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ForEwWORD

The Research Center for the Natural Sciences (then Research Center) of the
University of Santo Tomas, in 1980 published a guidebook to plant screening entitled
Phytochemical, Microbiological and Pharmacological Screening of Medicinal Plants
as a supplement to the Acta Manilana. This was revised in 1985. The book was
conceptualized and prepared from the ‘hands-on’disciplined research experience of
faculty researchers in the field of natural products of the University of Santo Tomas,
a product of the collaborative efforts of the botanist, chemists, microbiologists and
pharmacologists.

'The book contained the Herbarium Section, contributed by Alicia L. Claustro,
the Phytochemistry Section with Alfredo C. Santos, Beatrice Q. Guevara, Alicia
M. Aguinaldo, Maribel G. Nonato and Belinda V. Recio as contributors. The
Microbiology Section had Patrocinio S. Santos and Nimfa M. Chua as contributors
while the Pharmacology Section was contributed by Rosalinda C. Solevilla and
Lourdes V. Songco. Editors of the book were B. Q. Guevara and B. V. Recio.

The present book A Guidebook to Plant Screening: Phytochemical and Biological
is made more user-friendly. This book provides updated ‘doable’ procedures in the
screening of plants for bioactive constituents, whether they are for potential drug
sources or for nutritional purposes. References given at the end of each section are
the literature used by the past and present researchers in devising their screening
procedures.

A panoramic overview of the entire guidebook illustrates at a glance the analytical
assays for plant screening in the four sections of the guidebook. In this overview,
the researcher is led to the series of further studies in order that the plant material,
found promising in the screening procedures, may eventually be developed into a
new product, a natural product for medicinal or nutritional purposes.

The four sections of the present guidebook are the Botany Section, the
Phytochemistry Section, the Microbiology Section and the Pharmacology-
Toxicology Section. Each section is introduced by an overview of the series of
procedures/ assays to conduct for plant screening in the discipline. Ethical issues
and concerns in plant collection and screening are included in the Botany Section
which policies on research involving animals and their ethical considerations are
included in the Pharmacology - Toxicology Section.

Contributors to the Botany Section are A.L. Claustro and Rosie S. Madulid,
to the Phytochemistry Section, A. M. Aguinaldo, B.Q.Guevara, Erlinda I. Espeso
and M.G. Nonato. The Microbiology Section was contributed by Edward Quinto
and Mary Ann G. Santos, while the Pharmacology-Toxicology Section, by R.C.
Solevilla, Mafel C. Ysrael, Gloria C. Bernas,and Rhodora E. Gonzales.

In preparing this guidebook we had in mind the undergraduate and graduate
science students who desire to explore the drug potentials of plants. However we
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strongly recommend that they conduct the studies under the supervision of science
advisers.

It is hoped that with this guidebook more science students are encouraged to
pursue interdisciplinary studies to unlock the secrets of plants for the well being of
humanity. Let the results of such studies serve as the engine of more concrete efforts at
conserving and propagating our rich plant resources in their natural biodiversity.

B. Q.Guevara



PrEFACE

to

Phytochemical, Microbiological and
Pharmacological Screening of Medicinal Plants
(Revised Edition — June 1985)

There hasbeen in more recent times an awakening towards the use of drugs and
their preparations in a kind of “back-to nature” movement, instead of the classical
synthetic compounds manufactured in advanced countries.

While the use of synthetics is of undoubted value, especially in advanced stage of
illness, it is believed that the use of herbal medicines of properly-tested efficacy would
be of great advantage in a developing country like ours, which is still blessed with
bountiful plant resources; the idea should be to keep people healthy by treating illness
at an early stage instead of resorting to treatment when already at an advanced stage.

It is with this idea that a manual for phytochemical, microbiological and
pharmacological screening has been conceived to awaken the interest of the beginning
scientist in establishing scientific evidence in the use of herbal medicine. This manual
has been prepared specifically for the use in the laboratory screening of medicinal
plants for biologically active constituents. The methods used have been so designed
as to provide a simple and rapid method for screening with a minimum of equipment,
reasonably selective for the kind of constituents under study with provisions for some
quantitative measure of evaluation.

The phytochemical screening is confined to the detection of important
phytochemical constituents that usually exhibit biological activity like the alkaloids,
saponins, cardenolides and bufadienolides, flavonoids, tannins and polyphenolic
compound, anthraquinones and cyanoglycosides.

