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THAI JOURNAL OF TOXICOLOGY
INSTRUCTIONS TO AUTHORS

We invite contributions of original unpublished
research, review, and general article in the area of
toxicology. Three copies of manuscript (2 without
authors/address/ acknowledgments ~ for  peer
review) should be submitted to the editor by mail.
The cover letter should include name, address,
telephone, fax number and e-mail address. All
authors listed on the cover page must sign a
statement indicating that they have approved of
the contents of the submitted manuscript. A
diskette or CD should be submitted together with
hard copy of manuscript. Submission can be made
via e-mail with attached file.

Correspondence and Mailing Information:
Suleeporn Sangrajrang

Editor, Thai Journal of Toxicology

National Cancer Institute

268/1 Rama VI Road, Bangkok 10400, Thailand
Tel: 02 354 7025 ext 1405

Fax: 02 354 7025 ext 1414

Email: suleesa@yahoo.com

Preparing a Manuscript:

1. The manuscript could be written in English or
Thai. The maximum length of the article is 15
pages including tables, figures, references and
abstracts/key words. Thai and English
versions of abstracts must be submitted and
limited to 250 words. Type the abstract in 1-2
paragraphs.

2. The manuscript should be typed with 1-inch
margins at all sides, on one side of A-4 paper.
A current copy of the Thai Journal of
Toxicology will show the correct format and
style.

3. Fonts:

Thai — Angsana 16 — single line spacing
English — Times New Roman 12 — 1.5 line
spacing

4. Tables and Figures: Table and figure should
be typed on separate pages.

5. References: Number references in superscript
in the order cited in the text. References must
be verified by the author(s) against the
original documents. For articles printed in a
language other than English, indicate the
language in parentheses after the article title.
For more than 3 authors, list the first 3 and
add “et al”. The title of journal should be
abbreviated according to the List of Journals

Indexed in Index Medicus. Telescope page
numbers, e.g. 125-9, 181-95.

Examples of Reference Style:
Journal article

Cromwell L, Lindemann MD, Randolph JH, et
al. Soybean meal from roundup ready or
conventional soybeans in diets for
growing-finishing swine. J Anim Sci
2002; 80: 708-15.

Brake DG, Evenson DP. A generational study
of glyphosate-tolerant soybeans on mouse
fetal, postnatal, pubertal and adult
testicular development. Food Chem
Toxicol 2004;42: 29-36.

Book

Olson KR. Poisoning & drug overdose.5" ed.
New York: McGraw-Hill, 2006: 52-8.

Joint FAO/IAEA/WHO. High-dose irradia-

tion: wholesomeness of food irradiated

with doses above 10 kGy. WHO
Technical Report Series 890. Geneva:
WHO, 1999.

Bradley C. Measuring quality of life in
diabetes. In: Marshall SM, Home PD,
Rizza RA, eds. The Diabetes Annual 10.
Amsterdam: Elsevier Science, 1996: 207-
24.

Conference proceedings

Harley NH. Comparing radon daughter
dosimetric and risk models. In: Gammage
RB, Kaye SV, eds. Indoor air and human
health. Proceedings of the 7" Life
Sciences Symposium; 1984 Oct 29-31;
Knoxville (TN). Chelsea (MI): Lewis;
1985, 69-78.

Website

Morse SS. Factors in the emergence of
infectious diseases. Emerg Infect Dis
1995;1: 7-15. Available at
http://www.cdc.gov/ncidod/ EID/eid.htm,
accessed Jun 5,1996.

FAO/WHO. Evaluation of allergenicity of
genetically modified foods. Report of a
Joint FAO/WHO Expert Consultation on
Allergenicity of Foods Derived from
Biotechnology, 2001. Available at
http://www.who.int/foodsafety/publication
s/ biotech/en/ec_jan2001.pdf, accessed
Aug 10, 2005.

Articles accepted will also be published

online at www.thaitox.org
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M3AANS VYZYNA11iNTIN (Industrial Waste Management)
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Safe Management of Radioactive Waste

Nikom Prasertchiewchan
Radioactive Waste Management Center Thailand Institute of Nuclear Technology (Public

Organization)Vibhavadi-Rangsit Rd., Bangkok 10900, Thailand E-mail: nikom@tint.or.th

Abstract

The radioactive materials are widely used in several decades in Thailand. These materials are utilized
both in governmental organization and private sector, e.g., industry, research and medicine. The use
of these materials as same as the other materials ultimately produces “waste”. However, radioactive
waste can produce harmful effect to human and environment, therefore, it must be managed safely.
At present, there are two governmental organizations responsible for radioactive waste management,
i.e. Bureau of Radiation Safety Regulation (BRSR) of the Office of Atoms for Peace (OAP) and
Radioactive Waste Management Center (RWMC) of Thailand Institute of Nuclear Technology
(TINT). BRSR is responsible for the control and regulation of radioactive waste while RWMC is the
center providing management service for radioactive waste. The first legal instrument concerning
nuclear energy and radioactive materials is Atomic Energy for Peace Act, B.E. 2504. Under this Act,
there are two ministerial regulations concerning radioactive material and radioactive waste
management, that is, Ministerial Regulation on Condition and Procedure Requirements for License of
Special Nuclear Materials, Source Materials, By Product and Atomic Energy, B.E. 2550 and
Ministerial Regulation on Radioactive Waste Management, B.E.2546, to regulate and control the use of
and radioactive materials and radioactive waste management. RWMC is now the only organization
that provides safe management of radioactive waste and operates the radioactive waste management
facilities. The radioactive waste is not only managed according to those regulations but also the
others, i.e. the safety documents concerning radioactive waste management of the International
Atomic Energy Agency (IAEA). The operational principal management of radioactive waste is
known as Concentrate and Contain, Delay and Decay and Dilute and Disperse or so-called 2C4D.
However, dilution and dispersion principles should be carefully considered. The principle steps of
radioactive waste management start from waste origin, pre-treatment, treatment conditioning and
final disposal. At present, there is no facility for solid radioactive waste disposal in Thailand. Thus,
after treatment or conditioning steps, waste package is stored for decay or further management in the
safe and secured storage building where physical protection system is installed. The facilities and
equipments used for radioactive waste management are, e.g., incineration system, compaction
system, low level liquid treatment plant and waste storage buildings, etc.. The radioactive waste
management operation is always been conducting under radiation safety measure concerning as low
as reasonably achievable principles (ALARA principles). Radiation dose received by operation
workers is recorded, and reported. It has always been keeping within the dose limit. Discharge of
liquid effluent from aqueous liquid treatment plant is authorized within the clearance level. In
addition, the radiological monitoring program and impact assessment is also periodically conducted
to ensure that the environmental impact assessment is the most concerned. The management process
of radioactive waste is now conducted in compliance with the ISO 9001: 2008 system. Hence, for
safe radioactive waste management, technology, human resource, law, regulation and the
characteristics of radioactive waste are the important factors to be concerned.
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Cadmium in Foods of Animal Origin: Should We Worry?
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recommendations on maximum levels of cadmium in foods of animal origin)

Product
Level (mg/kg wet weight)

Meat of bovine animals, sheep, pig and poultry 0.05
Horsemeat 0.2
Liver of cattle, sheep, pig and poultry 0.5
Kidney of of cattle, sheep, pig and poultry 1.0
Muscle meat of fish (excluding those in the next two bullets) 0.05
Muscle meat of anchovy, bonito, common two-banded seabream, eel, grey mullet, 0.1
horse mackerel, louver, sardine, sardinops, tuna, wedge sole
Muscle meat of swordfish 0.3
Crustaceans (excluding brown meat of crab and excluding head and thorax meat of 0.5
lobster and similar large crustaceans)
Bivalve mollusks 1.0
Cephalopods (without viscera) 1.0

"N WHO/FAO 1998" 11a Commission regulation (EC)

No. 78/2005 of 19 January 2005."
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Renal Cd level (mg/kg) Hepatic Cd level (mg/kg)
n Mean + Min -Max % Positive Mean = sem  Min -Max % Positive
sem rate rate
- 83 1.6£0.2 0.2-7.6 59 0.3+£0.03 0.03-1.1 23
JGENTRITAER
Tndaeens 16 35=12 0.4-19.6 69 0.6+0.1 0.11-1.9 44
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Renal Cd levels Hepatic Cd levels
References
(mg/kg) (mg/kg)
Mean 0.39 0.08
S . 24
Min — Max 0.11-1.35 0.02-0.25 pain
Age range: 2-16 yrs; N=56
Mean 0.57 0.25
Min — Max 0.13 - 1.06 0.05 - 0.79 Kazakhstan”
Age range: NA; N=140
Mean 1.48 0.37
Min — Max 0.35-3.52 0.10-0.58 Poland™
Age range: 2-12 yrs; N=19
Mean 7.92 3.24
Min — Max 0.01 - 117.00 BDL - 82.1 Jamaica”
Age range: NA; N=100
Mean 6.64 1.31
Min — Max 2.15-38.30 0.21-2.47 o
China
Age range: 2-4 yrs; N=75
Mean 1.21 0.37
Min — Max 0.02 - 19.60 0.03 - 1.92 Thailand”
Age range: 2-9 yrs; N=80
Note: BDL = below detection limit
4.5 < o o
4.0 | O Maesot samples 22%) MAN 1 szavvounatlonlu
. T (] 9 v
S 35| WBKKsamples (34%) aee19 laTauazgnsnniundune
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§ 1.0 1 G]'J@EJNV]W‘]J?’IWLLﬂﬂLiJfJiJﬁﬂﬂNE;N
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0.0 T
bovine porcine
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O Non-Pollut
B Mild-Pollut
O High-Pollut

»
a
N
|
*
(1]

Cd in environment
[+1]
Cd in bovine tissues

Soil Feed

Water

(ma'kg) (mg/kg) (ngily (ma'kg)

1PNA1391909

1. Nordberg GF. Cadmium and health in the 21"
Century — historical remarks and trends.
BioMetals 2004; 17: 485-9.

2.ATSDR. Agency for Toxic Substances and Disease
Registry.  Toxicological  profile  for
cadmium, U.S. Department of Health and
Human Services, Public Health Service,
1999.

3.WHO-IPCS.  Environmental  health criteria

document 134 cadmium. Geneva: WHO, 1992.

4. Jarup L, Akesson A. Current status of cadmium as
an environmental health problem. Toxicol
Appl Pharmacol 2009; 238, 201-8.

5. 3791 YIBIUNNA AI1)D lfﬂ‘w%u TEERRGURLY
Faymed. msasandaliuauaadonlu
#u'ln Wla uazgns. nsuladad 2551; v
NZIWIUNANUITING 51(2)-0304-141.

6.Trakranrungsie N, Yatmark P, Ngamlamom P, et al.
Investigation of cadmium levels in caprine,
bovine and porcine kidneys from Maesot
and SW vicinity of Bangkok, Thailand. In:
Kanchanapangka S, Rungsipipat A,

Ingkaninun P, editors. Proceedings of the

15th Congress of the Federation of Asian

*
*
" ]
i — il =3

Kidney Liver
(ma'kg)

MmN 2 Usunasaaen]y

O Mon-Follut

A P A A
mumaammﬂmuama

W Mild-Pollut
O High-Pollut

veala Tag A uaadszal
2 -
mMstuleuveaunaion]u

Fuadeon  uay B uUand

suauaaleuanyly

Muscle
(na'kg)

9y ¥
dedtowela

Veterinary Association; 2008 Oct 27-30; Bangkok,
Thailand; 2008. p. 065-6.

7. Nasreddine L, Parent-Massin D. Food
contamination by metals and pesticides in
the European Union. Should we worry?
Toxicol Lett 2002; 127: 29-41.

8. Figueroa EB. Are more restrictive food cadmium
standards justifiable health safety measures
or opportunistic barriers to trade? An
answer from economics and public health.
Sci Total Environ 2007; 389: 1-9.

9. Prankel SH, Nixon RM, Phillips CJC. Implications
for the human food chain of models of
cadmium accumulation in sheep. Environ
Res 2005; 97: 348-58

10. JECFA. Sumary and conclusions. Report of the
Sixty-first Meeting of the Joint expert
committee on food additives, Rome, 2003
June 10-19.

11, garfad yayinui 03iio o wwadwus uas
anva N AN, mstudfounaaifionly
dargnarnaaialungunnuniuas. 31"
Congress on Science and Technology of
Thailand at

Suranaree  University of

Technology; 2005 Oct 18-20.

THE 3" NATIONAL CONFERENCE IN TOXICOLOGY 25-26 NOVEMBER 2010



Ny snEINe Ing 2553 ; 25(2): 45

Symposium 4/45

a A A =3 [
12. 0059 ouay. Ysua Tanevinluvosunsa
¥
(Anadara granosa) U1t nuuiiuieye

A9, NIEAIIMOINANS 2545; 56: 312-23.

13.  WHO-FAO. Joint FAO/WHO food
standards programme. Codex
committee on food addititves and
contaminants. Thirty-firstSession.
Discussion  Paper on  Cadmium,
December 1998. Codex alimentarius
commission (CX/FAC 99/21), 1998.

14. Commission regulation (EC) No. 78/2005
of 19 January 2005.

15 .Patra RC, Swarup D, Naresh R, et al.
Cadmium level in blood and milk from

animals reared around different
polluting sources in India. Bull
Environ Contam Toxicol 2005; 74:
1092-7.

16. Patra RC, Swarup D, Kumar P, et al. Milk
trace elements in lactating cows
environmentally exposed to higher
level of lead and cadmium around
different industrial units. Sci Total
Environ 2008; 404: 36-43.

17. Mehennaoui S, Delacroix BA, Duche A, et
al. Comparative study of cadmium
transfer in ewe and cow milks during
rennet and lactic curds preparation.
Arch  Environ  Contam  Toxicol
1999; 37: 389-95.

18. Andrée S, Jira W, Schwind K-H, et al.
Chemical safety of meat and meat
products. Meat Sci 2010; 86: 38-48.

a o 4 [ a v d a a
19. ugsd §53A0T HazgMA daedTant. WuIne
v Y ]
Aaadon. USHN N3UA WUAYFI 1na
NFIUNNA 2549. 336 1

20. Falandysz J. Some toxic and essential trace
metals in swine from Northern Poland.
Sci Total Environ 1993; 136: 193-
204.

21. Petersson Grawé K, Thierfelder T, Jorhem
L, et al. Cadmium levels in kidneys
from Swedish pigs in relation to
environmental factors — temporal and
spatial trends. Sci Total Environ 1997,
208: 111-122.

22. Sapunar-Postruznik J, Bazuli¢ D, Grubeli¢
M, et al. Cadmium in animal feed and

in foodstuffs of animal origin. Food
Technol Biotechnol 2001; 39: 67-71.

=\ a ad
23. UNIIA ATTAIING 11900 UIANBY YAy
a [ aa A d
Ysuzauning Yozuo Taila uazihsad
9aANIn. S8R UaNyainITANEN

a tﬂ' a QJ
anaiedsziiudymguamnnazszay

Y = A @

maanarvesuaaionluien du uazla
yoayuassluvaludloudarianin,
Amzdaunnomans un1Ine1douiiag

unsigu, 2551. 27 wih.

24. Lopez-Alonso M, Benedito JL, Miranda M,
et al. Arsenic, cadmium, lead, copper
and zinc in cattle from Galicia, NW
Spain. Sci Total Environ 2000; 246:
237-48.

25. Farmer AA, Farmer AM. Concentrations
of cadmium, lead and zinc in livestock
feed and organs around a metal

production center  in eastern
Kazakhstan. Sci Total Environ 2000;
257: 53-60.

26. WIlostowski T, Bonda E, Krasowska A.
Free-ranging European bisons
accumulate more cadmium in the liver
and kidneys than domestic cattle in
north-eastern  Poland. Sci  Total
Environ 2006; 364: 295-300.

27. Nriagu J, Boughanen M, Linder A, et al.
Levels of As, Cd, Pb, Cu, Se and Zn in
bovine kidneys and livers in Jamaica.
Ecotox Environ Safe 2009; 72: 564-
71.

28.Cai Q, Long ML, Zhu M, et al. Food chain
transfer of cadmium and lead to cattle
in a lead-zinc smelter in Guizhou,
China. EnvironPollutdoi:
10.1016/j.envpol.2009.05.048; 2009.

29.Lindén A, Olsson I-M, Bensryd I, et al.
Monitoring of cadmium in the chain
from soil via crops and feed to pig
blood and kidney. Ecotox Environ Safe
2003; 55: 213-22.

30. Farmer AA, Farmer AM. Concentrations of
cadmium , lead and zinc in livestock
feed and organs around a metal
production centre in eastern

THE 3" NATIONAL CONFERENCE IN TOXICOLOGY 25-26 NOVEMBER 2010



Symposium4/46

Thai J Toxicology 2010; 25(2): 46

Kazakhstan. Sci Total Environ 2000;
257: 53-60.
31. Watanabea T, lkeda M, Moon CS, et al.

Cadmium contents in rice samples
from various areas in the world. Sci
Total Environ 1996; 184: 191-6.

32. Watanabea T, lkeda M, Moon CS, et al.
Cadmium exposure of women in
general populations in Japan during
1991-1997 compared with 1977-1981.
Int Arch Occup Environ Health 2000;
73: 26-34.

33. Phaenark  C,  Pokethitiyook P,
Kruatrachue M, et al. Cd and Zn
accumulation in plants from the
Padaeng zinc mine area. Int J
Phytoremediat 2009; 11: 479-95.

34.Shi G, Cai Q. Cadmium tolerance and
accumulation in eight potential energy
crops. Biotechnol Adv 2009; 27: 555-
61.

35. Phatanawanichchai M. Cadmium analysis
in pig farm and canal system of the Mae
Klong river. Faculty of Graduate
Studies. Mahidol University, 2008.

36. Yuhas EM, Miya TS, Schnell RC.

Influence of cadmium on calcium
absorption from the rat intestine.
Toxicol Appl Pharmacol 1978; 43:
23-31.

THE 3" NATIONAL CONFERENCE IN TOXICOLOGY 25-26 NOVEMBER 2010



NsensiInenlne 2553 ; 25(2): 47 Symposium 5/47

J (Y v a
Uszaumsamsquadnmndibedudszmudanylulsaweniaas 20 9 (2533-2553)

d A a Jd av
UNNYHYINITAUNIT UINESND
NGUIUDIYINTTY T3aneatae

unAnLe

@ @ I [ o o = A a U [
Tindaadudimdamouaulumans Juoeniounievesiszmalng glilszmadiulng
<3| ' 9 G4 <3| 1 o A < a ' = 2 1A
Wugrnazih ldfgauauysaivinz duiuunasduilamasiaanieg Fanovuinlugadu Ao
=K o = a9 Y o [ 9 [ <3 [
w¥ANdInueIguveInnl sldhasumsiamulsamenaneatedymivdszmuiaili

Y a a a ] I a ] A Y = 9 1
HannNavINSAAlna ﬁ"]l!ﬁl?iiy‘1]8IJJL!ﬂ1ﬂ13ﬂl@\13$ﬂﬂﬂ1ﬂlﬂuﬂ1ﬁﬁ LBU ﬂau"lﬁ 21198U U1ane9 019

=

S S a (% v =) v = =) v
Wan NeUuAsTEe U1afsye 1nan1zauonduIReuNay mmsmmmimm”lmwmsmwau 10

9y dy A o Y dy [ S [ 1 A g A (% = [
AAUIHANANEULVOINANHBONAVIRIVNA U uAazUNAITEFIA 1-2 518 11NNIZTAVNSRIUNAU

U

a A

9 1-2 519
~ < o da I 1A o o 3 g 3 AV o d A ' g
v@esIatlunseunss 4 auni waaungmimnsvlsemunihuianisnaudunuwsvarg iy

9 1 a 9 1 <

wianuld udueiihidaisdzdunlasduilanliawisousnld 15u iiaseTen tialaanie

s X H

< = < < = < 2 3 < 4 < 4
mﬂm"lﬂa TaD1U L‘Viﬂﬂ'ﬂ?ﬂ Lﬁﬂjﬂu UAND LUARN INAB I IWHAUTHUID HASIHALATON LYUALATDN
= 3 A ad v o Y a A ¥R v g T3 A
NUIYOI LAY age) GIf‘Llﬂ‘VILﬂ‘Uulﬂ!,@']iﬂi'JMﬂuﬁ]uulﬂﬂiﬂ1ﬂ!ﬂﬂ§\161ﬁ']ﬁulﬂ "If\‘lﬁ')‘l!lﬂﬂllﬂlﬂuul‘lllﬁﬂﬂ@
< A o ' = g Y 3 < A = PR A A Aaa A <
L‘Viﬂﬂu‘ﬂﬂ\iulllﬂ'l‘Ll"’IN’U'Nﬂ3@Uﬂﬂ1ﬂ1ﬂ311ﬂulﬁﬂ%uﬂiﬂ %1ﬂﬂ'l§ﬁﬂ°klTQﬂﬂﬂﬂlﬁﬂsﬁﬂﬁﬁ]TﬂWHﬂlﬂﬁlﬁﬂ
¥ aa o ¥ a o < A A g & A
GI\‘ILWI“]J 2533-2553 91UIU 24 518 5080 80 Lﬂﬂﬁﬂﬂﬂ?iiﬂﬂi&’ﬂ?ulﬂﬂiﬁfiﬁﬂ mwamzmummmm
3 ] a = = a [ 3 1 2
L!ﬁ$l,°ﬂﬂ113J°Vli'l°]J°]5uﬂ L!ﬁleWi}lj’(?fﬂ%’gﬁﬁ]WﬂﬂW‘i‘iﬂﬂigﬂWHLﬁ@iﬂu 3319 Iﬂﬂ'ﬁ’)'lfﬂi DINITUFAAIISLININ
9 A Y = [ g a v @ = dy
’E]'lﬂTi“]J'J@‘I/]@Q ﬂﬁuul’ﬁ DUIYU LAZHAIVINUUITINANNICAVDNITUY U liver enzyme "uumﬂiu 48-72
o v o < 3 o = o =
Glﬂiﬂﬂﬂﬁﬁiﬂﬂi$1ﬂ?u&°ﬂ@ uagmmﬁlz;.iumﬁm]uﬁdm’gmuﬁ}mwmmﬂuwau 'UW\?‘i'lflllﬂ'l'Jghlﬁ'J'lﬂ
= [ 9y Y A Aa o o A 1 dy a < =
RYUNAUITIUNIY ﬂ'l@?ﬂWi?ULLi\ﬁ]$LﬁElﬁlﬂﬁblu 5-7 U ®1ﬂ1§'ﬂ\31/]ﬂaT)ll’luWUsluW’Hi]'lﬂl‘HﬂiZI\‘iﬂ 5
I I~ . . < r:yd A Ao Y a Aaa =2
LﬂumMu Amanita  species mﬂGluaqauumwuﬂmuﬂizmullﬂ VNYUANWHIULIINTINIUD

