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Seaweeds play an important role in the marine ecosystem as primary producers and are
widely used as food for human consumption, produced mainly by cultivation. Understanding of the
physiological mechanisms of seaweed growth is important not only for considering the effects of
the environmental conditions on seaweed production but also for the selection of suitable strain for
commercial cultivation.

Seaweeds are photo-auxotrophic organisms and their growth is highly dependent on their
photosynthetic activities. The diversity of chloroplast, the organelle for photosynthesis, is- widely
known for physiological and biochemical processes as well as its’ morphology, i.e. the shape,
number per cell and intracellular distribution are quite different among taxa. Therefore, seaweeds
would potentially be suitable organisms for studying the relationship of chloroplast morphology and
photosynthetic activity, but only a few studies have been published so far. This is probably due to
the difficulty in finding suitable taxa for a precise and comparative measurements of the
photosynthesis due to the wide variation in thallus morphology and its plasticity even in a single
species.

Species with leaf-like (foliose) thallus with constant thickness are known in many taxa of
seaweeds including commercially important species. Using such species, photosynthetic
measurements could be advantageously made by giving uniform and constant illumination.
Moreover, some foliose green seaweeds of Ulvaceae and Monostromataceae are known to have
distinct localization of a single parietal chloroplast. From these, I did the present study to determine
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the relationship between the chloroplast position and photosynthesis using the foliose green
seaweeds by three separate studies. Firstly, the dependence of growth on photosynthesis was
investigated using Monostroma nitidum under various environmental condition controlled in the
laboratory. This is to understand the fundamental information on the physiological significance of
photosynthesis in the growth of this commercially important species. Secondly, I made comparative
studies of the photosynthesis of M. angicava and Protomonostroma undulatum, that coexist in the
intertidal area but distinct in chloroplast localization. This is to determine the effect of different
chloroplast position, which is genetically determined, on the photosynthesis. Thirdly, the effect of
chloroplast position caused by movement according to the photoperiod on the photosynthesis in
Ulva conglobata was investigated. This is to understand how the photosynthesis is dependent on
chloroplast position with in a species. _

In addition, 1 made some improvements in the methodology of photosynthetic
measurements and related techniques. The photosynthesis was measured by oxygen evolution using
a commercial chamber with homemade devices and a Clark-type oxygen electrode that allows the
shortened incubation period and the decreased medium volume and therefore the thallus area. The
| light was irradiated perpendicularly and uniformly to the thallus so that the light condition was
reproducible among measurements. PAM chlorophyll fluorometry was used for further
physiological characterization of photosynthesis. In addition to quantification of extracted
chlorophylls, thallus absorbance was also measured by spectrophotometry to know the actual light
absorbance by the chlorophylls in situ.

The results obtained from the three studies.are as follows: ‘

Study 1. "Characterization of photosynthesis and growth of Monostroma nitidum
(Ulvophyceae) from Kochi, Japan." The photosynthesis did not differ significantly under various
temperatures that might reflect the growing season of the species from autumn to mid-spring. In
parallel, the growth rate (cultured in 5 and 10 days) was same under various temperatures but
decrc_ases at 25°C (cultured in 15 days) suggesting that prolonged exposure to higher temperature
might have an adverse effect. Similarly, the maximum quantum yield decreases as temperature
increases suggesting some physiblogical stress on photosystem II (PSII) at a higher temperature.
Contrary, the light compensation point, saturating irradiance, initial slope, and efficiency of light
absorption by PSII increases as temperature increases. This suggests that the species optimized the
photosynthesis to low and high light conditions that might reflect the growing season of the species
characterized by irradiance limitation in winter and higher irradiance in spring. No photoinhibitory
responses indicating tolerance to higher irradiance. In parallel, the growth rate significantly
increases as irradiance increases that might indicate higher growth rate response at higher
irradiance. Overall, the photosynthetic responses were in parallel to the growth rate response of M.
nitidum.

Study 2. "Chloroplast position and photosynthetic characteristics in two monostromatic
species, M. angicava and P. undulatum, having a shared ecological niche" M. angicava and P
undulatum are monostromatic green benthic algae, which grow together in the same intertidal
habitat of Muroran, Hokkaido, Japan, during the spring season. Commonly, both species have a




single chloroplast with one pyrenoid. The parietal chloroplast is located on the periphery of the
thallus in both species, although the location of the chloroplast differs in the two. In M. angicava,
the chloroplast was observed to be arranged on one-side of the thallus surface, whereas, in P
undulatum, it was dispersed and randomly located on either side of the thallus or on the lateral face.
The density of chlorophylls assessed from the absorption spectra of the thallus and its solvent
extract was higher in M. angicava, which appeared dark-green in color, than in the light-green
colored P. undulatum. The photosynthesis per thallus area was higher in M. angicava, whereas, per
total chlorophyll content was higher in 2 undulatum. Both species showed similar.efﬁcieﬁcy of
 photosynthesis at light-limiting conditions. The efficiency of light absorbed by photosystem II
(PSII} in P undulatum was higher than M. angicava, whereas the photoprotective mechanisms were
higher in M. angicava. This indicates that more energy is utilized in M. angicava to protect its PSII
due to, the chloroplast position, which has more direct exposure to light and, therefore, lowers the
efficiency of light absorbed by PSII. The higher density of chlorophylls in M. angicava could
explain higher photosynthesis per thallus area, whereas, higher efficiency of light absorbed by PSII
in P, undulatum could explain higher photosynthesis per total chlorophyll content. The differences
in light absorption efficiency and quantum efficiency of PSII might be an important ecological
strategy in these two species for their coexistence in the intertidal area.
Study 3. "Chloroplast translocation and photosynthetic characteristics in U. conglobata."
The changes in the photosynthesis according to the chloroplast position has been reported in the
foliose green algae, Ulva spp. The chloroplast was located along the surface and exhibited higher
photosynthesis during the light period and along the side wall and showed lowered photosynthesis
in the dark period. I further investigated the dependency of photosynthetic features on the
chloroplast position in U. conglobata. The light absorbance of the thallus was higher in the thallus
with chloroplast along the surface than along the side wall and, therefore, the thallus absorbance
{Agsonm) Was considered to evaluate the chloroplast position quantitatively in the present study. The
maximum net photosynthetic rate, initial slope and effective quantum yield of photosystem II (PS
I) are linearly correlated with thallus absorbance, i.e., responses are highest at 3 to 9 h after
beginning of light period (12 h), lowest at 3 to 9 after beginning of dark period, and intermediate at
10 to 15 h after beginning of light or dark period (r* = 0.76 - 0.95). Contrary, the respiration rate,
saturating irradiance, light compensation point, maximum quantum vyield of PSII and
nonphotochemical quenching coefficient were independent to the chloroplast position. The
photosynthetic parameters were also dependent on the various chloroplast positions where the
movement was inhibited for 12 h, implying that the photosynthesis is dependent solely on
chloroplast position and not on circadian rhythms. Interestingly, the chloroplast inclines on the
surface and the side wall of the cells under continnous dark and light conditions, respectively, but
both exhibiting decreased maximum quantum yield and increased respiration and light
compensation point which might indicate responses under stressful condition.
Thus the present study demonstrated the close relationship between photosynthesis and
growth in M. niditum in the laboratory under the controlled conditions. This would strengthen the
necessity of understanding the mechanism controlling photosynthesis in order to achieve an




