, 1981; Anderson et al, 199];
McLaughiin, 1991). Thecetore, the 31 extracts Listed in
Toble | waro resred wsing this bioassay. Ot these extracis
only 13 {42%) exhibivad 2 sigruficant asuiviyy (Table 3.
The tornaining crode extracys nor lsoed in Table 3 exhibic-
td LCyo valves higher than 1000pg/ml, The cytotoxiary
of sonie these eXtracts was evaluasted in shiee diffecent ool
lines: A-549 (Lung catcinoma), MCF.7 (Breast carcino-
me) and HT-22 (Colon adenocarcinoma). From the pe-
sules sumarized in Table 3 it is cleur that only the meth-
anol cxtract of Helianthalla quinquenervis displayed aig-
nificant cytorowicity effect against the MCF-7 cell line
(€D 13.30amb. Theretore Helfanchells guinquenerviy
oy be considered 2 candidate for the discovery of cytu-
roxic and/or ancdwmor dgente
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Abstract

The bioactive amides affinin and capsaicin isolated tespectively from Heliopsis longipes roots
and Capsicum spp fruits, were assayed for activity against Escherichia coli, Pseudomonas
solanacearum, Bacillus subtilis and Saccharomyces cerevisiae suspension cultures, The
alkamide affinin inhibited growth of E. colf and S. cerevisiae at concentrations as low as 25
[Image] g/mi. Higher concentrations of affinin were necessary to inhibit growth of P.
solanacearum and B. subtilis. However, high concentrations of capsaicin only retarded the
growth of E. coli and P. solanacearum, whereas growth of B. subiills was strongly inhibited and
that of . cerevisize was initially enhanced. Results are discussed in relation to previous reports
conceming crude extract and o the molecular stnictures of the bicactive compounds.

Author Keywords: Affinin; Capsaicin; Alkamides



Article Outline

1. Introduction

Affinin (N-isobutyl-2E,6Z,8E-decatrienamide) and capsaicin (N-({4-hydroxy-3-methoxyphenyl)-
methy!}-8-methyl-6E-noneamide) are two tissue specific alkamides present ig the roots of
Heliopsis longipes (chilmecatl) and the fruits of Capsicum spp. (chili) respectively, Both plants
have been used traditionally as flavouring components and medicinal agents by inhabitants of
Mesoamerics. In Mexico, Capsicurs species have been used by several cultures in such high
frequency a3 to be considered an important component of diet. Capsictm together with pepper
(Piper spp) are the most important species cultivated today (For a recent review on alkamides
present in Piper spp Dlangelo, of al, 1997,

Affinin is the main bioactive component present in the roots of Heliopsis longipes. These roots
have been used in Mexico as a spice, insecticide and in traditional medicine since the Nahuat)
civilizations. The distribution of this species is restricted, being endemic to the Sierra Gorda in
the central srea of Mexico. From this species a large supply of roots were obtained which
provided an abundance of the insecticidal amide devastating the wild population of H. longipes
(Fisher, 1957). More recently, in & general screening of traditionally used Mexican medicinal
plants, it was observed that H. Jongipes extracts possessed significant antiseptic properties,
therefore supporting the ethnomedical uses of this species (Gutierrez-Lugo et al.. 1996)

Affinin is the main alkamide present in the five species of the Heliantheae containing oleflnic
alkamides: Wedelia parviceps Blake, Acmella ciliata HB X., 4. oleracea L., A. oppositifolia
(Lam.) Jansen and X. longipes (Gray) Blake. It Is present in higher quantities in the roots of 4.
longipes than in any other species containing alkamides (Molina-Torres, et al. 1996). Even
though alkamides are characteristic and distributed smong severel species of the Aster



i ' d the Rutaceae (Groges,
imi ctures can be found in the Aristolochiaceae, the Pi;?eraceae an ‘
sllg_gm:u). f'tu':possible that this distribution of similar structures is reflective of the protective

functon of the alkamides.

ical inform cum species is available (Virus and Gebhart, 1979 and

Pharmacological 3 atign on Capstcum spec o S eat 158, 1996 Recently the

ici mouse dorsel root ganglion sensory neurons (Catsring,
oiagte @gxx;ﬁmsnm the antimicrobial activity of capsaicin is scarce and
available information is obscured by the use of crude cxtragta.wntainir.\s diﬁergnt amounts of
active components (Cichewicz and Thorpe, 1996). Capsaicin s the main constituent ofa faxgnly
of compounds denominated capssicinoids which possess the same amide structure but vary in
chain saturation, substitution and length (Copsiant. ¢t al, 1993).