< A A <

= S A [ a d'w Y A .
u,aamﬂumm 6-16 71U %u@muﬂnmu”lﬂmm e lutviaol Wiﬂlﬁ@iziﬂﬂlﬁﬁﬂﬂ (Amanita

a

< = < S Aa a a dy
hemibapha) e T (Amanita vaginata) 52 TAUNFUANNEIULTINN VF1TNE Amatoxins WHHIE

q

= Y < a =

Mateavnazla vunae1n15au1e lane@ediald iase TanWundiayll 3 viiano
. . . . . L o y A a g A  d
Amanita phalloides, Amanita virosa, Amanita verna FINFOANUNIHINOIDUAD Hase 1anHY HATZaIN
A4 3 ] 1 3 S B a ] Ao Yo I
WieImadz1n e laaiesin ase lanauaunsoiase lanawi iasz Tannsulszmuldanuima

A A w ' Ao o A < Ao Y o g L Y =
sz lanilanvazuanaeidingae masz ennsudsznuldvevruanuuinziusindresosnd
A A

Y 1 <3 A A dg! < 9 v A <3 I
UNaunauaZnNIUaaNNaIN ﬁ’mmmzTQﬂmJWHﬂaNﬂ’e)ﬂmJ’Jﬂﬁ]‘s:HmmLaﬂu@ﬂ UnuinsIaaneg Uy

vanaia uumuseuvuiiamudluuiuineg Fu1n Favgaldie Taudullailunznhe lug)

THE 3" NATIONAL CONFERENCE IN TOXICOLOGY 25-26 NOVEMBER 2010



Symposium 5/48 Thai J Toxicology 2010; 25(2): 48

a o 9y Y 2

= v < Y = o A& v ) a A o
Lla$3Jﬂa@ﬂ?juiﬂulﬂugﬂﬂ’JEJElﬂﬂﬂﬂ‘UﬂTL!ﬂ@ﬂ ﬂ1uﬂﬂﬂﬁu‘ﬁﬁﬂlﬂu31’]ulﬁﬂﬁ’3%aﬂUfJEl UNauioyu

U

2 [ 1

HAZNAUADUN T UNDADNUN FITNHULAINA VLA UAUTAULOAONTAALIU MSIDUITHADOUNTI

= 1

] A A g 1R < A 1 < IS A [ a2 A
lliJUWl!ﬁﬁ@LLﬂﬂ@ﬂﬂ%Wﬂﬁ%ﬂ%ﬂlﬂugﬂuléll WY UM TSN UIRANEITUYTE MU 15T INY

(2

< I AA A 1 I ' . = Y < = ' .
nase lamdua1sninyaedy Lﬂuﬂqn cyclopeptide «mwu“lﬂumamzqaam%u Lepiota,

Conocybe, Galerina Y32nouRIea3HINY 2 91330 1A1A Amatoxins tag phallotoxins

=2 Y

. a < PN ' J £
Amatoxin  gngadu laavinmudue1is  fuaishlinyjunssaeman 0ongNFIAVI

o . . . IR 9 = " Y o Y o o
NITININIUVDBY ribonucleic acid (RNA) polymerase msaaﬁ]qﬁi1aTﬂJ3mu‘lu‘lmmmwwﬂwmgﬂmaw

3 1

dy 3 a [ 1 9y L&l F2 [
vonniuiisdela  duosu AounuIN 1o nA1uile Hazauod AINITNATIVNY 1A 1AeN1T1IAT
. Y A H A yZ 2 <
NAGDY Meixner V19UAYY TAIHEALIINNTLINIZOINIT W30 AULIDINIA HIAAIUUNIZATHNT O
Y 9 v '
udrna 1319 e vieansanae (HC) uduasll 17815 amatoxin - vz VAN URavUIUATIF T a1g

dal o Y A Y ax .. 1 [
uﬂggﬂﬂ]'ﬂ@@ﬂﬂ'lﬁvlﬁ ﬁ13J'lﬁi‘l@']fl")Fl]‘W’]Jvl,@Glucﬁﬁﬂllagﬁﬁﬁ'ng@ﬂﬂﬂ‘ﬁ radioimmunoassay !,W]Ulllﬁgﬂ'ﬂﬂ

1 =2

aa < { g a 1w a
Tumsldn1endiin phallotoxins (Juarsiitluiisaedusuusann uagnaadu lddoeninniadueins

U QU

=® a o Y ° Y Aa 9 a o ] 9 v Y

ﬁ]ﬂlﬂuWEGl@ﬁ’Nﬂ’lUu@ﬂ Tlﬂmﬂﬂmmiﬂawﬂwmummiamﬁﬂummummu
@ aa ' I A y a 2 ] o W
ANHUSNNAAUD LL‘]NE)E)ﬂL‘]Ju 3 J3YLN0 5383@1&Lﬂﬂmu1u 6-12 ﬂfﬁiﬂﬂﬂaﬁﬁﬂﬂﬁgﬂ'lu@'lﬂ'ﬁ

1 a [ [] 1 [l 1 a3 %’ a 4
Ejﬂﬁﬂ%%ﬁ’E)Tﬂ?ﬁ‘ﬂ']x‘llﬂ‘l!@']ﬁ?ﬁ@ﬂlﬁ‘ﬂﬂfJ']\‘]?LlL!iQ ﬁ@\ﬁ’)\i@ﬂ?ﬂllﬁ\i mﬂmmgﬂumﬂﬁ'wamm 99913¢

=~ A Y " Yo @ Y g Y Yo @ @
’Eﬂi]lllluﬂl’dflﬂﬂu ﬂ1uliJulﬂ§1JﬂT§‘iﬂ‘H1@ﬂ’3861ﬂﬁ181u5$83u 01 ﬂ‘i‘Ufﬂi’iﬂ‘leﬂ‘]J‘i%ﬂ’U’]J‘i%ﬂfNI@ElﬂTi

P
A A 9

v 1 A ' o aX Y 1 A . '
GLWfﬂﬁ‘lﬂl!ﬁglﬂﬁ@uﬁ%‘lv!ﬁﬂ'lﬂ@']ﬂqiﬂﬂlu {ﬂglslﬂf,;figﬂg'ﬂz GlEIJﬁZfJZUﬂLWNﬂu@ﬂ'JEJﬂZhlllllf’)’]fniﬂghlﬁ

] < o % 4 o v @ 1 A = v o
L!GlﬂgﬁijﬂWUl@uqmﬂﬁUﬁ\?ﬁuﬁeﬂﬂ %uﬂizﬂdﬁadiﬂﬂi$ﬂ1u 2-4 U %3!;6191}']1153681/1 3 UDINITAUDNIAU

U

Y o 1 Y 3 A ' o '
lan1e vlee duseusay  dealluduuninizete (DIC) %0 uazdIuANISY N1TATIINN
WYIFING19Z WU hepatic necrosis 1AYNNIZUIII centrilobular

mssnu wwReanudiheldsumsnenalidsznoudis  mssnulszavdsznealidile

WUTATUATIE, NTAANTRATN  LAITITUAISNEEONINT1Ne Tagnsviildendon, 14 activated

H S d‘ o %
charcoal 1 gkg uazlidinn4 lus Jondunsnaredinimsuusih vy uazdausddslid

q

a

= Aa 1A < ¥ A = dyc,‘ @ ] Y A Aa
ﬂ”liﬂﬂisﬂﬂiJﬂ"liﬂ’J‘]Jﬂ%J@EJNﬂW’fJﬂi’J"ﬁ]‘Vlﬂa@Q‘hfllﬂ HBIINETFINB T UOUAT 180819010 BN TUNENY

opvy

o A
UUSUT AD

A o

Penicillin G. 1¥idvasaidond1u11a 300,000 54 1,000,000 Ukg/day t¥en1a1unsollesnu

@ a

d @ Y o & q Y Jd v 9 J v W . . . .
maa@m"l@ Tmﬂum”ln“lwmaaﬁmumiwymﬂﬂﬁlumaa 1UaEIVUNY plasma protein binding sites AN

v
S o

' P
Anuasiy ¥4 amatoxin gnavesnnie laiuay

THE 3" NATIONAL CONFERENCE IN TOXICOLOGY 25-26 NOVEMBER 2010



NsEINEING Ine 2553 ; 25(2): 49 Symposium 5/49

I J o o
Silibinin  (Legalon) (Judiudsenouved silymarin - tonlasiners ldtivuiy siwandn T
. . o & v W A o J o { <
(Silybum marianum) @INITDFUFINIIVAIVOIATNEAUIBASAY V1A 1 20-50 mgke/day  1ilu
Y
5821701 48-96 "]f’JIlN AUNNAVDNIALA ﬁu
. . . .. . A 9 gyA g A a4 7w . 2
Thioetic acid (alpha lipoic acid) Limu“lmmg«ﬂammmau"l%m1J aminotransferase gIUU
Tagroadaoa@onduuIa 75 mg/day uazdigirenuaadorniyldng 500 mg/day uNNIZAY
= A 2 £ g . £ g
AST uag ALT Luaaay Lﬁvmwmeeﬂqmgﬂu free radical scavenger uazaaﬂqmgﬂu coenzyme Tu
aan . . . dy d‘ U
ﬂ;]ﬂifﬂ oxidative decarboxylation Tuilegounsay
. o 3 . . . . 9 .
N-acetylcystein 30131 antidote 11 Mushroom induced liver toxicity Tag T luvua loading dose 150
Y v
mg/kg dilute in 5%DW 200 ml 11 15 U1 ®A991NUU 50 mg/ke dilute in 5%DW 500 ml T 4 2109
v 9
LAZABAIY 100 mekg dilute in 5%DW 1,000 ml 11 16 ¥21Tuse 1d991n1U1H 100 mg/kg/day IUN AL
U ddy
NIIUATU
A Xl a 901 ° Y 2 Y . . . . g}’
L‘L!EN%1ﬂQﬂ’Jmeﬁ]!,ﬂﬂm%qu]mm”lﬂ 925 I glucose, thiamime (8% ascorbic acid FINNY
v . o . . . .
019 1% hyperbaric oxygen, cimetidine, corticosteroids, cephalosporins, cytochrome C, bile salts, heavy metal
salts, D-penicillamine tt61% diethyldithiocarbamate
dy Y 2 ' = A ' 4 [ . . .
‘L!’ﬂﬂi]'lﬂuﬂ’Jiiﬂﬁ'li‘lﬂ@ﬂ'l\‘lﬁ/‘lﬂ\‘lw’E]LWE]L?\?ﬂ15ﬂJ“LIﬂﬁﬁTJ$ HAEZ®19N hemodialysis, plasmapheresis,
. . A A Y v 1 A ( 1 [ aa
hemofiltration 8% hemoperfusion Gl,uﬂim‘ﬂg«jﬂw@mwamqguuﬂ ﬂ?ilﬂﬁﬁluﬁﬂfﬂﬂ%ﬁlﬁliﬂ’hﬂ"]ﬂ’)ﬁ
Athe13 14

1 3 a 1 I @ 3 a
Fl]’lﬂi1ﬂ\‘]’luﬁl,u§n\3ﬂ§$wlﬁ lW@WHIUﬂQN Amanita Lﬂua’l!’l’iiﬂfﬂi@]’lﬂﬂ1ﬂﬂ’l§§ﬂﬂ'§$ﬂ’lul‘ﬂﬂW‘H

] ]
A o a

= 9 1 Y I~ A . = 9 ag (Y]
89¥evaz 90 lunquiilreniulsemuiiaiuy Amatoxins  Uon31A1830802 30-50 YuagAUIUIA
vounp 1a5n a1 1asunudr lduin dasimegededesas 100 S 1dsumsSnuimmzay Tagmniz
1A o o ' 9 Y A A 9
pdeBINssnulszaulszaesedielndsa cunsnandaimeasnumaeiiisaiosas 5
¥ 1= A o v Ao IS A = =) A ak
aquall 2533-2541 Gulimsquadihensulszmudiaivuazimsinudoyanlszvudau Tu

/YA YA Aa @ 3 Y a o = o A o
uId@eFIannnssulszmutiasz lanudufeduNaReunauNeUNNANTO AT 4-5 318 113
?:}/ o A PR = I ~ o [ = 9
Snwrluamziud ldlinsSnuidumzusemsIdewdnyniinsdnyiazidufeeuiunu 3914
] 9
WO FIFINF19A29N1591 Exchange transfusion 11109910 Tuamziuda T ldidlawniae ladion Tu
o . . A . 9 1 @ [ v Y 3 .

TIWT0NN dialysis ¥i9® hemoperfusion 18 saunumsinudseaviseneslaonis a1y PGS high

@ U @ @ a <
dose, Cimetidine 11az3NH1 Hepatic encephalopathy 31281915 Un155nH1RI891MTNBIINIHA 40 510

J I 3 a g A <3 [} a = A aa IS Y
mummﬂummﬂm UINALAIDN 5 518 ma"lummwﬂ 3318 ﬂ”lwumlumﬂmmummm ﬂiJEj‘]J’JfJﬂﬂﬂ

THE 3" NATIONAL CONFERENCE IN TOXICOLOGY 25-26 NOVEMBER 2010



Symposium 5/50 Thai J Toxicology 2010; 25(2): 50

9 =~ =S

' =} A = 9 ' o Yo [ (%
muumummﬁﬂau”lﬁ 918U NIUATHE YIANDI D191Had 1UIU 22 519 hlﬂ‘i‘Uﬂﬁﬁﬂ‘HT]JiZﬂ‘U‘iJi%ﬂfN
dda! J d‘d A A A U = a AAa aa
2INITAVUNNTY ﬂqwnmms;mmﬂaﬂmw AUVADI AVIY U 18 318 LTYFIA 13 518 T0AYIN 5 518

T A o <3 g’/ Y Ao <3 A o
Gluﬂqwummi;uuﬂ 5Uﬂ3$ﬂ1ulﬁﬂﬁﬁjﬂﬂu'}‘ﬂﬂﬁuﬂ IZ‘JITJ’JfJ“I/I31J1J331/]']1!L1’iﬂﬁ$1\1ﬂ1/m@']ﬂﬁﬁﬂ’ﬂﬂ llﬂ’NfJ
2 Yo o 7 1 o @ [ Y 1
14 18 518 1@5UA13911 Exchange transfusion H1anuATINAUMssne1lseavdsenes Taenislvensii PGS,
Cimetidine, Vitamin C 11a25n¥1 Hepatic encephalopathy Wan155nNE159A%IA 5 518 1HIFIA 13 518 10
= 1 9 A o . = [ [ A o [~ 1 ~

NITANHINUIT DUINUNT Blood Exchange transfusion 13308 4-5 91U NAINNEUS VY sTMuTia uaznounee
e oliguric renal failure (creatinine lsipu 4 mg/dL) Fj:ﬂ’mﬁIﬁlmﬁiﬁlﬂ%ﬁmﬂﬂﬂ’hmiﬁi Blood Exchange

. v o < a J @ A A . . . Y A Y dy
transfusion ¥AI5VYTTMUHANUAUNIN 5 U LA HTON oliguric renal failure 41017 NQ‘]J??J 6 519 Tus1ea1uil

v

' ° . Y o v o 3 O A Y s
hh\l’ﬁ']iﬂii‘l‘]/l'l Blood Exchange transfusion “l@mﬂﬁlu 5 auwmﬁuﬂizmummﬂﬂﬂ TN‘VIWIJ'JEHJ'I‘WULL‘WT]EJ

U
9
U

' a 4 o . ] < :
AALATLEZUTNVBINTANDING 1110991NVIALEDA NI Blood Exchange transfusion W19zt uniadenmiile
° A Ao 3 a ' . A a . . .
ﬁmiuqﬂ’mmuﬂizmum@WH QU cyclopeptides NINABDINTT acute renal failure LAY hepatic failure Lag
AI57INOUN creatinine 9ZINUNIT 4 mg/dL
@ Y A J A Y o 19 13 = A A A 1
mMsinyaemslasunieiden laseging uananaunszidyniGesnsnuden madeo
9 o . A 1 G 1 [ g’/ 1= A A 9
azunsndoulunsi Exchange transfusion tazdon lilsmasgiumsinm awail 2549 5uiinis 19 N-
. o v a IS A 1 2 A Yo Y A
acetylcysteine TUMITNBINNIZAVBNEUIINMTNUHANY 105100 Tuaaszme vaznisnlgnudien
v W 3 a a o 1 é’, To A o 1
tausnigunnman AT umMIin luTsanename awaun 1 aa1nn 2549 — 30 AUEIWY 2552 WU
A IS A y A ' (] a 9
U enHANENINUA 241 319 9IMINNUEIUTHQIHOINITNNTLVUMAAUINT (237 518, TO8AY
98.4) laun 1ranee naulderReu uazarewiar 1msduaginy 4 518 laun T4 Reudsye Nudu tay
A ) Y a oA "o ' a 9
P1INMITIWoLAZI Han13AsI9INNHRIUUAMT nuNauInaransd9lnd 191 518 (Fosas 74.3) n1Ie

= v 9 (A% 9 A 1a a 9
laneReundy 11 518 (5000% 4.6) AUONLEU 31 518 (3980212.9) AzNdBLsHAUNA 40 518 (508a216.6)

a [ < ' < ] a <
1ag Rhabdomyolysis 3319 (%}@ﬂﬁzl.z PANNTUYsEMuAA0 U mﬂhlu‘mm%uﬂ HAZIHAUNNTY )

'
a

{ a v o ] y ' 1 o o
szﬂznmﬁz Nﬁi’ﬂfﬂi‘ﬂNﬁgﬂ‘ﬂ‘ﬂNlﬂuﬂﬁ'ﬂiﬁaﬁiﬂﬂ§$WTULﬁﬂWU@QLL@ 30 mﬁﬁmmﬂm 12 GI)"JI?J\THZN
@ < 1 Y A [ 1 1 Aa v o < <
Sudsgmuiia Taewunludieniionms ligunssamInginaeimsuasidsenuaanielu 4 43 Tug

o [ Y1 A [ 1 1 a o < A 3 A
ﬁ"l‘l’ii”]JIZIJ‘]J’JEJ‘Vlllﬂ"I’JSG]‘]J’EJﬂlﬁ”]JﬁT]‘L!Gl,ﬁil]ulﬂﬂﬁﬂﬂﬂ"lii‘]J‘]JiS‘V]"lLll‘ﬁﬂiZ]Qﬂ TIOIANNIAD LUALATOI Tﬂﬂ

{a o o v o I~ o ' o o
§$fl$na'lﬁlﬂ@@]Uﬂﬂlﬁﬂwa\iiUﬂigﬂ'lulW@W‘U@]\‘]L!@ 4 %jiuﬁﬂuﬁ\j 77U

THE 3" NATIONAL CONFERENCE IN TOXICOLOGY 25-26 NOVEMBER 2010



N3AINEING INe 2553 ; 25(2): 51

Symposium 5/51

4 a oA ' { a a [ < a @
ms19d 1 agwannedenliamsdihenseadiauazdedinnnmssulsemumiase Taniuuaz 1850

1391 Exchange transfusion 159Wen1natae 1 2533-2541

naiENm Exchange transfusion

aa
9% (5 919)

@eIa (13 519)

N8NV s MR 4-5 3 11NN 6 U
BUN 22.0-61.2 mg/dl 63.0-165.0 mg/dl
Creatinine 2.4-4.0 mg/dl 5.4-10.8 mg/dl
Total Bilirubin 7.0-16.0 mg% 25.0-50.2 mg%

Direct Bilirubin

6.2-10.5 mg%

20.15-47.0 mg%

SGOT

645-990 U/L

880-3200 U/L

SGPT

374-587 U/L

891-3800 U/L

“Mushroom Poisoning in Northeastern Thailand”

Kannika Niwattayakul, Surachai Niwattayakul and Visith Sitprija.
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Urinary nicotine and cotinine concentrations in hand-rolled cigarette
smokers, filter cigarette smokers, and passive smokers exposed to ETS

Veeravan Lekskulchai
Department of Pathology. Faculty of Medicine. Srinakhariwirot University. Thailand.

ABSTRACT

Cigarette smoking is a serious health risk for both active and passive smokers. Due to the
prices have gradually increased, some smokers have switched from filter-tax included cigarettes
to the cheaper hand-rolled cigarettes. Regardless of their prices, some smokers believe that hand-
rolled cigarettes are less harmful to their health than are the filter cigarettes. In this presentation,
urine nicotine and cotinine concentrations were used as indicators of health risk associated with
smoking and exposure to environmental tobacco smoke (ETS). Statistical analysis indicates non-
significant differences in urine nicotine and cotinine levels in hand-rolled cigarette smokers’
samples compared with filter cigarettes smokers’ samples. There are, however, highly significant
differences in urine cotinine concentrations in both filter and hand-rolled cigarette smokers’
samples compared with passive smokers exposed to ETS at home. But only the hand-rolled
cigarette smokers’ samples show statistically significant difference in urinary nicotine levels
compared with the samples of passive smokers living with them. Urine samples of passive
smokers exposed to ETS at home show non-statistically significant differences in both urine
nicotine and cotinine levels compared with samples of non-smokers unexposed to ETS at home.
Thus, hand-rolled cigarette smoking is at least as harmful as filter cigarette smoking. Exposure to
ETS in public places is possibly more common than exposure to ETS at home. Passive exposure
to ETS in public places is difficult to avoid, thus, legislation banning smoking in public places
should be strictly implemented for public health safety.