efficient and maximal growth yield. Furthermore, both M. angicava and P. undulatum, and U.
conglobata studies indicated that the photosynthetic features were affected by different chloroplast
position that provides significant fundamental information relating to their efficient photosynthetic
performance and ecological responses. The contrasting results obtained from the Study 2 and 3
suggest that the photosynthetic activity is highly dependent on the chloroplast position in the same
cell probably through the changes in the effectiveness of light absorption. Moreover, the
photosynthesis could also be controlled strongly by genetically determined, intrinsic mechanism
among different species. In addition, the chloroplast positions among these intertidal foliose green
seaweeds could be their adaptive mechanism to protect their chloroplast from excessive light for
absorption and conserving energy for other related metabolic processes. This implies that
photosynthesis is dependent not simply on the light absorbance by chlorophylls, but also on the
some intrinsic mechanism that would be genetically determined, extrinsic factors i.e., photoperiod
and functionality of chloroplast position. Therefore, the precise measurement of photosynthesis
would be necessary to understand the physiological mechanisms of the photosynthesis of seaweed
species wherein the methodologies that have been devised and improved for precision and
efficiency would also be helpful in other species. ‘
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In the Philippine there are two types of Marine Protected Areas (MPAs) wherein enhancement
of fishery resources is the primary objective. 1) Marine sanctuary or no take zone (Fully protected
area) - where all activities are prohibited except for educational and research purposes, 2) Marine
reserve (Partially protected area) - where extractive and non-extractive activities are regulated, these
includes traditional form of fishing. In the region 980 MPAs were established from 1970 to 2008,
covering a total area of 14,943 km® with 942 MPAs incorporating regions of complete protection
with a combined area of 1495 km? (Weeks et al., 2010). While the remaining 90% of the total area
of MPAs are partially protected area, the effectiveness of partially protected marine area for
conservation of marine resources targeted by fishery received slight attention in this country
probably because of difficulty in investigating both biological (species richness and abundance) and
social (ﬁshmg activity, gear types and catch) aspect of MPA.

The aim of this dissertation was to answer the following questlons 1) Is the typical size
partially protected area (~1 km?) in the Philippines effective as conservation tool for commercially
important fishes? 2) What are the features of effective partially protected areas? 3) What are the
management issues related to institutional arrangement of partially protected area. In this study, first
1 summarized the issues of MPAs as fisheries management approach in global scale and in the
Philippines (chapter 1). Next I evaluated the conservation effectiveness of partially protected area in
San Miguel Island (SMI) MPA, a typical size of MPA (~1 km?) in the Philippines (chapter 2). Then,
I investigated other MPAs with varied features such as the size (large or small), age (old or young)

and design (conventional or non-conventional) as factor that might affect partially protected area




effectiveness as conservation tool (chapter 3).‘5 Finally, I interviewed key players in the MPA
management to identify salient information on management issues (chapter 4).

Chapter 1. General Introduction

In this chapter, various works on MPAs in the Philippines and in other regions were reviewed.
Unambiguous empirical studies revealed that application of no take zone marine reserve (fully
protected areas) increases exponentially the fish biomass and removal of the reserve status (open to
fishing) reduces fish biomass dramatically. In addition, fully protected areas enhances fishery of the
adjacent fishing grounds. On the other hand, application of partially protected areas status results to
equivocal ﬁﬂdings of varying magnitude. Some studies found that partially protected areas enhance
fish abundance of commercially important fishes, while other found no substantial benefits over
open fishing areas. There were many studies on effectiveness of fully protected areas in the
Philippines (e.g., Apo and Sumilon marine reserve) but not in partially protected areas despite of
significant proportion of MPAs total area in the Philippines are partially protected marine areas.

Chapter 2. Partially protected marine area renders non-fishery benefits amidst high fishing

pressure: A case study of San Miguel Island MPA

In this study, visual transect survey and interviews were conducted in the San Miguel Island
MPA. Species richness and abundance of target and non-target size commercially important fishes
and benthic environment were compared among fully protected, partially protected and adjacent
open fishing areas using underwater visual belt transect survey (1 x 50 m, n = 10 per zone).
Interview survey of artisanal fishers were conducted to determine fishing activities in partially
protected and adjacent open fishing area. Fifty percent of artisanal fishers in MPA site were selected
as respondent. Species richness and abundance of target size commercially important fishes in fully
protected area were significantly higher than those in partially protected area, and open fishing area.
On the other hand, no significant difference was found between partially protected area and open
fishing area. Non-target size fish were not significantly different among the three zone. Benthic
charécter among the three zones were not different, particularly the percentage cover of live coral in
fully protected and open fishing area. Fishing indices (e.g. type of fishing gear, fish catches, and
number of fishing days) that indicate fishing pressure between partially protected and open fishing
area were not significantly different. Small size partially protected marine area was found
ineffective for conserving commercially important fishes compared to open fishing area probably.
due to similar fishing pressure.

Chapter 3. Partially Protected Marine Areas as Conservation Tool for Commercially
Important Fishes in the Philippines: Do Age, Size and Design Matters?

In this study, four MPA sites in Lagonoy gulf were investigated using similar methodology
in chapter 2, but the transect number in each site were increased (1 x 50 m, n = 15 per zone). The
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following MPAs were selected namely Agojo and Tiwi which are large and have a conventional
design type of MPA but Agojo is old while Tiwi is relatively young. Atulayan and SMI are both
small and non-conventional design but Atulayan is old while SMI is relatively young. To evaluate
the effectiveness of partially protected area, I compared the two zones of MPA (fully protected area
and partially protected area) and the adjacent open fishing area of the four MPAs for the following:
(1) the characteristics of the benthic environment; (2) species richness, abundance, and size
distribution of commercially important fishes (e.g. fishery target and non-target size); (3) fishing
activity in the partially protected area and adjacent open fishing area. Species richness and
abundance of commercially important target size fish were significantly higher in fully protected
area than those in partially protected and open fishing area in each MPA site. On the contrary,
partially protected area was significantly higher than open fishing area only large and conventional
design partially protectéd area (Agojo and Tiwi). No significant difference was observed in
non-target size fish among the three zones in each MPA site. Benthic character among zones in each
MPA site were the same, in particular live coral (Acropora, non-Acropora and Porites). In addition,
| fishing indices between partially protected and adjacent open fishing areas were not significantly
different in each site. Comparison of size distribution of two fish species common in older MPA
(Agojo) and relatively young (Tiwi), showed that older MPA supported larger size fish compared to
relatively young. Large with conventional design and manage for longer period partially protected
area are probably effective conservation tool for commercially important fishes because it harbors
larger fish individuals, despite of high fishing activity.

