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AG/ENVIRONMENTAL / PLANT TO PHARMACEUTICAL

The Role of Traditional Ecological
Knowledge in Drug Development

DRIVING QUESTION

How can a community medicinal
plant garden promote health
and healing?

OVERVIEW

Many pharmaceutical companies have partnered with
Indigenous communities who have Traditional Ecological
Knowledge (TEK) to identify plants that may address
particular diseases. However, Indigenous communities who
traditionally utilize these plants medicinally may view the
relationship between health, medicine, and disease in a
different framework. Students will explore how Indigenous
definitions of disease and health differ from those used in
Western medicine and how integrating these views might
provide benefits for all of humanity while promoting positive
and successful collaborations.

In this lesson, students will investigate approaches to
preventive healthcare using whole plant medicines by
researching bioactive plants, their Indigenous uses, and how
they benefit health and well-being in addition to allopathic
uses. They will learn about the Traditional Ecological
Knowledge that has provided scientists and pharmaceutical
companies with information on plants with compounds useful
in promoting health and treating disease. They will have the
opportunity to select a health issue prevalent in their lives
or community, or a body system of particular interest, and
design a plan for a medicinal garden.

ACTIVITY DURATION

Five class sessions
(45 minutes each)

ESSENTIAL QUESTIONS

How do different communities
define disease and health?

What does healing in your focal
community mean?

How are herbal remedies used
proactively for health?

OBJECTIVES
Students will be able to:

Describe Indigenous Traditional
Ecological Knowledge.

Design a medicinal plant garden to
address community needs.

Collaborate to identify and narrow
down specific medicinal plants for a
patient population identified by the
student group.

Provide feedback to other
student groups.

Deconstruct a primary literature
search and identify key ideas and
concepts in a collaborative group.
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Student Guide

Tending Nature Reading
Tending Nature Capture Sheet
TEK Jigsaw Capture Sheet
TEK Article Excerpts

TEK Article Excerpts—Highlighted
and Annotated

Plant Profile Slide

Medicinal Plant Profile
Capture Sheet

Common Medicinal Plant Menu

Medicinal Community Garden
Design Capture Sheet Template

Plant Profile Gallery Walk Student
Capture Sheet

Internet Access
Computer

Optional: Paper, Pens,
Dry Erase Board

Sticky Notes
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Pedagogical Framing
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Instructional materials are
designed to meet national education
and industry standards to focus

on in-demand skills needed across
the full product development life
cycle—from molecule to medicine—
which will also expose students and
educators to the breadth of
education and career pathways
across biotechnology.

Through this collection,

educators are equipped with
strategies to engage students from
diverse racial, ethnic, and cultural
groups, providing them with
quality, equitable, and liberating
educational experiences

that validate and affirm

student identity.

Units are designed to be problem-
based and focus on workforce skill
development to empower students
with the knowledge and tools to be
the change in reducing health
disparities in communities.

SOCIAL-EMOTIONAL LEARNING

Students will develop social awareness
by practicing empathy and compassion
as they select plant species for a
community medicinal garden to support
health in their community. Students will
engage in responsible decision making
by making constructive choices, and
evaluating benefits and consequences
for collective well-being of self and
community. Students will build
relationship skills by collaborating

with their group and designing a
medicinal garden with a health focus

of their choice.

CULTURALLY AND LINGUISTICALLY
RESPONSIVE INSTRUCTION

Students have the opportunity to
collaborate with families and the

local community to determine a
particular health issue of concern

and select plants that are significant
to them personally, culturally, or as

a community. Students may draw

on personal cultural beliefs when
studying the spatial perspective that
Indigenous communities practice

in their relationship with living and
nonliving elements on Earth. Students
can frame their learning through their
own cultural lens, and learn about the
cultural practices of others as they
share Indigenous connections to the
plants selected for their garden.