Keywords: Hand-rolled cigarette, Filter cigarette, Nicotine, Cotinine
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Introduction

Cigarette smoking has enormous negative
health consequences and causes premature
mortality, not only to smokers but also to people
who involuntarily inhale tobacco smoke present
in the air or environmental tobacco smoke
(ETS)." 2 Due to publicity about the health risks
of smoking increased, cigarette manufacturers
have been concerned about the lack of social
acceptability of their products. As a result, filter
cigarettes have been developed and marketed
worldwide.® * Although the addition of a filter
can reduce throat and nose irritation of smokers,
medical information has shown that the health
risk associated with filter cigarette smoking was
not reduced.” Based on the health concerned,
many countries have implemented policies and
laws for specific preventive actions including
restriction of advertising, increasing taxation on
tobacco, and adoption of stringent nonsmoking
policies in public places. Increasing taxation on
tobacco always leads to increasing prices of
cigarettes especially the factory made ones. For
economic reasons, some factory made cigarette
smokers may switch to use cheaper hand-rolled
or roll your own (RYO) cigarettes. Compared
with manufactured filter cigarettes, hand-rolled
cigarettes seem to be health safer since they have
no additives and have less tobacco weight per
cigarette (0.45 vs. 0.7 g).° As the result, RYO
smokers were most likely to believe RYO
cigarettes posed less risk compared with factory
made cigarettes.® ’ Because of this believing,
involuntarily exposed subjects may be unaware
of their exposure and may not prevent
themselves from exposing to ETS of hand-rolled
cigarettes. For both economic and health
concerns, RYO cigarettes may gain more
popularity in the future. To prove whether hand-
rolled cigarette smoking is really less harm than
filter cigarette smoking, the relative hazard
associated with these tobacco smoking should be
monitored by measuring biomarkers derived
from the smoke such as carbon monoxide and
thiocyanate. However, nicotine and its main
metabolite, cotinine, have been reported as
specific markers of exposure to tobacco smoke.®
% In this presentation, urinary nicotine and
cotinine concentrations were used to compare
health risk associated with filter cigarette

smoking, hand-rolled cigarette smoking, and the
ETS exposure.

Materials andMethod

Subjects

In this study, all subjects were 18 year
olds or over and in good general health. A
volunteer who registered as a smoker must have
an adult healthy non-smoker living with them
enroll as a passive smoker exposed to ETS at
home. A volunteer who claimed themselves as a
non-smoker also has to have an adult healthy
non-smoker living with them enroll as a non-
smoker unexposed to ETS at home. The enrolled
volunteers were screened by physical check up
and interviewing to determine whether they were
a filter cigarette smoker, a hand-rolled cigarette
smoker, a passive smoker exposed to ETS at
home, or a non-smoker unexposed to ETS at
home. The smokers recruited in this project were
allowed to smoke as usual without any limitation
or intervention. All subjects gave written
informed consent, and the study was approved by
Srinakharinwirot university ethic committee
(SWUEC) responsible for human
experimentation which is in compliance with the
Helsinki declaration. Eligible volunteers were
received detailed information about study goals
and procedures.

Urine collection and analysis

Urine samples were collected after the
eligible volunteers signed the informed consent.
All were done in morning after the daily first
cigarette of smokers; they were asked to collect
their 5-10 mL urine in a prepared container. A
single urine sample was collected from each
volunteer. Samples were frozen on the day of
collection and stored at -20°C until time of
analysis. Batches of samples were defrosted and
analyzed for nicotine and cotinine concentrations
by GC/MS according to the previous published
methods.’® Statistical analysis was performed
using SPSS 11.0 for Windows software program
(SPSS Inc., Chicago, IL, USA). The one tail t-
test with 95% confidence intervals was used and
a p < 0.05 was considered statistically
significant.
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Results

Thirty three filter cigarette smokers and
their matched passive exposed subjects were
recruited in this study. As shown in table 1, most
filter cigarette smokers, approximately 97%,
were men. From 44 hand-rolled cigarette
smokers recruited, only 70% were men. Total
number of passive smokers exposed to ETS at
home was 77 about 87% were women. In 161
non-smokers, about 80% were women. The study
populations are as shown in Table 1.

The amount of tobacco and number of
cigarette smoked were not recorded because the
smoking and exposing to the smoke in this
project were set as daily life. Although higher
average and maximum urinary nicotine and
cotinine concentrations were observed in urine of
hand-rolled cigarette smokers than in urine of
filter cigarette smokers (table 2), the statistical
differences from these samples were not found to
be significant at the 95% confidence interval
(table 3). Statistical analysis of urinary cotinine
concentrations did reveal significant differences
between smokers and the passive smokers
exposed to ETS at home (table 3). Passive
exposure to hand-rolled cigarette smoke at home
also had significantly lower urinary nicotine
concentrations than  hand-rolled cigarettes
smokers (table 3). Urinary nicotine and cotinine
concentrations in passive smokers’ samples
showed non-statistically significant differences
compared to those in samples of non-smokers
unexposed to ETS at home (table 3).

Discussion

Compared to factory made filter
cigarettes, hand-rolled cigarettes usually contain
less tobacco weights. Thus, they seem to be less
toxic. However, our analytical information
indicates that hand-rolled cigarette smoking is at
least as harmful as filter cigarette smoking. The
urinary nicotine and cotinine levels in hand-
rolled cigarette smokers’ samples were not
significantly different from the amounts found in
filter ci%arette smokers’ samples. Darrall and
Figgins** have reported that nicotine yields in
main stream smoke from hand-rolled cigarette
were actually found to be higher than those
obtained from manufactured cigarettes. By
observing smoking pattern and measuring CO

boost per gram of tobacco, Laugesen and
colleagues® also have reported that RYO
smoking was associated with increased smoke
exposure per cigarette. Therefore, our results
support that health risk associated with tobacco
smoking is not related to the weight of tobacco
used. Habitual smokers most likely have
compensatory behavior which is adjusting their
smoking habits to receive a desired amount of
nicotine, the driving force behind the urge to
smoke. The intake of nicotine as well as tars
during smoking, in fact, depends on puffing
topography such as the puff volume, the rate of
puffing, the intensity of puffing, and the depth of
inhalation as well as the number of cigarettes
smoked per day and the extent of dilution with
room air.>*

Urinary nicotine and cotinine
concentrations in filter and hand-rolled cigarette
smokers were compared with the amounts of
nicotine and cotinine in urine samples of passive
smokers exposed to ETS at home. Urinary
cotinine concentrations are significantly higher in
smokers’ samples than in passive smokers’
samples. But only samples of hand-rolled
cigarette smokers had statistically higher nicotine
concentrations than samples of passive smokers
who exposed to hand-rolled cigarette smoke at
home. Since nicotine has shorter half life than
cotinine, it is best suited to quantifying exposure
over a period of a few hours only."” *® For filter
cigarette, filter tip is designed to dilute nicotine
and tars in mainstream smoke but the side stream
smoke is unfiltered since it does not pass through
the column of tobacco or the filter of the
cigarette. * > ¥ 19 On one hand, passive
exposure to side stream smoke from filter
cigarette within a few hours, hence, may receive
high amount of nicotine into their body. On the
other hand, the believing that hand-rolled
cigarette posed less risk compared with
commercial cigarette may cause hand-rolled
cigarette smokers to inhale the mainstream
smoke intensively, which, in turn, leave quite
small amount of nicotine in the side stream
smoke. Urinary cotinine concentrations can be a
reliable marker of current daily-life intermittent
exposure to tobacco smoke within the past
several days.” *® The significant higher urinary
cotinine concentrations in smokers compared
with samples of passive smokers exposure to
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ETS at home may indicate that ETS at home is
not as much as it was concerned. People who live
with smokers may be more aware of the health
risk from second hand smoking and prevent
themselves from smoke exposure.

Compared to urine samples of non-
smokers unexposed to ETS at home, urine
samples of passive smokers exposed to ETS at
home had non-statistically significant differences
in both nicotine and cotinine concentrations. The
results may indicate that ETS is most common in
locations other than at home. This evidence may
support that non-smokers unexposed to ETS at
home are virtually impossible to avoid
completely exposure to ETS in public places in

Table 1 Study populations

the present as long as they still have socializing
with smokers. Likewise, people who live with
smokers, although preventing themselves from
ETS at home, are unavoidable from exposure to
ETS in public places. In fact, passive exposure to
ETS in public places is often not realized by the
exposed subjects because, unlike exposure to
ETS at home, it is difficult to indicate who is
smoking in a public place and the ETS will be
emitted randomly which is difficult to avoid.
Notwithstanding, passive exposure to ETS in
public places will be intermittently and
chronically. The banning of cigarette smoking in
public places may be an effective way to protect
non-smokers’ health from ETS toxicity.

Type of smoking Number of subjects

Male Female Total
Filter cigarette smokers 32 1 33
Passive-smokers living with
filter cigarette smokers 2 31 33
Hand-rolled cigarette smokers 31 13 44
Passive-smokers living with
hand-rolled cigarette smokers 8 36 44
Non-smokers living with
non-smokers 32 129 161
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Table 2 Ranges and mean values of urinary nicotine and cotinine concentrations

Type of smoking Urine nicotine Urine cotinine concentration
concentration (nmol//L) (nmol/L)

Range Mean Range Mean
Filter cigarette smokers 80 - 72896 4494 108 - 18517 4942
Passive-smokers living with
filter cigarette smokers 0-13764 666 0-3732 392
Hand-rolled cigarette smokers 135 - 153188 9850 341 - 64775 5345
Passive-smokers living with
Hand-rolled cigarette smokers 0 -13641 456 0-7736 579
Non-smokers living with
non-smokers 0 -10953 431 0 - 4362 403
All non-smokers 0-13764 481 0-7736 449

Table 3 Statistical analysis of urinary nicotine and cotinine concentrations
Compared groups Statistic test p-value
Nicotine Cotinine

Filter cigarette smokers vs. Paired t-test 0.07553 9.29355 x 10°°
Non-smokers living with them
Hand-rolled cigarette smokers vs. Paired t-test 0.00855 4.7551 x 107
Non-smokers living with them
Filter cigarette smokers vs. Unpaired t-test 0.120705 0.389585
Hand-rolled cigarette smokers
Non-smokers living with smokers vs. Non-smokers Unpaired t-test 0.360833 0.267286
living with non-smokers
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Occupational Risk Factors for Nasopharyngeal Carcinoma in Ubon Ratchathani
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Sritanyarut W*, Sangrajang S*
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Ubonratchathani Cancer Center *Research Division, National Cancer Institute

ABSTRACT

Nasopharyngeal carcinoma (NPC) is rare in most populations around the world but common
in Southern China and Southeast Asia. The marked geographic variation in incidence rates suggests
that environment factors, particulary occupational exposures, may play a role in the etiology of
disease. The purpose of this study was to evaluate the risk of NPC in different occupational
categories. This case-control study was conducted at Ubonratchathani Cancer Center during October
2007- October 2009. Seventy two patients with histopathologically confirmed NPC and 96 controls
were included in the study. Information was collected by interviewer about demographic variables
including cigarette smoking, alcohol drinking, eating habits, past history of disease, family history of
cancer and a lifetime history of every job held for one year or longer. A significant increased risk of
NPC was observed among carpenters (OR=4.0, 95%CI 1.40-11.32). Working in public or private
sector as administrator or clerk was associated with a decreased risk of NPC (OR=0.2, 95% CI 0.08-
0.55). Subjects who were exposed to wood dust were at a 6 time excess risk of disease in relation to
those never exposed (OR=6.0, 95% CI 1.54-23.56). For formaldehyde, a non significant increased
risk of NPC was observed (OR=1.9, 95%CI 0.93-3.78). By contrast, there was no association
between potential exposure to solvents and NPC (OR=1.5, 95% CI 0.76-3.08). However,
occupational exposure to solvents for more than 5 years was associated with an increased risk of
NPC (OR=2.4, 95%CIl 1.21-4.85). This study support previous findings that some ocupational
exposures such as wood dust, formaldehyde, or solvents may increase risk of NPC. Further studies

with larger sample size is suggested to confirm these findings.
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Comparative Evaluation of Cadmium Contents in Livestock’s Kidney from
Measot District, Tak Province and the SW Vicinity of Bangkok.

Yatmark P', Nakthong C' and Trakranrungsie N*
Faculty of Veterinary Science, Mahidol University-Salaya, Nakhonpathom 73170 Thailand

ABSTRACT

Cadmium (Cd), a toxic metal, is considered as an environmental and industrial pollutant.
The risk of Cd exposure in non-smoking population is constantly increasing through its
contamination via the food chain. In the present study, Cd contents in kidney samples of beef and
pig collected from 2 locations: 1) a Cd polluted region of Maesot, Tak and 2) SW vicinity of
Bangkok were evaluated. The results revealed that samples from Maesot had broader ranges of Cd
levels both in bovine kidneys (geomean: 0.91 + 0.43 mg/kg, range: 0.19 — 19.60 mg/kg, n=53) and
pig kidneys (geomean: 0.73 + 0.67 mg/kg, range: 0.09 - 40.14 mg/kg, n=112), compared to those
from SW vicinity of Bangkok (geomean: 0.14 + 0.11 mg/kg, range: 0.02 — 2.38 mg/kg, n=27, for
bovine kidneys; and geomean: 0.56 *+ 0.44 mg/kg, range: 0.01 — 20.21 mg/kg, n=102, for pig
kidneys). Based on the maximum limit for Cd in kidney (1 mg/kg), the results also indicated a
significantly higher ratio of unsafe beef kidneys from Maesot. Interestingly, although the highest
level of Cd detected in pig kidneys from Maesot was twice higher, the percentage of unsafe
products was comparable between the 2 locations. As such levels of contamination render these
animal products the potential risk to consumer, it is suggested that monitoring of Cd level in
livestock organs should be regularly conducted and not be limited to the polluted areas. Consumer
education and the routine removal of the high-risk products from the food chain would also help

reduce human Cd intake.

Keywords: cadmium, kidney, beef cattle, pig, Bangkok, Tak
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Introduction

Cadmium (Cd), a nonessential trace
mineral, is a highly toxic metal that occurs
widely in nature as a contaminant of zinc. It
is present as an industrial pollutant, a food
contaminant and as one of the major
constituents of cigarette smoke. Cd has been
proved toxic to many organs including
cardiovascular system, immune system, liver,
lung, kidney, brain and bone. It can also
interfere reproductive function and has been
classified as a category | carcinogen (human
carcinogen), mutagen and a teratogen.™

The incidence of Cd-polluted
environment has been reported in many
regions around the world during the past 50
years.*® Recently, the case of Cd pollution
near the zinc-mineralized area in Mae Sot
district, Tak province, Thailand has been
described. Investigation of Cd levels in soil
samples revealed several magnitudes higher
than the Thai background soil Cd levels and
European Economic Community Maximum
Permissible levels.” ® Due to the high
mobility of this metal in soil-plant systems,
Cd can be readily transferred through the
food chain and can be found in virtually all
foods.2**  As evidence of this, for example,
rice samples from the polluted fields were
found to be contaminated with Cd at the
levels ranging from 0.1 to 4.4 mg/kg, whilst
the average Thai background rice Cd
concentrations was 0.043 mg/kg.® ° Since
food is generally the main Cd source in non-
smoking population and the limits are
considered to have very small margins of
safety, it is not then surprised that the adverse
health impact of Cd on exposed local
populations of Mae Sot district have been
confirmed.***°

With regard to foods from animal
origin, kidney is the first organ to reach the

limit of fitness for human consumption.”® In
addition, many Thais habitually consume
offal, in which domestic information
concerning Cd concentration appears limited.
The aim of this study therefore was to
investigate the presence of Cd in Kkidney
samples from two livestock species, beef
cattle and pig, collected from Maesot district,
Tak province, where it has been considered a
potentially Cd polluted area, and the
southwest (SW) vicinity of Bangkok (BKK),
treated as a reference site.  Cadmium
contents and levels compared between the
two locations were determined. It is
anticipated that the knowledge of Cd levels in
livestock species would be valuable for risk
estimation of Cd carrying over to human as
the final consumer.

Materials and Method

Study sites

The present study was conducted in
Mae Sot district, considered a zinc
mineralized area in Tak Province, Thailand,
of which earlier reports revealed average Cd
concentrations in water ranged from ND (not
detectable) to 5 pg/l during dry and rainy
season, and total Cd levels in surface
sediments and soils ranged from 64 to 1458
mg/kg.®* ' Meanwhile, the southwest (SW)
vicinity of Bangkok (BKK) was treated as a
reference site where incidence of Cd
pollution has not been reported.

Samples collection

Kidney samples from 53 beef cattle
raised in Maesot area were collected either at
the abattoirs or the local market. The 112 pig
kidneys were obtained from Maesot market,
of which were further classified into 2
categories: supermarket (n=57) and local
market (n=55) types. The ‘supermarket’ type
of Maesot pig kidneys was defined as

THE 3" NATIONAL CONFERENCE IN TOXICOLOGY 25-26 NOVEMBER 2010



84

Thai J Toxicology 2010; 25(2)

samples from a major local producer, while
those of ‘local market’ type were samples
from several small-scale holders in the area.

In the area of SW vicinity of BKK,
bovine kidneys (n=27) from locally raised
animals were collected. Meanwhile, of 102
pig kidney samples, 46 samples were
obtained from two major-chained
supermarkets of which animals’ origins were
considerably diverse but mostly from lower
central part of Thailand. The other 56
samples of a local market type were from
small-scale producers in SW vicinity of
BKK.

Collection of samples at Maesot and
SW vicinity of BKK was conducted on a
monthly basis during Nov. 2007 to May
2008. The cranial half of each kidney sample
was packed separately in plastic bag and kept
frozen at -20°C until analysis. The lag time
between each collection and analysis was
approximately 1 week.

Analytical method

Approximately 1 g subsamples were
excised from semi-thawed tissues and
digested in 5 ml concentrated nitric acid and
1 ml hydrogen peroxide in a microwave
digestion system (Milestone, Ethos Plus).
Digested samples were allowed to cool, then
transferred to volumetric flask and diluted to
25 ml with ultrapure water. The sample
solutions were analyzed for Cd by
inductively coupled plasma mass
spectrometry (ICP-MS; Agilent-7500CX).
Samples with Cd levels >14 ppm were re-
analyzed and confirmed with ICP-OES
(Perkin-Elmer The Optima 4300DV). The
analytical process was conducted under a
strict quality assurance. Precision and
accuracy of Cd determination was evaluated,
using the Standard Reference Material treated
in the same system. Analytical recoveries
were also evaluated using spiked samples

(n=5-8 for each batch of analysis), and
ranging from 92%-97%. The limit of
detection (LOD) and limit of quality (LOQ)
were 0.002 and 0.004 mg/kg, respectively.

Statistical analysis

Data were reported as mean + sem,
and ‘n’ being the number of animals from
which samples were obtained.  Statistical
analysis was performed with SPSS (PASW
Statistics  17.0). Comparison  between
locations was carried out by binomial test.
The level of significance was set at 5%.

Result

Table 1 summarized Cd levels in
kidneys from beef cattle and pigs collected
from Maesot compared to those in samples
from SW vicinity of BKK. It was noted that
the 51% of beef kidneys from Maesot
contained Cd greater than the permitted
levels (maximum limits, MLs: 1 mg/kg),
compared to 7% positive samples collected
from SW vicinity of BKK. Regarding pig
kidneys, samples from both locations had
relatively broad range in Cd levels, of which
the highest level found in Maesot sample was
twice higher than that of the sample from SW
of BKK. It is noteworthy, however, that the
ratio of positive pig kidneys was comparable
between the 2 locations.

When further examined the origin of
high Cd contaminated pig kidneys samples,
the results were tabulated in Table 2 and
revealed that the samples from Maesot local
market had the higher ratio of unsafe kidneys
than the samples obtained from supermarket.
On the contrary in the SW of BKK, the
percentage of positive samples was slightly
higher in samples of supermarket type than
those from the local market type. It was also
noted that 92% of positive samples from
BKK supermarket were advertised under the
quality assurance production. Concerning
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the sample with the highest Cd level in this
study (Maesot: 40.14 mg/kg and SW of
BKK: 20.21 mg/kg), the record showed that
each was the sample classified under the
local market type.

Discussion

Although Cd contamination can be
detected in almost all animal products, offal
particularly kidney and liver from grazing
ruminant and other mammals are regarded as
high-risk products due to their ability to
accumulate high Cd levels, which in turn
present major sources of Cd being transferred
to human. Cadmium intake is log-normally
distributed and a small portion of the
population might have an intake that is much
higher than the average population. A
fraction of population, including those who
inhibitat in the polluted areas and those
regularly consume offal, could be considered
as a high-risk group because offal would
contribute significantly to their average daily
Cd intake.'’

