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Abstract
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This study aimed to evaluate the quality of stagnant floodwater after treatment with
Effective Microorganisms (EM) balls in flood-prone areas of Thawi Watthana District, Bangkok,
Thailand. Water samples were collected from three stagnant floodwater sites and treated with EM
ball under both field and laboratory conditions for one month. Physical, chemical, and
microbiological parameters, including pH, turbidity, biochemical oxygen demand (BOD), dissolved
oxygen (DO), total Kjeldahl nitrogen (TKN), total phosphorus, and total coliform bacteria, were
determined before and after treatment. The results showed that EM ball improved certain water
quality parameters in field conditions, particularly by reducing total coliform bacteria by
approximately 7-29-fold in two sampling sites and improving water clarity. However, laboratory-
treated samples exhibited higher BOD values (up to 290 mg/L) and lower DO levels (less than 1.0
mg/L), indicating deterioration in water quality under confined conditions. In addition, total coliform
bacteria increased substantially in laboratory-treated samples, whereas field-treated samples
showed variable responses depending on environmental conditions. These findings indicated that
EM ball alone could not consistently improve the quality of stagnant floodwater and that their
treatment efficiency depended on the characteristics of the water body and surrounding
environmental conditions. Further studies should optimize EM ball formulations, treatment duration,
and field application strategies to enhance their effectiveness for sustainable floodwater
management. Future research should optimize EM ball formulations, investigate appropriate
treatment durations, and evaluate their effectiveness under varying environmental conditions and

pollution levels to enhance their practical application for treating stagnant floodwater.

Stagnant floodwater, Water quality, Effective Microorganisms (EM) balls, Floodwater treatment
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Cannabis sativa, an emerging economic crop in Thailand, has been cultivated in various
regions of the country. The objective of this research was to examine the genetic relationships of local
Thai Cannabis strains using five inter-simple sequence repeat (ISSR) molecular markers. A total of 50
Cannabis samples were evaluated, encompassing named local strains, unidentified landraces, and a
hemp variety. The analysis yielded a total of 52 DNA bands, of which 51 were polymorphic, ranging in
size from 300 to 1,500 bp. Based on UPGMA cluster analysis at a genetic distance cutoff of 0.25, the
accessions were clearly separated into four distinct groups. Group 1 (bootstrap score: 96.6%)
comprised local landraces such as Chiang Rai Dang Kan Kew and Green Thai Stick. Group 2 (bootstrap
score: 92.6%) included high-cannabinoid and regional varieties, notably the CBD strain, Kanchanaburi,
and Thai Stick. Group 3 (bootstrap score: 95.8%) predominantly clustered the MJUS breeding lines
alongside accessions from Sakon Nakhon and Nakhon Phanom. Group 4 (bootstrap score: 77.2%)
consisted of the Isara series and Kra Le. This study demonstrated that ISSR markers are highly effective
in distinguishing the genetic structure of local Thai Cannabis strains, providing valuable baseline data

for germplasm conservation, phytochemical standardization, and future medical breeding programs.

Thai cannabis, ISSR marker, Genetic diversity
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Introduction

Cannabis (Cannabis sativa) has historically been
cultivated for a dual purpose: as a psychoactive
substance and for its fiber. In recent years, it has
garnered increasing attention in Thailand, primarily due
to its remarkable medicinal properties. While cannabis
has been utilized across various cultures for therapeutic
applications, modern scientific validation of these uses
has emerged only in the past few decades, particularly
concerning its efficacy in treating conditions such as
chronic pain, epilepsy, and multiple sclerosis (Kumar et
al., 2020). The recent legalization of medical cannabis
in Thailand has sparked renewed interest in local
cannabis strains, propelled by their unique genetic
profiles and potential for pharmaceutical applications
(Tanchob et al., 2021).

The genetic diversity inherent in Cannabis sativa is
instrumental in determining the cannabinoid content of
various strains. Strains with high concentrations of
tetrahydrocannabinol  (THC) are  predominantly
associated with psychoactive effects, while those
dominated by cannabidiol (CBD) are recognized for
their therapeutic benefits without the accompanying
psychoactive side effects (Hill et al., 2018). This genetic
variability within cannabis populations is essential for
breeding programs, especially as the demand for
specific cannabinoid profiles continues to escalate in
both medical and industrial cannabis sectors
(Kovalchuk et al., 2019).

Thailand boasts a rich repository of local cannabis
strains that have been cultivated and selectively bred
over centuries. These strains have adapted to the
unique environmental conditions of Thailand, making
them invaluable resources for research and
development. For instance, strains such as Chiang Rai

Dang Kan Kew, Ja Meun Sri, Green Thai Stick, and Kew

© JOURNAL OF MEDICAL GLOBALIZATION | 2025

Ngou are well-documented for their distinctive profiles,
particularly their elevated THC content. Additionally,
strains like Pai Wiang Haeng, Kanchanaburi Thamuang,
and Phetchaburi Tanao Si have emerged as significant
contributors to the local cannabis biodiversity (Wong et
al,, 2020). However, despite the rich historical and
agricultural significance of these strains, research into
their genetic structure and diversity remains limited,
posing challenges for conservation and future breeding
endeavors (Sarker et al., 2017).

In this context, the study aims to fill this research
gap by investigating the genetic diversity and
phylogenetic relationships among these local Thai
cannabis strains utilizing inter-simple sequence repeat
(ISSR) molecular markers. ISSR markers were chosen
for their capacity to detect polymorphisms at multiple
loci across the cannabis genome, making them
particularly effective for non-model organisms that
exhibit complex and highly variable genomes
(Hernandez et al., 2019). Moreover, the reproducibility
and extensive genomic coverage offered by ISSR
markers render them particularly useful for
distinguishing between genetically similar populations.
These attributes make ISSR an excellent tool for
developing DNA fingerprints of cannabis strains,
thereby enabling precise categorization and supporting
conservation initiatives.

The primary objective of this study is to investigate
the genetic diversity and phylogenetic relationships
among these local Thai cannabis strains utilizing ISSR

molecular markers.

