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AN ECOLOGY AND THE USE OF KAI AND LON ALGAE IN NAN AND KHONG RIVERS

g8 frmevimn”, e Tvegy’, loues Troqua’ uanbizady Yissa

Yuwader, Pecrapompisal’’, Sriwan Chaisuk’, Chomyong Chaiubol’ and Prasen Waiyaka’

Department of Biology, Faculty of Science, Chiang Mai University , Chiang Mai 50200, Thailand, ‘Department of
Applied Biology, Facuity of Science and Technology, Rajabhat Institute Chiang Rai 57000, Thailand: e-mar! address:
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Abstract: The siudy of some ecology and the use of Kai and Lon algae in Nan and Khong rivers in 2000-2002 found that
physical factors have a direct effect on algal disiribution. The optimum conditions for the growth of these two species of
algac is in the winter time. The reason is duc 10 a decrease in temperature and also the decrease of the stream velocity
compared with the rainy season when water clanity is fower, therefore a more suitable time for growing algae is in the
winter. Another physical factor for the growth of algac is substrate, the preferred substrate is grave! and stone. but nat
sand and soil. All species of algac grow the best in water quality from clean 16 moderate. Algae can be distributed
differendy depending on the physical propertics of the water resource. Algae can be found the most in two areas; Khong
river, Had Khrai village, Chiang Khong district, Chiang Rai province; Nan river, Tha Wang Pha district, Nan province,
Kai algae can be found tn both rivers in two speties; (ladophora glomerata Kiitzing (common aame is Kaimai or
Kaipeuy) and Microspora fluccosa Thuret (common name is Kaikhao or Kaineaw). However Lon algae (Nosiochopsis
lobarus Wood) can be found only in the Nan river, Communities near the river have the same procedure of preparing
traditional food with Kai algae for example Kaiyee, Honoeng or Homoek and Kaipan are eaten with sticky rice. Except
the community near the Khoag river which has develnped food products of algac by adding scasoaning for bener taste
which can be sold widely. For Lon algae in the Nan river, people in that arca prepare this algac by mixing with salad or
called Yum, they also use this algac for medical purpose.

Methodology: Swudy sites for algal investigation, chemical and physical studies were selected by varying the distances
and communities wn both rivers. There are 5 sites in Khong river and 10 sites in Nan river. Physical parameter analysis
bases un depth, transparency, velocity, temperature and substrzie. For chemical analyses of the warter, we followed APHA
(1992) method by measuring; pH | alkalinity, DO, BOD and nutrients, which were ammonia nitrogen, nitrate nitrogen and
saluble reactive phosphorus. The siudy of the quantity and distribution of algac growing on cach substrate was done.
Identification of algae was based on relevant texts t.e. Desikachary (1959) and Sheath er af. (1992} Data collection of
food and drug that were invented by local pecple, was performed by interviewing community residents.

Resuly, Discussion and Conclusion: The study of some ecology in both rivers showed that characteristics and sizes of the
river had a high effect on distribution of algae. The Khong river is large so that it has more mass and higher velocity than
the Nan river, which takes loager periods to get clear. Therefore, it 1akes a short period for the growing of algae which
was found in January - April in the Khong river whilst in the Nan river, the time period found in November - April. These
periods have an effect on the level of algae. The levels of Kai algac were found in the Nan river more than in the Khong
river. The species of Kai algac in both rivers are Cladophora glomerata Kitzing and AMicrospera fluccesa Thurer. But
Lon algac species Nasrochopsis lobatss Wood, was found to specifically grow in oaly the Nan river. They have also used
two specics of algac for food and medical purposes since an ancient time. Therefore, the processing of algae for selling
should be supportied. including the method of cultivation in all seasons because the quantity of this algae has decreased,
which has an effect from the decrease of water quality.

Referencess (1) APHA. AWWA and WPCF. (1992) American Public Health Association. 5{1}-5-6).
(2) Desikachary, T.U.(1959) Indian Council of Agricudiural Research. 686 p.

(3) Sheath, R.G., Kathleen, M.C(1992) Journal of Phycologia 28, 418460

‘i’ Keywaords: Cladophora glomerata. Nostochopsis lobatus. macroatgae, traditional (ood
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Diversity and the use of algae in the Nan river

Yuwadee Peerapornpisal', Chomyong Chaiubol’, Israpong Pongsiriku!z, Soontharee
Pruengkz;rns, Ruttikan Mungmail, Tatporn Kunpraditl, Pissanu ,Wannathongl, Jeeraporn
7o .

- Pekkoh' and Komsen Ruangritl

The study of the ecology and diversity of algae in the Nan river were investigated in eight sampling sites during June
2002- Febrda:y 2003. Fifty-six species of algac were found, \ffhicli belong to four divisions, twenty-eight genera. Two genus of
algae are used for traditional food, their local names were Kai and Lon. Six species of Kai were identified as Cladophora
glomerata i(ﬁtzing, Cladophora sp.1, Microspora ﬂéccosa {Vaucher) Thuret, Microspora pachyderma (Will) Lagerheim,
Microspora sp. }, Microspora sp. 2 and two species of Lon were identified as Nostochopsis hansgirg Schmidle and Nostochopsis
lobatus w§0d em Guitler. The abundance of these algae differed in each site. In Ban Don Kaew, Tha Wang Pha district, it was
found that Km was present in the highest amount, which was 122.79 g dry weight in 1 m’ area. In other sampling sites, all species
were found in the same amousnt. Lon was found in the highest amount in Wat Don Kaew, 3.65 g dry weight in 1 m’ area. In other
sampling sites it was found in smaller amounts. Water quality in the sampling sites was moderate, mesotrophic status. The
substrate t:) .which most of the algae was aUacﬁed, was oobbie.‘

Nutritional value was defined as protein 20.6, lipid 6.14, fiber 21.2, carbohydrate 3125 g/100 g dry weight , heat energy
262.7 kg/ 100 g dry weight,‘ vitamin C 21.6 g mg/ 100 g dry weight in Kai. Additionally vitamin B,, vitamin B,, folic acid and
panlothenic acid were also presented. For mineral analysis; there was potassium, calcium, sodium, magoesium, ferrous, copper
and selenium etc. For pigment analysis; Kai had a higher chlorophyll content than Lon. Phycobiliprotein analysis in Lon found
there {0 be moderate phiycoerythrin content but with a hiQh phycocyanin conlent and carrageenan-like substanée.

For product development from Kai, two products were produced. The first product was seasoning Kal flakes in optimum
formulate. Consumer acceptance level was few to moderate. Another product was rice mixed Kai cracker. Consumer acceptant

level which was few, tended to correlate negatively with an increasing amount of Kai in the formulate.

Key words: Nan river, edible algae, Kai, Lon, Cladophora spp., Microspora spp.and Nostochopsis spp.

'Deparfmem oj"Bio!ogy, Faculty of Science, Chiang Mai University, Chiang Mai 50200
2l[la:s.:cz:-rralcnl of Product Development Technology, Faculty of Agroindusiry, Chiang Mai University, Chiang Mai 50100
3Bio!ag£cai Science Program, Department of Science Service, Ministry of Science and Technology, Rachatewi District, Bangkok

.
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md= During fourteen days of “Mum” fermentation, the moisture content on the 14% day was 29.99% showing a

decrease from the starting of 42.16%. The lactic acid concentration varied correspondingly with the number of-acid
producing bacteria resulting in the amount of lactic acid produced to be 5.45 and 2.98 mg/g. dry wi/day on the 1® and
2% day respectively. This caused the fermenting “Mum”™ exhibited 31.19 and 31.16 mg/g. dry wt.of accumulated acid

" on the 2° and 3" day. The lactic acid content in “Mum"” varied in relation to acid producing bacteria as found on 2™

- DA Candrace e Sainone aod Tanb o a¥a —e - e

and 3" day per gram dry weight, which had the values of 7.8x10"" and'S.1x10"". The number of bacteria decreased as
the fermentation time increased. On the 14® day of fermentation, bacterial cell number per “Mum™'‘s dry weight was

. 3.1x10° CFU. There was slightly change in pH values throughout the course of “Mum™ fermentation, pH values

showed an increase of 0.12 to 0.3 unit/day and a decrease of 0.03 to 1.22 unit/day. The pH values at the beginning of

: “Mum” fermentation was 5.59, whereas the lowest pH values were 5.12 and 5.11 on the 2 and 3% day of

fermentation. The organic acid producing bacteria from 3 samples of “Mum”™ found 10 grow on MRS agar, they were
81.67% of lactic acid bacteria and {8.33% to be non lactic acid bacteria. Those lactic acid bacteria which were found
throughout {4 days of fermentation belonged to genus Pediococcus 31.67%, Enterococcus 24.0%, Laciobacillus
11.67%. Another genus which could be found on certain day were Leuconostoc 6.0%, Strepiococcus 4.0%, Aerocoocus
2.33% and Lactococcus 2.0%. The 0.02% NaN; added MRS agar was developed for the selection of gram positive acid |
producing bacteria. The representative of the lactic acid bacterial genera isolated from “Mum” were cultivated on the
modified MRS agar. All of the isolates under study were abie 1o grow on this medium.