Since 1998, a region where water has
been naturally supplied by Mae Tao creek in
Maesot district, Tak province, Thailand, has
been suggested as the potentially high Cd
polluted area.”™ The cattle, mainly fed on
local grown fodder and pasture, could be
considered the primary livestock species
exposed to Cd contamination. As evidence
of this, 51% of bovine kidneys from Maesot
area, compared to 7% of those collected from
SW vicinity of BKK, contained Cd at the
levels regarded unsafe. Moreover, the
highest level of Cd contamination in Maesot
sample was approximately 10 times greater
than the level detected in bovine sample from
SW of BKK. Since beef cattle are normally
grazing, animals reared in Cd contaminated
areas are likely at greater risk of Cd
exposure. This tendency has been shared by
several studies and thus it has been suggested

that the degree of exposure observed in these
animals could, at some extent, be an indicator
reflecting the degree of contamination in the
environment, but also a possible increment in
human Cd exposure.'®%

On the contrary and noteworthy, the

ratios of positive pig kidneys were
comparable between the 2 locations.
Nonetheless, the highest level of Cd

identified in kidney sample collected from
Maesot was twice higher than that detected in
the sample from SW of BKK. These findings
were in agreement with the previous
investigation that the markedly high Cd
levels were found in kidneys, but not meat, of
the pigs obtained from the Maesot area.”* It
is then likely that the strikingly high Cd
contamination in pig kidneys could be a
result from multiple point sources, in which
the local environmental Cd exposure may
partly involve but has less impact than the
bovine species. Although the source(s) of
contamination were not clear, previous
reports revealed that a premix containing Cd-
contaminated zinc salt could be a major
source of Cd at extremely high levels.?" #
Additionally,  non-identified individual
factors, genetic and environmental, may also
have the effect on Cd levels in pig kidney.?
These lines of evidence would possibly
explain the relatively high Cd accumulation
in pig kidneys and the high percentage of

unsafe products identified outside the
contaminated region.
Due to the Ilimited domestic

information concerning levels of Cd residue
in livestock kidney, data of Cd contamination
in the bovine kidney from industrialized
areas among countries were presented in
Table 3 in order to evaluate relative
consumer risk of high level exposure via this
offal product. Our data in the present study
were in the lower range of those recently
reported in China and Jamaica.?” %
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Meanwhile, the reported levels of Cd in pig
kidneys from other countries, based on the
available information thus far, were in the
ranges of 0.3-10 mg/kg.> 3! Hence, our
present investigation revealing such a high
level of Cd in pig kidneys and high ratios of
positive samples at both study locations
suggests that these products would likely
pose Thais, particularly the offal consumers,
at greater risk. Interestingly, it is well
established that Cd intakes differ widely in
different countries. While the provisional
tolerance for Cd intake in humans has been
set at 57-71 pg/day, the mean values of 177,
72 and 15 pg/day were estimated in Thailand,
the US and the UK, respectively.’® 3 It is
noteworthy that the average consumption of
Cd reveals only part of the population.
Certain groups of consumer including those
habitually consume offal could further
experience ‘an extreme daily exposure’ as
suggested by the Cd levels reported in this
study.

Based on the information concerning
renal Cd contents in 2 livestock species, it is
concluded that the samples from a polluted
area accumulated higher Cd levels and at
several magnitudes exceeding the permitted
levels. The unsafe products however could
be detected at both study locations and could
potentially pose risk to the consumer. In
addition, renal Cd contents in different
livestock species might implicate the
different point sources of Cd exposure in
animals, prompting the need for further study
in order to characterize those point sources,
particularly in the pig production.

The FAO/WHO guidelines state that
it is the national authorities’ responsibility to
assure that the food products do not contain
toxic chemical substances at the levels
susceptible to affect the health status of the
consumer. Therefore, a continuous
surveillance system of contaminants in food

is essential for consumer protection and
facilitates international trade.®® In the case of
Cd-contaminated food of animal origin, the
regular monitoring program in close
cooperation with veterinary inspection should
be implemented and the high-risk products
should be removed from the food chain.
Moreover, consumer education on food-
derived Cd-related toxicity should also be
strengthening since effective and safe
regimens for reversal of cadmium
accumulation in the body has not yet been
available. Self-protection by avoiding
cadmium intake would be an effective
measure.
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Table 1 Cadmium levels (mg/kg) in kidneys of beef cattle and pigs collected from Maesot, Tak
and SW vicinity of Bangkok

n Geomean + sem Range % Positive samples
(Cd>1 mg/kqg)

Maesot, Tak

Beef cattle 53 0.91+0.43 0.19 - 19.60 50.94

Pig 112 0.73+0.67 0.09-40.14 26.79
SW vicinity of Bangkok

Beef cattle 27 0.14+£0.11 0.02 - 2.38 7.41

Pig 102 0.56 £ 0.44 0.01 - 20.21 29.41

Table 2 Cadmium levels (mg/kg) in pig kidneys collected from Maesot, Tak and SW vicinity of
Bangkok, classified by the market type

n Geomean + sem Range % Positive samples
(Cd>1 mg/kg)

Maesot, Tak

Supermarket 57 0.57 £0.93 0.09 - 33.26 22.81

Local market 55 0.89£0.97 0.11-40.14 30.91
SW vicinity of Bangkok

Supermarket 46 0.56 £ 0.58 0.01-15.76 30.43

Local market 56 0.56 + 0.65 0.14-20.21 28.57

Table 3 Comparative cadmium levels in kidney samples among reports.

Cadmium levels (mg/kg) References
Average 0.39 Spain®
Range 0.11-1.35 (n=56)
Average 0.57 Kazakhstan®
Range 0.13-1.06 (n=140)
Average 1.48 Poland®
Range 0.35-3.52 (n=19)
Average 7.92 Jamaica®
Range 0.01-117.00 (n=100)
Average 6.64 China®
Range 2.15 - 38.30 (n=75)
Average 0.91 Thailand (n=53)
Range 0.20 - 19.60 (present study)
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Preliminary Studies on Acute Oral Toxicity Effects of Dietary Supplement
Derived from Scaphium scaphiugerum (G.DON) Fruit.

Reungpatthanaphong S'*, Phatvej W, Sematong T*, Phoonsiri C* and Arunpairojana V*
Thailand Institute of Scientific and Technological Research (TISTR), Department of Pharmaceutical and
Natural Products, 35 Moo 3, Technopolis, Klong 5, Klong Luang Pathumthani, 12120, Thailand

ABSTRACT

Scaphium scaphigerum fruit (Malva nut; in Thai “Phungthalai” or “Samrong”) has been used
as food and a traditional medicine in many Asian countries. It has been used in folklore medicine to
treat many diseases such as fever, diarrhea, kidney and large intestine disorders. In this research, the
water extract of Malva nut is an active ingredient of dietary supplement which is proposed to be used
as a health promoting agent and immunostimulant in human body. Therefore, it is interesting to
evaluate the oral toxic effect of dietary supplement derived from Scaphium scaphigerum fruit (SCD).
The objective of this study was to establish and investigate oral toxic effects of the SCD in animal
testing. The acute oral toxicity study and chromosome analysis of the SCD were conducted by
following the Test Guidelines No. 420 and No. 475 of the OECD guidelines for testing of chemical,
respectively. The results of this study showed that an oral administration of the SCD at a dose of
5,000 mg/kg body weight to Wistar rats did not cause toxicity or death and did not cause
chromosomal aberrations in the rat bone marrow cells.
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Introduction

Recently, dietary supplement
consumption is a new trend for the people
who concern about their health. Dietary
supplement has been widely believed to
enhance the immune system in human body.
Malva nut (in Thai “Phungthalai” or
“Samrong”) is the fruit of Scaphium
scaphigerum (G.Don) which belongs to the
plant family Sterculiaceae. This plant is
distributed throughout tropical and sub-
tropical regions of the world. It is mostly
found in South East Asian countries,
especially in Thailand, Cambodia, Malaysia
and Indonesia. It is an indigenous plant
normally found in the eastern part of Thailand
and its fruit is locally used as a laxative. It
grows to height of 4-5 meters and the
characteristic of its fruit is a small brownish
oval shape [3]. The fruits are known to
contain a large amount of mucilaginous
substance and have been used as a traditional
medicine in South East Asia. The sweetened
jelly from Malva nut is consumed as dessert
but its principle use is for relief of sores and
cough. In Thailand, the jelly made from
Malva nut is consumed as food fortified
which may be accepted by the consumer since
there is well-established knowledge of its
medicinal uses. However, there had been
sparsely reports of its biological properties in
terms of health promotion [4].

Although, Malva nut has been used
for a long time but some toxicity reports or
published data on its toxicity and safety has
been limited. In this research, the acute oral
toxicity study and the effect of SCD on
chromosomal aberrations in rats were
investigated.

Material and Methods

Animals

Healthy adult male and female Wistar
rats, Rattus norvegicus, 5-7 weeks old were
used in acute oral toxicity and chromosomal
aberration tests. They were supplied by the
National Laboratory Animal Center, Mahidol
University, Salaya, Nakhon Pathom. They
were kept in controlled conditions at the room
temperature of 22-25°C and relative humidity
of 60 £ 10 percent. They were housed in
stainless steel cages, 5 animals with the same
sex per cage and were fed with food (Pokphan
Animal Feed Co., Ltd., Thailand) and water
ad libitum.

Test material

The dietary supplement derived from
Scaphium scaphigerum fruit (SCD) was
prepared in the tablet form by Thailand
Institute of Scientific and Technological
Research (TISTR) which used the water
extract of Malva nut and banana powder as
major ingredients.

Methods
1. Acute Oral Toxicity Test

The acute oral toxicity test was
conducted according to the Test Guideline
(TG) No. 420: Acute Oral Toxicity — Fixed
Dose Method (Limit test) of the OECD
guidelines for testing of chemicals (2001) [1].
Twenty rats were assigned as control and
treatment groups. Each group consisted of
five male and five female rats. They were
acclimatized to the laboratory environment
for one week prior to experimentation. The
rats were randomly chosen using the simple
random sampling method and identified
numbers by tail labeling. All rats were fasted
for 16 hrs prior to the dosing with the test
material while drinking water was available
ad libitum.

On experimentation day, the SCD was
freshly prepared in the form of suspension in
distilled water and mixed well before oral
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administration to the rats in the treatment
group at a dose of 5,000 mg/kg body weight
based on their body weights after fasting. The
rats in the control group were dosed with
distilled water at the equivolume as the
treated rats. After dosing, all rats were further

Chromosomal Aberration Test

Based on the Test Guideline No. 475
“Genetic Toxicology: In vivo Mammalian
Bone Marrow  Cytogenetic  Test -
Chromosomal Analysis” of OECD Guidelines
for Testing of Chemicals 1997 [2]. The SCD
was freshly prepared in the form of
suspension in distilled water and mixed well
before oral administration for 14 consecutive
days to the rats in the treatment group at a
dose of 5,000 mg/kg body weight calculated
based on their body weights after fasting. The
rats of the negative control group were dosed
with distilled water at the equivolume as the
treated group. Cyclophosphamide (CP) was
freshly prepared by dissolving in sterile
distilled water at a dose of 50 mg/kg body
weight. CP was injected intraperitoneally as a
single agent to the rats as the positive control.
The animals were sacrificed under CO,
anesthesia 24 h after mutagen administration

Ninety minutes before sacrifice, all
animals were injected intraperitoneally with
colchicine at the dose of 3.5 mg/kg body
weight. Their femurs were removed and the
femoral marrow cells were flushed out with
HBSS medium for chromosomal analysis [5].
Bone marrow cells preparations were made
by hypotonic solution and fixative. All slides
were coded and stained with 10% Giemsa [6].

In this study, metaphase cells with one
or more chromosome aberrations were scored
from 50 well-spread metaphases per animal at
random. The types of aberration were scored
and recorded strictly in accordance with the
method of Ito & Ito. The severity of
chromosome  aberrations included the
aberrations with break, exchange and multiple

aberrations, but not the aberrations with gap

[71
Statistical analysis

The data was analyzed and expressed
as mean = SEM. Each treatment group was
compared to the control group. The Student’s
t-Test was done to observe the significant
differences between individual treated group
and the control groups. The level of
significance was established at p < 0.05

Results

After dosing, all treated rats received
5,000 mg/kg body weight of the SCD showed
normal appearances and survived through the
termination. Necropsy findings at the
termination did not show any gross
pathological lesions. The mean of body
weight gain of the treated rats did not show
significant difference from those of control
rats. The results demonstrated that the oral
LDsg of the SCD in Wistar rats was more than
5,000 mg/kg body weight. The mortality data
and the means of body weight gain of the rats
in the control and treatment groups were
shown in Table 1 and 2, respectively.

The chromosomal analysis of each rat,
the number of cells at metaphase stage was
scored and the number of cells with structural
chromosome aberrations was evaluated.
Different types of structural chromosome
aberrations were listed for all groups. Gaps
were recorded separately but not included in
the total aberration frequency. The mitotic
index (M.L.), which is the fraction of cells in a
given population that undergo mitosis at a
given time, indicates cell proliferation
activity. The number of M.I. was determined
by counting 500 cells for each rat. Changes in
the M.I. reflect the cytotoxic effect of the test
material [5]. In this study, at least 2,000 cells
per animal were counted for M.L
determination. The results of chromosomal
analysis demonstrated that M.l. of SCD-

THE 3" NATIONAL CONFERENCE IN TOXICOLOGY 25-26 NOVEMBER 2010



N3ashyINe Ine 2553 ; 25(2)

93

treated group (Group2) was decreased but did
not show significant difference from negative
control group (Groupl). This means that the
SCD at the given dose did not show cytotoxic
effect on rat bone marrow cells.

Furthermore, there was no significant
difference in chromosome aberration between
SCD-treated and negative control groups.
This means that the SCD at the given dose
had no effect on chromosome damage to the
rat bone marrow cells.

The results of chromosomal analysis
in rat bone marrow cells at metaphase stage
after receiving the SCD at a dose of 5,000
mg/kg body weight by oral administration for
14 consecutive days were summarized in
Table 3.

Discussion

Malva nut has been used as a
traditional medicine and food fortified [4].
Although, it has been used for a long time but
some toxicity report or published data on its
toxicity and safety in use have been limited.
There was no previous study on toxic effect
of Malva nut in animal model. In this study,
the acute oral toxicity — fixed dose method
(Limit test) of the OECD guidelines for
testing of chemicals [1] is initially conducted
with the aim to establish a dosage regimen in
subchronic and other studies and may provide
initial information on the mode of toxic action
of a test substance. Dosing animals with test
material at 5,000 mg/kg body weight is
generally considered high enough and if no
mortality or significant toxic signs could be
observed in animals receiving this dose level,
no higher doses are required for further study
[8]. Our results showed that the dietary
supplement derived from the water extract of

Malva nut (SCD) at a given dose did
not cause toxicity or death of the tested rats.
Therefore, the oral LDsy of the SCD in both

sexes of Wistar rats was more than 5,000
mg/kg body weight.

Mammalian bone marrow cytogenetic
test is a useful-short term technique for
elucidating the mechanism as well as to
identify the substances for their clastogenic
activity [2]. In this study, in vivo metaphase
chromosome analysis was conducted in order
to evaluate the effect of the SCD on rat bone
marrow cells. Our results showed that the
SCD at a dose of 5,000 mg/kg body weight
did not show cytotoxic effect on rat bone
marrow cells and did not cause chromosome
aberrations. However, long term consumption
may increase cytotoxic risk of the user.
Therefore, further study on the cytotoxic
effect of the SCD in the animal model is
recommended.

Conclustion

In conclusion, our results
demonstrated that an oral administration of
the SCD at a dose of 5,000 mg/kg body
weight did not cause toxicity or death and did
not show any gross pathological lesions on
necropsy of the tested rats. The acute oral
LDsq of the SCD in both sexes of Wistar rats
was more than 5,000 mg/kg body weight.
Moreover, the SCD at a given dose did not
cause chromosome aberrations in the rat bone
marrow cells. These toxicity studies might
provide enough evidences to consider further
studies in subchronic toxicity and others.
Further studies are needed for safety
evaluation of the SCD in human
consumption.
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Table 1 The mortality data of the rats in the control and treatment groups.

*Mortality rate
Treatment/Dose
Male Female Total
Control group
Distilled water 0/5 0/5 0/10
equivolume to the treatment group
Treatment group
“SCD” 5,000 mg/kg body weight 075 075 0710

Table 2 The means of body weight gain of the rats in the treatment and control groups

*Mean of body weight gain ()
Sex Treatment/Dose Day 8 Day 15
Control group
Distilled water 18.40+0.51 37.60 +0.87
Male equivolume to the treatment group
Treatment group
“SCD” 18.40+0.24 43.20+1.93
5,000 mg/kg body weight
Control group
Distilled water 18.80 + 0.58 45.20 + 3.89
Femal equivolume to the treatment group
e Treatment group
“SCD” 19.20+0.49 40.60 + 0.92
5,000 mg/kg body weight

Table 3 Chromosomal analysis of rat bone marrow cells receiving the SCD for 14 consecutive days

*“Type of chromosomal aberration Total cells
Group | Treatment | **%M.1.+SEM e with
Break Exchange uttipte aberration
aberrations
| Dstilled g 634031 0 0 0 0
water
2 SCD 5.54+£0.20 0 0 0 0
3 CP *2.86 + 0.09 *217+0.72 | *2.67+1.04 | *850+1.59 | *13.33+£1.66

“Data were expressed as Mean + SEM, n= 6 and analyzed statistically by Student’s t-Test.
® Mitotic Index (M.l.) was based on 2,000 cells per animal.
¢ Chromosome aberration was based on 50 cells per animal.
* p<0-05; Significant difference from Group 1 and 2.
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Figure 1 The %M.I. of rat bone marrow cells treated with the SCD for 14 consecutive days.
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Figure 2 The type of chromosomal aberrations of rat bone marrow cells treated with the SCD for 14
consecutive days.
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Mutagenic and Antimutagenic Activities of Aqueous Extract of Moringa oleifera Leaves

Charoensin S.**, Wongpoomchai R.*
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ABSTRACT

Moringa oleifera is a cosmopolitan tree that grows in many tropical countries and useful for its
various nutritional and pharmacological applications. In this study, aqueous extract of M. oleifera
leaves was evaluated for its mutagenic and antimutagenic activities by Salmonella/microsome
mutagenicity assay (Ames test). Mutagenic assay in Salmonella typhimurium (TA 98 and TA 100
as tester strains) with and without metabolic activation showed that 0.2-5 mg/plate of M. oleifera
extract did not induce the growth of His" revertant colonies in both strains, indicating the absence of
mutagenicity. Therefore, antimutagenic activities of M. oleifera extract against the standard
mutagens, aflatoxin B1 (AFB1) and 2-(2-furyl)-3-(5-nitro-2-furyl)-acrylamide (AF-2) were tested
in S. typhimurium TAZ100 strain. The number of His™ revertants/plate of S. typhimurium after
incubation of M. oleifera extract (1-5 mg/plate) with AFBI1 (0.1 pg/plate) was not different from
positive control, however, 5 mg/plate of the extract exhibited the significant inhibition of the His"
revertant colonies (51.33% Inhibition) when incubated with AF-2 (0.01 pg/plate). It was clear from
the present studies that aqueous extract M. oleifera was capable of antimutagenicity through the
mechanism in which some active compounds contained might inhibit the mutagen penetration into
S. typhimurium cells or neutralize the mutagenic potency prior to nucleus entering, thus protecting
the hot-spot region of gene from mutation. Of the results obtained, the further studies will be

forward to the investigations including antimutagenicity and cancer chemoprevention in vivo.

Keywords: Moringa oleifera, Mutagenicity, Antimutagenicity, and Ames test
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Introduction

Moringa oleifera (a member of
Moringaceae) is a highly valued plant,
distributed in many countries of the tropic and
subtropics as food and herb. * In some parts of
the world M. oleifera is referred to as the
drumstick tree or the horse radish tree. In
Thailand, immature pods, leaves, and fruits
have been wused as food ingredient,
particularly, its leaves as a commercial food
supplement. There has been an impressive
range of medicinal uses with high nutritional
value of its leaves, fruits, flowers, and
immature pods. 2 It has been reported that
Moringa leaves are rich in
fS-carotene, protein, calcium, potassium,
vitamin C and E, and polyphenols. * °
Moreover, the biochemical and
pharmacological investigations revealed its
various properties including antioxidant,
hypolipidemic,  antiatherosclerotic,
antimicrobial activities, ° protective activity
of oxidative DNA damage ' and myocardial
destruction, *° antitumor activities,
hypoglycemic  potential, ** and liver
detoxification enhancement.

It is well understood that dietary
factors play a critical role in human cancer
and strong efforts have been made to identify
protective substances in food. Therefore,
searching for herbs or diets capable of
antimutagenic and anticarcinogenic activities
is the most interesting alternative for disease
prevention. *>*° It has been reported that M.
oleifera drumstick shows chemopreventive
activity against two stage model of DMBA-
induced skin papillomagenesis by modulating
carcinogen-metabolizing enzymes and
antioxidant system.?’ To date, little is known
about biological activity of M. oleifera leaves
especially  both  antimutagenesis  and
anticarcinogenesis. As it is widely consumed
as food ingredient, folk medicine, and food
supplement. The present study was aimed to

13,14

evaluate the mutagenic and antimutagenic
activities of aqueous extract of M. oleifera
leaves by Salmonella/microsome
mutagenicity assay (Ames test) that is
extensively used as in vitro standard method.
2124 The obtained results will be the
preliminarily scientific data for the further
antimutagenic and anticarcinogenic studies.

Materials and Methods

Chemicals

All chemicals and solvents used were
the analytical grade. The standard mutagens
used including 2-(2-furyl)-3-(5-nitro-2-furyl)-
acrylamide (AF-2), 2-aminoanthracene (2-
AA) were purchased from Wako Pure
Chemicals Industries, Ltd. (Osaka, Japan),
and aflatoxin B1 (AFB1) was purchased from
Sigma Chemical Co. (St. Louis, MO, USA).
The tryptic soy broth, bacto agar was
purchased from Difco Laboratories (Detroit,
Michigan, USA). Nutrient broth no. 2 was
purchased from Oxoid, Ltd. (Basingstoke and
Hants, England).