Materials and methods
Sample collection

We collected 37 local cannabis strains and hemp
from various regions in Thailand. Among these, 24

strains were sourced from the Buriram team, including
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Nakhon Phanom, Sakon Nakhon Phu Phan Thai Stick,
Koh Chang, Chiang Rai Dang Kan Kew, Green Thai
Stick, Pai Wiang Haeng, Pai Kao Daeng, Phetchaburi
Tanao Si, Kanchanaburi Thamuang, Krawea, Thai Stick,
Kanchanaburi, Sakon Nakhon Lang Ban 2, CBD strain,
Kew Ngou, Muang Huai Krai, Ja Meun Sri, Kra Le, and
Isara codes A-D, along with two unidentified strains. The
samples, consisting of both flower and leaf parts from

fresh material, were all cultivated by local farmers in

Thailand. Additionally, 12 strains (MJUS codes 01-12),
originally from the United States, were included. These
strains had been bred for over three years at the
experimental farm under the Natural Agriculture
Research and Development Center, Maejo University.
Hemp was used as an outgroup for comparison and
was derived from Maejo University as well. The codes

and names of all strains are detailed in Table 1.

Table 1. Codes and local names of 50 cannabis samples collected from each site around Thailand

Codes Collecting part Strain/group

Codes Collecting part

Strain/group

1 leave Hemp (out group)

2 leave Hemp (out group)

3 flower MJUS09

4 leave MJUS12

5 leave MJUS11

6 leave MJUS10

7 leave MJUS05

8 leave MJUS06

9 leave MJUSO7

10 leave MJUSO8

11 leave MJUSO1

12 leave MJUS02

13 leave MJUS04

14 leave MJUSO03

15 leave Nakhon Phanom

16 flower Sakon Nakhon Phu Phan
Thai Stick

17 leave Koh Chang

18 leave Koh Chang

19 leave Chiang Rai Dang Kan Kew

20 leave Chiang Rai Dang Kan Kew

21 leave Chiang Rai Dang Kan Kew

22 leave CBD strain

23 leave Kew Ngou

26 leave Green Thai Stick

27 leave Pai Wiang Haeng

28 leave Pai Kao Daeng

29 leave Phetchaburi Tanao Sri

30 leave Kanchanaburi Thamuang
31 leave Kanchanaburi Thamuang
32 leave Krawea

33 leave Thai Stick

34 leave Kanchanaburi

35 leave Kanchanaburi

36 leave Kanchanaburi

37 leave Kanchanaburi

38 leave Kanchanaburi

39 leave No name strain

40 flower Kanchanaburi

41 flower Kanchanaburi

42 leave Kanchanaburi

43 leave No name group

44 leave Sakon Nakhon Lang Ban 2
45 leave Thai stick

46 leave Kra Le

47 leave Isara A

48 leave Isara B
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24 leave Muang Huai Krai

25 leave Ja Meun Sri

49 leave Isara C

50 leave |sara D

DNA extraction

DNA extraction from cannabis (Cannabis sativa)
leaves was performed using the Plant Genomic DNA
Extraction Kit by MaroGen. Fresh cannabis leaf tissue
(approximately 50-100 mg) was collected and ground
into a fine powder using liquid nitrogen to ensure
effective cell lysis. The powdered leaf tissue was then
processed according to the manufacturer's protocol,
which includes steps for cell lysis, DNA precipitation,
and purification using silica-based columns to ensure
high-quality DNA extraction. After elution of the DNA,
the quantity and purity of the extracted DNA were
assessed using a NanoDrop spectrophotometer.
Absorbance readings at 260 nm and 280 nm were taken
to determine the DNA concentration, while the 260/280
ratio was used to evaluate the purity of the DNA, with a
ratio between 1.8 and 2.0 indicating DNA free of protein
contamination. This method ensures the efficient
extraction and quantification of cannabis DNA, suitable
for downstream applications such as PCR and

sequencing.
ISSR primer screening

The ISSR-PCR method was conducted using five
primers (ISSR10, ISSR6, ISSR2, ISSR7, and ISSR4) to

evaluate genetic polymorphisms in Cannabis sativa.

Table 2. ISSR Primer Sequences and Annealing Temperatures

Genomic DNA was extracted from Cannabis sativa
leaves using a standard CTAB extraction protocol. The
quality and concentration of the extracted DNA were
assessed using a NanoDrop spectrophotometer,
measuring absorbance ratios at 260/280 nm and
260/230 nm to ensure the DNA was pure and free of
contaminants. DNA samples with 26 0/28 0 ratios
between 1.8 and 2.0 were considered pure for PCR
amplification. The PCR reactions were prepared in a 25
pL volume containing 50-100 ng of template DNA, 0.4
KM of each ISSR primer, 1.5-2.5 mM MgCl,, 200 uM
dNTPs, 1X PCR buffer, and 1-2 U Taq polymerase.
The thermal cycling conditions included an initial
denaturation at 94 °C for 5 minutes, followed by 35
cycles of 94 °C for 1 minute, an annealing step
(optimized for each primer: 55.0°C for ISSR10, 56.0°C
for ISSR6 and ISSR7, 55.5°C for ISSR2 and ISSR4), and
a 72°C extension for 2 minutes, with a final extension at
72°C for 10 minutes. The amplified products were
resolved on a 1.5-2% agarose gel stained with ethidium
bromide and visualized under UV light. Band patterns
were analyzed for polymorphism, and repeatability tests
were performed to confirm consistent results. MgCl,
concentration and annealing temperatures were
adjusted if necessary to enhance clarity and

reproducibility of the bands.

primers annealing temperature nucleotide sequence

ISSR10 55.0 C 5' AAC AAC AAC AAC AAC AAC AAC AAC 3/
ISSR6 56.0 C 5' AGA GAG AGA GAG AGA GGT 3

ISSR2 55.5C 5' AGA GAG AGA GAG AGA GT 3’

ISSR7 56.0 C 5 GTG TGT GTG TGT GTG TC 3’

ISSR4 55.5C 5 GAG AGA GAG AGA CC 3'
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PCR and fingerprinting

The ISSR-PCR method was conducted using five
primers (ISSR10, ISSR6, ISSR2, ISSR7, and ISSR4) to
evaluate genetic polymorphisms in Cannabis sativa.
Genomic DNA was extracted from Cannabis sativa
leaves using a standard CTAB extraction protocol. The
quality and concentration of the extracted DNA were
assessed using a NanoDrop spectrophotometer,
measuring absorbance ratios at 260/280 nm and
260/230 nm to ensure the DNA was pure and free of
contaminants. DNA samples with 26 0/28 0 ratios
between 1.8 and 2.0 were considered pure for PCR
amplification.