SB-268P: POTENTIAL USE OF FRESHWATER MACROALGAE IN NAN RIVER AS FOOD AND DRUG IN-
THE FRIST YEAR

Yuwadec Peerapompisal', Chomyong Chaiubo!l', Sudaporn Tongsiri?, Tatporn Kunpradid', Pisanu Wannathong®, Sanit
Makronkaewkayoon®, Isarapong Pongsirikul*, Suntaree Preangkam®, Aram Khumklang® and Somchai Awakaird”
!Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai, 50200; Y nstitute for Science and
Technology Research and Development, Chiang Mai University, Chiang Mai, 50200; IDepartnnent of Microbiology,
Faculty of Medicine, Chiang Mai University, Chiang Mai, 50200; *Department of Product Development Technology,
Faculty of Agro-Industry, Chiang Mai University, Chiang Mai, 50200; *Biological science program, Departrent of
science service, Ministry of science and technology, “Rajamangkala Institute of technology: Nan Campus; ‘Depertnent
of Biology, Faculty of Science, Ramkhamhaeng University, Bangkok, 10240. e-mail: scboi 017(@chianemai.ac.th

Abstract: The study of the potential use of freshwater macroalgae in the Nan River as food and drug in the first s2er
between July 2002 ~ June 2003. There arc two genera of macroalgae, which could be used as food or drug. They are
Kai and Lon algae. Six species belong to Kai algae (Division Chlorophyta) i.e. Cladophora glomemrana Kutz.,
Cladophora sp. Microspora floccosa (Vaucher) Thuret, Microspora pachyderma {Will) Lagerheim, Microsporz so.1 and
Microspora sp.2. Two species belong 1o Lon algae (Division Cyanophyta) i.e. Nostochopsis hansgirg Schmudie and
Nostochopsis lobatus Weod em Guitler. All species were present in the winter and summer (November — Apnil 1.
Factors which affected the growth of these algae were water transparency and velocity (~ 2metres per secend),
moderate water quality and/or mesotrophic status and cobble substrate. The area of the Nan River which was found 1o
have high amounts of macroalgae were the Tha Wang Pha and Pua Districts. Generally, the locai pzople use Kz and
Lon algae to traditional foods such as salad and Kai Yee. In this investigation, the researcher have wied to creazz new
products for the villagers to sell in widely in markets, such as Kai algae cryspy, stricky rice mixed with Kai zlge
cryspy, fried Kai algae with flour and other products. The nutritional value of dried Kai algae is higher than Tresh
vegetables and fruits especially for protein, carbohydrate, fiber, vitamin C ard potassium. There are 2 o7 of

mucilaginous sheathes in Lon algae which showed the same properties as carrageenan in red marine algae which 2213 23

n

syslems. Out scason culturing is necessary for study because of the requirement for this algae throughout the year
which is the next step in this research.

SB-269P: ECOLOGICAL STUDY OF EPIPHYTIC MOSSES AT RU SEE CAVE, DOI SUTHEP-PUL
NATIONAL PARK :
Ksanjana Vongkuna®, Kanys Santanachote, Somjai Rattanayun
Biology Department, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand; e-mail address:

kanjanavongkuna@hotmail.oom

Abstract: Tahm Ru Sec (Cave) is located in Doi Suthep-Pui National Park at 1,050 m elevation. The forest is primary.
cvergreen, seasonal, hardwood forest on granite bedrock. The aim of this study is to investigate moss commuairy
diversity in this area in ecological and taxenomic terms. The study was done along a nature trail 200 meters long.
during November 2002 to February 2003. There were 6 families, 6 genera and 13 species of mosses collected from 10
tree species. Eight species of mosses (69%) are plevrocarpic and four species (31%) are acrocarpic. Calympercs sp.
{Calyperaccac) has the highest relative frequency. Pinnarella alopecuroides {Hook.) Flesieh. (Neckeraceae) has the
highest relative dry weight (biomass). The biodiversity index is 0.27, which indicates high diversity of the moss
community there.
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POTENTIAL USE OF FRESHWATER MACROALGAE IN NAN RIVER AS FOOD AND DRUG IN THE
SECOND YEAR
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technology, Bangkok, Thailand

“Institute for Food Product Research and Devclopment Kasetsart University, Bangkok,
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Abstract: The study of the potential use of freshwater macroalgae in the Nan River as a
food and drug in the second year during July 2003 to June 2004. Isolation and cultivation
of Kai (Cladophora spp.and Microspora spp.) and Lon (Nostochopsis spp.) in media C,
CB, JM and BG-11 at bench scale still in the process of analysis. Semi-continuous
cultivation of Kai in raceway ponds was more efficient than cultivation at bench scale.
Nutrition value in Kai which was cultivated in April 2004 was similar to the past year
except selenium which was higher to 460.4 pg per 100 g dry weight. For product



{

| development from Kai fourteen products were produced. Consumer acceptance level was

moderate. In some products, the consumer acceptance level tended to correlate neganve]y _
with an increasing amount of Kai in the formulate.
;

Methodology: At bench scale, Kai and Lon'were isolated in C, CB, JM, BG-11 media
and fertilizer N:P:K=16:16:16, the light intensity was between 2,000 — 2,500 lux and the

temperature was 27-30 °C. Fertilizer N:P:K=16:16:16, 0.4 g1’ was used for semi-

continuous cultivation, the light intensity was between 6,800 — 12,000 lux, the.
temperature was 27-30 °C and the velocity in raceway ponds was 0.12 m.s™'. Nutritional

value analysis used AOAC (2000) method. Statistical analysis by Hedonic Scoring test

. was used for assessment of consumer acceptance level.

Results, Discussion and Conclusion: Normally, C, CB, JM media were used for
cultivation of green algae and BG-11 medium was uséd for cultivation of blue-green
algae. But it seem to be not successful to use this media with the above conditions for
cultivation of Kai and Lon so it still in the process of analysis. Whilst Kai tended to be
successful in semi-continuous cultivation and it should be improved for being the most
efficient method in the future. Nutritional value was defined as protein 19.3, lipid 3.12,
fiber 19.6, carbohydrate 30.34 g per 100 g dry weight in Kai. Additionally vitamin B, B,
C, folic acid, pantothenic acid and minerals were also present, especially selenium was

460.4 pg per 100 g dry weight. For product development from Kai. fourteen products

were produced. Consumer acceptance level was moderate. In-some products, such as Kai
bread and sticky rice mixed Kai crispy, the consumer acceptance level tended to correlate
negatively with an increasing amount of Kai in the formulate.

Acknowledgement: The authors would like to thank Thailand Research Fund (TRF) for
providing financial support

References: {1]. NIES. NIES-Collection: List of strains Microalgae and Protozoa. 1997.
160p
[2]. Sheath, R.G., Kathleen, M.C.J. Phycologia. 1992, 28, 448-460.