Preparation of M. oleifera extract

The air-dried leaves of M. oleifera
were kindly provided from Lampang Herb
Conservation (Muang, Lampang, Thailand.).
The dried leaves were grounded into powder
and stored at 4 °C until extraction. 15 g of
powdered leaves was extracted with 350 ml
of hot water for 15 min. The liquid extract
was filtered through Whatman no. 1 filter
paper, and then the filtrate was lyophilized to
obtain the powder of extract. The yellow-
green powder of aqueous extract (% Yield =
28.12) was kept in amber glass at -20 °C until
use.

Salmonella typhimurium preparation

Both TA98 and TA100 of S.
typhimurium used as tester strains, and S9
mix (for enzymatically metabolic activation)

THE 3"NATIONAL CONFERENCE IN TOXICOLOGY 25-26 NOVEMBER 2010



NsasHEING e 2553 ; 25(2)

99

were kindly provided by Asst. Dr. Rawiwan
Wongpoomchai, Department of
Biochemistry, Faculty of Medicine, Chiang
Mai University, Chiang Mai, Thailand. In
brief, 20 pul of inoculum from the permanent
culture was incubated in 10 ml of nutrient
broth no. 2 at 37 °C for 14 hr, the bacterial
concentration of an approximate 1.2 x 10°
bacterial/ml was obtained.

Mutagenic assay

According to Maron and Ames, > the
described method (preincubation technique)
was performed to assay mutagenicity in both
non-metabolic (-S9 mix) and metabolic (+S9
mix) activation of the extract. Briefly, 50 ul
of solvent (negative control), 0.2-5 mg/plate
of the extract, or standard mutagens as
positive control, AF-2 or 2-AA, were added
by 500 pl of phosphate buffer or S9 mix. The
mixtures were then preincubated with 100 pl
of overnight culture of TA98 or TA100
strains at 37 °C for 20 min before adding 2 ml
of top agar containing 0.5 mM L-histidine/D-
Biotin. The His" revertant colonies in all
plates were analyzed after 37 °C incubation
for 48 hr. Triplicate plates per run were
assayed.

Antimutagenic assay

As mentioned in mutagenic assay, the
preincubation technique was modified. In
brief, the mixtures consisting of solvent alone
(DMSO) or 1-5 mg/plate of extract in the
presence of AFBI1 (0.1 pg/plate) or AF-2
(0.01 pg/plate) were preincubated with
overnight culture of TA100 strain with or
without S9 mix at 37 °C for 20 min before 2
ml of top agar addition. The His" revertant
colonies were analyzed after 37 °C incubation
for 48 hr. Triplicate plates per run were
assayed. The number of counted revertant
colonies was subtracted by the spontaneous

revertants before calculating the percentage
inhibition.

Statistic analysis

Data obtained from three-independent
experiments were expressed as
meanzstandard error of the mean (SEM).
Analysis of variance was performed using
ANOVA, and Bonferroni test with p<0.05
was considered as significant difference
between control and treated groups.

Results and DISCUSSION

For the testing doses, killing effect,
the sign of cytoxicity, was not observed in
both  TA98 and TA100 strains of S.
typhimurium. As shown in Table 1, the
number of TA98 His" revertants from plates
treated with 0.2-5 mg/plate of extract was
ranged from 40.00£7.94 — 43.33+4.60 (-S9
mix) and 32.50+0.87 — 40.00£0.58 (+S9 mix)
that were not different from negative control,
37.33+4.50 (-S9 mix) and 54.00+13.91 (+S9
mix). Likewise, the similar results were found
in S. typhimurium TA100 strain treated with
the same concentration of the extract. In table
2, the revertant colonies of dosing plates with
non-metabolic and metabolic activation was
113.33+5.59 - 145.00+17.64 and
143.50£18.76 — 152.50+20.50 compared with
negative  control 124.00£13.70  and
168.00+37.63, respectively. The results
suggested that 0.2-5 mg/plate of M. oleifera
leave extract was non-mutagenic in both
strains of S. typhimurium either with or
without metabolic activation. In consideration
of antimutagenicity of M. oleifera extract in
TAL100 strain (Table 3), co-treatment of AF-2
and 1-5 mg/plate of extract in the absence of
S9 mix showed an antimutagenic activity in
dose-dependent manner, and highest dose
treated exhibited significant  reduction
(p<0.05) of the revertant colonies
(331.00£90.64, % Inhibition = 51.33+13.90)
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in  comparison  with  positive  control
(556.00+£54.39). However, the revertant
colonies observed from 1-5 mg/plate of
extract co-treated with AFB1 in the presence
of S9 mix were not different from positive
control. In 2001, Rao and colleagues
investigation exhibited the radioprotective
effect of M. oleifera leave extract against y-
radiation induced chromosomal aberration in
bone marrow cells and micronucleus
formation in erythrocytes of mice. 2
Moreover, there are the investigations with
the antioxidant assay of M. oleifera leaves
extracted with different solvents, they
indicated that the polyphenolic compounds
contained in the extracts were involved in
antioxidant properties. ® ® With regard to the
observed results, it is possible that the
antimutagenic activity might be from the
polyphenolic  compounds contained by
mechanisms (1) inhibition of the mutagen
penetration into S. typhimurium cells or (2)
neutralization of mutagenic potency prior to
nucleus entering, thus protecting the hot-spot
region of gene from mutation. Of the present
and previous studies including antioxidant, °
anticlastogenicity, 2° protective effect of
oxidative DNA damage, ' and enhancement
of detoxification, > '* it is the interesting
point for the further studies of
antimutagenicity and cancer chemoprevention
by M. oleifera leaves in vivo.

In conclusion, aqueous extract of M.
oleifera showed non-mutagenic in both TA98
and TAZ100 strains of S. typhimurium and was
able to inhibit the mutagenicity of AF-2 in
non-metabolic activation condition.
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Table 1 Mutagenicity of aqueous extract of M. oleifera leaves in S. typhimurium TA98 strain with
and without metabolic activation

His™ Revertants/plate

Metabolic activation

Treatment - ==
AF-2 (0.1 png/plate) 257.00=24.67 N.A.
2-AA (0.5 ng/plate) N.A. 446.50+:61.50
Negative control 37.33%+=4.50 54.00x=1391
M. oleifera 0.2 mg/plate 40.00+7.94 40.00+0.58
M. oleifera 1 mg/plate 43 .00x£=6.03 32.50+0.87
M. oleifera 5 mg/plate 43.33+4.60 35.00+=0.58

Values expressed as Mean+SEM were obtained from three-independent experiments. No killing effect was
observed.

2-(2-Furyl)-3-(5-nitro-2-furyl)-acrylamide (AF-2) and 2-aminoanthracene (2-AA) were used as standard
mutagens.

- = Non-metabolic activation (-S9 mix)

+ = Metabolic activation (+S9 mix)

N.A. = Not analyzed

Table 2 Mutagenicity of aqueous extract of M. oleifera leaves in S. typhimurium TA2100 strain with
and without metabolic activation

His™ Revertants/plate

Metabolic activation

Treatment - +
AF-2 (0.01 pg/plate) 428.33£53.95 N.A.
2-AA (0.5 png/plate) N.A 393.50+6.01
Negative control 124.00+13.70 168.00+37.63
M. olejfera 0.2 mg/plate 130.67+12.89 143.50=18.76
M. oleifera 1 mg/plate 145.00x17.64 152.50+20.50
M. olejfera 5 mg/plate 113.33+£5.59 151.50+18.66

Values expressed as Mean+SEM were obtained from three-independent experiments. No killing effect was
observed.

2-(2-Furyl)-3-(5-nitro-2-furyl)-acrylamide (AF-2) and 2-aminoanthracene (2-AA) were used as standard
mutagens.

- = Non-metabolic activation (-S9 mix)

+ = Metabolic activation (+S9 mix)

N.A. = Not analyzed
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Table 3 Antimutagenic activities of aqueous extract of M. oleifera leaves towards the
mutagenicities of AF-2 and AFB1 in S. typhimurium TA100 strain

His® Revertants/plate

Metabolic activation

Treatment - +

DMSO 80.50+3 .48 N.A.
AF-2 (0.01 pg/plate) 556.00£54.39 N.A.
AF-2 (0.01 ug/plate) + M. oleifera 1 mg/plate 476.50£85.74 N.A.
AF-2 (0.01 ug/plate) + M. oleifera 5 mg/plate 331.00+90.64" N.A.
DMSO N.A. 117.50=5.38
AFBI1 (0.1 ng/plate) N.A. 827.00+39.84
AFBI1 (0.1 ug/plate) + M. oleifera 1 mg/plate N.A. 965.00=110.91
AFBI1 (0.1 ug/plate) + M. oleifera 5 mg/plate N.A. 1024.50+£131.23

Values expressed as Mean+SEM were obtained from three-independent experiments.

*Significant difference in comparison with positive control (p<0.05)
2-(2-Furyl)-3-(5-nitro-2-furyl)-acrylamide (AF-2) and aflatoxin B1 (AFB1) were used as standard mutagens.
- = Non-metabolic activation (-S9 mix)

+ = Metabolic activation (+S9 mix)

N.A. = Not analyzed
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Effects of Temperature, Time and Acidity on Stability of Permethrin in Blood

Chunkhew S', Janchawee B*®, Prutipanlai S°
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Thailand
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ABSTRACT

Permethrin is metabolized by hydrolysis via carboxylesterase in liver producing
phenoxybenzyl alcohol. Since this enzyme also exists in blood, that may affect the accuracy of
permethrin quantification. This study was aimed to determine the stability of permethin in blood
sample. To investigate effects of temperature and time, blood samples were left at 25, 4 and -
20°C for 0, 0.5, 1, 2 and 4 h, respectively. Metabolic ratios for trans- and cis-permethrin
increased when the time increased, and were the lowest at -20 °C. Effects of trifluoroacetic acid
(100: 1 and 200: 1) and HCIO,4 (50: 1, 100: 1, 200: 1, 225: 1 and 250: 1), and those of HCIO,
(200: 1 and 225: 1) in combination with cooling the sample in ice showed thatadding HCIO,
(200: 1) combining with cooling in ice resulted in the lowest metabolic ratio. In conclusion,
sample preparing by adding acid and reducing the sample temperature are the optimum

conditions to decrease the loss of permethrin before analysis.
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Detoxification of Cadmium Induced Renal and Hepatic Injuries in Rats by Thunbergia
laurifolia Lindl. Leaf Extract

Morkmek N*, Chattaviriya P, Lertprasertsuke N? Chuncharunee S°, Ruangyuttikarn W **

'Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Thailand
“Department of Pathology, Faculty of Medicine, Chiang Mai University, Thailand
*Department of Chemistry, Faculty of Science, Chiang Mai University, Thailand

ABSTRACT

Cadmium can damage kidney and liver cells. Thunbergia laurifolia Lindl. is a herb used as an antidote for
several poisonous agents in Thai traditional medicine. This study tested the effectiveness of the herb to prevent renal
and hepatic injuries induced by cadmium chloride (CdCl,). Male Wistar rats were fed 125 mg/kg of the leaf extract
before and after administration of 1.2 mg/kg of CdCl, solution subcutaneously for 5 days/week for 4 weeks. Blood
and urinary samples were collected for quantification of cadmium concentrations using graphite furnace atomic
absorption spectrometer. The kidneys and livers were removed and examined for histopathological changes. The
results showed that the leaf extract given to rats orally did not prevent mortality in rats exposed to cadmium.
However, abnormal appearance and behaviour was less in rats fed the leaf extract prior to cadmium exposure than in
those fed leaf extract after cadmium exposure. The constituents of the extract were identified as aromatic, hexyl and
glucoside compounds by nuclear magnetic resonance spectroscopy. The T. laurifolia leaf extract may reduce some
effects of cadmium toxicity, but this conclusion is uncertain due to the high mortality rate of the rats in these
experiments. Future trials will use a lower cadmium dosage and alternative routes of treating the animals with the

leaf extract.

Keywords: cadmium, renal and hepatic injuries, Thunbergia laurifolia Lindl.
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INTRODUCTION

Environmental contamination by
cadmium (Cd) is a subject of serious international
concern as the metal can enter the food chain and
be bioaccumulated, endangering human health.
The main pathways of Cd exposure to humans are
by inhalation of particles or fumes during
industrial operations or in cigarette smoke and by
ingestion of Cd in food or water."* The extremely
long biological half-life of Cd essentially makes it
a cumulative toxin in the liver and kidney which
makes up the bulk of total body burden.® It has
been reported that after absorption, Cd is taken up
by hepatocytes and then circulates in blood as a
metallothionein complex (Cd-Mt). Because of its
small molecular size, Cd-Mt can pass easily
through the glomerular membrane and be taken
up by renal tubular cells. The methallothionein is
then catabolized releasing Cd** into the
cytoplasm. This induces synthesis of new
methallothionein molecules, which in turn, bind
and retain Cd in the kidney for a long period of
time®’ causing toxicity.

In the Mae Sot District, Tak Province of
Thailand, farmers irrigating crops using water
Mae Tao and Mae Ku creeks, which have a zinc
mine in the catchment, have been exposed to Cd
contaminated rice and water over a long period of
time. An epidemiological study revealed that
persons who mainly consumed rice grown in
contaminated fields around Mae Sot had higher
urinary Cd than those who did not®® Cd
intoxication has been managed by metal chelating
compounds, but there are numerous undersirable
side effects.’® Medical plants such as ginger,
onion, and garlic have also been used for Cd
detoxification."™** There is no report of the use of
Thunbergia laurifolia Lindl. as a detoxifying
agent.

Thunbergia laurifolia Lindl. or “Rang
Jerd” (in Thai) has various uses in Thai
traditional medicine. Aqueous extract of fresh and

dried leaves, dried root and bark are used as an
antidote for insecticide poisoning,**** and dried
root is used as an anti-inflammatory and
antipyretic agent.’®'” Other reported uses of the
plant are for treatment of amphetamine
addiction™, reducing the toxicity of parathion
insecticide’, and as antimicrobial agent*® and
antioxidant.?® Other study has reported that the
aqueous extract of T. laurifolia Lindl. in the
massive single dose was not toxic to rats, did not
affect the behaviour of rats, did not induce free
radical formation and was not mutagenic for
bacteria.”*

Therefore, the aim of this study was to use
a rat model induced renal and hepatic injuries by
Cd exposure in order to study the effectiveness of
T. laurifolia Lindl. leaf extract as a detoxifying
agent.

MATERIALS AND METHODS
Induction of rat model

Animals : Male Wistar rats purchased
from the National Laboratory Animal Centre,
Mahidol University, weighing between 275-300 g
were maintained under standardized laboratory
conditions (temperature 22 + 2°C, 12/12 hr
light/dark cycle) for one week acclimatization.
They were allowed free access to drinking water
and commercial standard rodent pellets. The
study protocol including number of animal use
was approved by the Animal Ethics Committee of
the Faculty of Medicine, Chiang Mai University.

Induction of renal and liver injuries by
cadmium chloride : Six of male Wistar rats were
randomized into two groups of three. The control
group (n=3) was injected subcutaneously with
normal saline solution (0.9% NaCl). The treated
group (n=3) was injected with CdCl, solution at
the concentration of 1.2 mg/kg BW
subcutaneously for 5 days/week for 4 weeks (28
days, d1-d28; 20 doses of CdCl,). The dose of
CdCl; and the period of treatment were modified
from the study of Prozialeck.?
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Collection of rats’ urine and blood . A
urinary sample was collected from each rat over
24 hr using metabolic cage on day 0 and day 28
and a blood sample was collected by cardiac
puncture on the last day of the experiment after
the rats were anesthetized intraperitoneally with
sodium phenobarbital solution. After perfusion of
the whole animal with physiological saline via the
portal vein, the kidneys and livers were removed,
washed with physiological saline solution and
fixed in 10% neutral-buffered formalin for 48 hr
for histopathological examination.

Determination of blood and urinary
cadmium and urinary creatinine : Blood and
urinary Cd concentrations were quantified by
graphite furnace atomic absorption spectrometry
(GFAAS) with Zeeman-GFAAS background
correction (Varian, SpectraA800Z) using 5%
monobasic ammonium phosphate as a modifier.
Blood samples were digested in 5% nitric acid
solution with a ratio of 1:3 (v/v), then mixed, and
centrifuged after standing for an hour. The
supernatant was removed for analysis by GFAAS.
Urine samples were diluted in 0.1% nitric acid
solution with a ratio of 1:1 (v/v). Urinary
creatinine levels were measured based on the
Jaffe reaction.?

Histopathological study : The rat kidneys
and livers were processed and individually
embedded in the paraffin wax. Sections (5 pm)
were cut and stained with haematoxylin and eosin
(H&E) dye for examination under a light
microscope to determine the morphological
changes.

Plant extract

Thunbergia laurifolia Lindl. leaf extract :
T. laurifolia Lindl. (Acanthaceae) leaves were
collected from Ob Khan National Park,
Hangdong District, Chiang Mai Province in July
and October 2009. Taxonomy of the plant has
been identified at the Queen Sirikit Botanic
Garden, Mae Rim District, Chiang Mai
Province.?* The leaves were washed with tap

water, dried and grounded to powder, then stored
in an amber glass bottle at room temperature
before extraction.

The leaves powder was soaked in boiled
distilled water (1:10 w/v) for 1 hr then filtered
through three layers of gauze followed by
Whatman No.4 filter paper. The filtrate was
Iyophilized and stored in a desiccator at 4°C. The
extract was redissolved in distilled water to
desired concentrations just prior to use.

Characterization of T. laurifolia Lindl.
leaf extract : Lyophilized residue of the T.
laurifolia Lindl. leaf extract was dissolved in D,O
as aqueous solvent and the constituents were
characterized by nuclear magnetic resonance
spectroscopy (NMR) using a Bruker AVANCE-
400 spectrometer with water suppression
technique.

Detoxification experiments

Detoxification effects of T. laurifolia
Lindl. against cadmium toxicity : Eighteen rats
were randomized into three groups of six rats.
The positive control group (group 1) was injected
subcutaneously with 1.2 mg/kg BW CdCl,
solution for 5 days/week for 4 weeks followed by
water orally for the next 28 days. The leaf extract
treatment group (group 2) was injected with
CdCl; solution as for the positive control group.
Then after CdCl, injection was completed, the
group was fed daily with the leaf extract for 4
more weeks. Rats in group 3 were injected with
CdCl; solution and fed the leaf extract twice a day
at the same frequency as the CdCl, injections (20
doses over 28 days). This experimental design
was expected to test the antagonistic effect of the
leaf extract.

To investigate the prophylactic effect of
the leaf extract, eighteen rats were separated into
three equal groups and treated as above except
the group 2 and 3 were fed the leaf extract before
and during the CdCl, treatment. Urine, blood,
kidneys and livers were collected and removed
from all rats for Cd quantification and
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histopathological examination. The appearances
and behaviour of the rats was also observed and
recorded daily.?
Statistical analysis

All data were expressed as mean =
standard error of mean (SEM). The statistical
significance was evaluated by one-way analysis
of variance (ANOVA) using SPSS version 12.0.
Values were considered statistically significant
when p<0.05.

RESULTS
Induction of rat model

Body, kidneys and liver’s weight of rats
after treatment with Cd : Body weight of the
control rats gradually increased during the
experiment. The body weight of the rats treated
with CdCl; did not increase but at the conclusion
of the experiment, the mean weights of both
groups were different (Figure 1). The weights of
kidneys and liver’s were not significantly
different between the control and the Cd treated
rats eventhough the data appeared that Cd treated
rats had larger organs than the control rats
without CdCl; treatment (Table 1).

Blood and urinary Cd in cadmium treated
rats : After the Cd exposure, the blood Cd
concentration of treated rats was approximately
5,000 times greater than in the control rats (Table
2). Likewise, the urinary Cd concentration in
treated rats was much higher than for the control
rats.

Histopathological study of cadmium
treated rats : The kidneys of the control rats had
normal structure of glomerulus (G) and proximal
convoluted tubules (T) (Figure 2A). The kidneys
of Cd treated rats had proximal renal tubular
damage (Figure 2B and 2C). The cuboidal shaped
cells were disrupted with undefined epithelial cell
lining. The intracellular space or lumen (L)
increased. Protein casts (arrow) were present in
collecting tubules. Some glomeruli had increased

cellular appearance and diminished capsule
space.

Histological examination indicated the
hepatic architectures in the control group was
normal (Figure 3A). The liver of rats exposed to
Cd (Figure 3B and 3C) showed degenerative
changes like swollen hepatocytes with pale
cytoplasm and condensed nuclear chromatins
with pyknosis. Single cell necrosis (white arrow),
marked by contracted cells detached from the
others and densely hyperchromatic nuclear
chromatins, together with sinusoidal (black
arrow) widening was also observed in all animals
with Cd treatment.

Plant extract

Characterization of the constituents of T.
laurifolia Lindl. Leaves : The NMR spectra of the
aqueous extract of T. laurifolia Lindl. leaves
collected in the rainy season (July) and cool
season (October) were similar (Figure 4A and
4B). The major constituents were aromatic, hexyl
and glucoside compounds.

Detoxification experiments

Detoxification effects of T. laurifolia
Lindl. against Cd toxicity : Most rats treated with
Cd died during the Cd exposure period in both the
antagonistic and prophylactic studies. The
appearance and behaviour of group fed the leaf
extract during the Cd exposure (prophylactic
study) was different to positive control group
(CdCl;, treatment only). Abnormal behaviours
included, such as bleeding nose, hunched back,
falling hair, passive head tap, sensitive body
touch and statue position.