The PCR reactions were prepared in a 25 uL
volume containing 50-100 ng of template DNA, 0.4 yM
of each ISSR primer, 1.5-2.6 mM MgCl,, 200 uM dNTPs,
1X PCR buffer, and 1-2 U Taq polymerase. The thermal
cycling conditions included an initial denaturation at
94°C for 5 minutes, followed by 35 cycles of 94°C for 1
minute, an annealing step (optimized for each primer:
55.0°C for ISSR10, 56.0°C for ISSR6 and ISSR7, 55.5°C
for ISSR2 and ISSR4), and a 72°C extension for 2
minutes, with a final extension at 72°C for 10 minutes.

The amplified products were resolved on a 1.5-2%
agarose gel stained with ethidium bromide and
visualized under UV light. Band patterns were analyzed
for polymorphism, and repeatability tests were
performed to confirm consistent results. MgCl,
concentrations and annealing temperatures were
adjusted if necessary to enhance clarity and
reproducibility of the bands.

Once the polymorphic bands were obtained, they
were used to create a DNA fingerprint for Cannabis
sativa. The banding patterns generated by the ISSR
primers were compared across samples to identify

specific genetic markers, which serve as unique
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identifiers for individual plants or populations. The DNA
fingerprints created through ISSR-PCR allow for
distinguishing between different Cannabis sativa
genotypes, providing insights into genetic diversity,
population structure, and potential breeding strategies.
This technique is particularly valuable for applications
such as plant variety protection, forensic identification,
and the tracking of genetic variations in breeding
programs. The DNA fingerprinting process involves
documenting polymorphic band patterns and using
statistical methods to evaluate genetic similarity or

differences between individuals or populations.

Statistic and Data analysis

For DNA fingerprinting of Cannabis strains using
the ISSR (Inter-Simple Sequence Repeat) technique,
statistical analysis involves scoring the presence or
absence of DNA bands as binary data, where "1"
indicates the presence of a band and "0" indicates its
absence. This binary matrix is then analyzed to assess
genetic diversity and relationships among the cannabis
strains. The percentage of polymorphic bands (PMB) is
calculated to quantify genetic variation, with higher PMB
values indicating greater diversity among the strains.
Pairwise genetic similarity between cannabis strains is
calculated using similarity coefficients such as Jaccard
or Dice coefficients. To further visualize the genetic
relationships, cluster analysis is conducted, typically
using the Unweighted Pair Group Method with
Arithmetic Mean (UPGMA), generating a dendrogram or
phylogenetic tree. Bootstrap analysis is performed to
assess the confidence in clustering, providing support
values for each branch of the tree. This approach allows
for the grouping of cannabis strains based on their
genetic profiles and helps in evaluating the genetic

diversity within the population.
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Results

The phylogenetic tree in the image separates the
samples into four distinct groups based on genetic
similarity, which could be described as follows: Group
1: This group contained the largest number of strains,
indicated by the highest bootstrap values (e.g., 99.1,
99.7). Itincluded several related samples with a strong
genetic connection, indicating high confidence in the
grouping. Group 2: Group 2 also contained closely
related samples, but with slightly lower bootstrap values

compared to Group 1. It contained several subgroups

Outgroup

with values like 92.6 and 99.2, indicating strong support
for the relationships within this group. Group 3: Group 3
showed a smaller number of strains or samples, with
moderate to high bootstrap values such as 95.8 and
91.1. It contained subgroups 3A, 3B, etc., reflecting
genetic substructuring. Group 4: Group 4 had two
subgroups (4A and 4B) with a strong bootstrap value of
98.9, indicating high confidence in these relationships.
This group was genetically distinct from the other

groups.

Group1 |____

5578 o7.58

Group 3

71 Group 2
Group 4 .

Figure 1. This phylogenetic tree illustrated the evolutionary relationships and genetic distances between various

cannabis (Cannabis sativa) samples, grouped into four main clusters (Group 1, Group 2, Group 3, and Group 4), with

bootstrap values indicating the confidence level for each branch.

The ISSR-PCR analysis using five primers (ISSR10,

ISSR6, ISSR2, ISSR7, and ISSR4) demonstrated
significant polymorphic amplification across various
DNA regions. The annealing temperatures for these
primers ranged from 55.0°C to 56.0°C, with the
amplified base pair sizes varying from 300 to 1,500 bp.
The total number of bands produced ranged from 7 to
14, with the majority being polymorphic. Notably,

ISSR10, ISSR2, ISSR7, and ISSR4 yielded 100%
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polymorphic bands, reflecting their high efficiency in
detecting genetic variation, while ISSR6 showed a
slightly lower percentage (85.7%) due to the presence
of one monomorphic band. Overall, these primers
generated a total of 52 bands, 51 of which were
polymorphic, leading to an average polymorphism rate
of 98.1%. This high percentage highlighted the

robustness of ISSR markers in assessing genetic

diversity, making them effective tools for molecular
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genetic studies. (Table 3).

Table 3. This table presented the base pair sizes, total number of bands, polymorphic bands (PB), monomorphic

bands (MB), and the percentage of polymorphic bands (%PB)

Primers Annealing temperature Base sizes (bp) Total bands PB MB %PB
ISSR10 55.0 °C 300-1,500 14 14 0 100
ISSR6 56.0 °C 350-950 7 6 1 85.71
ISSR2 55.5°C 350-1,500 9 9 0 100
ISSR7 56.0 °C 400-1,250 12 12 0 100
ISSR4 55.5°C 300-1,500 10 10 0 100
Mean 52 51 1 98.1%

Table 4 presented the genetic similarity index
among three cannabis strains: Sakon Nakhon Hang
Krarok Phu Phan (Group A), Hang Krarok Kiew (Group
B), and Hang Krarok (Group C). The genetic similarity
between Sakon Nakhon Hang Krarok Phu Phan and
Hang Krarok Kiew was 91.1%, while its similarity with

Hang Krarok was slightly lower at 88.8%. On the other

hand, Hang Krarok Kiew shared a 93.1% genetic
similarity with Hang Krarok, making these two the most
genetically similar  strains. These percentages
suggested that although all three strains are closely
related, Hang Krarok Kiew and Hang Krarok are more
genetically similar to each other than to Sakon Nakhon

Hang Krarok Phu Phan.