Chapter 4. Institutional Organization and Management Issues Affecting Partially Protected
Marine Areas in Lagonoy Gulf, Bicol Region, Philippines

In this study, key informant interview (e.g. Chief local executive, Fishery law enforcement
team and Municipal agriculturist) were conducted to collect vital information in MPA: management.
Examination of documents such as ordinances was done to enhance the accuracy of information
gathered. Pertinent information’s were identified that play crucial role in the perceived success of
partially protected area and MPA management. Management issues identified were categorically
grouped into biophysical level which involved direct influence to the biological integrity of MPAs
(e.g., habitat condition, fish species richness and abundance) and societal and enforcement level
which directly involved in socictal perception, behavior of stakeholders and resource manager that
indirectly affect the MPA functionality. Manageiment issues related to biophysical level in partially
protected area were the use of illegal fishing gears and non-sustainable fishing practices,
| diminishing public awareness of laws and consequence of illegal activities and intrusion of fishers
from other fishing municipality/villages. Societal and enforcement level involves lack of monitoring
mechanism of marine resources, efficient communication between key players of management,
Management issues identified directly connected to lack of alternative source of income of
stakeholders, proper implementation of fishery ordinances and logistic support from the
government, Management issues arises in each MPA site cannot be dichotomized into institutional
arrangement related e.g., Local Government-initiated (Agojo and Atulayan) and Community-initiated
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(SMI and Tiwi). This study suggests that the diversity of socio-political condition of stakeholders
might affect the attainment of partially protected areas as conservation tool for commercially
important fishes. In addition to the fishers and community-led participation and discussions about
partially protected area adequacy also can led to more realistic expectations about what those areas
can achieve. Economic intervention provided to the affected stakeholders and resolution of conflict
between key players of MPA management will ensure the attainment of MPA objectives. A poorly
managed social dynamics have real consequences for biological resources.
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The marine and coastal ecosystems worldwide have been drastically deteriorated because of
the pressures on the resources such as overfishing and exploitation of fisheries resources, increasing
population, habitat destruction and global climate change. To cope with these problems, marine
protected areas (MPAs} have been developed as a key approach in coastal resource management.
With the wide variability in the typology of MPAs, the International Union for Conservation of
Nature (IUCN) defines MPA as any arca of intertidal or subtidal terrain, together with its overlying
water and associated flora, fauna, historical and cultural features, which has been reserved by law or
other effective means to protect part or all of the enclosed environment. _

The establishment of MPAs generate benefits such as internal economy which include
increase in fish production and other ecosystem services for the community who manage the MPAs
and external economy such as ecosystem functions, biodiversity conservation, spill-over effect to

other fishers and recreational resources among others to other coastal communities and tourists as
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well as to the general population. These benefits are classified as common-pool resources (direct
use values) and public goods (non-use values). Common-pool resources are goods and services that
are non-excludable but rival in consumption while public goods are services that non-excludable
and non-rival in consumption. With this nature of goods and benefits, challenges in MPA
establishment and management such as over-exploitation and free-riding effect arise.

Community-based management and economic valuation are some of the strategies that can be
done as a solution to the problem on absence of property rights and lack of budgetary considerations
for the coastal resource management. To address these issues, empirical studies in the MPAs in the
Cagayan Province, Philippines, which located along the Kuroshio Region, were conducted as
follows:

1. Governance and Institutional Mechanisms of MPA Establishment and Management in

Cagayan Province, Philippines
By means of document analysis and key informant interviews, substantial information on

the establishment and current status of MPAs, village economy and interactions within the
community were collected from the four MPAs in the study area: locally-established MPAs (San
Jose MPA, Casitan MPA and Taggat Norte MPA) and a nationally-established MPA (Palaui Island
Protected Landscape and Seascape). A locally-established MPA is relative small MPAs established
through local government planning and ordinance while a nationally-established MPA is instituted
by the national government.

The result of this study showed that the locally-established and nationally-established MPAs
differ in the institutional arrangements and developmental processes in MPA establishment,
management strucfures, institutional support and MPAs® management problems and issues of the
MPAs. Despite these differences, however, the common point in the MPAs in Cagayan Province is
the involvement of the community all through its development and implementation processes.
Therefore, aside from strong legal decrees and the structured management system, the affirmation
for a functional MPA program in the province is influericed by its capacity to be community-based,
participatory approach and people-oriented. The support from the government (i.e. national and
local), both legal and institutional, is important for the realization of MPA objectives. The
co-management approach worked appropriately in the province with continuous effort mutually
coming from the govermnent and the local community.

2. Livelihood Structure and Participation of Villagers on the Management of MPAs in
Cagavan Province, Philippines '

The involvement of the local residents was identified as one of the factors that contribute to
the successful implementation of community-based MPA, hence it is essential to understand the
livelihood structures and other socio-economic features of the community as this may affect their
behavior towards the conservation measure, A randomized household surveys totaling to 760
respondents were conducted to evaluate the socio-economic profile and livelihood structures of the
MPA villages in Study 1. Using a structured questionnaire, the socio-economic characteristics of the
villagers and MPA related information were investigated. It is hypothesized that these features
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contribute to the uniqueness of the social structures in the corresponding community which may
influence their recognition, perceptions and participation on MPAs. '

The results showed that high marine and coastal resource reliance, low household income and
apparent insufficient livelihood opportunities characterized the study villages. Despite the |
economic situation, villagers either direct or indirect users (fishers and non-fishers; island and
mainland residents), support the establishment and the presence of MPA in the community.
Therefore, a holistic approach to rural development is necessary to gain wider support for coastal
resource management. Analysis of the data by probit model showed that stable household income,
presence of alternative livelihood project, access to extension services for information, perceptions

'on MPAs and membership in organizations (e.g. fisher’s association) were among the social
complexities that influence the involvement of the local residents in the conservation initiatives
through MPAs. Further, this study clarified that the livelihood projects and ecotourism activities
played a major role in encouraging local residents to participate in MPA managément. For that |
reason, a strong government support is enjoined in designing an appropriate incentive system to

stimulate the participation of the community in MPA management.