'The microbiological screening is designed to detect anti-microbial activity of the
plant extracts against representative test organisms of gram-positive, gram-negative
and acid-fast groups including yeast and fungi.

Pharmacological screening is basically for determining stimulant and depressant
effects of the plant extract at the same time determining the lethal dose and toxicity
effects.

It is hoped that hereafter, the interested student will go deeper into the study of
natural products and become conversantwith chromatographic and spectral methods
of analysis used in the isolation and structure elucidation of plant constituents thereby
acquiring a training that will prove useful in many branches of industry.

Alfredo C. Santos
National Scientist, 1978
1900 - 1990



ACKNOWLEDGEMENT

Our heartfelt gratitude to Dr. Fortunato Sevilla III for challenging us to update
and upgrade the Acta Manilana supplement entitled Phytochemical, Microbiological
and Pharmacological Screening of Medicinal Plants, which was published in 1980. We
thank the contributors to this supplement who have moved on to other countries
or have joined our Creator.

To the university authorities for the kind and whole hearted support to
research and its extension service to the community, to the UNESCO Network
for the Chemistry of Natural Products in Southeast Asia and to the Australian
adjunct Network for the Chemistry of Biologically Important Natural Products for
strengthening the competencies and capabilities of natural products research at the
UST Research Center for the Natural Sciences, to them goes the whole hearted
gratitude of the contributors to this guidebook.

We gratefully acknowledge the kind help of Dr. Ma. Natalia R. Dimaano for
the computer generated graph of the microbiological assay data shown in Figure
Mi11.

The final stage of this guidebook would not have been possible without the help
of young talents, Mr. James R. Janier, who did the line sketches in this guidebook
and Ms. Rollin S. dela Cruz, who patiently and ably transcribed and formatted the
encoded text and scanned figures into the electronic form ready for the first prints
of the book. Of course, we are grateful for the kind support of the office staff of the
Research Center, Ms. Charmaine M. Caiga, Ms. Ma. Aida A. Canalete and Mr.
Marcelo A. Gazo.

We gratefully acknowledge the UST Research and Endowment Foundation,
Inc. for the initial financial support in the preparation of the updated guidebook
and to the Philippine Council for Health Research and Development, Department
of Science and Technology the grant for the first printing of the guidebook.

To our fellow researchers, our humble gratitude for their suggestions and
comments which are now included in this revised edition of the guidebook.



Phytochemical and Biological |

AN OVERVIEW OF THE GUIDEBOOK

Plant of interest

Background Information

* Ethno-botanical
- pharmaceutical
- pharmacological
- medical
- Review of literature

Botany Section

* TField collection
e of
I specimen

Phytochemistry Section

* Screening for secondary
plant metabolites

* Screening for anti-

oxidants
Microbiology Section Pharmacology-Toxicology
* In-vitro screening *Section .
- against bacteria In—fuz.tro screening
- against fungi - toxity tests

* Stability
* MIC,MBC,MFC

with antibiotic

Bioautography

- sensitivity tests

- basic pharma. effects

- specific pharma. tests
* Mutagenicity/clastogenicity
* Angiogenic studies

L

Microbiological Studies
— Microbiological assay of the
pure bioactive compound

Further Studies

—— Botanical Studies
— Plant
identification &
documentation;

—> Phytochemical

Studies

— Fractionation/ isolation
of pure compounds for
structure elucidation
& identification;

— Pharmacological

Studies
— Effects on higher

animals;

4

New Product Developed ¢ Clinical Evaluation «—— Pharmaceutical Studies

vii



@m&y @eue/qmen[ 0/ ﬁWﬂM{Z muricela f ﬁc%

“ondein”

at the
Research Center for the Natural Sciences, University of Santo Tomas

Gy
HOOC

Muricatin B, antibackerial

Ipalbidine, analgesic

HO

.}

Ethyl caffeate, antibactenial and

R= H, Ipalbire, analgesic
antifungal

R= % U\ . Ipomiine, analgesic
OH

Methvl p-coumarate, anfifungal

Medical Uses:
Tonkin ointment is an antibacterial, antifungal and analgesic
ointment useful in common types of skin ailments such as cuts,

wounds, insect bites, abscesses, dry eczema, first and second degree
burns.