Key words: Nan river, traditional foods, Kai, Lon, Cladophora spp., Microspora spp.and
Nostochopsis spp. - '
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. ‘Potential Use of Freshwater Macroalgae in Nan River as Food and Drug in the Second
and Third Year '

Peerapornpisal, Y.l Pongsirikuli, l.z, Ruangrit, K.', Pekkoh, J.', Preangkarn, S.", Sutjaritvongsanond, K. 3
Mungmai, R.', Tongsiri, S. ¢ and Khumklang, A.°
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Mat, . Thatland : ‘

*Biological science program, Department of science service, Ministry of science and technology, Bangkok,
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&+

The study of the potential use of freshwater macroalgae in the Nan River as a food and drug in the
second and third year from July 2003 to Decemper 2004. Isolation and cultivation of Kai (Cladophora spp.and
Microspora spp.) and Lon (Nostochopsis spp.) in media C, CB, JM, BG-11 at laboratory scale, found that the
conditions of cuitivation should be improved. Semi-continuous cultivation of Kai in raceway ponds was more
efficient than cultivation at bench scale. Nutritional value of Kai which was cultivated in April 2004 was similar
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dewers:ty of endemic algae in northern Thailand and their apphcatlon

in traditional food and medicine
l
Peempompzsal Yuwadee', Isarapong PongsirikuF, Kunya Sutjaritvongsanond® & Chaiyong Ruyanawate‘
| Department of Biology, Faculty of Science, Chiang Mai University, THAILAND
Department of Product Development Technology, Faculty of Agro-Industry,
Chiang Mai University, THAILAND
3nstitute for Food Product Research and Development, Kasetsart University, THAILAND
*Laboratory of Natural Products, Chulabhorn Research Institute, Faculty of Medicire,
Chiang Mai University, THAILAND
E-mail: scboi0l 7@chiangmai.ac.th

The local people in the north and northeastern parts of Thailand have been favored to collect
the freshwater macroalgae (e.g. Spirogyra, Cladophora, Microspora, Nostochopsis and
Nostoc spp.) to be used in preparing traditional foods. In this project, some endemic species
of freshwater algae in the Nan River of Nan Province were investigated over three years
from 2002-2005. Three genera are used as traditional foods of the villagers in this area.
Their local names are “Kai” and “Lon”. Six species of Kai were identified as Cladophora
glomerata Kiitzing, Cladophora sp.1, Microspora floccosa (Vaucher) Thuret, Microspora
pachyderma (Will) Lagerheim, Microspora sp.1, Microspora sp. 2 and two species of Lon
were Nostochopsis hansgirg Schmidle and Nostochopsis lobatus Wood em Guitler. The
water quality in the sampling sites was moderate, mesotrophic status. The substrate to
which most of the algae attached was cobble. Nutritional value was defined as protein 19.3,

lipid 3.12, fiber 19.6, carbohydrate 30.34 g per 10G g dry weight of Kai. Vitamin B, B, C,

folic acid, pantothénic acid and minerals were also present, especially selenium at 460.4 mg

per 100 g dry weight. LD, of Kai is more than 100 g dry weight. Kai was not found to be
toxic. The favorite traditional foods from Kai and Lon are salads, Kai-Yee, Kai-Pan and
Ho-Mok Kai. The rancidity of Kai-Yee and the crispiness of Kai-Pan have been improved.
In this project, fourteen products from Kai were produced. Especially, Kai noodle which
has a potential to be a valuable food product in the future. For the therapeutic properties, it
was found that Cladophora glomerata Kitzing and Microspora sp.2 showed antiulcerogenic
activity. .
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~ Diversity and the use of macroalgae in the Nan river

Komson Ruangrit, Yuwadee Peerapornpisal and Ruttikan Mungmai
‘Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai 50200

This project has carried out for three years from July 2002-June 2005. The study
of the ecology and diversity of algae in the Nan river were investigated in Nan province
during July 2002- February 2003. Fifty-six species of algae were found, which belong to
four divisions, fwenty-cight genera. Two genus of algae are used for traditional food, their
* local names were Kai and Lon. Six species of Kai were identified as Cladophora
glomerata Kiitzing, Cladophora sp.l, Microspora floccosa (Vaucher) Thuret,
Microspora pachyderma (Will) Lagerheim, Microspora sp. 1, Microspora sp. 2 and two
species of Lon were identified as Nostochopsis hansgirg Schmidle and Nostochopsis
lobatus Wood em Guitler. The abundance of these algae differed in each sampling site.
Water quality in the sampling sites was moderate, mesotrophic status. The substrate to
‘which most of the algae was attached, was cobble.

For product development from Kai, two products were produced. The first product
was seasoning Kai flakes in optimum formulate. Consumer acceptance level was few to
moderate. Another product was rice mixed Kai cracker. Consumer acceptant level which
- was few, tended to correlate negatively with an increasing amount of Kai in the
formulate. _ :

Isolation and optimum condition for algal culture are still in process of analysis.

Ke'jr words: Nan river, edible algae, Kai, Lon, Cladophora spp., Microspora spp.and
Nostochopsis spp.
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M D Rothman*2, R J Anderson’ and J J
Bolton? (mrothman@botzoo.uct.ac.za)

"Marine and Coastal Management, Private
Bag X2, Roggebay, South Africa, 8012,
?Botany Department, University of Cape Town,
Private Bag, Rondebosch, South Africa, 7700

.Ecklonia maxima is an economically important
kelp in South Africa. The harvested kelp is
used mainly as feed for cultured Haliotis midae
{abafone) on farms on the South African South
and West Coasts. Our experiments show that
in shallow kelp beds (2-5 m) harvesting has no
" effect on recruitment or growth of sub-canopy
kelps. Curment experiments are aimed at
examining the effects of available primary
space on kelp recruitment. The results of our
experiments are discussed in relation to
management of commercial harvesting and a
further understanding of the ecology of South
African kelp beds.
L3
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THE DIVERSITY AND THE USE OF
MACROALGAE IN THE NAN RIVER

K Ruangrit’, ¥ Peerapompisai’, T Kunpradid',
{ Pongsirikuf®, S Preangkam®, K
Suljaritvongsanond®, S Tongsiri®, A
Khumklang® and J Pekkoh'
{kruangrit@hotmail.com)

'Department of Biology, Faculty of Science,
Chiang Mai Universily, Chiang Mai, Thailand,
2pepartment of Product Development
Technology, Faculty of Agro-Industry, Chiang
Mai University, Chiang Mai, Thailand,
JBiological science program, Department of
science service, Ministry of science and
technology, Bangkok, Thailand, *Institute for
Food Product Research and Development,
Kasetsart University, Bangkok, Thailand,
*Institute for Science Technology Research
and Development, Chiang Mai University,
Chiang Mai, Thailand, *Rajamongkala Institute
of Technology: Nan Campus, Nan, Thafland

The ecology and diversity of algae in the Nan
River was investigated in Nan province
between July 2002 and February 2003. Fifty-
six species of algae befonging to twenty-eight
genera and four divisions were found. Two
geinera are used as traditional food by the
villagers in this area. Their local names were
Kai and Lon. The favourite traditional food
from Kai and Lon are Kai and Lon salads, Kai-
Yee and Kai-pan. Six species of Kai were
identified as Cladophora glomerata Kitzing,
Cladophora 'sp.1, Microspora floccosa

88

(Vaucher) Thuret, Microspora pachyderma.