3. Evaluation of the Villagers’ Willingness to Work (WTW) or Pay (WTP) for the
Promotion of Community-based MPAs in Cagavan Province, Philippines

This study takes the case of a nationally-established MPA with a flourishing ecotourism (Palaui
Island Protected Landscape and Seascape in San Vicente Village) and a locally-established MPA
with emerging ecotourism activities (San Jose MPA) to evaluate the conservation values that the
local residents associate with the non-use values (e.g. existence value — the preservation of marine
resources) of MPAs. The Contingent Valuation Method and Contingent Behavior were used to elicit
the WTW and WTP of the respondents respectively. The respondents were randomly selected from
the previous household survey and were individually interviewed using a carefully designed
questionnaire. A total of 300 respondents was selected from the San Vicente village and 100 from
San Jose village. Since the San Vicente village is composed of island and mainland residents and to
assess the difference in the elicitation method, the mainland residents were divided such that one
group were asked on WTW and another on WTP. Due to limited income as manifested in the earlier
assessment, the island and San Jose residents were asked with WTW, .

Using the non-parametric method, the survival function was used to estimate the mean and
median values of WTW and WTP. The result showed an equal WITW of 5 days/month from the San
Vicente island and San Jose residents compared with 4.5 days/month from San Vicente mainland
residents. This suggests that people résiding within the MPAs were more willing to contribute
voluntary labor. However, the equivalent value of WTW based on average daily income is 3.9 to 5.4
times higher than WTP estimates of P187.50/month (US$ 3.95*). This outcome is a clear evidence |
that respondents highly prefer money over time due to short supply of the labor market in the area.
The aggregated monthly WTW for San Jose is 1,614 days-and 636 days for the San Vicente island,
which means that it is possible to assign 50 residents from San Jose and 20 from the San Vicente
island for the daily monitoring and patrolling of the respective MPAs. The converted monetary
value for this is P3.8 million (US$ 80,440) and P1.1 million (US$ 23,285) per year in San Jose and
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San Vicente island respectively. Furthermore, the aggregated value of WTP is estimated at P1.6
million (US$ 33,870) per year for San Vicente. If this amount is used solely for patrolling and
considering the present minimum daily agricultural wage, this value is enough to pay 20 persons per
month. The quantitative values obtained can be incorporated in the decision making of government
funding agencies for more sustainable MPA programs.

In addition, this study also determined the factors that influence the v1llagers WTW and WTP
by probit regression model. For the San Jose residents, membership to fishers’ association, gender
{(male) and perception on the effect of a better environment to ecotourism showed positive sign
conditions which suggest that these variables influenced their WTW to have higher tendency to
accept the proposed bid. Meanwhile, fishers and benefits from ecotourism were the determinants for
San Vicente islanders and fishers, membership to fishers’ association and the number of years in the
village were the determinants for the mainland. For the WTP, income and membership to fishers’
association were significant variables with positive sign conditions. Therefore, interventions on
strengthening these factors is necessary to uphold willingness of the community to contribute
voluntary labor or money for the existence of MPAs.

4. Estimating the Recreational Value of MPA in Northern Philippines in Support to
Coastal Management and Rural Transformation

The travel cost method (TCM) was used to evaluate the economic use values (e.g.
recreational value) of the Palaui Island Protected Landscape and Seascape (PIPLS) on its present
condition using actual expenses data of the tourists and the Contingent Behavior (CB) was used to
estimate the change in welfare associated with the improved conditions upon payment of an
additional access fee for the cost of community-based patrolling and monitoring. The data for the
study were collected on-site over the 3-month period from April to June 2016 gathering a total of
618 completed questionnaires which were used in the analysis.

The Poisson specification of count data model was applied to estimate the TCM and CB
demand model and consumer surplus. The result showed that tourists take lesser recreational trips to
the PIPLS as cost of travel increases. Visitors who enjoyed activities with marine resources (e.g.
swimming, snorkeling, island hopping), more educated and affluent tend to visit more. The
consumer surplus per tourist, which indicates welfare estimates, is 1,401.15 (US$ 30.12**) at its
present condition and $2,420.72 (USS 52.04) for its improved state (hypothetical condition). The
result demonstrates that the tourists have a high value for the opportunity to visit the PIPLS
especially in its enhanced settings. The rescarch revealed high monetary values attached to the
recreational services in the area and provide justification for its conservation and development of
sustainable recreational activities for the economic benefit of the local residents. With an estimated
7,000 annual visit of local tourists in 2015, this translates to an aggregated consumer surplus of
P9,8b8,050 (US$ 210,835.13) at its present condition.

This study showed that tourists are willing ;co spend money to visit the PIPLS, hence the strong
value attached to the recreational services provide justification for the conservation and protection
of the marine ecosystems. This also suggests that ecotourism can be an effective sustainable
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financing mechanism for MPA management. Government intervention focusing on the infant
industry argument could create a necessary incentives to promote sustainable MPA management by

internalizing the externalities.

Based from the major results, the following policy implications were drawn from the empirical
studies in MPAs in Cagayan: (1) an enabling management regime such as community- based
co-management approach can be considered in managing a common pool resource such as marine
resources or MPAs.; (2) an institutionalized incentive system (e.g. livelihood projects, ecotourism:
activities) is necessary for sustainable MPA as it has the tendency to encourage participation of
local residents to resource conservation; (3) development of sustainable ecotourism activities in the
protected areas is seen to sustain MPA management and (4) management of MPAs can be
strengthened and enriched throughl appropriate internalization of externalities (institution of fees,
taxes, etc.). The Kuroshio Region and less developed countries with similar structures may obtﬁin
insights from these results in designing a functional and sustainable community-based MPAs.

*1US$ = P47.43, average exchange rate in September 2016; " 1US$ =P46.52 average exchange rate in April-Tune 2016 (BSP Reference Exchange Rate Bulletin)
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[Purposes] The Dayak people represent an indigenous group of Kalimantan Island. They have the
knowledge how to utilize medicinal plants as medicine to cure diseases. Nowadays, the knowledge of
medicinal plants is fading due to the decrease of the people who use them and the deterioration of the forest
environment. One of the efforts to conserve the knowledge of medicinal plants has been implemented
through the continuous utilization of medicinal plants to cure diseases by Dayak Uud Danum, ene Dayak
sub-ethnic group who lives in the upstream areas of Ambalau and Serawai river of Sintang Regency. In this
study, the knowledge of medicinal plants of Dayak Uud Danum was summarized and tried to evaluate the
anti-inflammatory activities of most common medicinal plants used by Dayak Uud Danum to treat allergies,
skin infections, fevers, edema, and diarrthea by examining their abilities to suppress the delayed-type
hypersensitivity (DTH) response against‘ 2,4,6-trinitro-1-chlorobenzene (picryl chloride: PCl) using
BALB/cAlc mice and to prevent the damage of human colon epithelial FPCK-~1-1 cells.