TABLE OF CONTENTS

Foreword
Preface
Acknowledgement

Overview of the Guidebook
Drug Development of Ipomoea muricata L. Jacq, “Tonkin”

Borany SecTioN
An Overview
Introduction to Plant Studies
1.0 Plant Samples needed for Botanical Identification
2.0 Preparation for Field Collection

2.1 Objectives and Expectations from the Trip
2.2 Preparations needed for the Botanical Collection

2.3 Equipment and Supplies
2.3.1 Aids to the plant collection
2.3.2 Preparation for the herbarium specimen

2.3.3 Aids in the documentation of the plants collected

3.0 The Field Collection

4.0 Preliminary Preparations of the Plant Specimens in the Field

4.1 Pressing the Plant Specimen
4.2 Drying the Pressed Plant Specimen in the Field

4.3 Preserving the Pressed Plant Specimen
not dried in the Field

5.0 Final Preparation of the Herbarium/Voucher
Specimen in the Laboratory

6.0 Final Preservation of the Plant Specimen

6.1 Drying

6.2 Poisoning
6.3 Mounting
6.4 Labeling

6.5 Accessioning

7.0 Filing of Herbarium Specimens
8.0 Storing Bulky Plant Materials
9.0 Housing Other Plant Materials

References

Appendix 1 Herbarium Specimens for Botanical Identification

Appendix 2 Botanical Names in Scientific Literature
Appendix 3 Ethical Standards regarding Plant Collection

LWL WO N



PHYTOCHEMISTRY SECTION

AnOverview e
Introduction
1.0 Preparing the Plant Material forStudy
1.1 Preparation of Stock Plant Extract
2.0 Phytochemical Screening for Secondary Plant Metabolites ......................
21 Alkalold
2.1.1 Field test for alkaloids: The Culvenor-Fitzgerald method
2.1.2 Laboratory test tube method for alkaloid analysis
2.1.2.1 Preliminary assay

2.1.2.2 Confirmatory test
2.1.2.3 Test for quaternary bases and/or amine oxide

2.1.3 Thin-layer chromatographic analysis for alkaloid:
The Farnsworth-Euler method
2.1.3.1 Extraction of the chloroform soluble fraction
2.1.3.2 Purification and analysis of the chloroform-soluble fraction
2.1.3.3 Extraction and analysis of the water-soluble fraction

2.2 Steroids: Cardenolides and Bufadienolides @ ......................

2.2.1 Test tube reaction methods
2.2.1.1 The Keller-Kiliani test: for 2-deoxysugars
2.2.1.2 The Liebermann-Burchard test: for unsaturated steroids
2.2.1.3 The Kedde test: for unsaturated lactones

2.2.2 Thin-layer chromatographic method for unsaturated lactones

2.3 Terpenoids

2.3.1 Preparation of the plant extract
2.3.2 Thin-layer chromatographic analysis

2.4 Anthraquinones L

2.4.1 Test tube screening methods
2.4.1.1 The Borntriger’s test
2.4.1.2 The modified Borntriger’s test

2.4.2 Screening by thin-layer chromatographic method

25 Flavonoids
25.1 Test tube screening methods

2.5.1.1 Test for leucoanthocyanins: Bate-Smith and Metcalf method

25.1.2 Test for y-benzopyrone nucleus: Wilstatter “cyanidin” test

25.2 Two-dimensional thin-layer chromatographic (TLC) screening method

2.6 Saponins e

2.6.1 The screening methods of saponins
2.6.1.1'The froth test
2.6.1.2 The capillary tube test
2.6.1.3 The hemolytic test: the agar cup semi-quantitative method
2.6.1.4 Determination of saponins in the presence of tannins