The mortality of animals in the positive
control group commenced from day 5 while
animals fed the leaf extract from commencement
of the study started to die after day 10. At the
conclusion of the experiment, there was one
survivor in the positive control group and two
survivors in group 3 in the prophylactic study.
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DISCUSSION

Chronic exposure to Cd leads to damage
to several organs and systems primarily the
kidney.*” Our results showed a significant
increase in Cd level in blood and urine as has
been reported elsewhere.'®?*?*® Cd exposure
increased body, kidneys and liver weight. The
high concentrations of Cd in blood and urine
indicated a high level exposure. This high
exposure and organ weight increase indicated Cd
toxicity could have resulted from Cd-associated
pathologies in renal tubular epithelium such as
calcuria, magnesuria and proteinuria as well as
bone demineralization and anemia.’® In this
study, we observed the degenerative changes in
rat kidney and liver accorded with the high blood
Cd concentrations.

Lyophilized T. laurifolia Lindl. leaf
extract administrated to rats at 500 mg/kg BW for
28 days did not affect rat behaviour” and the
lower dosage used in this study also had no
abnormal effect on the animals prior to CdCl,
injection.

The high mortality rate of rats during the
Cd exposure period indicated the Cd dose was too
high or the experimented rats were more sensitive
to Cd than rats in our previous experiments when
we established a rat model for renal and liver
injuries induced by Cd. The antagonistic and
prophylactic effects of the leaf extract were not
defined at the Cd dose used in this study because
of the high mortality rate. However, rats fed the
leaf extract before and during Cd exposure had a
slightly lower mortality rate than the positive
control group treated with CdCl, alone.
Administration of the T. laurifolia Lindl. leaf
extract by gavage may reduce Cd toxicity but not
antagonize or prevent the lethality caused by high
Cd exposure. Therefore, our next study will be
focus on reducing Cd dosages and pretreatment
experimented rats with T. laurifolia Lindl. leaf

extract by other routes of administration, such as
drinking water.

The compounds in the NMR spectra in
our study were similar to those previously
reported from T. laurifolia Lindl. leaves that
consisted of two iridoid glycosides; 8-epi-
grandiforic and 3’-O-B-glucopyranosyl-
stibericoside  along  with  seven  known
compounds; benzyl B-glucopyranoside, benzyl B-
2-O-B-glucopyranosyl, glucopyranoside,
grandifloric acid, E-2-hexynyl B-
glucopyeanoside, hexanol B-glucopyranoside, 6-
C-glucopyranosylapigenin and 6,8-di-C-
glucopyranosylapigenin.?’

In conclusion, we have established a renal
and hepatic injuries model of rats by CdCl,
subcutaneously treatment for studying the
antagonistic and prophylactic effects of T.
laurifolia Lindl. leaf extract. This study could not
demonstrate that the leaf extract could not be
used to treat Cd toxicity. However, the leaf
extract may provide some protection if
administrated prior to Cd exposure. The routes of
the leaf extract administration to reduce Cd
toxicity and/or the dosage of CdCl, need to be
modified in future.
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Figure 1 The effect of Cd on body weight. Each point represents mean £ SEM of 3 rats.

Table 1 Left and right kidneys and the liver’s weight of cadmium (1.2 mg/kg CdCl,) treated rats compared
to the control rats

Rats Left kidney Right kidney Liver weight (g)
weight (g) weight (g)

Control 1.16 +0.09 1.28 +0.04 11.75+£0.25

Cd treated 1.30+0.11 1.34+0.13 18.96 £ 1.91

Values represent mean = SEM of 3 rats.

Table 2 Cadmium concentrations in blood and urine of the cadmium (1.2 mg/kg CdCl,) treated rats
compared to the control rats

Rats Blood Cd (ug/L) Urinary Cd Urinary Cd (ug/gCr)
(ng/gCr) Day 20
Day 0
Control 1.67 +0.33 56.00 + 31.34 4.67 +1.67
Cd treated 5,114.33 +1,081.98* 202.33 £73.13 220,792.33 £
81,714.00

Values represent mean + SEM of 3 rats. *p<0.05

Figure 2 Kidney histopathology of control rat (A) showed normal structure of glomerulus (G) and
proximal convoluted tubules (T), and of rat exposed to cadmium (B and C) showed proximal tubular
damage with dilation of lumen (L) and protein casts (arrow).
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Figure 3 Liver histopathology of control rat (A) and of rat exposed to cadmium showed degenerative
hepatocytes with sinusoidal (arrow) widening and the presence of single cell necrosis (white arrow) (B and

C).
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Figure 4 NMR spectra of the aqueous extract of Thunbergia laurifolia Lindl. leaves collected in July (A)

and October 2009 (B) showing similar constituents
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Drinking Thunbergia laurifolia Lindl. Leaf Extract Helps Prevent Renal Toxicity

Induced by Cadmium in Rats

Chattaviriya P*, Morkmek N*, Lertprasertsuke N, Ruangyuttikarn W**
'Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Thailand.
“Department of Pathology, Faculty of Medicine, Chiang Mai University, Thailand

ABSTRACT

Thunbergia laurifolia Lindl. (TL) or “Rang Jerd” is a Thai herbal medicine used as an antidote for several
poisonous agents. Cadmium (Cd) is an environmental pollutant in Mae Sot district, Tak province, Thailand.
Chronic exposure to Cd causes renal and bone dysfunction in exposed human populations. In order to
investigate whether TL leaf extract could prevent Cd induced renal toxicity, two groups of male Wistar
rats, six rats each were injected with cadmium chloride solution (CdCl,) at the concentration of 1.0 mg/kg
BW for 20 days. Group 1 was serving as control and fed distilled water for 20 days before Cd
administration while group 2 was administered TL leaf extract at 0.1 mg/ml in drinking water for 20 days
before and during injection of CdCl, at the same concentration as in group 1. The body weight of rats
pretreated with TL leaf extract before Cd exposure in group 2 was significantly (p<0.05) greater than that
of rats given with Cd alone. However, TL leaf extract did not reduce the levels of Cd in blood and urine of
the Cd exposed rats. The rats in group 2 did not show histopathological changes in the kidney that were
observed in the control group which given Cd alone. Therefore, this study demonstrated that TL leaf extract
can protect against Cd induced structural damage in rat kidney and also reduce other systemic toxicity. TL
leaf extract may be useful for reducing Cd toxicity in human populations exposed to Cd in food and

drinking water.

Keywords: cadmium, Thunbergia laurifolia Lindl., renal toxicity, rats
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INTRODUCTION

Thunbergia laurifolia Lindl. (TL) is a
herbal medicine used as an antidote for several
poisonous agents in Thai traditional medicine.
The Thai name for this plant is “Rang Jerd”
and its English name is “Babbler’s Bill”.! It is
a shrub with small oblong or ovate leaves and
bluish-purple flowers. It can be divided into
three types designated by flower color: white,
yellow, or purple. Purple varieties are believed
to possess compounds that deliver health
benefits particularly from materials of the
stem, root and leaves.? It is commonly
consumed as herbal tea. Various parts of the
plant have been used for various medicine
purposes e.g. aqueous extracts of fresh leaves,
dried leaves, dried root and bark were used as
antidote for insecticide®>, ethyl alcohol,
arsenic and strychnine poisoning.® The dried
root was also used as an anti-inflammatory’
and antipyretic agent.® The aqueous extract
from leaves is reported to be harmless to rats
with no behavioral effects.” Moreover, the
crude extract is reported to have no
cytotoxicity and high antioxidant activity.'

Cadmium (Cd) is a naturally occurring
minor element, one of the metallic components
in the earth’s crust and oceans, and present
everywhere in our environment. It is an
important  industrial and  environmental
pollutant that can affect multiple organ systems
and has a biological half-life of about 30 years
in humans.** Human Cd exposure is mostly
from food and water as well as cigarette smoke
and contaminated air. Human and animal
studies have shown that pulmonary absorption
is higher than gastrointestinal absorption;
approximately 50% of inhaled Cd is absorbed
in the blood circulation, but gastrointestinal
absorption of Cd is reported to be only 3-8% of
the ingested load.*> The absorption of Cd in
humans depends on physiological status (age,
dietary intake, iron storage, gender and
smoking habits). High ingestion of Cd causes
acute gastroenteritis.”> Long-term occupational
exposure to Cd causes severe chronic effects,

predominantly in the lung and kidney. Cd
mainly accumulates in the kidney, where it
causes generalized dysfunction of the proximal
tubules, characterized by polyuria and increase
in urinary excretion of low-molecular-weight
proteins, electrolytes, amino acids and
glucose™ as well as histopathological changes
including proximal tubular cell degeneration,
interstitial  inflammation  and  fibrosis,
glomerular swelling, atrophic and pyknotic
nuclei, vacuoles, apoptosis and necrosis.*>*®

Recently in Thailand, environmental
pollution of Cd has been discovered in Mae
Sot district, Tak province.r” Cd, presumably
released from zinc mining in Mae Sot area, has
contaminated water and soil and has entered
the human food chain by uptake into rice
grown in the district. A large-scale health
impact survey in the district'® reported that
residents had high level of Cd exposure with
9.2% of subjects having urinary Cd between 5-
10 pg/gCr and 2.5% with urinary Cd >10
pug/gCr,  compared to the maximum
recommended level of the urinary Cd of 2
ug/gCr.*®

Other studies of the health of Mae Sot
residents have found high levels of renal
dysfunction, particularly in farmers who ate
their own, locally grown rice, each day® and
accelerated bone resorption due to impaired
calcium reabsorption in the renal tubules.?

However, there are no specific
treatments for minimizing Cd toxicity in this
exposed population. There is also no report of
the use of TL leaf extract to treat Cd induced
renal toxicity. Therefore, our study tested the
hypothesis that TL leaf extract supplied in
drinking water to rats, may reduce renal
toxicity induced by high exposure to Cd.
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MATERIALS AND METHODS

Obtaining of Thunbergia laurifolia Lindl.
leaves

Fresh, mature leaves of Thunbergia
laurifolia Lindl. were collected from Ob Khan
National Park, Hangdong district, Chiang Mai
province, Thailand and identified at the Queen
Sirikit Botanic Garden, Mae Rim district,
Chiang Mai province.”® The leaves were
washed with tap water, dried and ground to
powder, then stored in amber glass bottles at
room temperature before extraction.

Extraction of TL leaves

T. laurifolia leaf powder was soaked in
boiled distilled water (1:10 wi/v) for 1 hr then
filtered through three layers of gauze followed
by Whatman No.4 filter paper. The filtrate was
lyophilized and stored in a desiccator at 4°C.
The extract was redissolved in distilled water
to desired concentrations just prior to use.

TL leaf extract dosage preparation

The dosage of the TL leaf extract for
rats was calculated to approximate a human
dosage from drinking 3 cups of TL tea per day.
This was estimated as 0.1 mg/ml of TL leaf
extract supplied in distilled water 120 ml,
which was the rat daily drinking water ration.

Animal treatment

Twelve adult male Wistar rats (200-250
g) were used in this study. The study protocol
was approved by the Animal Ethics
Committee, Faculty of Medicine, Chiang Mai
University. The rats were acclimatized under
controlled experimental conditions of room
temperature of 25£2°C with 12 hr light and 12
hr dark cycle and humidity of 50+10% for one
week before experiments. They had free access
to drinking water and standard rodent pellets
throughout the experiment.

The rats were divided into two groups
of six. The positive control group (group 1)

were provided distilled water without TL leaf
extract for 20 days, then treated with daily
subcutaneously injection of CdCl, solution (1.0
mg/kg) in isotonic saline for 20 more days.
The treatment group (group 2) was provided
TL leaf extract (0.1mg/ml) in drinking water
for 20 days prior to the commencement of the
CdCl, treatment (1.0 mg/kg) for 20 more days
and the TL leaf extract supply in drinking
water was continued throughout the
experiment.

The body weight and  water
consumption of each rat was measured daily.
Twenty four hour urine samples were collected
using metabolic cages from each rat on three
occasions; Day 0 or 1; Day 20; and Day 40. At
the end of experiment (Day 40), all rats were
anesthetized with sodium phenobarbital and
blood was taken via cardiac puncture. The
kidneys were removed, washed with normal
saline, weighed and kept in neutral-buffered
formalin  solution  for histopathological
examination.

Quantification of urinary creatinine and
cadmium

The creatinine level in rat urine was
measured using Jaffe reaction”®  with
spectrophotometer at 500 nm. Urinary Cd
concentrations were measured by graphite
furnace atomic absorption  spectrometer
(GFAAS) with Zeeman-GFAAS background
correction (Varian SpectraA800Z). The Cd
standard curve was established using standard
Cd solution. The standard solution was mixed
with a modifier and diluted to 1, 3 and 5 pg/l.
The modifier was used as a blank. The urine
sample was mixed with modifier before
analysis and put into an autosampler under the
previous described of the GFAAS standardized
condition.?*

Quantification of blood cadmium

Blood Cd concentrations were also
measured by GFAAS with Zeeman-GFAAS
background correction but the sample
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preparation was different from the process
prepared for urinary Cd measurement. Five
hundred microliters of whole blood was mixed
with 1 ml of 5% nitric acid in the micro-test
tube, then vigorously mixed for 30 seconds and
held at room temperature for 1 hr. The micro-
test tube was centrifuged at 12,000 rpm for 5
min at 20°C, before removing the supernatant
to a new micro-test tube and centrifuged again
at 12,000 rpm for 5 min. The supernatant was
injected onto the GFAAS with the developed
temperature program.”

Histopathological examination

The kidneys were perfused, taken out
and washed with normal saline for removing
excessive blood. They were dissected and
fixed in  10% neutral-buffered formalin.
Representative sections were selected for
histopathological processing. The tissues were
embedded in paraffin blocks and cut as five
micron sections, stained with hematoxylin-
eosin and examined under light microscope.?

Statistical analysis

Data were expressed as mean =
standard error of mean (SEM) and compared
between groups using Student’s t-test.
Differences at p < 0.05 were considered
significant.

RESULTS

Rat body weight

Body weight of Cd treated rats in both
groups of the experiments, without (group 1)
and with (group 2) pretreatment with TL leaf
extract in drinking water as TL tea, were
significantly different (p<0.05) from day 21 to
day 40 as shown in Figure 1. The results
showed that pretreatment with TL leaf extract
in drinking water can help reduce weight loss
due to cadmium toxicity.

Water consumption

During days 1-20, both groups
consumed similar volumes of water per day.
After Cd treatment commenced on day 20,
both group consumed less water. However, the
group provided with TL leaf extract consumed
significantly more water than rats without the
TL leaf extract (p<0.05, Fig. 2).

Urinary and blood cadmium concentrations

Both groups of rats had extremely high
urine Cd levels so the TL leaf extract had no
effect on urinary Cd concentration (Table 1).

Blood cadmium concentration

The similar blood Cd concentrations in
both groups of rats after 20 days exposure to
Cd, indicated that T. laurifolia Lindl. leaf
extract did not affect the concentrations of Cd
in blood (Table 2).

Histopathological examination

Light microscopic examination of
histopathology of the rat kidneys indicated that
T. laurifolia Lindl.leaf extract could protect
kidney from damage by Cd. The kidney cortex
of rats exposed to Cd without TL leaf extract
(Fig. 3B) showed abnormalities including
glomeruli  widening, cloudy swelling of
tubules, lumen widening, irregular shaped
epithelial cells, blurred structure of tubular
epithelium, abnormal defined nuclei and pale
cytoplasm. In contrast, the histology of
glomeruli in rat kidneys exposed to Cd and TL
leaf extract (Fig. 3C) was no different from
glomeruli of the normal rats (no any treatment)
in Figure 3A (the result shown in Figure 3A
was from our previous study with normal rat
without any treatment). These plates clearly
demonstrate that the kidney tubule and
glomeruli structure was preserved in rats
exposed to both Cd and TL leaf extract.
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Figure 1. Rats exposed to Cd after day
20 (group 1) suffered weight loss but the loss
was much more limited in rats which
consumed drinking water containing TL leaf
extract (group 2). All values are mean £ SEM
of 6 rats. An * indicate statistically significant
differences among the two groups (p<0.05).
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Figure 2. Water consumption of male
Wistar rats in Cd treated (group 1) and
pretreatment with TL leaf extract in drinking
water (group 2) before (Day 1-20) and after Cd
treatment (Day 21-40).

DISCUSSION

Teeyakasem et al.?® reported high

urinary Cd concentrations in Mae Sot residents
and found they were at high risk of renal
dysfunction due to chronic exposure to Cd in
food and water. Our results showed rats
exposed to Cd by daily subcutaneous injection
for 20 days had high levels of Cd in the blood,
but exposure to TL extract before and during
the Cd exposure did not affect the blood or
urinary Cd concentrations. Therefore, the
potential use of TL tea as a medicinal herb to
reduce the affect of Cd exposure in people like
those living at Mae Sot district appears limited.

200 A ——Group 1

However, the evidence from
histopathology was that TL tea may protect
kidney tissue from damage caused by Cd
exposure. These results are similar to previous
investigations on rats dosed with Cd by oral
ingestion in water for 6 weeks at 50 mg/l,
which reported proximal tubular damage and
glomerular swelling.”® Prozialeck et al.** also
observed proximal tubular epithelial cell with
irregular shape and gaps between the cells in
rats administration of Cd 0.6 mg/kg for 6
weeks. The concentrations of CdCl, and TL
leaf extract used in this study works well to see
the protective of the TL tea from Cd toxicity.

The protective effect of the TL leaf
extract on Kkidney tissues may be due to
antioxidant  properties of the phenolic
compounds or other anti-oxidants or anti-
inflammatory constituents in the leaves.'*%%

We conclude that TL leaf extract can
prevent or reduce Cd induced structural
damage in the kidney of rats. The major
chemical constituents of the TL leaf extract
will be isolated and identified then tested for
Cd protective properties in rats to elucidate
whether they can also help prevent or reduce
toxicity from high Cd exposure. The results
will be wvery applicable advantage to
unavoidable of Cd exposure population in the
polluted area such as Mae Sot district.
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Figure 3. Histopathology (H&E, x400) of tubule (T) and glomeruli (G) in the kidney cortex of a normal, untreated
rat (A); a rat exposed to cadmium chloride at 1.0 mg/kg for 20 days (B); and a rat exposed to both T. laurifolia leaf
extract and CdCl, (C).

Table 1. Urinary Cd concentration in rats exposed to Cd with (group 2) and without (group 1) exposure to T.
laurifolia leaf extract.

Rats U-Cd
Day 0 (ug/gCr) Day 20 (ug/gCr) Day 40 (ug/gCr)
Group 1 309+155 23.2+6.4 79,491.2 + 24,545.8
Group 2 349+116 20.4+6.9 71,478.6 + 23,355.1

Table 2. Comparison of blood concentrations of rats treated with Cd only (group 1) and the concentrations of rats
pretreatment with T. laurifolia Lindl. leaf extract in drinking water (group 2)

Rats Blood Cd (pg/l)

Group 1 (CdCl, treatment only) 5,399.9 £ 618.8

Group 2 (pretreatment with TL) 5,089.1 + 533.6
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Factors on Improper Pesticide Application in Chinese Kale Cultivation

Kanjanamangsak P, Benjapong W"*, Muangsrichan N*and Karnpanit W"
YInstitute of Nutrition, Mahidol University, Nakhon Pathom, Thailand

ABSTRACT

Chinese kale (Brassica Oleracea) is an important industrial crop of Thailand that is mostly consumed
by Thai people. However, there are many studies found the problem of pesticide residues in Chinese
kale. This study aimed to investigate the factors of improper application of pesticides in Chinese kale
cultivation. The application of pesticides were gathered by conducting the interviews and
questionnaires with the farmers. Brainstorming during researchers, farmers and technical specialist
of the provincial agricultural extension offices in study areas. Most farmers receive the knowledge of
pesticide application from both district agricultural extension office and pesticides store. There were
34 types of pesticides which the farmers used in Chinese kale cultivation including 19 types of
insecticides, 9 types of fungicides, and 6 types of herbicides. The result revealed that types of
pesticides that the related government agencies should monitor strictly including Dicrotophos,
Methomyl and Metalaxyl. While, other pesticides such as Abamectin, Mancozeb, Propineb, Alachlor
and Paraquat which are popular using by the farmers, should be protect of risk occurrence by
dissemination of accuracy and appropriate knowledge about good practice of pesticide application,
pre harvest interval, pesticides storage and elimination of pesticide container. Factors which caused
improper pesticide application in Chinese kale cultivation including specific characters of vegetable
which are short term cultivation, planted throughout the year and there are various types of pest.
Most of farmers did not have good management of water resource and cultivated areas including
lacking of good agricultural knowledge. In addition, problem of marketing and price of product were
also the important factors.

Keywords: Pesticides, Chinese kale, Factors
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Prevention of Acetaminophen Induced Hepatorenal Toxicity in Mice with Fruits
of Terminalia chebula (Myrobalan)

Sharma A’ and Rathore H.S."*
!School of Studies in Zoology and BiotechnologyVikram University,Ujjain 456010 INDIA

ABSTRACT

Protective role of fruits of Terminalia chebula (myrobalan) at three dose levels (200,150
&100mg/kg bw) against acetaminophen (paracetamol) induced hepato and nephrotoxicity with
single sublethal dose (300mg/kg bw) has been assessed. Parameters of study are glutamate
oxaloacetate transaminase (GOT), glutamate pyruvate transaminase (GPT), billirubin, alkaline
phosphatase (ALP) as liver function tests, creatinine and urea as kidney function tests and histology
of liver and kidney for pathology. T.chebula could well antagonize acetaminophen induced
hepatorenal toxicity in dose dependent manner. However, myrobalan could not afford protection
against lethal dose of acetaminophen. Probable protective role is discussed in detail on the basis of
known properties of different constituents of fruits of Terminalia chebula.

Keywords: Terminalia chebula, acetaminophen/paracetamol, liver-kidney, mice, antioxidants.
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Introduction

During recent past few herbal
compounds have been screened for their ability
to reduce and/or nullify acetaminophen
induced hepatotoxicity!. Over dosage of
acetaminophen mainly  causes dose
dependent, fatal hepatic necrosis’ however
renal tubular necrosis and hypoglycemic coma
may also occur®.