[Knowledge of medicinal plants of Dayak people] First, the knowledge of medicinal plants of Dayak Uud
Danum in six villages was summarized. The medicinal plants were classified according to useful parts of
plants, methods of preparation, routes of administration of plants, and the types of diseases that can be
treated with plants. There are 95 species of medicinal plants used to cure various diseases and 38 species are
used to cure inflammatory diseases associated with allergy, skin infection, fever, edema, and diarrhea. Leaves
are the widely used parts. The most common way to prepare the herbal medicine is decoction and the
oral-topical route is the most common route of administration.

[Extraction of herbal plants] Second, the extractive content by methanol extraction from leaves of five
plants was measured. These plants are Tekeriho (Callicarpa longifolia Lam.), Penahan (Myrmeconauciea

strigosa Mert.), Tebelion (Eusideroxylon zwageri Teijsm & Binn,), Kerokak (Scoparia dulcis L.), and Bungur
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(Lagerstroehai'a speciosa (L..) Pers.). The extractive contents varied from 4.33% to 8.99%. All the plant
species are categorized into the group of high level of extractive content. The highest yield was obtained in
the extraction from C. longifolia. .

[Toxicity of herbal plants] Third, the toxicity of the methanol extracts from leaves of five plants species
was analyzed to determine the safety dose and concentration through the in vitro cytotoxicity assay using
mouse fibroblast NIH3T3 cells and the toxicity assay in vivo using BALB/cAlc niice. Methanol extracts
from leaves of C. longifolia, M. strigosa, E. zwageri, S. dulcis, and L. speciosa were toxic at a concentration
of 100 pg/ml. L. speciosa extract was most toxic at lower concentrations (0.1 pg/ml, 1 pg/ml, and 10 pg/mil)
in the in vitro cytotoxicity assay using mouse fibroblast NIH3T3 cells. L. speciosa extract was not toxic to
BALB/cAJc mice even after administrating as much as 5 mg/0.1 mi DW per mouse orally.

[Anti-allergic effects] Fourth, we analyzed the anti-inflammatory effects of C. longifolia, M. strigosa, E.
zwageri, S. dulci&, and L. speciosa on DTH in response to picryl chloride using BALB/cAlc mice by

measuring the suppression of ear swelling after the challenge with the antigen used for immunization (Fig. 1).
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Fig. 1. Effect of methanol extracts from five medicinal plants of Uud Danum on DTH response.

DTH response was elicited against PCl as described in Materials and Methods. All reagents were
administered every other day for two weeks after immunization. Hydrocortisone was administered orally
at a dose of 0.5 mg/0.lm! DW/mouse. Increment of ear thickness was measured before (0 h) and after
challenge (24 and 48 h). Results are shown as the mean + SE (n=5). Increment of ear thickness was shown
by subtracting the ear thickness before challenge from the ear thickness of each mouse. *Asterisks indicate
that there are significant differences between positive control group and other groups (Tukey-HSD post
hoc test, one-way ANOVA, P <0.01).
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Fig. 2. Number of eosinophils migrated to the site of inflammation.
Eosinophil numbers of each group in Fig. 1 were counted at the magnification level of 400x. Results are
shown as the mean £ SE of eosinophils in 10 squares of 100 pm x 50 pm of ear sections. *Asterisks
indicate that there are significant differences between positive control and other groups (Hydrocortisone,
.C. longifolia, M. strigosa, E. zwageri, and S. dulcis) (Tukey-HSD post hoc test, one-way ANOVA, P <
0.05).

The number of eosinophils migrated to the site of inflammation was also measured using ear sections.
Dose of each extract administered to mice was 5 mg/0.1 ml DW per mouse and that of hydrocortisone was as
much as 0.5 mg suspeﬁded in a volume of 0.1 ml DW, The measurement of ear thickness was conducted at 24
hours and 48 hours after challenge. At 24 hours after challenge, only one group of mice treated with L.
speciosa did not show significant difference compared with a positive control group (immunized and
challenged). In all other groups administered with plant extracts the ear thickness was signiﬁc'antly
suppressed compared with a positive control. At 48 hours after challenge, all groups administered with plant
| extracts showed significant suppression compared with a positfve contrel group and a higher level of
suppression was observed than that by hydrocortisone. The highést suppression was shown by the group of
mice administered with S. dulcis extract. '

The number of eosinophils in the ear section at 48 hours after challenge was compared among all
groups of experiments (Fig. 2). The number of eosinophils in ear sections from a negative control group
(immunized but not challenged) was slightly larger than that from a non-treated group. Number of
eosinophils of a positive control group was more than ten-fold compared with that of a negative control
group. Except L. speciosa group, groups administered with other plant extracts have significantly lower
number of eosinophils compared with a positive control group. Furthermore, those numbers of eosinophils
administered with plant extracts except L. speciosa extract were lower than that of hydrocortisone group.
The lowest number of eosinophils was found in a group of mice treated with S. dulcis extract. It is suggested

that L. speciosa suppresses the DTH reaction by the mechanism different from other four plants.
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[Anti-inflammatory activities] Fifth, the anti-inflammatory activities of C. longifolia, M. strigosa, E.
zwageri, S. dulcis, and L. speciosa to prevent the damage of human colon epithelial FPCK-1-1 cells derived

from a patient with familial adenomatous polyposis were analyzed.
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Fig. 3. Effects’ of plant exiracts on the damage of FPCK-1-1 monolayer cells induced by
PMA-stimulated THP-1 cells,
TER was measured during the co-culture of FPCK-1-1 cells with PMA-stimulated THP-1 celis. Results
are shown as the average £ SE (n=4). *An asterisk indicates that there is a significant difference between
FPCK-1-1/PMA-THP-1 group and M. strigosa group. There is no significant difference between control
FPCK-1-1/THP-1 group and M. strigosa group (Tukey-HSD post hoc test, one-way ANOVA, P< 0.01).

Transepithelial electrical resistance (TER) of FPCK-1-1 monolayer cells was measured during the
co-culture of FPCK-1-1 cells with PMA (phorbol 12-myristate 13-acetate)-stimulated THP-1 cells. The
surface of epithelial monolayer cells was stained with both Alcian blue and Periodic Acid-Schiff. The level
of IL-22 in the supernatant of FPCK-1-1 cells in the upper chamber was measured.

The extract of M. strigosa prevented the ‘decrease of TER most efficiently that would be caused by
PMA-stimulated THP-1 cells on the third day of the co-culture (Fig. 3). The high level of
mucopolysaccharides was detected with Alcian blue on the surface of FPCK-1-1 monolayers cells treated
with the methanol extract from leaves of M. strigosa. Among five plant extracts, only the extract from leaves
of C. longifolia induced the FPCK-1-1 monolayer cells to produce 1L-22. .