Table 4. showed the genetic similarity index (similarity percentage) among three cannabis strains: Sakon Nakhon

Hang Krarok Phu Phan, Hang Krarok Kiew, and Hang Krarok.

Similarity index (%)

Sakon Nakhon Hang Krarok

Hang Krarok Kiew Hang Krarok

Phu Phan (Group A) (Group B) (Group C)
Sakon Nakhon Hang Krarok
100.0 91.1 88.8
Phu Phan (Group A)
Hang Krarok Kiew (Group B) 91.1 100.0 93.1
Hang Krarok (Group C) 88.8 93.1 100.0

Table 5 showed the genetic similarity index
among Sakon Nakhon Hang Krarok Phu Phan (Group
A), Chao Muen Si (Group B), and Phetchaburi Tanao Si
(Group C). Here, Chao Muen Si and Phetchaburi Tanao

Si are the most closely related, with a similarity index of
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96.9%, whereas Sakon Nakhon Hang Krarok Phu Phan
shows a similarity of 91.1% with Phetchaburi Tanao Si
and 87.4% with Chao Muen Si, indicating greater
genetic diversity between Sakon Nakhon Hang Krarok

Phu Phan and the other two strains.
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Table 5. presented the genetic similarity index (similarity percentage) among three cannabis strains: Sakon Nakhon

Hang Krarok Phu Phan, Chao Muen Si, and Phetchaburi Tanao Si.

Similarity index (%) Sakon Nakhon Hang Chao Muen Si Phetchaburi Tanao Si
Krarok Phu Phan (Group A) (Group B) (Group C)
Sakon Nakhon Hang Krarok
100.0 87.4 91.1
Phu Phan (Group A)
Chao Muen Si
87.4 100.0 96.9
(Group B)
Phetchaburi Tanao Si
91.1 96.9 100.0
(Group C)
Discussion its uplifting effects due to its high THC content, which

The genetic diversity uncovered in this study
through ISSR marker analysis highlighted the rich
evolutionary background and practical applications of
cannabis (Cannabis sativa) strains native to Thailand.
The strains analyzed showed clear genetic clustering
into distinct groups, demonstrating their unique
evolutionary trajectories and practical applications,
particularly for medicinaand recreational uses.

Historically, cannabis has played an important role
in Southeast Asia for centuries. The diverse genetic
backgrounds of these strains are the result of a
combination of natural selection, geographic isolation,
and selective breeding by humans. Clarke and Merlin
(2016) traced the historical spread of cannabis from
Central Asia to Southeast Asia, where local Thai strains
adapted to the environmental conditions of the region.
These strains, known for their potency and high THC
content, became especially popular in the global
cannabis market during the 1970s, particularly with the
export of "Thai Stick" cannabis.

The strain Chiang Rai Dang Kan Kew, appearing in
the genetic analysis, is known for its resilience and
adaptability to northern climates, making it valuable for

cultivation in similar regions. The strain is also prized for
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makes it popular for both recreational and medicinal
use, particularly in treating fatigue and depression.
Other similar studies, such as those by Merlin (2003),
confirmed the adaptability of cannabis to various
climates and emphasized how selective breeding has
shaped strains like Chiang Rai Dang Kan Kew to thrive
in local conditions.

Similarly, Sakon Nakhon Hang Krarok Phu Phan
and Hang Krarok Kiew, which showed a high genetic
similarity index of 91.07%, were indicative of local
breeding efforts in northeastern Thailand, where
farmers selected for specific traits, such as robust
growth and high resin production. These strains are
particularly well-suited for producing cannabis extracts
used in medicinal applications, especially in treating
chronic pain, nausea, and insomnia. Research by
Sawler et al. (2015) supported these findings, indicating
that cannabis strains within the same region often share
genetic similarities due to selective breeding for specific
therapeutic compounds like cannabinoids and
terpenes.

The strains appearing in this study are not only
valuable for their genetic diversity but also for their
potential benefits in modern medicine. For instance,
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Hang Krarok, a strain with traditional roots in Thai
agriculture, has shown potential in medical research for
its strong analgesic and anti-inflammatory properties. It
is currently being investigated for its effectiveness in
treating a range of conditions, including arthritis and
neurological disorders. The high polymorphism seen in
this study aligned with global trends in cannabis
research, where genetically diverse strains are sought
for the development of new therapeutics

In addition to medicinal uses, the high diversity and
distinct groups identified through this study could inform
future breeding programs aimed at optimizing cannabis
strains for various industrial purposes, such as the
production of hemp fiber or high-CBD strains for non-
psychoactive medical treatments. Clarke and Merlin
(2016) have noted that maintaining genetic diversity
within cannabis populations is crucial for preserving its
adaptability and  usefulness across  different
applications.

In summary, the study underscored the significant
genetic diversity and practical utility of Thai cannabis
strains, which have both historical significance and
contemporary relevance. As cannabis becomes
increasingly recognized for its medicinal benefits
worldwide, maintaining and further studying these
distinct strains will be crucial for future advancements in
cannabis research and industry. The findings of this
study aligned with international research on cannabis
evolution and its applications, showcasing the
importance of preserving local strains for their unique

properties and potential benefits.

Conclusion
This study revealed significant genetic diversity
among local Thai cannabis strains using ISSR molecular

markers. The clustering into four major groups
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highlights the unique evolutionary adaptations and
potential applications of these strains. The high
polymorphism rate (98.1%) confirmed ISSR as an
effective tool for genetic fingerprinting and
conservation. These findings provided a strong
foundation for breeding programs aimed at medical,
industrial, and agricultural applications. Preserving and
studying these strains will ensure their continued value
in future research, sustainable agriculture, and

pharmaceutical development.
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Abstract

Keywords:

unAnga

Earthworms play a crucial role in the decomposition of organic matter and enhancing soil
fertility. Beyond their ecological benefits, recent studies have revealed the remarkable medical
potential of earthworms. Bioactive compounds extracted from earthworms, such as enzymes,
peptides, and proteins, have been demonstrated to possess a range of medical properties, including
anti-inflammatory effects, antimicrobial activity, wound healing, and tissue regeneration. Moreover,
these compounds have shown potential in treating cancer, cardiovascular diseases, liver diseases,
bone regeneration, and neuroprotection against degenerative conditions. Given these properties,
earthworms represent a valuable biological resource for the development of pharmaceutical
treatments and therapeutic products for a variety of conditions, ranging from infectious wounds to
chronic diseases. This article aims to compile and analyze relevant research to highlight the medical
applications of earthworms, while proposing future research directions revealed that could lead to

the sustainable development of medical products for use in Thailand.