{Will) Lagerheim, Microspora sp. 1, Microspora
sp. 2 and two species of Lon were
Nostochopsis  hansgirg  Schmidle  and

" Nostochopsis lobatus Wood em Guitter. The

water quality in the sampling sites was of a
moderate, mesotrophic status. The substrate
to which most of the algae attached was
cobble. The nutritional value (per 100 g dry
weight in Kai) was defined as protein 19.3 g,
lipid 3.12 g, fiber 19.6 g, carbohydrate 30.34 g.
Vitamin B, B, C, folic acid, pantothenic acid
and minerals were also present, especially
selenium (460.4 pg per 100 g dry weight).
Fourteen products have been developed from
Kai, including seasoning Kai flakes, rice mixed
Kai cracker, Kai Paste, Kai Noodle, etc. These
developed products have been made available
to the villagers for their promotion which could

ultimately lead to their marketing on a nation- -

wide basis.
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FURTHER OBSERVATIONS ON
GRACILARIA VERMICULOPHYLLA
(GRACILARIALES, RHODOPHYTA) IN
EUROPE

J Rueness (jan.rueness@bio.uio.no)

Department of BioTogy, University of Oslo,
P.0O. Box 1066 Blindem, 0316 Oslo, Norway

The red alga Gracilaria vermiculophylia,
criginally described from Japan, was recently
reported for the first time from Europe
{Rueness, Phycologia 40(1), 2005). The alga
is an invasive species in Europe where it
appears to be restricted to-sheltered, estuarine
habitats as loose-lying entangled mats on mud
and fine sand, mostly in the vegetative state.
Specimens have been identified from Sweden,
The Netherlands, France, NW Spain and
Portugal (Faro). New discrete locations,
densely colonized by G. vermiculophylla are
reported from the east coast of Denmark
(Horsens Fjord) and from the German North
Sea coast (near Sylt) Sequences of the
mtDNA cox 2-3 spacer and plastid Rubisco
spacer were used to establish the identity of
the species. For comparison material of the
morphologically similar taxa Gracilaria gracilis
and Gracifariopsis longissima were analyzed.
An isolate of G. vermsculophiylia from France is
maintained in unialga! culture and the life
history completed to obtain  repreductive
matenial of all phases. Growth expsriments
demonstrate wide tolerance limits to salinity (5
— 35 psu) and temperature.

mm—. -



° rjﬁ‘sﬂ‘szqut%\iﬂﬁﬁaﬂﬁtéa& 2" International Workshop for Mekong River
Ecosystem Monitoringssineu nsngnay 2547

L%:EN “Ecology and the Use of Macroalgae as a Food Source in Northern

Thailand”



ISSN 1880-0165

MeREM Project Report (I)

" Proceedings of the 2" International Workshop
13-17 September 2004, Kunming, China

Editors
Makoto M. Watanabe
Wichien Yongmanitchai
Yong—ding Liu

Mekong River Ecosystem Monitoring Project

National Institute for Environmental Studies, Japan aé



MeREM - NIES

3.2 Abstract of presentations

3.2.1 Ecology and the Use of Macroalgae as a Food Source in Northern Thailand

Yuwadee Peerapornpisal e7 al.
Departmém of Biology. Faculty of Science. Chiang Mai University. Chiang Mai 50200. Thailand
E-mail: scboi017@chiangmai.ac.th '

In northern Thailand. two kinds of freshwater macroalgae are used as traditional food; the local names
are *‘Tao’ or *“Tao Num® and “Kai". Both of them are the fitamentous green algae in the Division Chlorophyta.
Tao has been identified as many species of the genus Spirogyra. They can grow in standing water or slow
running water in rice fields or shallow ponds throughout Thailand. but only northern and northeastern people
have eaten them as traditional styles of satad. ' :

On the other hand. Kai has existed in high amounts in only two rivers in Thailand. e.g. the Nan Riverin
Nan Province and the Mekong River in Chiang Khong District. Chiang Rai Province. The common factor
which we found 10 exist in only these two rivers is the substrate to which most of the algae was attached.
cobble and/or hardrock. The optimum conditions for the growth of this algae in Thailand is from the cool dry
season 1o the beginning of summer (November-March. average water temperature 21°C). This is due to a
decrease in temperature and also a decrease in stream velocity compared with the rainy season when water
clarity is low. This algae grows best in clean to moderate water quality (oligotrophic-mesotrophic status). Kai
in the Nan and Mekong Rivers is composed of 2 genera and 6 species e.g. Cladophora glomerata K Utzing.
Cladrophora sp.1. Microspora floccose (Vaucher) Thuret. Microspora pachyvderma (Wille} Lagerheim,
Microspora sp.| and Microspora sp.2. '

Communities near the two rivers have the same procedure to prepare traditional food with Kai. For
example: Kaiyee (dried and powdered algae with seasoning ingredients). Homoek Kai (dried algae with local
paste made by steaming) and Yum Kai or Kai Salad (fresh algae and some local vegetables with salad
dressing). Kaipah (dried algae with seasoning ingredients and sesame). These traditional foods could be used
for household consumption and dispensed in the communities. However. the potential of Kai as a foed source
should be promoted further. Accordingly. Thailand Research Funding (TRF) has provided a research grant 1o
the Applied Algal Research Laboratory. Department of Biology. Faculty of Science. Chiang Mai University.
Thailand, to do research on this alga in the Nan River during the years 2003-2005. The scope of the research
covers ecology. identification. biodiversity. cultivation and development of new algae products such as many
kinds of Kai Cryspy. Kai Pastes and Kai Noodles to be widely sold by villagers in area markets.

The nutritional values of Kai are of interest. It is composed of protein 20.6. {ipid 6.14, fiber 21.2.
carbohydrate 31.25 /100 g dry weight. heat energy 262.7 kilocalories/[00 g dry weight. vitamin C 21.6
mg/100 g dry weight. Additionaliy. vitamins B1. B2. folic acid and panthothenic acid were also present. For
mineral analysis. there is potassiwin. calcium. sodium. magnesium, iron. copper and a significant level of the
anti-oxidant. selenium. which was found to be present at 460.4 mg/100 g dry weight.
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Diversity and the use of algae in the Nan river
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Stigeoclonium subsecundum Kitzing

-y . .
#3%u fravuaryilavoammiwludninim Stigeoclonium sp. 1
Division Cyanophyta » Order Oedogoninles
- Order Chroococcales . Qedogonium inclusim Wittrock
Chamaesiphon polonicus (Rostafinski) Hansgirg Oedogonium sp. 1
Chamaesiphon subglobosus (Rostafinski) Oedogonium sp. 2
Lemmermann Order Siphonocladales

Xe 3
enococcus sp. Cladephora glomerata Kiitzing**

Order Oscillatoriales
. Cladophora sp. 1**
Blennothrix ganeshii M. Watanabe
Spirogyra sp. |
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Spirogyra sp. 2
Homoeothrix sp. 2 PIFOEYra sp

Spil .
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Oscillatoria sp. 2 Microspora sp. £**
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Division Rhodophyt
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Audouniella cylindrica Jao

Nostoc commune Vaucher

Nostoc verrucosum Vaucher Audouniella glomerata Jao

Nostoc sp. | Audouniella sp. 1

Order Stigonematales ] Audouniello sp. 2
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Ruangri and Duangta Kanjanapothi®
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Apsteact: Two endemic species of macroalgae in the Nan River, Northern Thailand, Cladophora glomerata
Katzing or “Kai®, a branched filamentous alga in the Chlotophyta, and Nostochopsis lobatus Wood em. Geitler
or “Lon”, a mucilaginous colonial alga in the Cyanophyta, were selected for study as therapeutic agents. The
anti-gastric ulcer, anti-inflammatory, analgesic, anui-oxidant, and hypotensive activities suggested their
value as therapeutic agents. They may be employed as nutri-pharmaceuticals or food supplements for
relieving chronic diseases and disorders including peptic ulcers, dyspepsia, theumatoid arthritis, hypertension,
etc. However, further detailed studies of these pharmacological activities are required to validate their
therapeutic potentials.

Kevworns: Cladophora glomeraia Kinzing, Nostochopsis lobatus Wood em Geitler, macroalgae, gastric ulcer,
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anti-oxidant.

InroDUCTION
}

Macroalgae ate the algae that can be viewed with

the naked eye in the field. In freshwater, they grow

often as slime colonies in mats, and as sheets or
filaments. They are the important organisms in lotic
ecosystems, both for their oxygen production and as
primary producersin the food chain. In some freshwater

ecosystem, macroalgae occur in filamentous forms -

covering the whole area of a river bed. The local people
have been using these algae as local food for many
years.

Innorthern Thailand, especially in Nan River, Nan
Province, and Mekong River in Chiang Khong District,
Chiang Rai Province, two genera of macroalgae occur
in abundance in the dry season. The common name of
these algae is “Kai”and “Lon”. The people in these areas
use them to make many kinds of locally consumed
food. Moreover, there has been research to process
various foods from Kai such as crisps, baked goods,
paste, and noodle, to obtain more market products for
the people in these areas'.