The chemicsl structures of these families of amides, alkamides and capsaicinoids, have some
similarities. Both are smides of medium length fatty acids, differing mainly in the chain
unsaturation and the amine moiety. The Asteraceas family contains most of the reported
alkamides including acetylenic and olefinic structures (Greger. 1984; Christensen and Lam, 1991
and Christensen, 1992). The majority of these compounds contain the 2£ unsaturation present in
affinin. Alkemides are found mainly in roots throughout the life of the plant. Capsaicin and the
capsaicinoids differ from the mentioned alkamides in the following structural aspects and
consequently in their biological activity: (a) Neither capsaicin nor the accompanying
capsaicinoids contain the 2E unsaturation; (b) the tissue specificity is associated with the
placenta in the fruits; and (c) the amine moiety of the amide is the same for all the

capsaicinoids, V-4-hydroxy,3-metoxy, phenylmethy! amide. These differences may be related to
different biosynthetic pathways and functions. Capsaicin and the capsaicinoids are restricted to
the genus Capstoum (Cordell and Araujo, 1993).

Capsicum anmum extracts have been found 1o have activity against the cercaria of Schistosoma
mansanl which is estimated to have infected over 200 million people world-wide, however it is
not possible to determine If this sctivity s related to the presence of capsaicinoids or to other
compounds, as the toxicity was assayed with crude fruit extracts (Erischkorn, et al., 1978).

*

and other isobutylamides from Asteracese are active against this paresite (Johns, et i,

Alksmides and 'capsaicinoids produce specific responses in taste and some nevrophysiological
responses W bgu there is no' specific information on their respective toxicity
towards microorganisms. This stimulated our interest in comparing the toxicity of these
structurally related amides over s range of lower organisms.

2. Methodology

H. longipes (Oray) Blake (Asteracese) specimens, as authenticated by Dr 8 i, Instity
ds Ecologis, Pit.zcuafo, Michoacén, were collected in Sierre Gorda ir)x' the mmjum °
Mexico et an altitude of between 2000 and 2500 meters sbove sea level. Voucher specimens (7
Imm IMT, IED) were deposited at the above mentioned institution. Affinin was isolated fom
plant roots as dcmibedpmnmly (Molina-Torres, of a1, 1995). Capsaicin was purchased from
Sigma (8-methyl-N-vanillyl-6-noneamide cat. M-8147). This reagent analysed by GC/MS
mostrate to include: capsaicin 74.63%, dihydrocapasicin 15.79%, nordibydrocapsaicin and



nonivamide 4.43%.

2.1, Affinin extraction and purification

ground and extracted with sbsolute ethanol in a continuous maxon system
?m%’m System HT 1043 Extraction Unit) for 2 h st 80°C. The e‘thax}mc gxm:ct w:sw”
freed f«;m solvent in a rotary evaporator at 50°C under reduced pressure. This c(x)u :igtml t
then purified by TLC (20%20 cm silica gel on polyester plates Sigma cat. 'I:~67? )} 3 wIY:d
system of hexane:ethyl acetate (2:1 v/v). After development, plates Were air dried and visua! !ﬂ'
under UV light. A dark band with R€0.5 was collected, reextracted with ethy! acetate, ffeed from
solvent under a stream of nitrogen and further purified by HPLC on s Microbondapack C18
column eluted with acetonitrile:water 40:50 as described by W}gﬁ&) Pufity was
monitorsd by CG (Hewlett Packard 5890 Gas Chromatograph Series If) equipped with Ultra-2, .
30 m capillary column and & coupled mass selective detector (Hew!ett Packafd 5972 series). This
purification procedure was enough for affinin to showed up as a single peak in the chromatogram
with mass spectra in agresment with 0).

2.2. Microorganisms

The microorganisms used in the present study were: E. cofi (DH5[Image] Difco ATCC 25922),
P. solanacearum, B. subtilis (ssp Kodisk) and Saccharomyces cerevisiae {wild strain 288C). All
isolates were obtained from a collection located at CINVESTAV, U, Irapuato.

2.3, Growth of microorganisms

Liquid cultures wese grown at 37°C jn PDB medium with vigorous agitation in 2 rotary shaker at
280 spm. All inocula were taken Srom cultures growing exponentially in the same medium.
Growth was followed by determining turbidity at 650'nm in a Cary-Varian B3
spectmpbo}ometer. Amides, affinin or capsaicin, when used were added to the flasks st 8 specific
concentration as aliquots in ethanolic solution. The ethanol was then evaporated and the residue
dissolved in the culture medium with warming and the addition of 500 [Image] g/ml of Triton X-
100 in all cases as described by Kass (1968). At the concentration used the detergent had no
effect on the growth rate of the bacteria. Flasks containing 15 m! of PDB and the different
concentrations of the amide, were inoculated with 0.3 ml of the microorganism culture. Aliquots
were collected at defined intervals and microorganism growth followed at 650 nmina
Cary-Varian 3E spectrophotomster. Grephical results presented in Fig. 1, Fig. 2, Fig. 3 and Fig. 4
:;pgsenlt the average of at least four replicates and the bars indicate the standard deviation of
values.