Earthworms medicine, Bioactive compounds, Anti-inflammatory properties
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INTRODUCTION

Terrestrial earthworms play a pivotal role in
maintaining ecological balance, particularly through
organic decomposition and soil enrichment. However,
research over the past decades has revealed a
transformative role for earthworms in medical
applications, shifting from their traditional ecological

functions. Numerous studies have identified bioactive
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compounds in earthworm extracts, such as enzymes,
peptides, and proteins, which exhibit diverse medical
properties, including anti-inflammatory, antimicrobial,
wound healing, and immunomodulatory effects.
Research by Wang et al. (2019) identified that enzymes
like lumbricin and lysozyme in earthworm extracts
effectively heal chronic wounds by inhibiting bacterial

growth and promoting tissue regeneration.
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Additionally, Luo et al. (2018) demonstrated that
extracts from Eisenia fetida possess potent
antimicrobial properties, inhibiting bacterial and fungal
infections. Zhang et al. (2019) found anti-cancer
properties in earthworm extracts, showing inhibition of
stomach and intestinal cancer cell growth. Furthermore,
Kang et al. (2018) revealed that hemolysin protein in
earthworms could enhance blood circulation and
prevent clot formation, highlighting its potential for
treating cardiovascular diseases. For liver diseases, Li
et al. (2020) reported that earthworm extracts aided
liver regeneration in cirrhosis patients by promoting
liver cell growth and reducing inflammation. Studies
by Wang et al. (2021) also showed potential for scar
treatment, promoting new skin cell formation and
reducing scar irregularities, while Liu et al. (2019)
highlighted that earthworm extracts stimulated new
bone cell growth, beneficial for osteoporosis. In
neuroprotection, Xu et al. (2020 ) reported that
earthworm  extracts  protected neurons  from
infammation  and prevent  neurodegeneration,
especially in Parkinson’s and Alzheimer's diseases.
These bioactive compounds present in earthworms
demonstrated potential for developing pharmaceutical
products for diverse ailments, from infected wounds to
chronic diseases and cancer. This review consolidated
both domestic and international research to showcase
the medical potential of earthworms and presented

future research directions for further development.

Classification of Earthworms: The Key to Discovering
Bioactive Compounds and Drug Development

Studying earthworm species is crucial in medical
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research, as each species exhibits distinct
physiological traits and abilities to produce bioactive
compounds. Understanding these species not only
directs research accurately but also aids in
selecting species with the highest therapeutic potential,
such as anti-inflammatory, antimicrobial, and tissue
regeneration properties.

In this section, the authors have summarized
various earthworm species, which helps us understand
the diversity and potential of each species in drug or
medical product development. International studies
highlighted the Eisenia fetida species from the
Lumbricidae family, which has attracted particular
attention due to its anti-inflammatory, antimicrobial, and
tissue-regenerative properties, making it widely used for
chronic wound healing and cardiovascular treatment in
other countries (Dominguez et al., 2010).

In Thailand, the families Megascolecidae and
Moniligastridae exhibit high biodiversity, with endemic
species found in the genera Pheretima and Drawida,
unique to Thailand and neighboring regions. These
species serve as valuable biological resources for
medical research as they may harbor bioactive
compounds not yet explored in previous studies.
Similarly, Megascolecidae, particularly the genera
Amynthas and Metaphire, are significant in medical
research. Species like Amynthas aspergillum and
Metaphire posthuma exhibit enzyme and peptide
production capabilities effective in treating inflammation
and tissue regeneration, making these species valuable
in therapeutic research (Blakemore, 2013; Dominguez
et al, 2010). Table 1 summarized Thai earthworm

families, genera, and associated medical research.
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Table 1. Earthworms in Thailand by Family, Genus, and Related Medical Properties

Family Genus

Species Found

Related Medical Properties and Research

Amynthas aspergillum,

Soil quality improvement and extraction of

Megascolecidae Amynthas bioactives with anti-inflammatory and
Amynthas corticis
antimicrobial properties
Potential in extracting active compounds for
Megascolecidae Metaphire Metaphire posthuma
therapeutic use
Development for chronic wound healing and
Lumbricidae Eisenia Eisenia fetida
cardiovascular treatment
Studies in bioactive production and organic
Lumbricidae Lumbricus Lumbiricus terrestris
decomposition in sail
Found in high-moisture environments,
Species in the Drawida | potential for producing bioactives for
Moniligastridae Drawida

genus

infected wound treatment and tissue

regeneration

Acanthodrilidae Dichogaster

Species in the

Dichogaster genus

Found in high-moisture soil; enhances soil
fertility, researched for producing antifungal
and antimicrobial compounds for medical

use

Bioactive Compounds from Earthworms

The study of bioactive compounds from
earthworms has garnered considerable attention in
recent years due to the critical role these organisms
play in organic matter decomposition and soil quality
improvement. Additionally, earthworms have been
found to be a valuable source of bioactive substances
with significant medical potential, including enzymes,
peptides, lysozyme, and proteins, which possess anti-
inflammatory, antimicrobial, and tissue regeneration
properties. Some widely studied compounds include

Lumbricin |, a peptide with antimicrobial properties that
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inhibits bacterial and fungal growth, and lysozyme, an
enzyme that destroys bacterial cell walls and protects
against infections. Furthermore, antimicrobial peptides
(AMPs) derived from earthworms demonstrated a high
potential for inhibiting the growth of antibiotic-resistant
bacteria, such as Escherichia coli and Staphylococcus
aureus, and pathogenic fungi like Candida albicans,
responsible for human infections. These characteristics
make AMPs highly promising candidates for developing
antimicrobial drugs for human infection treatment.