Some of these algae have been used as medical
ingredients, e.g. Lon is used to decrease fever. Some
villagers consume Kai to calm down stomach ulcer.
Thislocal wisdom inspired the researcherin this project
to study the therapeutic agents from these algae.
Positive results from this research will confirm the
value of these algae. If we are able to find useful potential
t'nedicifne inthese algae, the active compounds must be

further studied and their mechanism of action
elucidated.

MarteriaLs aND METHODS

Algal Samples and Preparation

Peerapornpisal et al. !. found that Kai consists of
two genera:

Cladophora spp. and Microspora spp. whilst Lon
consists of one genus: Nostochopsis spp. In this
investigation, we selected Kai as Cladophora glomerata
Kutzing, 2 greenalgae in the Division Chlorophyta and
Lon as Nostochopsis lobatus Wood em. Geitler, ablue -
green algae in the Division Cyanophyta.

C. glomerataand N. lobatus were collected from Nan
River at Paka Subdistrict, Tha Wang Pha District, Nan
Province, Thailand in December 2004. The samples
were separated into two portions, one [oridentification
using morphological features. The relevant bookse.g.
Desikachary 2, Whitford and Schumacher?, Prescott*
and John et al. * were followed. The amount of each
species was estimated by the use of quadratsincluding
dry weight determination, and the attachment to
substratum was investigated in the field. The other
portion was used 1o investigate for the presence of

therapeutic agents.

Therapeutic Agent Investigation
Algal material and extraction
C. glomerataand N. lcbatus were, separately, washed
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b
in tap water, shade-dried and powdered. The dried
- powder was then extracted with 95% ethanol,
evaporated in vacuo at 55 °C and lyophilized to obtain
'a dried ethanolic extract of C. glomerata and of N.
lobatus which from now on are reférred as CGE and
+ NLE respeciively.

' Experimental animals
. Male Sprague-Dawley rats weighing 40-60 g and
150 - 200 g as well as male Swiss albino mice were
‘obtained from the National Laboratory Animal Center,
Mahidol University, Salaya, Nakhon Prathom Province,
Thailand. The animals were acclimatized for at least 7
days in an animal room where the temperature was
maintained at 22 + 3°Cand there wasa 12 h light-dark
cycle. The food was supplied by Perfect Companion
Co.Lid., Samut Prakan Province. The animals had free
access to food and water unless stated otherwise. All
animals received humane care in compliance with the
ethical guidelines for the use of animals issued by the
National Research Council of Thailand 1999.

. Pharmacological experiments
Restraint waler immersion stress-induced gastric ulcers

in rats

| The CGE and NLE dissolved in water were
administered orally to rats which had fasied for 48
hours. Sixty minutes later, rats were restrained
individually in stainless steel cagesand immersed up to
their xiphoid in a water bath maintained at 22 £ 2°C,
according to the method of Takagi et al. ® After 5 h of
this exposure, the rats were sacrificed and examined
for gastric ulcers. After each rat was sactificed, the
stomach was removed, opened along the greater
curvature and the glandular portion of the stomach
was examined. The length in mm of each lesion was
measured under a dissecting microscope and the sum
of the length of all !esmns was designated as the ulcer
index.

Ethyl phenylpropiolate-induced ear edemainrats (EPP)

The experiment was performed to investigate the
ability of an agent in inhibiting increased vascular
permeability leading to edema in an inflammatory
process.” Earedema was induced by topical application
of EPP. EPP at a dose of 1 mg/20 ml/ear was applied
lacally to the inner and outer surfaces of both ears of
each rat. The CGE and NLE dissolved in acetone were
applied in the same manner in a volume of 20 plbelore
the irritants. The thickness of each ear was measured
with vernier calipers.

Acetic acid-induced writhing response in mice
" A writhing response was produced by an injection
I
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0{0.75% acetic acid at 0.1 ml/10g body weight into the
peritoneal cavity of mice, according to the method of
Koster et al.? .The number of writhes, a response
consisting of contraction of an abdominal wall, pelvic
rotation following by hind limb extension, was counted
during observation for 15 minutes beginning from 5
minutes after the acetic acid injection.

Blood pressure of pentobarbital anesthetized rats

Rats were anesthetized with pentobarbital (40 mg/
kg, i.p.). The trachea was intubated in order to prevent
airway obstruction. The CGE and NLE dissolved in
normal saline were given via a cannula inserted in the
external jugular vein. Blood pressure was recorded
from jugular artery using a pressure transducer
connected to a Grass polygraph. Blood pressure was
expressed as the mean arterial blood pressure (MABP).

Scavenging activity against 1, 1-diphenyl-2-
picrythydrazyl (DPPH) radical

The scavenging activity of the test sample or
glutathione against the DPPH radical was measured
according to the method of Hou et al.? Each 0.3 ml of
the test sample (dissolved in MeOH or D] water} was
added t0 0.1 ml of 1 M Tris-HCl buffer (pH 7.9), and
then mixed with 0.6 mi of 100 mM DPPH in methanol
for 20 min, in the absence of light. The absorbance at
517 nm was determined. Deionized water was used as
blank. The scavenging activity against the DPPH radical
was calculated as follows:

Activity (%) = 100°[A517, -AS17, )/

A517,

The 1C50 which stands for the concentration
required for 50% scavenging activity was then
calculated from the above equation.

Resutts

Morphological Structure of two Endemic Species
of Macroalgae .

Cladophora glomerata Kutzing (Fig. 1.)

It is green or light green, filamentous in form,
attached ontock or cobble in the bed of shallow rivers.
Microscopically, thalli are composed of joined
cylindrical cells, with lengths of 6 — 20 pm and widths
of 4 - 10 uym and with dichotomously branching
filaments. Branches are tufted, arising singly, arbuscular,
the branches becoming irregularin old algae. Branches
are narrowed towards tips, cell walls are thick and
usually lamellate. The chloroplastisin a parietalnetwork
with numerous pyrenoids.

Nostochopsis lobatus Wood em. Geitler (Fig. 2)
In nature, this specieslooksasasoft colonyattached
on the surface of rock or cobble in the bed of shallow
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Scale bar = 20 mm

Fig 1. Cladophora glomerata Kizing (Chlorophyta) in Nan River, Thailand. Left: in the field, Right: under light microscope.

Scale bar = 20 mm

Fig 2. Nostochopsis lobatus Wood em. Geitler (Cyanophyta) in Nan River, Thailand. Left: in the field, Right: under light microscope.

rivers. The shape of the mucilaginous colony varies
from spherical when young, changing to an amorphous
shape inamature stage, and it may be hollow, and toru.
The colour of the colony varies from dark green, or an
orange Lo rusty colour.

For the microscopic features, the trichome has
lateral branching, the main branch containing many
cellsof 4 -10 pm in length, and 4 — 6 uym in width. The
minorbranchismade of 1 -3 cells. Heterocysts (diameter
3 - 4 pm) are present in three locations: intercalary,
terminal or pedicellate and lateral or sessile. In Thailand,
three common namesare Lon, Kai Hin (stone egg) and
Dok Hin (stone flower),

Restraint Water Immersion Stress-induced Gastric
Ulcers in Rats

C. glomerata and N. lobatus showed an anti-ulcer
effect when tested on the restraint water immersion
stress-induced ulcers in rats. An anti-peptic ulcerdrug:
Cimetidine (a H,~antagonist ) was used a reference
drug. The data obtained are summarized in Table 1.

Ethyl Phenylpropiolate-induced Ear Edema in Rats
(EPP)

The effects of C. glomerata and N. lobatus on EPP-
induced earedema in rats are shown in Table 2. Similar
to Phenyibutazone (a nonsterodial anti-inflammatory
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Table 1. Effects of the ethanolic extracts of C.glomerata and
N. lobatus on water immersion stress-induced
gastric ulcers in rats. characteristics.