Myrobalan, fruits of Terminalia chebula
(Combretaceae) has been found to protect
mammalian liver from toxicity caused by sub-
chronic administration of rifampicin, isoniazid
and pyrazinamide in combination®, it could
also protect kidneys too against nephrotoxins
including nickel chloride®, ferric nitrilotriacetic
acid (Fe- NTA)®. Present study is undertaken to
find out influence of myrobalan on
acetaminophen induced hepatorenal toxicity in
mice.

Matherials and Methods

Animal Model

Isogenic healthy male swiss albino
mice of 20-25 gms. were obtained from
Biological Production Division, Government
Veterinary College, how MP. They were
maintained on standard food and tap water ad-
libitum. They were housed in animal house in
propylene cages.

Herbal drug

Dried intact fruits of T. chebula were
purchased from local herbal shop and were
gently backed in a stainless steel container.
After cooling they were ground in electrical
grinder to get fine powder. Known quantity of
fruits of Terminalia chebula (Myrobalan)
powder was thoroughly mixed in known
amount of distilled water using mortar and
pestle which was filtered by ordinary filter
paper. This clear aqueous filtrate was orally
administered to mice using blunt, bent thick
(No. 18) needle fitted on a syringe. The dose of
drug was selected from described values in the
literature on herbal drug.

Experiment 1: Protection at lethal
dose

Preliminary experiments were
performed on mice to estimate the protective
effect of this herbal compound against single
lethal dose of paracetamol (1g/kg). Animals
were divided into two groups of 10 animals
each. One group was treated orally with the test
drug Terminalia chebula at maximum dose
(4gm/kg bw) and followed after 1 hour by
intraperitoneal injection of paracetamol.

Another group was administered
distilled water instead of drug. The mortality
was observed 24 hour after paracetamol
administration in both groups. Percentage
protection against lethal effect of paracetamol
was calculated.

Experiment 11 Hepatoprotective
and Nephroprotective study: Hepatic and
renal injury was induced in mice by
subcutaneous administration of single sublethal
dose (300mg/kg/bw) of paracetamol injection.
Details are shown in Table:1.

Biochemical Observations On day 9,
48 hours after paracetamol administration
blood sample from each animal of each group
was taken directly from heart under mild
chloroform anesthesia. Biochemical parameters
GOT, GPT and billirubin, AP as liver function
tests and creatinine and urea as kidney function
tests are evaluated using ready to use available
Kits made by standard companies (i.e.
BEACON diagnostics Pvt. Ltd.,, AGAPPE
diagnostics, ACCUREX biochemical Pvt. Ltd.,
VITAL diagnostic (P) (Ltd.) in a recognized
pathological clinic.

Histopathological Observation

Also, on 9™ day pieces of liver and
kidney from each animal were fixed in Bouins
fluid for routine histopathology. Hematoxylin-
eosine stained sections were observed for
histopathology.
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Statistical Analysis:

Experiments were done thrice. The data
were subjected to Students ‘T’ test at 5% level
of significance.

Results

Lethality test: (Experiment 1) : All
mice of second group (acetaminophen
exposed) died showing 100% mortality. In
another group, which had received Terminalia
chebula prior to acetaminophen challenge
showed 20% survival. This is shown in Table
2. This indicates that Terminalia chebula could
afford very little protection against lethal dose
of acetaminophen.

Hepato-nephroprotection:

(Experiment-11)
Histological Observations

Self explanatory figures and captions
are given in plate I and 1.

Physiological Observations (Table:3)

Levels of enzymes remained unaffected
among mice that were pretreated with highest
dose (200 mg/kg bw) of Terminalia chebula
before paracetamol challenge. Paracetamol
injection caused sharp rise in the serum levels
of all GOT, GPT, ALP, Bilirubin & creatinine
and urea indicating severe liver & kidney
injury. Lower dose (150 mg/kg bw) of
Terminalia chebula could keep level of serum
enzymes significantly lower than that the
values obtained in Group Il (Paracetamol
exposed). Lowest dose (100 mg/kg  bw)
Terminalia chebula provided partial protection
against paracetamol induced hepatotoxicity but
not towards renal toxicity. Histological
findings and physiological observations
corroborate each other.

Discussion

Toxicity of paracetamol in mice is an
established fact’. Several earlier reports in
human and in animal studies have cemented
this fact*®°. Due to this reason paracetamol is

used as experimental toxin to induce liver and
kidney damage in experimental studies.

Pretreatment le. prophylactic
administration of aqueous suspension of
powdered fruits of Terminalia chebula
(Myrobalan) at three different doses for 07
days to mice could provide appreciable
protection against acetaminophen
(paracetamol) challenge at sub lethal
experiments. Possibly myrobalan a natural
antioxidant might have mainly strengthened
endogenous antioxidant defense in the liver and
kidneys of mice, however, it could have also
exerted protective role via other routes as it
contains several components™. Individual plant
components like sulfhydryl and flavonoid
compounds, gallic acid, ellagic acid, mucic
acid, citric acid, reducing sugars and tannins
can modulate effects of many genotoxicants',
myrobalan possesses many such compounds®?,
which can be held responsible for reducing
cytotoxic effects of acetaminophen in mice
hepatorenal tissues.

Ellagic acid present in myrobalan could
have also lowered acetaminophen-induced
hepatotoxicity in mice in the present
experiments as it has been reported to do so
against acetaminophen in mice'?. Being a
strong antioxidant, ellagic acid attenuates the
damaging effect of H,O, , scavenge superoxide
anion and hydroxyl anion. Ellagic acid can
also act on drug-metabolizing enzymes and
prevent the formation of toxic metabolites™.

Cytotoxicity of N- acetyl-p-benzoquinone
imine (NAPQI), metabolite of acetaminophen
in cultured rat hepatocytes could be fully
prevented by the addition of N-acetyl cysteine,
GSH, or ascorbate'®. Ascorbate present in
myrobalan®could have afforded protection
against acetaminophen in the present study.
Exogenous administration of N-acetyl-L-
cysteine could restore experimentally depleted
GSH level in liver and Kidneys of rat within 60
and 120 minutes respectively®.
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07 day prior ie. prophylactic
administration of myrobalan to mice in the
present study could have also caused enhanced
GSH contents of liver and kindneys (and
probably in other tissues too) because
myrobalan contains many amino acids
including those precursors of GSH"®. About
4% sulphated ashes are present in myrobalan™
which can be utilized for GSH synthesis.

Myrobalan administration could have
restored acetaminophen-induced alteration in
renal glutathione content, activities of
glutathione-s-transferase, glutathione
reductase, glutathione peroxidase and lipid
peroxidation, hydrogen peroxide generation
and serum creatinine level as myrobalan has
been found to do so against nickel chloride-
induced oxidative stress in the kidneys of rat™®.

Chebulic acid, a component of
myrobalan could have maintained correct ratio
of GSSH, oxidized form of glutathione (GSH)
to the total GSH (GSH-GSSH) as it has been
shown to do so following tertiary butyl hydro
peroxide exposure to isolated hepatocytes™.

Myrobalan pretreatment can maintain
optimal level of GSH and cellular protective
enzymes, reduce H,0; content and
histoarchitecture of kidneys as it could do
against Fe NTA i.e. ferric nitrilotriacetic
acid®,

Myrobalan has been found to scavenge
DPPH, hydroxyl and superoxide radicals in-
vitro?™# later property has been further
confirmed by electron spin resonance (ESR)
sepctrometry®®. Aqueous extract of myrobalan
could inhibit gamma radiation induced lipid
peroxidation in rat liver microsomes and could
also restore superoxide dismutase in liver
mitochondria®**>  Aqueous  extract  of
myrobalan cold also exert antioxidant effect in-
vivo and in-vitro in rat against terbutyl
hydroperoxide toxicity”. Myrobalan has been
found even to protect mitochondria in
streptozotocin-induced diabetic rats®®. Such

antioxidant  activity and  mitochondria
protecting ability of myrobalan can be held
responsible for preventing hepatorenal toxicity
of acetaminophen which is also mediated
through H,0, and mitochondria®" 2.

Aqueous extract of myrobalan has been
found to be antimutagenic as it could inhibit
gamma radiation induced DNA breaks in

plasmid  pBR 322%™  Prophylactic
administration of myrobalan prior to whole
body irradiation of mice could reduce

peroxidation of membrane lipids and DNA
damage. Extract of myrobalan could also
protect DNA damage in human lymphocytes
in-vitro®®.  Antioxidant and  membrane
stabilizing activities of myrobalan has been
held responsible for its hepatoprotective
potential® . Myrobalan has been found to
increase life span of HEK-N/F cells by 40%
due of shortening of age dependent shortning
of telomeric DNA after t-BuOOH and VVB
exposures*’.

Antioxidant property of myrobalan has
also been held responsible for its antigenotoxic
potential against lead nitrate, acetaminophen,
aluminum chloride and cadmium choride®*,

Myrobalan could even revert lead-
induced mitostatic effect in the root tip cells of
Allium cepa®. It is interesting to mention here
that root cells also have their own
detoxification system similar to that of animal
cells and involve many peroxidases, SOD, and
catalase®. Such preventive action of myrobalan
can be held responsible for regeneration of
hepatocytes and renal tubular cells even in the
presence of acetaminophen. It is concluded that
myrobalan reduces hepatorenal toxicity of
acetaminophen in mice.
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Fig.1: Showing normal histology of liver of control
group of mice. Radiating chords of hepatocytes
arounds central vein (cv) indicate well organized

histoarchitecture. No inclusion and no infiltration.

SR A

liver at 48 hr after single
acetaminophen (300 mg/kg bw i.p.). Damaged
hepatocytes are seen as eosinophilic spots (<).
Damaged & collapsed blood vessel (dbv) is
seen with rough margins and infiltration(inf).

injection of

Fig.3: Showing liver of mice at 48 hr after single
dose of acetaminophen (300 mg/kg bw i.p.) after 7
days pretreatment with fruit of Terminalia chebula
at highest dose (200 mg/kg bw) showing both
normal hepatocytes as well as disorganized ones.

Mild infiltration and mild damaged blood vessel is
seen. Binucleated cells (bnc) are evident.
Histoarchitecture is quite better than what is seen in
figure 2. Drug could appreciably reduce

paracetamol toxicity.

P R B S hd
Fig.4: Showing liver of mice at 48 hr after single
dose of acetaminophen (300 mg/kg bw i.p.) after 7
days pretreatment with fruit of Terminalia chebula
at lower test dose (150 mg/kg bw). Infiltration from
damaged blood vessel is evident. Damaged
hepatocytes(<) are seen. Damage is more
pronounced than what is seen in earlier figure. Still
drug could reduce acetaminophen toxicity as better
histology is seen than figure 2. Drug could afford
partial protection.

55 g e o R R D s RIS
Fig.5; Showing liver of mice at 48 hr after single
dose of acetaminophen with (300 mg/kg bw i.p.)
after 7 days pretreatment with fruit of Terminalia
chebula at lowest test dose (100 mg/kg bw).
Severe infiltration from damaged blood vessel is
evident. Liver tissue consist of damaged
hepatocytes (€). Drug could still combat against
toxicity of paracetamol at lowest dose as still liver
tissue is seen in better condition than figue 2.

. L3 )
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Plate II Hlstology of Mlce Kldney HE 150 X

Flg 1 Showmg normaI hlstology of kldney of
control group of mice with well organized
glomeruli (g) and tubules (t).

Flg 2: Showmg severe dlsorganlzatlon of mice
kidney tissue at 48hr after single injection of
acetaminophen (300 mg/kg bw i.p.). Damaged
glomeruli (dg) & dilated tubules (dt) are seen.
Dead tubules i. e. cast (c) are also seen.

FlgB Showmg mice kldney at 48 hr after
single injection of acetaminophen (300 mg/kg
bw i.p.) after 7 days pretreatment with fruit of
Terminalia chebula at highest test dose (200

mg/kg  bw).  Showing  control like

histoarchitecture. Drug could afford protection
appreciably.

F|g4 Showmg mlce kldney at 48 hr after
single injection of acetaminophen (300 mg/kg
bw i.p.) after 7 days pretreatment with fruit of
Terminalia chebula at lower test dose (150
mg/kg bw). Mild tubular dilation (dt) with mild
disorganized glomeruli (dg) are seen but still
better histology is seen than figure 2. Drug
afford partial protection.

P ; L
VRS ST e

pr '
Fig.5: Showing mice kldney at 48 hr after

single injection with acetaminophen (300
mg/kg bw i.p.) after 7 days pretreatment with
fruit of Terminalia chebula at lowest test dose
(100 mg/kg bw). Severe  disorganization
i.e.tubular dilation(dt) much disorganized
glomeruli (dg) and few casts (c) are seen. This
figure resembles with figure 2. Drug could not
afford protection.
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Tablel: Experimental Design.

Group | Control group: Mice were pretreated orally with distilled water daily for 7 days followed by
single s.c. injection of benzyl alcohol 2 hr after last treatment (volume equal to that of
injection of paracetamol used) on 7" day in group 1.

Group Il Paracetamol treated group: Mice were pretreated orally with distilled water orally for 7
days followed by single s.c.injection of sublethal dose (300mg/kg/bw) of paracetamol on 7"
day, 2 hr. after last treatment.

Group 11l Drug pretreated and Paracetamol challenged groups: Mice were pretreated with the fruit of

IV V Terminalia chebula in distilled water at three doses (200,150,100mg/kg bw) orally daily for

7 days followed by single s.c. injection of paracetamol sublethal dose (300mg/kg bw) on 7"
day 2 hr after last treatment.

Table 2. Protection against lethal dose of acetaminophen by Terminalia chebula

S No Grou Total number | Mortality out Percentage
S P of mice used of 10 protection
Acetaminphen tr
1. cetaminphen treated 10 10 (100%0) 0%
group
Acetaminphen
2. challenge to myrobalan 10 08(80%) 20%

treated group
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Table 3: Effects of pretreatment with different doses of fruit of Terminalia chebula against

acetaminophen induced changes in the serum levels of enzymes in mice (n=6; Mean+SEM)

S.NO.

GROUPS

LIVER FUNCTION TESTS

KIDNEY FUNCTION TESTS

AST
(UIL)

ALT
(UIL)

ALP
(UIL)

BILIRUBIN
(MG/DL)

CREATININ
E (MG/DL)

UREA
(MG/DL)

Group |
(Controls)

62.40+0.86

53.75+0.74

123.71+1.31

0.33+0.02

0.44+0.07

53.76+0.85

Group Il
(Acetaminophen
challenged at 300

mg/kg bw)
% change vs control

130.85%1.33

[109.69%1]

154.30°+£1.91

[187.06%1]

172.91%+1.81

[39.77%1%]

0.85%+0.04

[157.57%1]

1.20°+0.10

[172.72%1]

104.88°+1.18

[95.08%1]

Group 1 (Pretreated
with higher
dose 200 mg/kg
bwof  T.chebula
& challenged with
acetaminophen at 300
mg/kg bw)

% change vs control
% difference from
group Il

65.27°+1.20

[04.59%1]NS
[50.11%]]

57.33°+2.01

[06.66%1]NS
[62.84%]]

126.11°+2.14

[01.94%1]NS
[27.06%]]

0.41°+0.03

[24.24%1]NS
[51.76%]]

0.49°+0.09

[11.36%1]NS
[59.16%1]

56.14°+1.15

[04.42%1]NS
[46.47%|]

Group IV (Pretreated
with lower dose 150
mg/kg bw of
T.chebula &
challenged with
acetaminophen at 300
mg/kg bw)

% change vs control
% difference from
group Il

86.12%°+1.48

[38.01%1]

[34.18%]]

83.77%°+1.89

[55.85%1]

[45.70%]]

142.08*°+2.2
1

[14.84%1]

[17.83%]]

0.56>°+0.02

[69.69%1]

[34.11%]]

0.65 *P+0.04

[47.72%1]

45.83%]]

72.09%°+1.23

[34.09%1]

[31.26%]]

Group V (Pretreated
with lowest dose 100
mag/kg bw of
T.chebula &
challenged with
acetaminophen at 300
mg/kg bw)

% change vs control
% difference from
group Il

110.09%+1.25

[76.42%1]

[15.86%]]

104.56*°+2.14

[94.53%1]

[32.23%]]

155.78*°+1.9
8

[25.92%1]

[09.90%]]

0.63*"+0.02

[90.90%1]

[25.88%]]

1.15%+0.07

[161.36%1]

[04.16%|]NS

101.54%+1.10

[88.87%1]

[03.18%]NS

‘a’= Significant Group I vs all groups; 1 =Rise
Significant Group II vs Group III, Group IV, Group V; |= Decline , NS= Non significan

02—
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Site-Directed Mutagenesis of HPV16 Spliced E6 Protein and Localization
Patterns

Sirisrimangkorn S' , Wanichwatanadecha P*, Ponglikitmongkol M*".

! Department of Biochemistry, Faculty of Science, Mahidol University, Rama VI road, Bangkok 10400,
Thailand

Abstract

Infection of cervical cells by high risk human papillomaviruses (HPVs), such as type 16 and 18, is a
well-known cause of cervical cancer. E6 is one of the two main HPV oncoproteins responsible for
cellular transformation and immortalization. The high risk HPV16 E6 gene generates a spliced form
of 43 amino acids, so called E6-1, whose precise role is not known. Cellular localization of HPV16
E6 protein containing both full and spliced forms was previously shown to be dispersed in the
nucleus and the cytoplasm, whereas full-form E6 protein was preferentially localized in the nucleus.
Our previous results indicated that E6-1 localized equally both in the nucleus and the cytoplasm.
Based on amino acid sequence homology between E6-1 and the N-terminus of E6, the E6-1 protein
contained only a weak nuclear localization signal whereas the full-form showed three of them, a
combination of which generated a strong signal. In this study, we generated E6-I variants by site-
directed mutagenesis and examined their localization in a human embryonic kidney cell line, 293T,
in order to determine residue(s) necessary for nuclear localization of the spliced protein. Our results
indicated that a weak nuclear translocation signal present in E6-1 was not sufficient for its nuclear
entry since mutations in this region did not affect their localization patterns which suggested that
other amino acid sequences or E6-1 binding protein might be required for E6-I to enter the nucleus.
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Introduction

Cervical cancer, a malignant cancer of
the cervix uteri, is one of the most common
causes of cancer death in women worldwide
including in Thailand. The most important risk
factor in the development of cervical cancer is
infection with high-risk strains of human
papillomavirus (HPV), particularly, HPV16
and 18. Infection of cervical cells by HPV 16
alone accounts for more than 50% of cervical
cancer incidences [1]. The low-risk viruses
rarely cause lesions and normally do not
develop into cancer for example HPV types 6
and 11.

E6 is one of the two main high-risk
HPV oncoproteins responsible for cellular
immortalization, transformation, and cancer
progression [2-3]. The key role of E6 is
inducing p53 degradation and inhibiting p53-
mediated apoptosis through EG6-associated
protein (E6AP). Only E6 protein of high risk
HPV can bind to core region of p53, in the
presence of EGAP.

Small forms of HPV E6 protein
(spliced E6 protein or E6-1) are only presented
in high-risk HPV but not in the low-risk HPV.
They are translated from spliced E6 mMRNAS
produced during splicing. In HPV16, E6-I
transcripts are spliced out at nucleotide 226
and spliced back at nucleotide 409 to generate
E6-1 transcripts which produces a 43 amino
acid protein [4]. The amino acid sequence of
E6-1 is identical to the N-terminus of E6
protein [5].

There are two proposals that explain
the existence of the E6-1 mMRNA. Firstly, E6-I
encoding mRNA has the much larger space
between the stop codon of the E6-1 ORF and
the start codon of E7 ORF [6], therefore the
splicing mechanism may allow more efficient
translation of E7 protein (Figure 1). Secondly,
E6-1 protein may have some functions.
Previous reports have shown that HPV18 E6-I
protein inhibited E6-mediated degradation of

p53 and increased in cellular level of p53 by
interacting with both full-form E6 and EGAP,
but not to p53 [7-9]. The high-risk HPV18 E6-
| protein forms a complex with E6AP through
E6AP binding site at amino acids 28-31 [7]
which corresponds to amino acids 26-29 for
HPV16. HPV18 E6-1 protein seems to
modulate E6 protein by inhibiting some of E6
functions such as p53 degradation. Moreover,
the interaction between 18 full form E6 and 18
E6-1 leads to the destabilization of the EG6
protein, suggesting that E6-1 protein can
function as a negative regulator of the full-
length E6 protein [10]. Moreover, it is
believed that HPV18 spliced E6 protein
probably exerts the anti-proliferative effect in
HPV infected cells.

While functions of E6 protein are
extensively studied, the function of E6-I
protein is still unclear. Although E6 can bind
to a number of host proteins, both the
cytoplasmic and the nuclear proteins, it is
primarily localized in the nucleus. N-terminal
zinc finger of E6 was proposed to be involved
in the nuclear localization [11]. Surprisingly,
strong nuclear localization signal of E6 was
observed at the C terminus, between residues
120 and 151 of the protein [12]. Later study
demonstrated that three nuclear localization
signals (NLS) of the full-form 16E6 protein
including the NLS1 at amino acids 8-11, the
NLS2 at amino acids 66-72 and the NLS3 at
amino acids 115-124 were responsible for its
nuclear localization and also correlate with its
transcriptional regulation activity [13]. The
putative NLS motif appears to exist only in
oncogenic E6 proteins from high risk HPVs
but not low risk HPVs. The lack of powerful
NLS in low risk E6 proteins is probably the
main reason for the cytoplasmic retention of
these proteins [13]. Based on 16E6 protein
sequence, 16E6-1 protein contains only a weak
NLS1 (not NLS2 and NSL3) and EG6AP
binding site. Identification of the NLS motif in
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HPV16 EG6-1 protein may provide the first
insight into the novel activity of this protein.