Hemolysin from earthworms has also been proven
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to stimulate blood circulation and prevent blood clot
formation, which is beneficial for treating cardiovascular
diseases. Research has also highlighted the
therapeutic effects of earthworm-derived bioactives on
liver diseases by restoring liver function in cirrhosis
patients and promoting new liver cell growth. Moreover,

reports indicated that earthworm extracts could aid in

evidence supported the use of earthworm bioactives in
developing future medical drugs and products,
especially for infection treatment, inflammation
prevention, and tissue regeneration. Ongoing research
continued to explore the potential of earthworm-derived
compounds for innovative medical applications (Luo et

al., 2018; Wang et al., 2019; Li et al., 2020). Table 2

scar and chronic wound healing by stimulating skin cell summarized bioactive compounds identified in
regeneration and reducing scar formation. This earthworms and their respective medical properties.
Table 2. Bioactive Compounds and Medical Properties of Earthworms
Compound Medical Property Earthworm Species Reference
Antimicrobial peptide
Lumbricin | inhibiting bacterial and Lumbricus rubellus Wang et al., 2019
fungal growth
Enzyme that destroys
Lysozyme bacterial cell walls with Eisenia fetida Luoetal., 2018
antimicrobial properties
Antibacterial and
Perionin antifungal peptide that Perionyx excavatus Zhao et al., 2017
enhances immune function
Protein involved in immune
Interleukin-1 (IL-1B) response with anti- Lumbricus terrestris Wang et al., 2017
inflammatory effects
Immune stimulation and
Interleukin-6 (IL-6) Eisenia fetida Lietal., 2020
inflammation reduction
Promotes tissue
Transforming Growth
regeneration and cell Pheretima aspergillum Kang et al., 2018
Factor-beta
growth
Enhances immune
Tumor Necrosis Factor-
response and inhibits Eisenia fetida Zhang et al., 2019
alpha
cancer cell growth
Anti-inflammatory and
Eisenin Eisenia fetida Luo et al., 2018
antifungal peptide
© JOURNAL OF MEDICAL GLOBALIZATION | 2025 77




Metalloenzymes

Enzymes involved in
protein and organic matter

digestion

Lumbricus rubellus

Xu et al., 2020

Antimicrobial Peptides

(AMPs)

Inhibits growth of microbes

like E. coliand S. aureus

Perionyx excavatus

Yang et al., 2019

Hyaluronidase

Degrades hyaluronic acid
in the skin, aiding wound

healing

Lumbricus rubellus

Wang et al., 2021

Phosphatase

Decomposes phosphate
compounds and promotes

tissue regeneration

Eisenia fetida

Edwards, 2005

Lumbrokinase

Blood clot-dissolving
enzyme that reduces

blood viscosity

Lumbricus rubellus

Zhao et al., 2013

Degrades chitin with

vessels

Chitinase Perionyx excavatus Luo etal., 2018
antifungal effects
Protein-digesting enzyme

Protease Eisenia fetida Lietal., 2020
that aids tissue repair
Stimulates blood

Hemolysin circulation and prevents Lumbricus rubellus Kang et al., 2018
blood clots
Promotes tissue

Fibronectin regeneration and wound Lumbricus rubellus Zhang et al., 2019
healing
Collagen degradation for

Collagenase Lumbricus rubellus Xu et al., 2020
scar reduction
Vasodilator that reduces

Nitric Oxide (NO) inflammation in blood Eisenia fetida Lietal., 2020

Enhances blood flow and

reduces inflammation

Histamine Lumbricus rubellus Yang et al., 2019
vasodilation
Antioxidant that protects

Glutathione cells from damage and Perionyx excavatus Luo et al., 2018
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Fibrinolytic Enzymes

Blood clot dissolution and
prevention of vascular

occlusion

Lumbricus rubellus

Wang et al., 2020; Sarker

etal., 2017

Anti-inflammatory, used in

traditional Chinese

medicine

Lubricin Eisenia fetida Zhang et al., 2019
arthritis treatment
Respiratory anti-
inflammatory, used in

Di Long Pheretima aspergillum Lietal, 2018

Amino Acids and Proteins

Tissue repair and cell

growth

Metaphire posthuma,

Amynthas spp.

Rath et al., 2021; Thakuria
& Yadav, 2020

Antimicrobial Compounds

Infection prevention and

treatment

Eisenia fetida, Lumbricus

rubellus

Lavelle et al., 2006;

Oyeleke et al., 2020

Cellulase Enzymes

Aids digestion and tissue

regeneration

Perionyx excavatus,

Metaphire posthuma

Liu et al., 2017;

Antioxidants

Protects against oxidation,

maintains tissue integrity

Eisenia fetida, Lumbricus

terrestris

Santiya et al., 2023; Ghosh
etal., 2022

Ferredoxin Enzyme

Enhances immunity and

cell growth

Amynthas spp., Metaphire

posthuma

Chan et al., 2019; Khan et
al., 2019

Peptides and

Glycoproteins

Anti-inflammatory,

immune-enhancing

Pheretima aspergillum,

Eisenia fetida

Zhang et al., 2019; Lavelle
et al., 2006

Pharmacological Effects of Earthworm Extract (EE)

Earthworm  extract (EE) exhibits  multiple
pharmacological properties, including antitumor,
antithrombotic, antiviral, antibacterial, and anti-

mechanisms  that

inflammation-inducing agents,

reduce the

production  of

inhibit cancer cell

proliferation, stimulate new cell formation, and dissolve

inflammatory effects. EE also promotes wound healing,
reduces fibrosis, has antioxidant properties, helps
regulate blood glucose, and demonstrates anti-aging

effects. These bioactive compounds work through

© JOURNAL OF MEDICAL GLOBALIZATION | 2025

fibrin. This evidence supports EE’s potential to be
developed into therapeutic drugs for future applications
(Zhao et al., 2017; Wang et al., 2020; Luo et al., 2018).
Table 3 summarized the pharmacological effects

observed in studies involving earthworm extract (EE).
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Table 3. Pharmacological Effects of Earthworm Extract (EE)