SclenceAsia 32 (2006)

Blood Pressure of Pentobarbital Anesthetized Rats

An intravenous injection of C. glomerata extract
elicited a hypotensive response causing a decrease in
blood pressure. Fig.3 depicts typical blood pressure

Group  Ulcer index (mm) Inhibition(%)  responses to various doses of C. glomerata in
i R " pentobarbital anesthetized rats. The results obtained
Control A > are summarized in Table 4. N. lobatus given at doses of
Cimetidine Froad 100 did 4 h ;
100 mg/kg F7 o ylpeen 72.4 up to mg/kg did not produce hypotension.
C. glomerata B 2o
100 mg/kg 119+ L1 274 Table 4. Effect of the ethanolic extract of C. glomerata on
500 mpfkg 6.8 2 L5 58.5 mean arterial blood pressure (MABP} of
N. lobatiis: 1 e L= : W pentobarbital anesthetized rats.
100 mgkg .. 6B e
500 mg/k L2 D oo 939 — ~ —
T £ e S ey R e Dose(mg/ky) ‘Decrease of MABP (%)
Daw expressed ssmean 2 SEM. (n=6-8). s F — M=o
Significansly diflereat [rom the control group: **p <0.01, ***p <0.001. 25 26.15 7.., 6.64
50 TR - 45.00 % 5.91
Table 2. Effects of the ethanolic extracts of C. glomerata and 63.78 i 5.15

N. lobatus on ethyl phenylpropiolate-induced ear
edema in rats.

Nlbas —
Smyer 62

P gt =

drug), both algae exerted an inhibitory effect on edema
formation.

Acetic Acid-induced Writhing Response in Mice

Aspirin (a COX-inhibitor), C. glomerata and N. lobatus
extracts showed an analgesic effect by inhibiting the
writhing response in mice induced by aceric acid. Data
are illustrated in Table 3.

Table 3. Effects of the ethanolic extracts of C. glomerata and
N. lobatus on acetic acid-induced writhing response
in mice.

-.I ) = —_
Diita expressed a3 mean 3 5.E M. {n = 7-8)
Significandly different from the coatrol group: **p <0.01, ***p < 0.001.

100

Daxta are expressed as mean ¢ SEM. ne 8.

Scavenging Activity Against DPPH Radical

Fig. 4 shows the dose-response curves of (DPPH)
radical-scavenging response curves are shown in Table
5.

Table 5. The 50% inhibition concentration {IC50) for DPFH
radical-scavenging activity ol glutathione, C.
glomerata and N. lobatus.

“ExifacUaail-oxidant

1C50 (mg/ml)

 Gluthione 0.055 :
G glomerata L8T6

N Iobatus . A3:435 5 8.
Discussion

The screening for pharmacological activities
indicated that both C. glomerata and N. lobatus exhibit
anti-gastric ulcer, anti-inflammatory, analgesic, and anti-
oxidant activities, but only C. glomerata showed a
hypotensive activity.

The experimental models used in the present study
are commoenly employed to detect pharmacological
activities. Gastric ulcers can be induced in experimental
animalsand huraans by physical or psychological stress®.
The restraint water immersion stress-induced gastric
ulcers in rat is a widely used experimental model for
induction ofacute smess ulcersinrats. The EPP-induced
ear edema in rat model is a useful screening model to
investigate the anti-inflammatory activity of the test
substance on the acute phase of inflammation’. The
writhing response in mice is a model of visceral pain®
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100 ;
7 - ' tf—pp-
50 _— : 16 mn 1 min
C. giomeralia 26 mo/kg
100 i
mmﬂal |
50 e 10 mitn

C. giomaerata 50 mpikg t min

Fig 3. Effect of the ethanolic extract of C. glomerata on blood pressure of pentobarbital anesthetized rats.

—e— Gluthatione

% Activity
1

——
30 4 C.glomerata

10 J N lobatus

< -15 -1 05 0 0.5 1 1.5 2

Log dose (mg/mi)

Fig 4. Comparison of dose response curves of glutathione, C. glomerata and N. lobatus.
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and it isused to study both the peripherally and centrally
actinganalgesicactivity'®!!. Additionally, the scavenging
activity against DPPH radical model isamong the most
widely used models for assessing an anti-oxidant activity.

The roles of free radicals and active oxygen in the
pathogenesis of human diseases including cancer, aging
and atherosclerosis have been recognized 3%,
Interestingly, anti-oxidant activity has been proposed

* to play rolesin various pharmacological activities such
-as anti-inflaimmatory, anti-atherosclerotic, anti-tumear,

anti-mutagenic, anti-carcinogenic, anti-bacterial or
antiviralactivities. , '
The gastric ulcer, anti-inflammatory, analgesic, anti-
oxidant,and hypotensive activities of the two algae (C.
glomerata and N. lobatus) found in the study suggest
their therapeutic values. They may be employed as
nutri-pharmaceuticals to relieve peptic ulcers,
dyspepsia, theumatoid arthritis, hypertension, etc.
However, further detailed studies of these

pharmacological activities are required to validate their

therapeutic potentials.
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TOXICOLOGICAL EVALUATION OF CLADOPHORA GLOMERATA
KUTZING AND MICROSPORA FLOCCOSA THURET IN ALBINO RATS

Prannapus Fahprathanchai, Kanokporn Saenphet. Yuwadee Pecrapompisal and Salika Aritajat

Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai. Thailand

Abstract. This study aimed to evaluate the toxicity of Cladophora glomerata and Microspora floccosa ethanolic
cxtracts in rats. Acute toxicity was tested with a single oral administration of the extract at a dosc of 25 pfkg
bd wi. Montality, behavior, amount of food intake, body weight, and any abrormalitics of the visceral organs,
were observed. The results showed that the extract caused neither mortality, nor abnormalities. Subchronic
toxicity was tested by administering the extract at doses of 0.5 g/kg and 1.0 g/kg for 60 days. Differences in
body weight, hematology and blood biochemistry {alanine aminotransferase, ALT; aspartate aminotransferase,
AST: blood urca nitrogen, BUN and creatinine, Cre) were not detected among the control and treatment groups.
Although the packed cell volume of the male rats treated with 1.0 g/kg extract was significantly lower than the
controls (p=0.05), the level was in the standard range for rat hematocrit.

INTRODUCTION

Cladophora glamerata and Microspora floccosa
. are freshwater macroaigae belonging to the Division
Chlorophyta. These two species are naturally grown

together in the Nan and Kong rivers. They are edible .

1 macroalgae so called “Gai” by local people in Nan
. Province, Thailand. Both of these algae have been used
I' a5 a food source for centuries in local cultures, but only
in the last few years they have become increasingly
I. popular as food products marketed to tourists. C.
Llomeran and M. floccosa contain abundant proteins

and fibers. and can be valuable sources of vitamins .

{Yavichai. 2003). Besides being one of the most
popular food sources. these two species of algae are
believed 1o offer many important health benefits:
for instance. rejuvenating, promoting appetite, and
remedying many common maladies.

A smalt number of algae are highly toxic when
consumed { Vasconcelos, 1999; Quclictie and Wilhelm,
2003: Oberholster et al, 2004). Although C. glomerata
and M. floccosa have long been eaten and are highly
nutritious. an cvaluation of the safety of these algae,
based on scientific studies, has not been published.
The following experiments were designed to evaluaie
safety through acute toxicity testing by single oral
administration of the extract at a dose of 25.0 g/kg bd
wt. Subchronic toxicity was tested by administering
the extract at doses of 0.5 and 1.0 g/kg for 60 days.
The parameters evaluated included toxicological
signs, body weight, autopsy, hematology, and blood
biochemistry.

Comespondence: Kanokporn Saenphet, Department of
Biology, Faculty of Science, Chiang Mai University,
Chiang Mai 50200, Thailand. :
E-maii: K_Saenphet@yahoo.com '
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MATERIALS AND METHODS

Extraction of C. glomerata and M. floccosa

C. glomerata and M. floccosa were collected from
Nan Province. Thailand. The algae were exposed
to sunlight until completely dry, then extracted in

" 95% ethyl alcohol at room temperature for 1 week.

The ethanolic filtrate was then evaporated by rotary
evaporation and dehydrated by maltedextrin, the non-
toxic dehydrating agent widely used for pharmaceutical
purpases (Freers. 2002). The crude extract was kept in
a dry place and used after preparation at the required
dose in distilled water. '

Animals

Male and female Wistar rats (Rattus norvegicus).
approximately 6 weeks of age and weighing between
140-240g were used. The animals were purchased from
the National Laboratory Animal Center, Thailand. They
were allowed to acclimatize in the depanimental animal
facility for 1 week before the start of the experiment.
They were fed with water and a standard dies (C.P.
082). The study room was maintained at approximately
25 = 2°C in a 12-hours light/dark cycle.