[Conclusion]

Methanol extracts from leaves of C. longifolia, M. strigosa, E. zwageri, S. dulcis, and L. speciosa had
anti-inflammatory activities to ameliorate the DTH response and four plant extracts from C. longifolia, M.
strigosa, E. zwageri, and S. dulcis inhibited the migration of eosinophils to the site of inflammation. Only the
extract from M. strigosa leaves had the preventive effect on the damage of human colon epithelial cells
caused by inflammation. It is suggested that the methanol extract from leaves of M. strigosa contains
non-toxic bioactive compounds that suppress the DTH response and prevent the damage of human colon
epithelial FPCK-1-1 cells.
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[Purposes]

The West Kalimantan of Indonesia has diversified species of plants and indigenous people, especially
Dayak &ibes live there. They have a long tradition to use the plants as natural medicine to prevent and cure
diseases. In this study, it is tried to analyze the effectiveness of several medicinal plants that are trusted by Dayak
tribes to ameliorate diabetes, diarrheas, and stomachaches by examining their abilities to inhibit a-glucosidase in
vitro (yeast maltase, rat intestinal maltase, and rat intestinal sucrase), to down-regulate the blood glucose levels
of diabetic db/db mice in maltose lolading tests and long term administéation, and to prevent the damage to
human colon epithelial FPCK-1-1 ceils.

[Extracts from herbal plants]
First, the amount of materials extracted by I'nethanol from wood barks of 17 plants that belong to the
following families was measured: Anacardiaceae (Pentaspadon motleyi, Mangifera pajang, Mangifera foetida,

and Dracontomelon dao), Fabaceae (Parkia timoriana, Parkia speciosa, Parkia intermedia, Parkia sp., and
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Adenanthera sp.), Malvaceae (Durio duicis, and Durio kutejensis), Phyllanthaceae (Baccqurea costulata and
Baccaurea angulata), and 4 species from other plants families that are Annona'ceae (Goriothalamus tapis);
Apocynaceae (Willughbeia angustifblid), Burseraceae (Dacryodesl rostrata), and Clusiaceae (Garcinia
parvifolia). These plants were collected from Kuala Buayéln Village, Sanggau Regency, and Pala Pulau Village,
Putussibau Regency, West.Kalimantan. Extractive contents varied from 2.05 to 21.48% among these species.
Almost all of the species belong to the high category of extractive content, especially the extractive content of P
intermedia (Fabaceae) was 21.48%. D. dulcis (Malvaceae) and B. angulata (Phyllathaceae), whose extractive
contents were 2.05 and 2.75%, respectively, belong to a moderate category.

[Inhibitory effects of herbal plants on a-glucosidase]

Second, the inhibitory effects of methanol extracts from 17 plants on the activities of yeast &-g]ucosidase
usiné pNPG as a substrate (yeast maltase), rat intestinal o-glucosidase using pNPG as a substrate (rat intestinal
maltase), and rat intestinal sucrase using sucrose as a substrate were analyzed.

Methanol extracts from all species of Fabaceae family (P speciosa, Adenanthera sp., P intermedié; P
timoriana, and Parkia sp.) had strong inhibitory effects on yeast a-glucosidase activity. They were able to inhibit
50% (ICsg) of a-glucosidase activity at lower concentrations (< 5 pg/ml). For species in Anacardiaceae,

Malvaceae, Phyllanthaceae, and other family, ICs, values were diversified. In contrast, species of D. dao, D.

kutejensis, and G. parvifolia had ICsq values similar to those of species of Fabaceae plants family against yeast
a-glucosidase activity (< 5 pg/ml). P. motlevi, P. speciosa, P. timoriana, D. rostata, Adenanthera sp., and B.

costulata showed lower inhibitory gcti\;ity on rat intestinal sucrase (ICsp < 1000 pg/ml). All species showed low .
a;:tivity to inhibit rat intestinal maltase.

[Toxicity of herbal plants ]

Third, the toxicities of D. ‘dulcfs, D. kutejensis, P, timoriana, P. speciosa, F, intermedia, B. angulata, and D.
duo were analyzed. These species were selected based on the functional utilization as traditional medicine for
diarrheas, stomachaches, and diabetes, and the ability to inhi'.nit a-glucosidase in vitro with low value of ICsoi
except B. angulata. Methanol extracts from wood barks of D. dulcis, D. kutejensis, P. timoriana, P. speciosa, P.
intermedia, and D. c;’ao are toxic at a concentration of 100 pg/ml for normal mouse fibroblast NIH3T3 cells.

Extract of P. speciosa is the most toxic at concentrations of 10 pg/ml and 1 pg/ml, and other methanol extracts
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from wood barks d_id not show strong toxicity at a concentrations of 1 ug/ml. F. speciosa extract is not toxic to
C57BL/6] mice even after administrating 5 mg extract/mouse orally,
{Effects of herbal plants on maltose loading tests]

Fo1_1rth, anti-diabétic effects of D. dulcis, D, kutejensis, P. timoriana, P, speciosa, B, costulata, and D. dao
that showed activity to inhibit a-glucosidase in vitro were analyzed in the maltose loading tests using db/db
mice. Maltose loading tests was conducted twice. In the first experiment, the dose of each extract or acafboée
administered five minutes before the oral administration of maltose was 1 mg/0.1 ml DW/mouse and
measurement of blood glucose was conducted at 70 min, 140 min, émd 210 min after fhe maltose loading. At 70
minutes after maltose loading, the lower levels of blood glucose were found in grc;ups administered with extracts
of P. speciosa and P, timoriana. The blood glucose level of P, speciosa group was significantly lower than that of
B. costulata group at 70 min, 140 min, and 210 min after maltose loading. At 140 minutes after maltose loading,
| only the lejvel of blood glucose of P. speciosa group was significantly lower than that of the group administered
with either D. kutejensis or B. costulata. At 210 min after maltose loading, levels of blood glucose of groups
administered with D. dulcis, P timoriana, and P speciosa were significantly lower than those of D. kutejensis
and B. costulata groups, while that of aparbose was significantly lower than that of D. kutejensis group. In the
second experiment, the measurement of blood glucose was conducted at 30 min, 60 min, and 120 min after the
‘maltose loading. The dose of each methancl extract administered to each mouse was 5 mg/0.1 ml DW/mouse
and that of acarbose was 8 mg/0.1 ml DW/mouse. The levels of blood glucose of groups administered with
acarbose and P speciosa extract were significantly lower than that of B. costulata group at 30 min, 60 min, and
120 rr;in. At 30 min after maltose loading, the level of blood glucose of acarbose group was significantly lower
than that of diabetic control group. The level of blood glucose of D. dulcis group was significantly lower than
that ofl B. costulata group at 60 min and 120 min. The level of blo.od glucose of P timoriana group was
significantly lower than that of B. costulata group at 120 min. In two maltose loading tests, the effect of P
speciosa extfact to down-regulate the blood glucose was confirmed at three points in each experiment‘compared

with that of B. costulata extract.
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[Anti-diabetic effects of herbal plants]