Effect

Pharmacological Impact

References

Antitumor

Inhibits cancer cell growth, with compounds
like Lombricine and G-90 inducing apoptosis

in cancer cells

Zhao et al., 2017; Luo et al., 2018

Antithrombotic

Reduces platelet aggregation and fibrin
degradation, decreasing vascular

occlusions; particularly Lumbrokinase

Sarker et al., 2017; Wang et al., 2020

Antiviral

Reduces viral infection and replication,
targeting viral membranes via Lysenin and

Fetidin

Liuetal., 2017; Li et al., 2020

Antibacterial

Inhibits growth of gram-positive and gram-
negative bacteria via compounds like

Lumbricin-l and OEP3121

Yang et al., 2019; Ghosh et al., 2022

Anti-inflammatory

Decreases production of pro-inflammatory

agents such as NO, PGE2, and TNF-QL

Wang et al., 2020;

Antioxidant

Protects organs from oxidative stress and

minimizes free radical damage

Prakash et al., 2018; Luo et al., 2018

Promoting Wound Healing

Accelerates wound closure and stimulates
collagen production via compounds like G-

90 and HSP70

Yang et al., 2019; Zhang et al., 2019

Reduces collagen accumulation and

Anti-fibrosis Xue et al., 2018
prevents fibrosis in organs
Inhibits enzymes DPP-IV and Ql-amylase to

Antidiabetic Yoshii et al., 2018; Wang et al., 2020
control postprandial glucose levels
Slows skin aging and reduces wrinkles by

Anti-aging Prakash et al., 2018
inhibiting elastase, tyrosinase, and MMP-1
Decreases gastric acidity and prevents

Anti-ulcer Yang et al., 2019
ulcers

Medical Potential of Earthworm Species in Thailand 1. Lumbricus rubellus (Red Earthworm): This

Numerous earthworm species in Thailand exhibit
significant potential for medical applications, especially
those containing proteins and bioactive compounds

with medical benefits. Notable species include:
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species is well-regarded for its fibrinolytic enzymes,
which help dissolve blood clots. Additionally, it
possesses anti-inflammatory properties, making it a

promising candidate for cardiovascular treatments and
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inflammation reduction (Wang et al., 2020; Sarker et al.,
2017).

2. Eisenia fetida: Commonly used for composting,
this species has been studied for its proteins, which
may aid in cell growth and tissue repair (Zhang et al.,
2019).

3. Pheretima aspergillum (Giant Earthworm or "Di
Long" in Traditional Chinese Medicine): Used in
traditional Chinese medicine for respiratory issues like
bronchitis and asthma, this species contains
compounds that dissolve blood clots and improve blood
circulation (Li et al., 2018).

4. Metaphire posthuma: This Thai earthworm
species has been studied for its beneficial bioactive
compounds, including enzymes that facilitate organic
matter digestion and may possess therapeutic
properties for specific diseases (Thakuria and Yadav,
2020).

5. Amynthas spp.: Found across Thailand, these
earthworms are known for extracts with anti-
inflammatory properties that aid in skin healing (Rath et

al., 2021).

Table 4. Earthworm Species and Lumbrokinase Properties

Additional species, such as the Blue and Tiger
worms, also exhibit potential in medicine due to their
bioactivity in organic matter decomposition and their
unigue compounds (Lavelle et al., 2006; Oyeleke et al.,

2020).

International Research on Earthworm-Derived

Therapeutics

Studies worldwide have identified earthworms as a
valuable source of bioactive compounds for treating
various medical conditions, as previously discussed.
Research highlights the potential of earthworm extracts
in treating heart diseases, liver ailments, skin conditions,
bone-related disorders, and neurological conditions
such as Alzheimer’s. Key findings include:

1. Heart Disease: In China and Japan, studies on
Lumbrokinase, an enzyme extracted from Eisenia fetida
and Lumbricus rubellus, demonstrated its efficacy in
dissolving blood clots, improving blood flow, and
preventing vascular occlusions. Zhou et al. (1988) in
China discovered that this enzyme could effectively
treat cardiovascular diseases (Zhou et al., 1988; Ryu et

al., 1994).

Species Bioactive Compound

Medical Application References

Lumbricus rubellus Lumbrokinase

Blood clot dissolution,

vascular health support

Wang et al., 2020; Zhao et

al., 2013

Eisenia fetida Lumbrokinase

Clot prevention for
cardiovascular and

cerebrovascular health

Wang et al., 2020

2. Liver Disease: Research in the United States by
Li et al. (2020) showed that earthworm extracts help
regenerate liver cells in patients with cirrhosis by

promoting liver cell growth and reducing inflammation,
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suggesting potential in future liver disease treatments
(Li et al., 2020).
3. Skin Disorders: Earthworm extract has been

utilized in studies focused on chronic wound healing
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and scar reduction. South Korean research by Wang et
al. (2021) found that earthworm extract stimulated skin
cell growth and reduced scar formation while repairing
tissue damaged by infections (Wang et al., 2021).

4. Hair Loss: Studies from South Korea
demonstrated that earthworm extracts stimulated hair
regrowth in animal models by enhancing blood
circulation to the scalp and supporting hair growth in
individuals with hair loss issues (Kang et al., 2018).

5. Bone Health: Research in China by Liu et al.
(2019) revead that earthworm extracts could aid in new
bone formation in patients with osteoporosis, indicating
potential in treating osteoporosis and other bone-
related conditions (Liu et al., 2019).

6. Alzheimer's Disease: Studies in the United
States and China suggested that earthworm extracts
protected nerve cells from degeneration. Xu et al.
(2020) found that these extracts reduced neuronal
infammation and cell death, showing promise in
Alzheimer's and Parkinson’s treatment (Xu et al., 2020).

7. Cancer: In the United States, Zhang et al. (2019)
demonstrated that bioactive compounds in earthworm
extracts inhibited cancer cell growth, particularly in
gastrointestinal cancers like colorectal and gastric
cancers. This research highlighted the potential for
earthworm-derived compounds in developing cancer
therapies (Zhang et al., 2019).

These findings underscored the medical potential
of earthworms, extending beyond specific disease

treatments to overall health improvement. Further
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research remained essential to confirm the efficacy and
safety of earthworm extracts in treating various

conditions.