Acute toxicity test

Rats were divided into 2 groups (10 each, 5 males
and 5 females). They were administered orally a single
dose of 25 g/kg. Controls were treated with distilled
waler. Signs of toxicily and deaths in rats were observed
for 24 hours post-treatment. All animals were sacrificed
at day? post-administration. The appearance of the
organs was observed and the indexes of each organ was
calculated. The organs included the liver, kidney, heart.
spleen, ovary, and testes. The behavior, diet and feces of
the rats were observed and recorded. The body weights
of the rats were measured cvery 2 days.

Vol 37 (suppl 3) 2006 .



SAFETY OF EXTRACTS FRCM A, MARMELOS AND S. REBAUDIANA ON REPRODUCTION OF FEMALE RATS

DISCUSSION

Much of the contraversy surrounding the cxisting
literature on stevia resuits from inadequate research
aimed at reproduction of both laboratory animals and
human beings. The results of the present study clearly
indicate the non-toxic effect of S. rebaudiana on the
reproduction of female rats, '

After mating with untreated maies, all treated
females fell pregnant and produced a similar number
of fetuses. This result indicated that the extracts of
A. marmelos and §. rebaudiana, at the doses used
in this study, did not impair reproduction in female
rats. Also, the indifferent number of corpus lutea in
treated and control groups could be used as an index
for the female rat reproductive system. Dead fetuses
were observed in all groups, even the contro: group.
Nevertheless, < 4% of fetuses died, which could be
accounted for by the normal percentage pre-birth
death among rats (Zimnan, 1970). Generally, the

- fetuses implanted in the endometrium after § days

of fertilization {Bodhanker e7 af, 1974). The fetuses
sizes wn the treated groups, which were not different
from the controls. indicated a similar implantation
period. Furthermore, the normal development of
the fetuses, which was confirmed by histological
investigations, revealed no teratogenic effecis from

the extracts. Toxicological information about A. ~

marmelos and §. rebaudiana has been reported
previously. The non-genotoxicity of A. marmelos
has been proven in rats by micronucleus test (Aritajat
et al, 2001). Dominant lethal testing also revealed
that the aqueous extracts of these 2 plants had no
toxic effects on male rats’ reproduction or progeny
outcome (Aritajat er af, 2000). It is concluded that
the aqueous extract of A. marmelos and S. rebaudiana
at all doses used in this study had no adverse effects
on female rat reproduction, and had no teratogenic
effects.

Vol 37 (suppl 3) 2006

REFERENCES

Aritajat S, Kaweewat K, Manosroi J, Manosroi A:
Dominant Jethal test in rats treated with some plant
extracts. Southeast Asian J Trop Med Public Health
2000;31 (suppl 1):171-3.

Aritajat S, Kaweewat K, Manoruang W. Toxicological
study of some antifertility plant extracts by micro-
nucleus test. J Sei Fac CMU 2001;28:113-8.

Bodhanker SL, Garg SK, Mathur VS. Antifertility
screening of plants, Part IX, effect of five
indigenous plants on early pregnancy in female
albino rats. Indian J Med Res 1974;62:831-7.

Brancroft JD), Cook HC. Manual of histological
techniques and their diagnostic application. New
York: Churchill Livingstone, 1994.

Kirkland J. Stevia overview. [Cited 2005 Nov 6].
Aviahlc from: URL: http;/fwww.tastlane.net/
~kirkland/stevia/conver. htm), 1999,

Melis MS. Effects of chronic administration of Stevia
rebaudiana on ferility in rats. J Exhnopharmaco!
1999:67:157-61.

Oliveira-Filho RM, Uehara OA, Minetti CA. e1 al.
Chronic administration of aqueous extract of
Stevia rebaudiana (Bert.) Benoni in rats: endocrine
effects. Gen Phannacol 1989;20:187-91,

Toskulkao C. Chaturst L, Temcharoen P, e al. Acute
toxicity of steviaoside. a natural sweetener and its
metabolite, steviol, in several anin:al species. Drug
Chem Toxicol 1997.20:31-44.

Toyoda K. Matsui H, Shoda T, er al. Assessment of the
carcinogenicity of steviaoside in F344 rats. Food
Chem Toxicol 1997;35:597-603.

Zimnan D. DDT linked to genetic damage. DDT
Newslerter 1970;1:13.197.

205



Tox1CoLOGICAL EVALUATION OF C. GLOMERATA AND M, FLOCCOSA 1N ALBING RATS

Subchronic toxicity test

Rats were randomized into 3 groups (9 each, 4

males and 5 females) and treated orally for 60 days with
agal extract at doses of 0.5 and 1.0 g/kg, respectively.
Controls were treated with distilled water. At the end
of the treatment period, blood samples were collected
by cardiac puncture technique. The following analyzed
profiles were then evaluated: ‘

(1) Biood chemistry; aspartate aminotransferase
(AST), alanine aminotransferase (ALT), blood
ured nitrogen (BUN) and creatinine were
measured by automated system (Synchron
C5X, Beckman) with the cooperation of the
Clinical Chemistry Department, Faculty of
Associated Medical Sciences, Ch:ang Mai
University.

(2) Hematological test: hematocrit (PVC), total
white blood cell count, and differential cell
count were conducted by routine complete
blood cell count method (Dacn: and Lewis,
1984).

Statistical analysis
Data were expressed as mean = standard deviation.

Student’s ttest and Kruskal-Wallis one-way analysis of

variance test were employed for statistical comparison
at p=0L05.

RESULTS

Acute toxicity test
Neither abrormal signs nor deaths among the

" rats were observed during the week-long experiment

period. The oral LD, values of the extracts of C.
glomerata and M. ﬂoccosa were > 25.0 g/kg. Body
weight, food weight, and autopsy of organs were
normal (Fig 1. Table 1).

Subchronic toxicity test

During the experiment, the rats in each group
showed no abnormal signs in appearance, behavior,
or diet. Although the packed cell volume of male rats
treated with 1.0 g/kg extract was significantly lower
than the controls (p=<0.05), the level was in the standard
range for rat hematocrit (Sharp and La Regina, 1998).
The other results. including hematological test and
blood biochemical assays were normal (Fig 2, Tables
2and 3). .-

DISCUSSION

Generally. 20-30 g of C. glomerata or M. floccosa
are consumed by local people as a daily meal. Hence,
the human dose for these algae should be 0.5 g/ka. if
calculated from a person with bodyweight 60 kg. The

kL] W

A0

ot T

M -
‘&b —#— famalc contro}
Eo 350 -‘ male contre
o
=
T w4 —h— fermale test
2
u::" J === male test

W

0o -

170 ~

150 T - T T T T T - 1

L] 2 4 6 3

Day after administration

Fig 1- Body weight {g) of fcmalc and malc rats treated with cthanolic extract of C. g!omcram and M Jfloccosa atadosc of 25 g/kg

and controls.
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Table 1

1
Organ weight (g%} of female and male rats treated with ethanolic extract of C. glomerata and M. floccosaat a
I dose of 25 g/kg, and controls.

Sex Organ Weight (g%)
' : Control Test
[ .
‘Female Liver 41140477 4.45+0.491=
’ Kidney 0.75 = 0.262 0.78 = 0.080=
Heart 0.42 + 0.060 0.43 + 0.045=
Spleen 028 +0.024 - 0.26 £ 0.025~
Ovary 0.07 £0.013 0.07 = 0.008"
Male Liver 4.37 0435 442 £0.231=
Kidney 0.69 £0.061 0.71 £ 0.037~
Heart 0.38 + 0.030 0.36 £ 0.013=
i Spleen 0.25 + 019 0.24 = 0.029=
' Testes 1.17+0.124 1.26 = 0.319~
ns = not significantly different between groups. )
! 00 W
<50 -
Hn - —4— female conirol
~ —8— female 0.5 gfkg
E 350 i —d— female 1.0 p/kg
éﬁ —¥— male control
_;' 100 4 —8— mate 0.5 gkg
nc:: —8—male 1.0g/kg

250

- Day after administration

Fig 2- Body weight (g) of female and male rats treated with ethanolic extract of C. glomerata and M., floccosa at doses of 0.5 g/kp
and 1.0 g/kg. compared with controls; *significantly different from the control group (p=<0.05).

dose of extract used in our acute toxicity test for rats
{25.0 g/kg) was equivalent to 50 times the human dose.