2.6.2 Semi-quantitative assay for saponins (WHO, 1998)
2.6.2.1 Preliminary test
2.6.2.2 Main test

2.6.3 Liebermann-Burchard test for unsaturated sterols and tritgrpenes

2.6.4 Thin-layerchromatographic (TLC) test for sapogenins
2.7 Tannins and Polyphenols s

2.7.1 Screening methods for tannins
2.7.1.1 The test tube method
2.7.1.2 Spot test for tannins

2.7.2 Screening method for polyphenols by dry distillation

2.8 CyanogenicGlycosides @~
2.8.1 The Guignard Test

3.0 Thin-layer Chromatographic (TLC) Screeningof ... Gueseenaesnnenes
Bioactive Compounds in Plants

3.1 Preparation of the Plant Extracts ...
3.2 Screening by Thin-layer Chromatography ...

4.0 AntioxidantsinPlants e

4.1 Chromatographic Screening of Antiomidants ~ ....ceeeiininnene.

References e
Appendix

Basic Techniques in Thin-layer Chromatography

1.0 Preparation of the Plates

2.0 Preparation of the Silica Gel G Layer with v
the Use of a Glass Rod

3.0 Saturation of the Developing Chamber .

4.0 Sample Application

5.0 Development of the Chromatogram: ..
One-dimensional Chromatography

6.0 Visualization of the Chromatogram ..

7.0 Documentation of the Chromatogram ...

MICROBIOLOGY SECTION

AnOverview e
Introduction T
1.0 Microbiological Screening Methods ...
1.1 Preparation of the Plant Extract
1.2 TheTestOrganisms



1.2.1 Preparation of the test organism or inoculum

1.2.1.1 Bacteria: Gram positive or Gram negative
1.2.1.2 Filamentous fungi
1.2.1.3 Yeasts

1.3 The Microbiological Assay Methods ~ .iienen 71

1.3.1 Preparation of the assay plates
1.3.1.1 The agar-cup/agar-well diffusion method
1.3.1.2 The paper disc diffusion method

1.4 Reading the Assay Plates and Documenting the Results ......cccccveveenen 76
1.5 Cleaning up Microbiological Wastes ~ ..niinen 77
2.0 Determination of the Minimal Inhibitory Concentration  .......cccceveennennn 77

(MIC) and Minimal Bactericidal Concentration (MBC)
of Plant Extracts

2.1 Preparation of the Plant Extract for Assay . 79

2.2 Preliminary Preparations e 79

2.2.1 Culture media
2.2.2 Preparation of the test organisms
2.2.3 Antibiotic standards

2.3 Methodsof Analysis 81

2.3.1 Analysis of the plant extract against bacteria
2.3.1.1 Determination of Minimal Inhibitory Concentration (MIC)
2.3.1.2 Determination of Minimal Bactericidal Concentration (MBC)

2.3.2 Analysis of the plant extract against filamentous fungi
2.3.2.1 Determination of Minimal Inhibitory Concentration (MIC)
2.3.2.2 Determination of Minimal Fungicidal Concentration (MFC)

2.3.3 Analysis of the plant extract against yeast
2.3.2.1 Determination of Minimal Inhibitory Concentration (MIC)
2.3.2.2 Determination of Minimal Fungicidal Concentration (MFC)

2.4 Readingand Documentation =~ 87
3.0 Comparison of Antimicrobial Activity of the Plant .o, 88

Extract with a Standard Antibiotic

3.1The Plant Extract 88

3.2 Preliminary Preparations ~ eeceeesseeseseeennnen 88

3.2.1 Preparation of the culture media: Base medium and seed medium
3.2.2 Preparation of the seeded medium
3.2.3 The antibiotic standards

3.3 The Assay Proper: Agar-well Diffusion Method ... 92
3.4 Documentation and Analysis of Results . 93
4.0 Biological Stability Tests for Plant Extracts ... 95
4.1 Lengthof Storage 95
4.2 Effectof Temperature 95
43 Effectof Acidity(pH) i 96



5.0 Bioautography
5.1 Materials Needed

......................

5.2 Preliminary Preparations
5.2.1 The culture media
5.2.2 The test organism
5.2.3 The chromatogram

5.3 Preparation of the Base and Seeded Layers
in the Assay Plates

5.4 Bioautographic Assay: Indirect Method

5.5 Documentation of Results

----------------------

References

----------------------

PHARMACOLOGY - TOXICOLOGY SECTION

An Overview

Introduction

1.0 General Considerations

1.1 Test Drug Materials

......................

1.2 Experimental Animals

2.0 Toxicity Tests

......................