{Image] (6K)

Fig 1. Bffect of natural alkamides an the growth of £ colf Liquid cultures. (a) Affinin: [tmage] Control
(Image) g/mi), (tmage}, 23 [Image] giml; [Imags], 50 Image} g/ul;, [Imags} 75{Image] vmll ® ¢
Capsaicin: {Image] Contral (0 [lmage] g/mi); [lmage), 200 [tmsge] g/inl; {fmage], 300 [lmsge] g/mi.

[mage] (6K)
Fig. 2. Biect of natural alkamides ou the growth of 2, solanacecrym liquid cultures. (a) Afinin:

Control 0 (mags}ghnly, [Inage}, 30 [tmsge] gl (1mage], 75 [image) yhot ko g
() Capaicn: mmgel, Conirol (G [imagelgmty Longey 1S mmm o s L LoEe) limageigy ™



{mage}, 300 {Imagejg/ml.

{image] (6K)
Fig. 3. Effoct of natusal alkamides on the growth of B. subtilis Hquid cultures. (a) Affinin:, [image] Control

A ; , 73 , (inage), 130 [inagelg/md. )
(Capﬂlcm-o mnaau)'ylmml). liwml WIMJ y&m[)?naw[m) ) -'Eomllla::]:'{l“:fml {Image], 75 [Emagelg/ml; (Image],
150 {Imagelg/mi.

(7K)

. Bffect of natwral alkamides on the growth of S, cerevisiae liquid cultures, (a) Affinin: {Imagel,
g’nzd (0 [Tmage]g/mi; (fmage], 23 {lmage]g/ml; [Luage], 50 {imagelg/mi; [lmage}, 75 ﬂmxolglml- 1))
Capsaicin: {Trmage], Cootrol (0 [Imoge]gimi); [Image), 25 [Image)g/ml; [Iroape], 150 fimage]p/ml; [lradge],
300 [Image]g/ml.

3. Results

The effect of the purified alkamides on the growth of E. coli is presented in Fig. 1 The presence
of affinin (Fig._1(a) had an effect at concentrations as low as 25 [Tmage]g/ml. At this
concentration after eight hours the inhibition was close to 90%, and other concentrations assayed
(50 and 75 [Image] g/ml) almost completely inhibited growth. However, capsaicin (Fig, 1(b)) at
concentrations up to 200 or 300 [Image]g/m! ovly retarded the bacterial growth. The effect of
affinin on growth of Psendomonas solanacearum (Eig. 2(a)) was less inhibitory and it was
necessary to increase the concentration of this amide to 150 [Imagelg/mi in order to observe total
inhibition. There was a proportional effect of the amide concentration in the media on growth
inhibition. The inhibitory effect of capsaicin was much lower (Fig, 2(b)), since growth was
reduced only about 20% with & concentration of 300 [Imagelg/ml. tn B, subtilis cultures, growth
was reduced by concentrations of affinin (Fig. 3(a)) 25 low as 50 [Image]g/ml and totally
inhibited with 150 [Image] g/ml. Capsaicin had a stronger inhibitory effect towards B, subtilis
starting from 25 {Image] g/ml, the minimum concentration assayed (Fig. 3(b)). Finally, S.
cerevisias showed a response to the presence of affinin (Fig, 4(a)) similar to that observed in £
coli but over 8 longer time. The effect of capsaicin on S. cerevisiaze was not clear (Fig, 4(b)), 2s
short term celluler growth was stimulated at concentrations as high as 150 and 300{Image] g/ml,
Capsaicin has no effect on the long term (24 h) growth of this microorganism concentrations as
high as 300 [Image]g/md (data not shown).

4. Discussion

Different Capsicum spp. tissue (fruits or leaves) and H. longipes root extracts have previou
been assayed for antimicrobial activity with & v)anety of treatments sly
1996, Gutierrez-Lugo et al., 1996), however the presence or absence of many different
compounds may have affected the results. The study of purified components may help us to
understand at Jeast partially the mechanisms of interaction.