Commercially Available Medications Derived from

Earthworms

Earthworm-derived medications developed to treat
various diseases exhibit diverse properties and are
produced from different species depending on the
intended  therapeutic  effects. For  example,
Lumbrokinase extracted from Lumbricus rubellus was
used for cardiovascular diseases due to its ability to
dissolve blood clots and prevent vascular blockages
(Zhao et al., 2013; Wang et al., 2020). Earthworm Extract
Powder from Pheretima aspergillum had anti-
inflammatory properties and prevented liver cell
degeneration (Li et al., 2018; Wang et al., 2017). For skin
conditions, G-90, derived from Eisenia fetida, aided in
wound healing, reduced inflammation, and prevented
skin infections (Zhang et al., 2019; Sharma et al., 2012).
Neuroearth, sourced from Lumbricus rubellus, supports
nerve repair and reduces inflammation in
neurodegenerative diseases like Parkinson's and
Alzheimer's (Sarker et al., 2017; Wang et al., 2021).
Pulmolong, extracted from Pheretima aspergillum, is
used in treating chronic obstructive pulmonary disease
(COPD) by expanding the bronchi and reducing
respiratory inflammation (Liu et al., 2017, Li et al., 2020).
These medications illustrated earthworms' potential in
producing bioactive compounds beneficial for various

medical fields, summarized in Table 5.

© JOURNAL OF MEDICAL GLOBALIZATION | 2025



Table 5. Earthworm-Derived Medications and Their Medical Applications

Medication Name

Application

Source Species

Properties

References

Boluoke,

Lumbrokinase

Cardiovascular

disease

Lumbricus rubellus

Dissolves blood
clots, reduces

vascular blockages

Zhao et al., 2013;
Wang et al., 2020

Pheretin, Di Long

Liver diseases

Pheretima

aspergillum

Anti-inflammatory for
liver, prevents liver

cell degradation

Li et al., 2018; Wang
etal., 2017

G-90, Earthworm

Skin disorders

Eisenia fetida

Promotes wound

healing, reduces

Zhang et al., 2019;

inflammation

Skin Care inflammation and Sharma et al., 2012
infection
Supports nerve
Neurological Sarker et al., 2017;
Neuroearth Lumbricus rubellus repair, reduces
diseases Wang et al., 2021
inflammation
Expands bronchi,
Respiratory Pheretima Liu etal., 2017; Li et
Pulmolong, Di Long reduces respiratory
conditions aspergillum al., 2020

Figure 1. Lumbrokinase and Boluoke enzyme products derived from earthworms, used to treat vascular blockages.

Source https://m.media-amazon.com/images/I/516xAz6CpXL._AC_.jpg and

https://canadarna.com/cdn/shop/products/Untitleddesign-2_1024x1024.png?v=1671177113

Figure 2. Di Long product derived from earthworm extract, used in liver disease treatment.

Source https://www.activeherb.com/img/products/single-herb-extracts/AH717E-dilong-910w.png and

https://treasureoftheeast.com/cdn/shop/products/DiLong_800x.png?v=1604342795
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Figure 3. Earthworm Skin Care product, formulated from earthworm extract for dermatological treatment.

Source https://www.trendifendi.com/wp-content/uploads/2024/07/Glucomend%E2%84%A2-Diabetic-Wounds-

Treatment-Cream.webp

Prospects for Developing Earthworm-Derived
Bioactives and Research Directions in Thailand
Research into earthworm-derived bioactives holds
significant potential for developing therapeutic agents
and medical products. Earthworms, essential in
ecosystems for decomposing organic material and
improving soil quality, are also a rich source of diverse
bioactive compounds suitable for medical applications.
These compounds, such as enzymes, lysozymes,

peptides, and proteins, exhibit anti-inflammatory,

antimicrobial, and tissue-regenerative properties,
making them valuable for treating infected wounds,
inflammatory conditions, and vascular diseases (Luo et
al., 2018; Wang et al., 2019).

Developing these bioactives for medical use
requires thorough investigation, with a primary step
being the toxicological assessment of these
compounds. In vitro assays, such as the MTT assay,
help evaluate the effects on normal and cancerous
cells, ensuring safety (Yang et al., 2019). Subsequent in
vivo tests in animal models, like mice, assess systemic
effects on organs, including the digestive, vascular, and

immune systems, along with efficacy in wound healing
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and inflammation control (Kang et al., 2018).

Animal trials are also crucial in studying

therapeutic impacts on diseases, such as using
earthworm extracts for diabetic wound healing, where
wounds often resist quick healing due to chronic
infection. These trials are preliminary steps toward
developing effective treatments for human diseases.

Human clinical trials remain essential to confirm the
safety and effectiveness of earthworm extracts in
treating various conditions. However, current limitations
in Thailand’s research highlight the need for continuous
studies to validate findings from laboratory and animal
models (Wang et al., 2021).

Establishing comprehensive scientific studies
encompassing cellular, animal, and clinical testing
forms a crucial foundation for the medical use of
earthworm bioactives in Thailand. Further research and
development of these bioactive compounds into

practical medical products will elevate Thailand’s

capability to innovate safe, effective treatments for its

population (Zhang et al., 2019).

Conclusion

This article underscores the potential of
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earthworm-derived bioactives in medical research,
particularly for their anti-inflammatory, antimicrobial,
wound-healing, and tissue-regenerative properties.
Studies also reveal the potential of earthworm bioactives
in treating chronic diseases like cancer, heart, liver,
bone, and neurodegenerative diseases such as
Alzheimer's and Parkinson’s. Given Thailand's rich
biodiversity, the possibility exists for discovering new,
yet-unstudied earthworm species with potent bioactives
for sustainable drug development. Continuous research
in this area is essential, as promising in vitro and animal
studies require clinical trials to establish the safety and
efficacy of these compounds in human applications.
Further clinical research and systematic trials will
enhance understanding of the medical potential of
earthworm bioactives, paving the way for their

application in human medicine.
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In postgraduate studying, some students did not understand and could not use the statistics
well, leading to inability to interpret results and perform critical thinking in the literature review, as well
as the problems in the research, and writing the report and manuscript steps. In this CE article, the
classification of research types, and measurement scale, which are the basic issues for selecting the

proper statistics would be reviewed.
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