Fifth, ‘it was asked whether methanol extracts of D. dulcis, D. kutejensis, P. timoriana, P. speciosa, B.
costulata, and D. dao that have the activity to inhibit a-glucosidase in vitre (Chapter 3) and those of D. dulcis, P,
timoriana, and P. speciosa which had the ability to reduce the blood glucose level of db/db mice in two maltose
loading tests (Chapter 5) have the activity to reduce the level of blood glucose of db/db mice after administrating
them for four weeks. The levels of blood glucose before and after fasting, two, three, and four weeks after oral

administration of these extracts were measured.
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Fig. 1. The levels of blood glucose of db/db mice after starvation two, three, and four weeks after
oral administration of methanol extracts from wood barks of medicinal plants. Acarbose (200
mg/kg body weight) and plants extracts (125 mg/kg body weight) were administrated orally every other
day for four weeks. One drop of blood was taken from a tail vein of each mouse and the blood glucose
-was measured as described in Material and Methods. Panel A: There is a significant difference between
the following groups: DW-diabetic control vs. P, timoriana (a) and B. costulata vs. P. timoriana (C)
four wecks after oral administration. Panel B: There is a significant difference between the following
groups: DW-diabetic control vs. P. speciosa (), D. kutejensis vs. P. speciosa (b), and B. costulata vs. P,
speciosa (C) four weeks after oral administration. The values are shown as mean + SE (n=8 for pélrental
line and n=6 for db/db mice). (P < 0.05, LSD post hoc test, one way ANOVA).

The level of fasting blood glucose of P timoriana group was significantly lower than that of
diabetic control and B. costulata groups four weeks after administration (Fig. 1A). The level of fasting
blood glucose of P. speciosa group was significantly lower than that of diabetic control, D. kutejensis,
and B. costulata éroups at three and four weeks after starting oral administration (Fig. 1B). The levels

of blood glucose before fasting of P #imoriana group and D. dao group were significantly lower than
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those of diabetic control, D. kutejensis, and B. costulata groups four weeks after administration.

Acarbose group had the highest food consumption among all db/db groups. Only P. speciosa and
B. costulata groups consumed significantly lower amount of food than acarbose group four weeks after
starting the oral administration. Body weight of all db/db mice increased continuously till four weeks
after starting the administration of plant extracts except that of B. costulata group. No significant
difference was found in body weight of mice between diabetic control group and other groups,
suggesting that the methanol extracts are not téxic and safe for continuous use. Acarbose group and
groups administered with plant extracts except B. costulata have the tendency to have increased levels
of serum cholesterol compared with diabetic control group. The levels of serum cholesterol of P
timoriana group and D. dao group were significantly higher than that of B. costulata group. Levels of
serum triacylglycerol of D. dulecis group and P. speciosa group were signiﬁcantly lower than that of
diabetic control group.

[Anti—-inﬂammato'ry effects of herbal plants on human colon epithelial cells]

Sixth, the_ anti-inflammatory effects of D. dulcis, D. kutejensis, P. timoriana, P speciosa, and D.
dao on the damage-prevention of human colon epithelial FPCK-1-1 cells were analyzed. FPCK-1-1is a
human intestinal epithelial cell line established from a tubular adenoma of male patient with familial

adenomatous polyposis and it was used as a new culture model of intestinal inflammation.
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Fig. 2. Effect of wood bark methanol extracts on TER of human colon epithelial FPCK-1-1 cells
co-cultured with PMA-stimulated THP-1 cells. PMA was added one day before the start of co-culture to
THP-1 cells in the lower chamber, Methanol extracts from wood barks (final concentration: 1 pg/ml) were added to
the upper chamber where FPCK-1-1 cells were cultured. The TER values are shown as mean + SE (n=4). Asterisks
show significant differences between methanol extracts group and PMA alone group on day 3 (*: P <0.05, **: P <
0.01. LSD post hoc test, one way ANOVA).
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D. dulcis, D. kutejensi&, P, timoriana, P. speciosa, and D. dao had activities to prevent the damage
of human colon epithelial FPCK-1-1 cells caused by PMA (phorbol 12-myri§tate 13-acetate)-stimulated
THP-1 cells three days after starting the co-culture (Fig.2). Extracts from P. speciosa and D. dao
induced FPCK-1-1 cells to produce mucopolysaccharides. It is suggested these mucopolysaccharides
function as a barrier by covering the surface of FPCK-1-1 monolayer cells to prevent the damage of
FPCK-1-1 monolayer cells induced by PMA-stimulated THP-1 cells.

Methanol extracts from wood barks of D. dulcis, P. timoriana, P. speciosa, and D. dao have both
activities to prevent the damage of FPCK-1-1 human colon epithelial cells and down-regulate the level
of blood glucose of db/db mice. It is suggested that methanol extracts from wood barks of D. dulcis, P
timoriana, P. speciosa, and D. dao contain non-toxic bioactive Icompounds.which prevent the damage
of human colon epithelial FPCK-1-1 cells and decrease the level of blood glucose of db/db mice by

down-regulating the inflammation.
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FREE, A FRYTOBED V= Z 0877 BEAERRA, THA, BRCH LELTHIEED
HKREHOEL THROBFNRZRTHEF L, FOT5ZL2RB e Nald—E (BEeLF—
¥, Ty MMy —E, Ty MNBA Y 5 —¥) ORBENREDR ; didb v VA TOVN F—RA
WAE L REREIC L 2 MBEM TIER ; B I U MBS LR FPCK-1-1 MR OEE TR,

%112, Wh Y <> # @ Kuala Buayan Village (7 75 77 ¥ > 4f). Sanggau Regency (> H 7Y
—¥x »3/—}, PalaPulau Village (/3% 7°Z 7#) . Putussibau Regency (77> "y YV —Px=i—) T
MENEUTOHEBDOBEILAZ /) —AVTHHENZHHEORPEE AN | dnacardiacea B
(Pentaspadon motleyi, Mangifera pajang, Mangifera foetida, Dracontomelon dao). Fabaceae #}(Parkia timoriana,
Parkia speciosa. Parkia intermedia, Parkia sp.. Adenanthera sp.). Maivaceae B (Durio dulcis, Durio kutejensis).,
Phyllanthaceae & (Baccaurea costulata, Baccaurea angulata), B LT 4 B 5D 4 &, Annonacea F
(Goniothalamus tapis), Apocynaceae F| (Willughbeia angustifolia), Burseraceae %} (Dacryodes rostrata),
Clusiaceae B (Garcinia parvifolia)y THOLOBO X ASHHEIL2.05 05 2148% Thotr, FLA LT
TORBBTXREFEIN—TIZR LT\, BT P intermedia (Fabaceae) DX A EHEIL 21.48%T
B, D.dulcis (Malvaceae) & B. angulata (Phyllathaceae)®D TH¥ A EHRIZZFNEN2.05 L 2.75% TH D,
PREOIFAGHRIN—TIZRL TN,