This dose did notinduce any toxicity signor deathinrats. .

Likewise, our results from subchronic toxicity testing
indicated the non-toxicity of the extiact. The nommal

levels of BUN, creatinine, AST, and ALT indicated that

neither C. glomerata nor M. floccosa altered kidney

208

or liver function. The numbers of white blood cells,
which were not significanily different from the controls,
revealed normal function of the hematological system,
Although the packed cell volume of the male rats treated
with 1.0 g/kg of extract was significantly lowerthan the
controls (p=0.05), the level was in the standard range
for rat hematocrit (Sharp and La Regina, 1998}.
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Tox1cOLOGICAL EVALUATION OF C. GLOMERATA AND M. FLOCCOSA IN ALBINO RATS

Table 2
Biochemical values of female and male rats treated with ethanolic extract of C. glomerata and M. floccosa at
~ doses of 0.5 and 1.0 g/kg for 60 days, compared with controls.

Blood biochemical assays

Sex Groups AST(UA) ALT(UM BUN(mg/d)  Creatinine(mg/al)
Female Control 169.00 £ 59.18¢  39.00 +9.695 35.%5.7& 0.70 £ 0.071
0.5 g/kg 165.00 £ 46.138=  40.00 + 9557~ 34.60+3.787™ 0.70 = 0.100™
0.1 gfkg 186.00 £ 46.804™  39.00 & 5.620™ 32.80+11.732~  0.72+0.178>
Male Control 137.00 £ 28355  32.50+4.950 29.00x2 000 0.60 + 0.081
0.5 p/kg 121.00 + 32,078 3350 + 3.536~ 27.67.+£3.055™ 058 £0.050~ -
1.0 g/kg 116.00 £ 23.643= 32.50+0.707~ 25.67+3.786= 0.60 + 0.082= -
; ns = not significantly different between groups
Table 3

Hematologicat values of rats treated with ethanolic extract of €. glomerate and M. floccosa at doses of 0.5 and .
1.0 g/kg for 60 days. compared with controls.

Hematocrit Total white bfood

Differential white blood cell (%)

Sex Group . - - .
(%)  cell count (celifmm® Neutrophil Eosinophil Basophil Lymphocyte Monocyie
Female Controt 4300 £ 1.73" 326667+ 153.81* 8402128 1.80+045 0202045 87.20x155" 2.40+0.55+
M5 o/ke 4080+ 3.96* 2300.00 £ 916.52* {5.00+8.37° 2.20+1.30* 0202045+ 50.80£8.47 2.20x] .64
1Oy 4200308 333333 + 1184.62' 11802512 1.60:0.89 0.40+0.55 £0.80+847" 2.40+1.95
Male Conirol 46.00 £ 2.16" 5033.33 2 1300.50¢ 11.753.10° 0.7520.50¢ 000000 85.50=3.11° 200045+
05 kg 4350 =+ §.29*" 5300.00 % 500.00° 11.25:585" 1.25+0.5¢" 1.25+2.50* 84.2525.56* 200337
10p/hke 4075+ 386" 2800.00 £916.51* 13.25+236* 0.75+0.50¢ [.25+2.50+ §1.75+5.85" 3.00£2.71*

a. b = sigaificant differcnee at p<0.05

The results of this study could scientifically
support the supposition that the general use of C,
glomerata or M. floccesa in daily meals is safe for
humans. Since consumption of health products based
directly on natural materials has recently shown a
rapid sales growth in Thailand, extensive research and
development of these non-harmful, edible algae as new
natural products with particular nutritional importance
are needed.
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EFFECT OF KAEMPFERIA PARVIFLORA WALL. EX. BAKER ON
SEXUAL ACTIVITY OF MALE RATS AND ITS TOXICITY

Paiwan Sudwan'?, Kanokporn Saenphet', Supap Saenphet® and Songkiet Suwansirikal?

'Department of Biology. Faculty of Science, 2Department of Anatomy, Faculty of Medicine, Chiang Mai

University, Chiang Mai, Thailand

Abstract. Kaempferia parvifiora Wall. Ex. Baker (Krachaidum) has long been used among Thai men for sexual
cnhancement. The aim of this study was to determine the effect of K. parvifiora ethanolic extract on the sexual
behavior of male rats and its toxicity. The éxperiment was divided into three groups of rats given K. parvifiora
extraci at doses of 60, 120, and 240 mg/kg BW for 60 days, whilst a control group received distilled water at 1
ml/day per oral. The results showed that ail groups of mate rats had significanily higher counship behavior during
the first 10-minute period of observation than in the 2nd and 3rd 10-minute pertods, except those receiving the
highest dose of K. parviflora. They rseveated the same amount of courtship behavior throughout a whole 30-minute
period. which was significantly lower than the control group. There was no significant difference between treated
and control groups in other sexual behaviors; mount frequency (MF), intromission frequency (IF). mount latency
(ML) or imromission latency (IL). Toxicological study revealed no significant difference of hemoglobin, WBC
or differential cell count. All dosages had no effect on kidney and liver funciion, according 10 the normal values
of blood urea nitrogen (BUN). creatinine (Crea), aspartate aminolransferase (AST) and alanine aminotrans{erase
(ALTY. Neventheless, the histopathological study showed a morphological change in the liver. It was concluded
that K. parviflora exiract 21 240 mg/kg BW reduced the time in the first 10 mintues of rat courtship behavior

INTRODUCTION

Kacwpferia parviflora Wall. Ex. Baker (Krachai-
dum) is believed 10 have sexual enhancing activities
(Churdboonchart. 2000; Wutythamawech, 2000)
and is sometimes referred to as Thai ginseng. Its
rhizomes have been used for health promotion, as an
antiflatulent, for stomach discomfort, leucorrhes, as a
divretic and antidysenteric, and for the treatment of
oral diseases (Chomchalow ¢r af, 2003). In an in vitro
study. the nine Ravonoids isolated from the rhizomes of
the K. parvifiera exhibited antiplasmodial, antifungal,
and antimycobacterial activities, but no cytotoxicity
against KB, BC or NCI-H187 cell lines (Yenjai ef al,
2004). Although, K. parvifiora has shown positive
effects on the seminal vesicle, spermatogenesis and
health safety at doses of 60 and 120 mg/kg for 30 days
(litjaingam er al. 2005), its sex-enhancing properties

were challenged. While K. parviflora is promoted’

commercially as having aphrodisiac properties and
has long been used among Thai men for sexual
enhancement, there are no laboratory results to confirm
or support its potential for consumer use.

In this research, we investigated the effects of
K. parviflora on sexual behavior by video-recording
and its toxicology by hematological values, blood
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and the use of high and chronic doses of K. parviflora in humans should be considered inadvisable.

chemical tests. and histopathological study. in male
albino rats.

MATERIALS AND METHODS

Preparation of animals

Thirty-one male and 20 female Wistar rats,
approximately 200-240 grams body weight and 6
weeks of age were purchased from the National
Laboratory Animal Center, Salaya, Nakhon Pathom.
Animals were housed in groups (two rats per cage)
under an inverted 12:12 hour LD cycle at 2542 “C and
with free access to food and water at the Faculty of
Science, Chiang Mai University, in a facility for the
use and care of laboratory animals.

Preparation of K. parviflora extract

K. parviflora was collected from Loei Province,
Thailand, and identified by Dr Ratchada Pongsatta-
yapipat, of the Botany scction, Queen Sirikit
Botanic Garden, Ministry of Natural Resources and
Environment, Mae Rim, Chiang Mai. The rhizomes
were sliced, dried at 60°C, ground into a fine powder
and extracted with 50% ethanol in a Soxhlet apparatus
and evaporated by rotary evaporation. The crude
extract was diluted in distilled water to the desired
concentrations.

Experiment design
The experiment consisted of three groups of rats
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