E. coli and P. solanacecrum, both Gram negative bacteris, showed similar behavior even though
the latter was less sensitive 1o the presence of affinin. The effect of capsaicin on both

microorganisms was not significant even st concentrations as high as 300 {Imagelg/ml. B.



iti i imi affinin 8s P. solanacearum
ilis. 8 Gram positive bactena, demonstrzted a sm_-nlar response to laan i
sl:ﬁ';u?;:isingly g\?lowcst conceutrations of capsaicin 25 [Image]g/mg, completely inhibited its

growth.

screening 1 crude extracts of H. longipes roots did not show any gct:wity in plate
m tests a;?inm E. coli ot B. subtilis Ww_mé) Similarly, an
absence of inhibition was observed with fruit extracts of Capsicum annum against B. subtilis
(Cichewicz and Thorpe, 1996). Our results are difficult to compare with thﬂo‘ie in wl}i::; dis::‘s
were used a8 an experimental model, since the effect will depend on the diffusion o active
c:;:pound. Affinin is a hydrophobic molécule, and consequently vgm not passively m.igfate inan
agueous medium. Liquid medium is therefore a better choice, keeping in mind that it is important
to properly emulsify all components in the medjum.

The presence of the 2E unsaturation has been associated with the toxicity of alkamides towards
insects (Jagobson, 1934). This may elso be true for the toxicity results we observed here against
bacteria and fungi since the main isomer in unsawrated amides has configuration £ in this
position. However, it is still necessary to confirm the specific toxicity of this isomerism.

Tt is interesting to compare the structure of affinin with 3-decynoyl-N-acetylcysteamine (NAC)
(Helmkemp, et al., 1968) and 1-diazo-4-undecyn-2 one (DUO) (Henderson, et al., 1994), the
synthetic specific inhibitors of the [Image]-hydroxydecanoy! thioestes dehydratase enzyme
(FabA). This enzyme is responsible for the reversible introduction of a double bound in 1he
unsaturated fatty acids of E. coli, a vital component for the bacterial growth. The active form of
the inhibitor is the 2,3-alene. The alene structures of NAC and DUQ, together with affinin and
capssicin are presented in Fig. 5.

fimage] (3K)

Fig. 5. Natural atkamides and synthedic inhibitors of the [Image] -hydroxydecanoyl debydratase, Affinin
(N-isodutyl-2Z 65, 8E-decatrienanide), capsaicin (V-¢(4-hydroxy-3-nethoxyphenyl)-methyl}-S-methyl.
6E-noneamide), NAC (3<Jecynoyi-N-acetylcysteamine) in the alene form (2, 3-decanodienoil—-N-

acetylcysteaming), DUO (1-giazo<4-undecyn-2 one) in the alene form (1-diszo-3 4-undecenodien-2 one).

In viva NAC displayed a strong antibacterial activity against £ cofi, Salmomella typhsnmarium
and P. fluorescens st a concentration of 10°M, but had only s shight and transient effect on the
growth of . cerevisiae (Kags..1968). In the present study, the effect of affinin on growth of §.
cerevisiae urder the influence of 2§ [Image]g/m! (10 M) was transient, a5 cultures recovered
jmt?un 24 h, but this wes nouhe case with concentrations of 50 [imagels/ml or more where the
inhibitory effect way isreversible (Fig, 4(n)). The activity of these synthetic inhibitors has been
sttributed to the specific recognition of chain length and irreversible binding of the alene i0 the
. Affinin, and other alefinic alkamides, having structural

(Leasang. ot al.. 1996)
similarities would be recognized by the active site but would ind 3
the acetylenic inhibitors. 1ot be able to bind irreversibly as

The inhibitor NAC does not affect the growth of mammalian h
A epatoma cell cultures
dge to the absence of the enaerobic path for unsaturated fatty acid biosynthesis in mammals.



flavouring components, may show similar antibacterial properties.

i i ed previously.
tifuogal activity of affinin or say other alkamide bas not bee'n seport .
;::;tlv however, th?s activity has been observed in sulpbur containing amides from two species

=4 R sTs T4

of Giycosmis. These amides contain 8 2E unsaturation as in the atkamides (Greger €1l 1990).

5. Conclusions

The alpha unsaturated natural alkamides may have more thas one mechanism of im?raction with
different tissue. They are toxic to microorganisms, showing some differences in toxicity Qetween
Gram positive and Gram negative bacteria. The toxicity mechanism of these ccgmponnds in other
fower organisms such as the insects bas been suggested to be 2 neural stimulating effbct although
the toxicity of crude root extraéts against mammals is low w a8 was
observed with Capsicum extracts. It has been observed that amides may give sweet, bitter or
tasteless sensation depending on the acidic and amine constituents (Belitz, et al.. 1983). However
amides in plants sre lasgely responsibie for the "hot' taste in fiuits, such as Capsicum spp., Piper
spp., and in roots of many species in the tribe Heliantheae (Greger, 1984). These plants have
been used for centuries by different cultures in America, Europe and Asia. However, & structural
relation with a specific enzymatic inhibition and toxicity requires further study including other
organisms as cold blood vertebsrstes as some unsaturated amides have been observed to be toxic

to fish (Mcferren and Rodriguez. 1998 and Johns, et al., 1982).
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