ADVANCING INCLUSIVE RESEARCH

In this lesson, students explore
Traditional Ecological Knowledge and
the role of Indigenous communities
in identifying plants that may have
medicinal applications. Indigenous

communities often have a deep cultural
knowledge of medicinal plants. This
serves as a framework for identifying
compounds that can be useful in new
drug development as scientists search
for novel bioactive treatments. By
generating equitable benefits sharing
agreements, pharmaceutical companies
and researchers have the opportunity to
honor the foundational knowledge and
experience of Indigenous communities.

COMPUTATIONAL THINKING PRACTICES

Using collaborative technologies,
students will consider Western
viewpoints and TEK (Traditional
Ecological Knowledge) viewpoints as
they research and locate information
from digital resources. Students will
analyze digital information to design
an innovative artifact in the form of a
medicinal garden plan. Ideas will be
communicated in a digital model.

CONNECTION TO THE PRODUCT LIFE CYCLE

During the drug target identification
process, scientists often build on
TEK to isolate particular compounds
from plants with bioactive properties.
By isolating the specific medicinal
compound, scientists can start the
process of preparing the medicine

for clinical trials, a key part of
product development.
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Have you ever wondered...

How have Indigenous communities utilized plants to heal
humans over time?

Indigenous communities define wellness and disease in
different ways from Western scientists. Some Indigenous
communities view human health in the context of a
relationship with environmental health. Indigenous healers
and community leaders address both in proactive ways

to prevent illness and sustainably manage environmental
resources. When illness does arise, Indigenous communities
maintain diverse strategies to address symptoms and treat
the cause of the illness using a whole plant perspective.

How can whole plants address human diseases
and symptoms?

Different parts of plants can be used to address ailments
and their symptoms. Historically, Indigenous communities
across the globe have utilized parts of whole plants to

create medicines—the whole plant perspective rather than

a single, isolated plant compound. Instead of taking a pill,
they consider how a medicinal tea or salve could be used to
treat a condition. Traditional plant medicines are often more
accessible to larger populations and are widely used by 60%
of humans on Earth. (Source: WHO'’s Biodiversity and Health)
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MAKE CONNECTIONS!

How does this connect to the

larger unit storyline?

Students will explore diverse models
of disease, health, and treatment
and see models of their final
product (a plant that could be used
to treat disease) connected to its
cultural context.

Students’ prior knowledge of
stakeholders, intellectual property
and ethical collaboration, and
ecosystem structure (biotic and
abiotic factors and their impact

on biodiversity of plants) will aid
them as they profile a particular
medicinal plant and highlight the
Indigenous cultural connections and
ecological practices associated with
that plant.

This profile also provides a
foundation for the Kirby Bauer
assay by connecting students with
the biological function of different
plant-based medicines from a whole
plant perspective.

Finally, this lesson provides
students an opportunity to connect
with plants from an Indigenous

way of knowing and a whole plant
medicine perspective prior to
exploring phytochemistry and plant-
based compound medicines.

The Role of Traditional Ecological Knowledge in Drug Development | TEACHER SECTION

How does this connect
to careers?

Traditional or naturopathic
medicine practitioners integrate
both scientific and holistic
understandings of health and
traditional medicine into their
practice with patients. Licensure
requires earning a degree from an
accredited naturopathic medical

school and passing licensing exams.

Scientific illustrators collaborate
with researchers, designing two-
and three-dimensional models
with the end audience in mind.
By creating digital or paper
illustrations, they are able to
enhance written communication
so that viewers speaking different
languages can engage with the
relevant scientific concept, idea,
or process.

How does this connect

to our world?

Students will explore plants
(resources provided, or one of
particular interest to the student)
to learn about their health
properties from an Indigenous
perspective and from a chemistry
perspective (what is the bioactive
compound, if known)?

Students will also engineer and
pitch a medicinal garden design,
with a focus of their choice,

for a patient population they
have identified.
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LEARNING OUTCOMES

Students will be able to:

Identify the original stewards
of their local community.