B2, Th 1TEROAY ) — NSO RT = e 7 2= o D- AT )V F
| (p-Nitrophenyl-o-D-glucopyranoside: pNPG) % 28 & L7cBEft o- 7NV 2 L & —¥ (BEfk<= /& —¥), pNPG %
BEEELESy MMBersy—8, vallieBBE LSy MMNBRY 5 — P OREDRSET S

(Fathul Yusro, Kazuhiro Ohtani, Satoshi Kubota. Inhibition of a-glucosidase by methanol extracts from wood bark
of Anacardiaceae, Fabaceae, Malvaceae and Phyllanthaceae plants family in West Kalimantan, Indonesia. Kuroshio
Science, 9: 108-122, 2016), Fabaceae F 04 T OFE(P. speciosa, Adenanthera sp.. P intermedia, P. timoriana,
Parkia sp)Vl35BER: a- 7V a2 & F—VEEITHT 5RVEAEDREF Lz, ERLOIRERE(S pg/ml) T o2
NaF—EEEE SO%MET 5(0Csn) Z & B MK, Anacardiaceae . Malvaceae B, Phyllanthaceae Ft,
Clusiaceae BB OFE T ICs EIXEHETH -7, FOFRT, D. dao. D. kutejensis. G. parvifolia tX
Fabaceae B} DB o- 7 N U F—EBIEHEIZHT D 1G5 & RFRREER Lz (<5 pg/ml),

P. motleyi, P speciosa, P timoriana, D.rostrata, Adenantherasp.. B. costulata V&7 v b/Nfa-RA 27 T —F
LT VIEWEEREZR L (ICs <1000 pg/ml), TXTOMIZT v M AF —FITHEEITEN
PN AR L, _

# 312, D.dulcis, D.kutejensis, P timoriana, P speciosa, P intermedia, B. angulata, D.dao OHEIRZEME
DB SN, Tho ORIIRERE LTTH, B, BREOHRCEDRTEY,

B. angulata PSMIBBENT -/ N2 U —EREEZETTIENPBN I & 1 6BIRENT,

D, dulcis, D. kutejensis, P. timoriana, P speciosa, P intermedia, D. dao ORGSO A F J — A
100 pg/ml DEETER~ 7 ABHEEMIE NI3T3 05 L TEMEE R L, P speciosa THH#IA 10 pg/ml 3
LUV pg/ml DRE TR LEBENEL  FOMD A F / — LS | pg/ml THRBOEREZTSARNST,
%75, P speciosa fIH#IT S mg/0.1 ml DW/~ 0 A EFEORE LTS CSTBLE) =0 RITHMEZRE2do
b

B4, RBRENT e/ NV F—BiEWMEIBE Uiz D. dulcis. D. kutejensis. P timoriana. P speciosa.
B. costulata, D. dao DFAEIRIFZIR db/db = U A&k Eolew b—RATRBR T Ehiz, v b—
ABATTAERT 2 IR S/ (Fathul Yusro, Yeni Mariani, Yuko Konishi, Takahiro Taguchi, Mari Tominaga,
Satoshi Kubota, Akira Tominaga, Effects of medicinal plants in West Kalimantan Indonesia to prevent the damage of
human colon epithelial FPCK-1-1 cells and regulate the levels of blood glucose and triacylgiycerol of db/db mice.
Kuroshio Science, 10: 73-88, 2016) , '
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Tid 210 7% D. kutejensis BEIZLE L ClLBEERH BIETFLTWE, P speciosa BED MBEEIZ D. kutejensis
¥, B. costulata BIZH L T= 0 b —RAMHK 70 57, 140 77, 210 A CHERERP o, <V b—2AFE
210 53%%. D. dulcis, P timoriana, P speciosa B0 M¥SEISL D. kutejensis E7-13 B. costulata B X Y HEIZE
Prote, v b— AR 210 5., T HNR—AREO MBEEIT D. kutejensis BEOFR L WV HRBICTE 272,
T HNFE=RAE - N2 —PHEH CRENLOFEORIRFBL 2RO MEETETHY ., RERT |
ZHRA L TEER ORI mEE LA £ MH T 5,
2EBORRTI, </ b —RAARHE 30 2. 60 &, 120 SOMBHENRES Wiz, FRAF /— Y
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—ADBEL P speciosa F¥O MBI B. costulata O ENITH L T=/V b — XA 30 77, 60 57, 120 5T
BEICE»oT, =/ b—RAME 0 5%, 7THAR—-AEOMBEIIERAAEHEOZNL L 0 FRICE
otz, =/ b—XARE 6045, 120 5%, D. dulcis ﬁ@lﬂlﬁﬂﬁﬁ’ B. costulata BEDF L W FEITEN-
Yo P timoriana 0> 120 5% OULMEMIL. B. costulata EOEZNE Y BEICE, o7, 2EOwL b —2 A
FRER T, P speciosa THHIH B. costulata THIM & T IUBHERE FAEF 2802 L S84 ZRIIC 3 KT
R &N, ‘
ESIT, RBRENTo-I N2 F—EiENEEBEE LIz D. dulcis. D. kutejensis, P, timoriana, P. speciosa.
B. costulata, D.dao DA% / — Vi (E3E) B 4BROEREGTEL~ TV AONEEZIET EE5%)
ERbDNE S hEbi T (Fathul Yusro, Yeni Mariani, Yuko Konishi, Takahiro Taguchi, Mari Tominaga,
Satoshi Kubota, Akira Tominaga. Effects of medicinal plants in West Kalimantan Indonesia to prevent the damage of
human colon epithelial FPCK-1-1 cells and regulate the levels of blood glucose and triacylglycerol of db/db mice.
Kuroshio Science, 10: 73-88, 2016) .
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FEIIRE 38, 4 BBIT, P timoriana B & D. dao #1328, 3 BRIZTANK AR LY FREICOBRVER
BER L, T5CO0 db/db BHOFEIESHHSORE 155 T 2 B% F THENITHEMER 2R L, 3,
4 BB, IELAEEERR b2 ofr, L. B costlata BETSvHEM SR 50046 3, 4 BEICEK
ERBAEmMERLE, BRENBHLMHEOM TV AOFRCFAEERTRBDOONRN -T2 &b,
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Do
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Tominaga, Satoshi Kubota, Akira Tominaga. Effects of medicinal plants in West Kalimantan Indonesia to prevent the
damage of human colon epithelial FPCK-1-1 cells and regulate the levels of blood glucose and triacylglycerol of
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