2.1 Determination of the Approximate Lethal Dose ~ .....cccviiiveene
(ALD) by single dose method

2.2 Determination of Median Lethal Dose:LDso  .ooiiieiiieeveeennn.
by single dose method

2.3 The Brine ShrimpAssay
2.3.1 Plant test extract preparation
2.3.2 Hatching the shrimp
2.3.3 Bioassay
2.3.4 Determination of the Median Lethal Concentration (LCso)

3.1 PatchTest s
3.2 ScratchTest e

3.0 Sensitivity Test to Local and Topical Applications

4.0 Basic Pharmacological-Toxicological Effects ~ ..iieennn
4.1 Central Nervous System (CNS) Depression ~ .eieieennn
4.2 Central Nervous System (CNS) Stimulation ~ ...viieninnn
4.3 Eye Observation

4.4 Ear Observation

4.5 General Observation

xiii



4.6 SubjectiveTests
4.7 Autopsy

5.0 Specific Pharmacological Tests
5.1 Analgesic Property

5.1.1 Acetic acid writhing assay

5.2 Antipyretic Property

5.3 Anti-inflammatory Property

5.31

5.4 Antispasmodic Property
6.0 Mutagenicity and Clastogenicity Tests
6.1 Ames Test

In-vivo screening methods

5.3.1.1 Carrageenan-induced rat paw edema
5.3.1.2 Carrageenan-induced pleurisy
5.3.1.3 Croton oil dermatitis method

6.1.1 General considerations-Direct mutagen assay

6.1.2
6.1.3

6.1.4
6.1.5

6.1.1.1 Preparation of the plant extracts and positive control
6.1.1.2 Preparation of top agar

6.1.1.3 Preparation of the base agar

6.1.1.4 Preparation of nutrient broth culture

Assay proper

General considerations-Indirect mutagen assay
6.1.3.1 Equipment and glasswares

6.1.3.2 Chemicals

6.1.3.3 Test animals

Induction of rat liver enzymes for carcinogenic activation

Preparation of liver homogenate fraction (S9)
6.1.5.1 Preparation of S9 mix

6.2 Micronucleus Test

6.2.1

6.2.2

6.3 Dominant Lethal Mutation Test

6.3.1

6.3.2
6.3.3

-----------------

General consideration
6.2.1.1 Equipment and glassware
6.2.1.2 Chemicals

6.2.1.3 Experimental animals
Experimental procedure

6.2.2.1 Administration of the test substance
6.2.2.2 Preparation of the bone marrow smear

6.2.2.3 Staining
6.2.2.4 Scoring the slides

General considerations
6.3.1.1 Materials

6.3.1.2 Experimental animals
Assay proper

Documentation of results

.................

.................

.................

..................

.................

..................



7.0 Angiogenic Studies: Chicken Chorioallantoic
Membrane as a Model System

7.1 General Considerations
7.1.1 Experimental animal
7.1.2 Materials and equipment
7.2 Assay Proper
7.3 Visual Assessment and Photography

References
Appendix
Policies on Research involving Animals

1.0 Experimental Animals used in Biological Studies
1.1 Ethical Considerations
1.2 Research Design
1.3 Supply of Animals
1.4 Training on Handling and Care of Animals
1.5 Animal Handling and Restraint
1.5.1 Handling small mammals
1.5.1.1 Handling the mouse
1.5.1.2 Handling the guinea pig
1.5.1.3 Handling the rat
1.5.1.4 Handling the rabbit
1.6 Specifications for Experimental Animals
1.6.1 Swiss mice
1.6.2 Guinea pigs
1.6.3 Rats
1.6.4 Rabbits

1.7 Method of Drug Administration
1.8 Animal Disposal

References

List oF FIGURES

_ . Section

Figure B1.  Some tools for collection
Figure B2.  Plant presses, a to ¢
Figure B3.  Tagged specimen
Figure B4.  Drying specimen in an improvised cabinet dryer
Figure B5.  Plant specimen glued to the mounting sheet
Figure B6.  Plant specimen strapped to the mounting sheet
Figure B7.  Plant specimen sewn to the mounting sheet
Figure B8.  Tiny specimens of the same plant glued

to the mounting sheet

Figure B9.  Long plant specimen bent along the stems and
taped to the mounting sheet



Figure B10.
Figure B11.

Figure P1.
Figure P2.
Figure P3.
Figure P4.
Figure P5.
Figure P6.
Figure P7.

Figure M 1.
Figure M2.

Figure M3.
Figure M4.
Figure M5.
Figure M6.
Figure M7.
Figure MS8.