Explore Indigenous
communities’ influence in
medicinal horticulture and
the continued influence
of Traditional Ecological
Knowledge (TEK) on
biochemical research.

Investigate a case study on
holistic healing and ancestral
medicine.
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Procedure

Whole Group (10-15 minutes)

1

As a class (or individually), ask students to use Native-Land.ca to find
their home or school address and then do a land acknowledgement of
the Indigenous community(ies) that traditionally lived on that land. The
goal for this introduction is to prompt students to briefly reflect on the
traditional inhabitants of their region.

Which groups are native to a region?
How might they have interacted with the environment, including local

waterways and forests? What might the area have looked like before
being urbanized?

Teacher Note > This lesson will build out the unique perspectives and ways that Indigenous
communities have lived among and interacted with all parts of the environment, including
plants used for health and medicine.

Explain to the class that they will examine a resource regarding Chumash
tribe members and their connection to a traditional outdoor space
containing medicinal plants in Santa Barbara, California. They will
explore how one of the hundreds of Indigenous communities in North
America envisions human health and healing and its connections to
ecological health. Note that each Indigenous group or tribe may have
unique views on these definitions, so this is a single, non-representative
case study.

Share with students that Indigenous groups have held knowledge

of medicinal plants and their applications for centuries. Through
collaboration with Indigenous Traditional Ecological Knowledge (TEK)
practitioners, scientists have the opportunity to learn from the wealth
of experience and understanding of ecosystems and collaborate to
identify new plant-based medicines. Large assays (procedures that
test substances for biochemical components) screening many plants
for bioactive properties can be more successful and productive when
based on information from known uses in traditional practices. Share
with students that they will use a similar assay to test a plant of their
choosing for antimicrobial activity (one form of bioactivity) during the
lab: Drug Discovery Using Plant Extracts.

Continues next page >
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Day 1 Procedure

Continued

Whole Group or Small Group (25 minutes)

1 Either as a whole class or in small groups, read and explore the Tending
Nature Reading. Students may work individually or in small groups to
complete the Tending Nature Capture Sheet. Capture sheet will include
prompts for:

a. How does the article compare and contrast use of medicinal plants as a
preventive health practice compared to “allopathic” medicines?

b. How was an “allopathic” medicine described?

c.  Who owns or holds rights to TEK?

d. Why are whole plant medicines described as health practice “from the
soil up?”

Whole Group (5 minutes)

Students share their key takeaways from their exploration of the reading.

Native Lands near Santa Barbara, California

Different colored shading represents
traditional lands of Indigenous communities

Teacher Note > As an exit ticket (if time permits) or as homework, students should add to
their Student Guide by completing the first question for Lesson 4.
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LEARNING OUTCOMES

Students will be able to:

Discuss Indigenous
perspectives of “home”
and place.

Explore Traditional Ecological
Knowledge (TEK) and how
this applies to collaborative
efforts, such as benefits
sharing agreements.

Deconstruct a primary
source through collaboration
and identify common themes
by employing context clues.

The Role of Traditional Ecological Knowledge in Drug Development | TEACHER SECTION

Procedure

Whole Group (15 minutes)

1 Warm up the class by leading a whole group discussion or facilitating a
timed write of the following guided questions:

How would you define your home? Does it include:

« The physical place you live in? A feeling?
» Your neighborhood?

« Your community or other group of people?
« The natural environment?

Teacher Note > The goal of the warm-up question is to encourage students to consider
that there are different ideas and definitions about what the term “home” may mean. For
Indigenous communities, “home” includes the natural environment and everything in it.
Introducing Indigenous perspectives on plants will be important for students to better
understand the concept of Traditional Ecological Knowledge, as well as the need for
appropriate benefits sharing agreements when working with Indigenous communities.

2 Introduce to students that they will “jigsaw read” a primary literature
article excerpt about Traditional Ecological Knowledge (TEK). When
pharmaceutical companies collaborate with Indigenous communities
regarding knowledge and use of TEK, documents called benefits sharing
agreements are created to ensure that Indigenous knowledge is accessed
appropriately, used fairly, and compensated equitably. To successfully
do so, it is important to understand the differences between Western
thought and Indigenous TEK, and how they can work together.

Continues next page >
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Procedure

Continued

3 Provide students with the TEK Jigsaw Capture Sheet and the reading
(see options in Teacher Note). Ask students to focus on these key
questions below as they engage with the reading:

» How do Indigenous beliefs differ from contemporary Western beliefs
regarding management of the natural world and “physical space”?

« What is meant by the basic TEK concepts of “All things are related”
and “All things are connected”?

« What are some key beliefs held in TEK ways of thinking?

Teacher Note > Primary literature sources can be challenging to read. Provide these three
options to students:

a. The full primary literature article: Traditional Ecological Knowledge:
The Third Alternative.

b. The TEK Article Excerpts for a focused version of the primary lit text specifically
tailored to the capture sheet.

c. The TEK Article Excerpts—Highlighted and Annotated to support students who may
struggle to engage with challenging text, or as an example of how to engage with the
text for the entire class.

Individual Work (20 minutes)

0 D 1 Transition students into article groups (suggested group size of three).
/ O 2) ] Assign each group member one section of the article to read:
(/ ~ i y . .
{ QO > a. Space, Time, and Traditional Knowledge.
\ : §s
Ny 2

b. Traditional Knowledge & Ecological Concepts.
c. Conclusions.

Teacher Note > The Conclusions section is the shortest of the three.

2 Students will individually complete the first section of the TEK Jigsaw
Capture Sheet. The Abstract and Introduction section of the
TEK Jigsaw Capture Sheet are filled in to serve as a guide.

Small Group (10 minutes)

Students will share main points from their reading, and group members will record
any new key takeaways from the other two sections that they have not already
written down.

Teacher Note > As an exit ticket (if time permits) or as homework, students should add to
their Student Guide by completing the second and third questions for Lesson 4.
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LEARNING OUTCOMES

Students will be able to:

Explore further the concept
of medicinal gardens.

Research and plan gardens
supporting general
well-being or specific body
system health.

Construct a plant profile
that focuses on Indigenous
historical use.

INDUSTRY AND CAREER CONNECTION

Traditional or naturopathic
medicine practitioners integrate
both scientific and holistic
understandings of health and
traditional medicine into their
practice with patients. Licensure
requires a degree earned from an
accredited naturopathic medical
school and passing licensing
exams. Students will investigate
this career by researching whole
plant medicines that serve a
preventive purpose as well as for
treatment of an ailment.

The Role of Traditional Ecological Knowledge in Drug Development | TEACHER SECTION

Procedure

Whole Group (15 minutes)

1 Class brainstorm reviewing ideas about tending plants and using them
medicinally to promote health maintenance shared in the Tending Nature
Reading.

2 The following are main ideas shared by the Syuxtun Collective in Santa

Barbara, California, that students were prompted to identify. Share with
students any missing pieces from the brainstorm.

» We can live in preventive ways to reduce our need for allopathic
medicines, which are medicines that treat symptoms when an
individual has developed a health issue or illness.

» Tending the land, plants, and animals as a system is essential to the
health of the whole plants we seek to promote human health.

« Plant health tells you about the health of the environment and the
impact on biodiversity.

» TEK is held as a collective property.

« Whole plant medicines are not a quick fix to a symptom, but a health
practice “from the soil up.”

3 Introduce the student design “mini-project” of creating a medicinal
garden that focuses on general health needs or a particular body system,
such as the respiratory or digestive system. Students will create a 2-D
model of a garden design for medicinal plants and a brief profile of a
potential patient or user population. In groups, students will research
plants with health benefits and select ones for their community garden.