Figure MO.

Figure M 10.
Figure M11.

Figure M12.
Figure M13.

Mounting labels,a and b
Mounted sheet with field label, herbarium label
and packet for detached plant parts

Set-up for reflux

Set-up for filtration through anhydrous sodium sulfate
Set-up for filtration

Set-up for reflux

Test tube set-up for the Guignard test

The spotted plate in the equilibrated chamber
Fabricated glass sprayer pumped by a rubber aspirator

Flowchart of the microbiological screening methods
Adjusting inoculum turbidity against a NMcFarland
barium sulfate standard

Pouring agar medium into a Petri dish

Swabbed agar plate

Position of the agar cups/wells in the plate
Preparing the agar well with a cork borer

Placing paper discs onto agar plate

Flowchart for determining the Minimal Inhibitory
Concentration (MIC) of a plant extract

Flowchart for the comparison of the antimicrobial
activity of the plant extract with a standard antibiotic
Arrangement of the agar-cups in the assay plate
Graph of the data obtained in the bioassay

of penicillin G against Bacillus subtilis

Sterile lens paper laid evenly on the agar plate
Chromatogram faced downward with the silica
coated side laid on the lens paper

Pharmacology - Toxicology

Figure PT1.
Figure PT2.
Figure PT3.

Figure PT4.
Figure PT5.
Figure PTé.
Figure PT7.

Figure PT8.
Figure PT9.

Lateral position to the spinal groove of a guinea pig
Measurement of paw edema by the plethysmometer
Improvised lever to measure thickness

of the rat hind paw

The rat hind paw, arrow showing the locus

for measuring the paw diameter

Characteristic time-curve response, showing

the progression of edema over a 6-hour period
Flowchart of the Ames test, a test for mutagenicity
Improvised Potter-Elvehjem apparatus

The pelvis and tibia of the mouse

The femur of the mouse being flushed,

showing proximal end and distal portion

Figure PT10. Area of CAM vascularity, a, b, and ¢

...................... 89

...................... 93
. 95



Figure PT11. Mouse handling 142

Figure PT12. Mouse restraint e 142

Figure PT13. Guinea pig handling 143

Figure PT14. Guinea pig restraint e 143

Figure PT15. Rat handling 143

Figure PT16. Rat restraint 144

Figure PT17. More rat restraint . 144

Figure PT18. Rabbit handling, grasping the loose skin ... 145
of the scruff and placing hand underneath the belly

Figure PT19. Rabbit restraints,aandb e 145

Figure PT20. Rabbit handling when returning the rabbit ... 146
to its cage; positioned to face one of the side walls

Figure PT21. Subcutaneous injection into the flank of the rat ..o 147

Figure PT22. Subcutaneous injection into the back ... 147
of the shoulder of the rat

Figure PT23. Intramuscular injection of therat 147

Figure PT24. Intraperitoneal injection of the rat 147

Figure PT25. Restraint of rabbit for intravenous injection  ...coooeeeeennnen. 148

Figure PT26. Intravenous injection site intothe . 148
marginal ear vein of the rabbit

Figure PT27. Intravenous injection site into the tail vein of the mouse ..........cccccce..... 148

Figure PT28. Intraoral administration into the mouse .., 148

List or TABLES
Phytochemistry

Table P1. Serial dilution of the plant extract L 44
with phosphate buffer

Table P2. Serial dilution of the plant extract,undiluted ... 45
or diluted with phosphate bufter

Table P3. Groups of plant constituents that would possibly ~ ...ccoeviiiiininnne 54
be distributed in the different extracts

Table P4.  Developing solvent system for TLC ... 54
of Solutions A, B or C

Table P5S.  List of plant constituents, their visualizing ... 55
agents and indication of a positive test

Table P6.  Preparation of the spray reagents . 56

Table M1. Final contents in each tube in the determination ~ ..........ccevvvnnee. 84

of Minimal Inhibitory Concentration (MIC) of the
plant extract against bacteria

Table M2.  Volume of antibiotic stock solution and buffer ~ ........c..ccoees 92
solution in test tubes #1to #5



xviii

Table PT1.

Table PT2.

Site of injection, needle size and maximum
normally accepted volume to administer for
each species of test animals

Gavage equipment recommended for each

species of test animals