Teacher Note > 2-D model option format may include:
a. digital

b. paper

c. white board

e. Tinkercad (if available)

[ teacher or student choice

4 Share with students that Indigenous communities globally still maintain
medicinal garden spaces, and that these are valuable healthcare
resources. Historically, Western nations used TEK to create and maintain
medicinal gardens during times of war to treat soldiers. A quick Internet
research using key words and phrases such as Indigenous medicine
garden, medicinal garden, Civil War, WWI, and WWII will provide several
examples and history if students are interested in some resources.

Continues next page >
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Procedure

Continued

Small Group (30 minutes)

1 Create small “garden project groups” of approximately four students.
Within each group, each student should select a different plant.
Students may select a plant from the Common Medicinal Plant Menu,
or choose a plant of personal interest. If necessary, assign plants to
save time. Scaffold for student needs and ensure a wide variety of plant
choices with few duplicates.

2 Individually, students will complete the Medicinal Plant Profile Capture
Sheet, including this basic information:

a. Plantrole in health or healing (what symptoms or ailments has it been
used to treat?)

b. Bioactive compound (use Medicinal Botany—Active Plant Ingredients as
a resource)

c. Dosage and known toxicity
d. Preparation information

e. Plant growth needs (regionally native plants will thrive well with other
members of the local ecosystem)

f.  Connections of Indigenous TEK and use

Teacher Note > This plant profile focuses on plants that have an Indigenous history of

use for promoting health or treating health issues with a whole plant approach (i.e., teas,
tinctures, oils, balms, salves). Students are meant to gain knowledge of types of ailments that
plants may treat and exposure to different medicinal plants. In Lesson 6, students will again
research a medicinal plant, but will focus on the bioactive compounds that can be used in
pharmaceuticals to treat a disease or symptom.
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Procedure

LEARNING OUTCOMES
Students will be able to:

Explore community medicinal
garden planning through a
gallery work of peers’ plant
profiles.

Collaborate to plan a

medicinal garden based on 1
specific plant profiles and

specific health outcomes.

Identify potential users of
specific plant profiles and
medicinal gardens.

INDUSTRY AND CAREER CONNECTION

Scientific lllustrators collaborate
with scientists and engineers to
create 2D and 3D representations
to better communicate complex
information with diverse
stakeholders. Scientific
Illlustrators use a diverse set of
technical tools to create their
work, from pen and paper and
sculpting materials to digital
illustration and design tools.

v

Teacher Note > [f desired, enlarge the Medicinal Community Garden Design Capture Sheet
in advance for students to see how they will be able to plan their garden space. If possible,
print student plant profiles and post around the classroom for a gallery walk or display
them digitally.

Whole Group (15 minutes)

Ask students to quickly brainstorm any possible health needs that exist
in their community to help focus their thinking about useful medicinal
plants. For example, do students know of:

» People who have inflammatory ailments such as asthma, digestive
issues, autoimmune disorders?

 Elder care facilities with clients who may have aging-related
health issues?

« Alocal hospital with a cancer center?

« Alocal dialysis center?

Have students move about the room and scan plant profiles through

the lens of what they might like to have in their medicinal community
garden. Have students note three to five plants of interest on their Plant
Profile Gallery Walk Student Capture Sheet in the top table. Students
should consider the following questions as they view the profiles:

« What health needs exist in your community that a medicinal plant
could support?

« Which plants that support health maintenance were interesting
to you?

« Which plants would thrive in your growing zone? Use the USDA Plant
Hardiness Zone Map.

« Which plants would help with a health issue or body system that you
are interested in (asthma, respiratory health, digestive health, mental
health, etc.)?

Continues next page >
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Procedure

Continued

Small Group (15 minutes)

1 Ask students to debrief with their garden project group to select
approximately six to eight plants for a medicinal garden. Students
should record their choices in their Plant Profile Gallery Walk Student
Capture Sheet in the bottom table. Allow students to plan a garden that
may support a cross section of various health needs, or allow them to
plan a themed garden based on suggestions such as (but not limited to):

« A community health issue (a collection of plants to help with asthma,
for example).

» A particular body system (digestive function and health, respiratory
function and health).

« Mental health or anxiety.

» Seasonal cold and flu needs.

« Pain management.

» Regionally native plants.

2 Ask students to complete the Potential User column in the bottom table
of the Plant Profile Gallery Walk Student Capture Sheet. Prompt them
to consider the following descriptors without researching them. Explain
that this is intended to just introduce the idea of a patient profile, which
is something they will be creating as part of their final project.

« Age

» Gender

» Region

» Geographic ancestry

» Risk factor group (such as individuals with diabetes,
- heart disease, asthma)

Small Group (15 minutes)

Allow students access to the plant profile slides created by their classmates. Ask
them to begin filling out the Medicinal Community Garden Design Capture Sheet.
Give students the option of creating their own bed design. Simply note areas that
would need shade or different soil drainage. Students may opt to show different
beds for different light, water, and soil needs. A pencil-and-paper plan is quick
and sufficient. Students may also use a dry erase board. If available, students may
prefer to use an electronic tool such as Tinkercad to create and edit their design.

Teacher Note > As a possible extension, depending on campus space and grounds, students
may be able to design their garden plan for their school community and potentially create an
actual medicinal garden.
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Procedure

LEARNING OUTCOMES Teacher Note > During this day, students will present their garden designs. As an optional
Students will be able to: extension, consider inviting outside individuals as audience members who may have an

. interest in plant medicines to enrich the student experience.
Explore the garden designs

of their peers for ideas and
possible future collaboration. Small Group (20 minutes)

Evaluate peers’ garden plans

through the lens of positive Prompt students to continue and complete their Medicinal Community Garden

Design Capture Sheet and prepare to briefly present their designs. Potential

feedback. , . o ) . .
audience members include classmates and other individuals in their community

Practice feedback who might be interested in using the whole plant medicines that

construction for future would come from their garden. Students who create a digital plan must have

formal assessment. access to computers.

Whole Group (20 minutes)

Allow students time to explore the progress and plans of other groups’ garden plans
and provide “Kind, Specific, and Helpful” feedback.

Whole Group (5 minutes)

1 Allow students to look at each other’s garden plans and provide
feedback using sticky notes. Feedback should be “Kind, Specific, and
Helpful”. On sticky notes, prompt students to note:

» Specific elements they find interesting, helpful, unique, or
other positives.

» Specific elements they have questions about in order to better
understand the use of a particular plant or element of the
garden design.

» Specific suggestions for improving clarity of ideas, organization,
or further developing an idea.

2 Students can leave sticky notes on each other’s garden design to model
a quick version of peer feedback that they will be engaging in more
formally during future lessons.

Teacher Note > As an exit ticket (if time permits) or as homework, students should add to
their Student Guide by completing the final question for Lesson 4.
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National Standards

Next
Generation
Science
Standards

LS2.A Interdependent Relationships in Ecosystems
Ecosystems have carrying capacities, which are limits to the
numbers of organisms and populations they can support.
These limits result from such factors as the availability of
living and nonliving resources and from such challenges such
as predation, competition, and disease. Organisms would
have the capacity to produce populations of great size were
it not for the fact that environments and resources are finite.
This fundamental tension affects the abundance (number of
individuals) of species in any given ecosystem.

LS2.C Ecosystems Dynamics, Functioning, and Resilience

A complex set of interactions within an ecosystem can keep
its numbers and types of organisms relatively constant over
long periods of time under stable conditions. If a modest
biological or physical disturbance to an ecosystem occurs,

it may return to its more or less original status (i.e., the
ecosystem is resilient), as opposed to becoming a very
different ecosystem. Extreme fluctuations in co