Therefore, in this study, we aim to
investigate the significance of NLS1 of E6-I
protein in its cellular localization patterns and
also to determine amino acid residues
responsible for its nuclear entry by sited-
directed mutagenesis.

Materials and Methods

Plasmid construction: E6 and EG6-I
cDNAs of HPV16 were isolated from SiHa
cervical cancer cell line and inserted in frame
at the C-terminus of green fluorescence
protein between Notl and Xhol sites of the
expression vector pEGFP-C1 (Clontech) to
yield GFP-HPV fusion protein (Figure 2). The
E6 splice donor mutant expressing only full-
form E6 was generated by changing G at the
splice donor site to C (nucleotide 226)
resulting in a V to L amino acid substitution.
Eleven HPV16 EG6-1 variants, namely A8-11,
A23-26, A27-30, R8A, R10A, K11A, T17A,
E18A, V31A, Y32A, and K34A, were
generated by site-directed mutagenesis using
PfuTurbo DNA polymerase (Stratagene) and
primers as shown in Table 1. The GFP fusion
proteins containing full-forms of HPV16EG6
and HPV6EG6 were also generated in the same
manner and used as controls. All the obtained
clones were confirmed through DNA
sequencing (Macrogen Inc.).

Cell culture: Human embryonic
kidney cell line, 293T, was maintained in
Dulbecco’s Modified Eagle Media (DMEM)
supplemented with 10% fetal bovine serum
(FBS) and antibiotics, 100 U/ml of penicillin
G, 100 U/ml of streptomycin, at 37°C in
humidified atmosphere with 5% CO,.

Transfection: Overnight cultures of
293T cells were transfected with indicated
amounts of HPV16 E6-1 and its variants using
Lipofectamine™ 2000 (Invitrogen) according
to manufacturer’s protocol.

Confocal fluorescence microscopy:
293T cells were seeded on glass coverslips in
35-mm culture dish and were transfected with
1 pg of HPV16 E6-1 in pEGFP-C1 backbone.
Twenty four h after transfection, cells on
coverslips were washed with PBS (pH 7.4)
and fixed with 4% paraformaldehyde in PBS
at room temperature for 30 min. Cells were
washed three times and incubated with nuclear
staining TO-PRO®-3 iodide dye (Molecular
Probes®; Invitrogen) with 1:500 dilutions in
PBS at room temperature for 45 min in dark.
After air dried, cells were mounted on slide
using VECTASHIELD® Mounting Medium
(Vector Laboratories) and analyzed under the
Olympus FV1000 confocal microscope with
two excitation laser beams of 488 nm and 633
nm. The images were taken under 60x
objective oil immersion lens with 2x zoom.

Results and Discussion
Site-directed mutagenesis

The cloned 16E6-1 cDNA was inserted
in frame at the C-terminus of the green
fluorescence protein (EGFP) gene in the
expression vector pEGFP-C1 at Not | and
Xhol sites as shown in Figures 2A and 2B.
These allowed the expression as GFP- 16E6-I
fusion proteins which could easily be followed
under confocal microscope. Eleven types of
site-directed mutagenesis in the 16E6-1 gene
were constructed and their positions and
amino acid changes were illustrated in Figure
2C.

Since the amino acid sequence of E6-I
was identical to the first 43 amino acids of
full- form EG6, the significance of these
residues were then extrapolated from those
reported for full-form E6. The 16E6-IA8-11
variant had a deletion of amino acids 8 to 11
which corresponded to nuclear localization
signal 1 (NLS1) of 16E6 protein. The two
variants 16E6-1A23-26, and A27-30 had
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deletions of amino acids 23 to 26, and 27 to 29
respectively, both of which corresponded to
binding site of an EG associated protein.
Variants containing point mutations namely
16E6-1-R8A, R10A, and K11A had altered
amino acid residues in NLS1 sequence
whereas 16E6-I-T17A, E18A, V31A, Y32A,
and KB34A contained mutations in the
conserved domains of the high risk HPVs.

Nuclear localization of HPV16 E6-1 and its
variants

High risk HPV16 E6-1 protein has
previously been shown by our laboratory and
others to disperse throughout the cells, but
preferentially localized in the nucleus whereas
its full-form E6 was found specifically in the
nucleus | [13-14]. As mentioned earlier,
HPV16 E6 protein was identified to contain
three nuclear localization signals (NLSs);
NLS1, NLS2 and NLS3, that drive the 16E6
protein into the nucleus. The HPV16 E6-I
protein contains only a weak nuclear
localizing signal 1 (NLS1), RPRK (amino acid
8 to 11) residing in the N-terminal region of
HPV16 E6 protein. It was of our interest to
investigate whether E6-I entered the nucleus
using solely a weak NLS1.

We monitored the cellular distribution
of all 16E6-1 variants in 293T cells using
confocal microscope. The results in Figure 3
corresponded to those in earlier reports that
the 16E6 construct which expressed both full-
form and spliced E6 proteins localized both in
the nucleus and the cytoplasm, whereas only
full-form E6 was predominantly detected in
the nucleus. It might be possible that the
detected signal in the cytoplasm of 16E6
expressing cells derived from the 16EG6-I
protein.

Interestingly, all 16E6-I variants (both
deletions and point mutations) showed the
same localization patterns as that of the wild

type indicating that these positions did not
significantly affect the nuclear transport of the
E6-1 protein. However, we have observed
decreased signal in the nucleus when high
dose of the wild type E6-1 was used (data not
shown) which implied that localization of the
small form of E6 protein is dose dependent.
Since the wild-type HPV16 E6-1 and all
variants gave similar localization patterns to
that of GFP protein, the low-risk HPV6 E6
protein, which lacked of efficient NLS (NLS1
and 2 of 16E6 protein) but contained only the
motif similar to very weak NLS3 of HPV16
E6 protein, and could not enter the nucleus,
was used as negative control. Results from
6E6 confirmed its localization only in the
cytoplasm but not in the nucleus. The studies
by Tao et al. in 2003 using fluorescence
microscope  showed that NLS1 was
responsible for the accumulation of 16E6-1 in
the nucleus since decreased but not abolished
signal was observed when amino acids in
NLS1 were mutated [13]. However, no data
on dose effect was clearly presented.

In summary, in order to identify amino
acids necessary for nuclear localization of
HPV16 EG6-I1 protein, we have constructed
eleven 16E6-1 variants using the advantage of
GFP fusion technology to produce GFP-
HPV16 E6-1 fusion proteins which could be
monitored under the confocal microscope. We
observed that all mutations in 16E6-1 did not
alter their localization patterns including
mutations in the nuclear localization signal
suggesting that other residues in E6-I protein
might be required for its nuclear transport, or
else E6-1 might be carried by other nuclear
proteins to the nucleus

We thank BIOTEC, NSTDA for financial
support.
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Figure 1: Schematic illustration of the HPV16 E6-I transcript, and its coding potential. HPVV16 E6-
| transcript was generated by using a splice donor site at nucleotide 226 and a splice acceptor site at
nucleotide 409. Coding regions are indicated by boxes, excised intron fragments are indicated by

thin lines.

A pPCMV

Notl
PEGFP-C1- 1686
Xhol
16E6-I|
Kan'/Neo'
C
HPV16 E6-I
A8-11 A23-26 A27-30
MFQDPQERPRKILPQLCTELQTTIHDIILECNYCKQQLLRREVY
1 v vy vy vV v 43
A AA AA GA A

Figure 2: Diagram showing the 16E6-I coding region inserted downstream (C1) of the GFP gene
(A) in the pEGFP expression vector (B). Schematic illustration depicting the positions of three
deletions (A8-11, A23-26, A27-30) as indicated by boxes and eight point mutations in HPV16
spliced E6-1 obtained from site-directed mutagenesis (R8A, R10A, K11A, T17A, E18A, V31G,

Y32A, and K34A) as indicated by arrows.
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Figure 3: Cellular localization of HPV16 EG6-I variants in 293T cells as monitored by confocal
microscope after 24 h transfection. The fluorescence-TO-PRO®-3 merged images of 293T cells
transiently transfected pEGFP-C1-16E6, pEGFP-C1-full-form16E6, pEGFP-C1-6E6, pEGFP-C1-
16E6-1 and pEGFP-C1-16E6-I variants (A8-11, A23-26, A27-30, R8A, R10A, K11A, T17A, E18A,
V31G, Y32A, and K34A) are shown. The green signals show the fluorescence emission of GFP
protein, the red signals show the nucleus by TO-PRO®-3 iodide dye, and the yellow signals show
fluorescence emission of GFP protein in the nucleus. + or — indicates the presence or absence of
nuclear or cytoplasmic localization of GFP fusion proteins. Plasmid pEGFP-C1 was used as a GFP
control in transfection.
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Table 1 Sequences of primers used for site-directed mutagenesis

Primer name

Sequences

A8-11 sense
A8-11 antisense
A23-26 sense
A23-26 antisense
A27-29 sense
A27-29 antisense
R8A sense

R8A antisense
R10A sense
R10A antisense
K11A sense
K11A antisense
T17A sense
T17A antisense
E18A sense
E18A antisense
V31G sense
V31G antisense
Y32A sense
Y32A antisense
K34A sense

K34A antisense

5’-CAGGACCCACAGGAGTTACCACAGTTATGC-3’
5’-CGATAACTGTGGTAACTCCTGTGGGTCCTG-3’
5’-CAGAGCTGCAAACAACTATATTAGAATGTGTGTACTGC-3’
5’-GCAGTACACACATTCTAATATAGTTGTTTGCAGCTCTG-3’
5’-CAACTATACATGATATAGTGTACTGCAAGCAACAG-3’
5’-CTGTTGCTTGCAGTACACTATATCATGTATAGTTG-3’
5’-GGACCCACAGGAGGCACCCAGAAAG-3
5’-GGGTGCCTCCTGTGGGTCCTGAAAC-3’
5’-GGAGCGACCCGCTAAGTTACCACAG-3’
5’-TAACTTAGCGGGTCGCTCCTGTGGG-3’
5’-GAGCGACCCCGGGCCTTACCACAGTTATGC-3°
5’-CTGTGGTAAGGCCCGGGGTCGCTCCTGTGG-3’
5’-AGTTATGCGCTGAGCTGCAAACAACT-3
5’-AGTTGTTTGCAGCTCAGCGCATAACT-3’
5’-GGAGCGACCCGCTAAGTTACCACAG-3
5-TGTATAGTTGTTTGCAGCCCGCGTGCA-3’
5’-GATATAATATTAGAATGTGGGTACTGCAAGC-3’
5’-GCTTGCAGTACCCACATTCTAATATTATATC-3’
5’-TAGAATGTGTGGCATGCAAGCAAC-3’
5’-CTGTTGCTTGCATGCCACACATTC-3°
5’-GTGTGTACTGCGCGCAACAGTTACTG-3’

5’-CAGTAACTGTTGCGCGCAGTACACAC-3’
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Expression and Possible Role of CD44 in Cholangiocarcinoma Cell Line.
Pongsanat Pongcharoen® and Rutaiwan Tohtong®

Department of Biochemistry, Faculty of Science, Mahidol University, Payathai Campus,
Ratchathewi, Thailand

ABSTRACT

Cholangiocarcinoma is a cancer of the bile duct and is a major health problem in the north-eastern
part of Thailand. CD44 is a family of cell surface adhesion molecule, consisting of numerous
members generated by alternative splicing of a single gene. Expression of CD44 variant isoforms
has been implicated in tumorigenesis as well as in the invasiveness and metastatic potentials of many
tumor types. Although CD44 has been shown to bind to many li gands, the major one is hyaluronic
acids (HA), a sugar which is a component of the extracellular matrix (ECM). In this project, we
investigated if CD44 plays a role in regulating the metastatic property of cholangiocarcinoma, using
a cell line, KKU-M213, as a model. We showed that CD44 was expressed in KKU-M213 using RT-
PCR and immunofluorescence microscopy. Furthermore, we demontstrated that the invasiveness of
KKU-M213 was dependent on HA concentrations, suggesting that this process was mediated by
CD44.

Using RT-PCR and primers specific to standard exons 5 and 16, which are present in all CD44
transcripts, two weak bands of 569 bp and 965 bp were detected, whereas immunofluorescence
staining of live cells with CD44-FITC polyclonal antibodies specific to all CD44 forms showed weak
expression at the cell membrane of KKU-M213. In vitro invasion assay revealed that increasing
concentrations of HA (50-200 pg/ml) significantly enhanced invasion of KKU-M213 cells through
artificial extracellular matrix (Matrigel), where 50 pg/ml HA augmented the invasiveness of KKU-
M213 cells by 70 percent compared to control (no HA). However, the invasiveness dropped at
higher concentrations HA (100 pg/ml and 200 pg/ml, respectively).

These data indicated that the KKU-M213 cells expressed CD44 which are likely to be responsible
for the HA-dependent activation of the cancer cell invasiveness.

Keywords: CD44, cholangiocarcinoma, extracellular matrix, hyaluronic acid, invasion
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Introduction

Cholangiocarcinoma is a malignancy
of the bile duct epithelium. The tumor arises
from the ductular epithelium of the biliary
tree, either within the liver (intrahepatic
cholangiocarcinoma) or more commonly from
the extrahepatic bile ducts (extrahepatic
cholangiocarcinoma) (Lazaridis and Gores,
2005; Kbhan et al., 2005). In most cases of
cholangiocarcinoma, the stimulating cause is
unknown, but chronic inflammation and
cellular injury within bile ducts, together with
partial obstruction of bile flow, exhibited in
high-risk condition for
cholangiocarcinogenesis such as primary
sclerosing cholangitis (PSC), hepatolithiasis
and liver fluke infestation by Opisthorchis
viverrini or Clonorchis sinensis, Caroli’s
disease and congenital choledochal cysts,
clearly seem to be relevant predisposing factor
in pathogenesis of cholangiocarcinoma. The
prevalence of cholangiocarcinoma is the
highest in regions of East Asia where O.
viverrini are endemic. In these areas,
infestations with the liver flukes are associated
with intrahepatic stones and
cholangiocarcinoma (Sirica AE., 2005).
Cholangiocarcinoma is particularly common
in the northeastern region, and has been
associated with infection by liver fluke
Clonorchis  sinensis and  Opisthorchis
viverrini.  The habit of eating uncooked
cyprinoid fish which are infected with the
flukes underlies the high prevalence of
cholangiocarcinoma in northeastern Thailand
(Watanapa, P. and Watanapa, W.B., 2002;
Vatanasapt et al., 2002; Sripa and Pairojkul,
2008).

Cholangiocarcinoma exhibits a high
mortality rate due to the late clinical
presentation and the lack of effective non-
surgical therapeutic modalities. Most patients
have unresectable disease at presentation and
usually die within 12 months.  Overall
survival rate, including resected patients, is
poor, with less than 5% of patients surviving
to 5 years, a rate which has not changed
significantly over the past 30 years.
Moreover, cholangiocarcinoma is associated
with high rates of local and distant metastasis

(Anderson et al., 2004). Ashida K. et al.,
1998 showed that CD44, a cell surface
adhesion molecule, was not expressed at the
cell membrane of normal intrahepatic bile
ducts. Instead, CD44 was frequently
expressed at the membrane of
cholangiocarcinoma cells and much less
frequently in  the cholangiocarcinoma
cytoplasm. It was suggested that CD44 was
neoexpressed  during  carcinogenesis  of
cholangiocarcinoma (Ashida et al., 1998).

CD44 is a type | transmembrane cell
surface glycoprotein consisting of a single
polypeptide chain. It is encoded by a single
gene, with alternative splicing providing the
potential for multiple isoforms. The human
CD44 gene has been mapped to the
chromosomal locus 11p13 and is composed of
two groups of exons. One group, comprising
exons 1-5 and 16-20, are spliced together to
form a transcript that encodes the ubiquitously
expressed standard isoform (abbreviated as
CD44s). The 10 variable exons 6-15 (also
known as v1-10) are alternatively spliced and
included within the standard exons at an
insertion site between exons 5 and 16. CD44
is expressed throughout development on many
different cell types including hematopoietic
cells, fibroblasts, some epithelial and
endothelial cells, and cells in the central
nervous system (Goodison et al., 1999).
Changes in CD44 expression, including up-
regulation, down-regulation and changes in
the isoforms, have been associated with tumor
progression, invasion, and metastasis as well
as with patients survival. However, some
reports did not find any relationship between
CD44 expression and tumor behavior.
Proposed functions of cell surface CD44
include participation in cell adhesion and
migration, lymphocyte activation, assembly of
extracellular matrix (ECM), and metastatic
behavior of tumor cells (Marhaba and Zoller,
2004). CD44 and its principal ligand,
hyaluronic acid (HA), are broadly distributed
in the body. The expression of multiple CD44
isoforms and the resulting HA binding profile
can influence tumor growth and development
(Pure and Cuff, 2001). The role of CD44 has
been directly demonstrated by silencing of
CD44 expression using siRNA in breast,
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prostate and colon cancer (Draffin et al., 2004;
Subramaniam et al., 2007). Although the
expression pattern of CD44 has been
examined in cholangiocarcinoma, whether it
has a role in regulating cholangiocarcinoma
growth or invasiveness has not been
determined.

Objectivce

1. To examine CD44 expression
patterns in KKU-M213 cell line, both at the
MRNA and protein levels.

2. To determine if CD44 mediates HA-
dependent invasiveness of KKU-M213 cells.

MATERIALS AND METHODS
Part I: Cell culture

KKU-M213 cell line was established
from a patient with adenosquamous carcinoma
by Dr. Banchob Sripa, Department of
Pathology, Faculty of Medicine, Khon Kaen
University.

Maintenance of cell lines and cell
culture: KKU-M213 cells were grown as a
monolayer in HAM’s F-12  medium,
supplemented with 10% heat-inactivated fetal
bovine serum (FBS). The cell cultures were
incubated under 5% atmosphere at 37°C and
subcultured two to three times per week.

Determination of cell number: The
numbers of cells were counted by using trypan
blue dye exclusion methods. The basis of this
technique is that, living cells are able to
exclude trypan blue, while dead cells cannot.
Thus live cells would appear white, while
dead cells would appear blue. After staining,
the medium was removed from culture and
rinsed twice with Phosphate Buffer Saline
(PBS) pH 7.4. Cells were harvested using 1
ml trypsin-EDTA solution (0.25% trypsin-
0.02% EDTA) and incubated at 37°C for 3-5
minutes or until cells detached. Fresh medium
was added and drawn up and down with
pipette until cells were completely dispersed.
The cell suspension was transferred to a
chamber of hematocytometer. The viable
cells were counted in the five corners. The
number of cells (cells/ml) was calculated by:

(Total number of cells in 5 corners / 5) x 10* x
dilution factor

Part Il: To study CD44 mRNA and protein
expression in cholangiocarcinoma cell line

RNA preparation: 10° cells were
seeded on to a culture dish and incubation for
24 hours before being washed in PBS,
trypsinized and collected from culture dish.
Total cellular RNA was extracted using
RNAspin  Mini kit (GE Healthcare),
quantitated and assessed for the purity by
spectrophotometry.

1 A260 unit = 40 pg/ ml (single strand RNA)

Reverse transcriptase reaction (RT-
PCR): One microgram of total RNA was used
in each reaction for all samples. All RT
reactions were carried out with oligo-dT
priming to  target transcription  of
polyadenylated mRNA. The reaction was
performed at 70°C for 5 minutes followed by
an incubation at 4°C for 5 minutes. Then RT
reaction master mix was added into the RNA
target and incubated at 25°C for 5 minutes,
42°C for 60 minutes, and followed by the
termination reaction at 70°C for 15 minutes.
cDNA was stored at -20°C before performing
PCR reaction.

Polymerase chain reaction (PCR):
To detect CD44 transcripts, PCR reaction was
performed using 1 pul of cDNA as a template,
and forward CD44 primer (5° GAT GGA
GAA AGC TCT GAG CAT C 3’) and reverse
CD44 primer (5° TTT GCT CCA CCT TCT
TGA CTC C 3°) specific for exons 5 and 16,
respectively.  To detect [-actin transcript,
PCR reaction was performed using 1 pl of
cDNA, and forward B-actin primer (5 TCT
TCC AGC CTT CCT TCC T 3’) and reversed
B-actin primer (5> AGC ACT GTG TTG GCG
TAC AG 3’). The PCR reaction was set up as
follows: 1 cycle of denaturing at 95°C for 5
minutes followed by 25 cycles of 94°C for 60
seconds, 56°C for 60 seconds and 72°C for 90
seconds, before a final primer sequence
extention incubation at 72°C for 5 minutes.
RT-PCR reactions were set up in Minicycler
™ model PTC-1152. PCR amplicons were
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analysed by running on a 2% agarose gel
electrophoresis

Fluorescent staining of live cells: 3 x
10° cells were seeded on coverslips in a 35-
mm dish for 24 hours. The next day, cells on
the coverslip were washed with HAM’s F-12,
blocked with 4% bovine serum albumin
(BSA) in HAM’s F-12 for 1 hour, and
incubated with fluorescein isothiocyanate
(FITC) anti-mouse/human CD44 at a dilution
1: 100 in 1% BSA in HAM’s F-12 for 1 hour.
After that, cells were washed and fixed with
4% paraformaldehyde in PBS for 15 minutes,
followed by a nuclear staining with TOPROIII
(1: 5000) for 1 hour.  After washing,
coverslips were mounted with Slow-Fade in
glycerol-PBS (Molecular Probes).
Immunofluorescence signals were analysed by
confocal fluorescent microscopy.

Part I11: Biological assay

In vitro invasion assay: Invasion
assays were performed using Transwell with a
6.5 mm diameter polyvinyl pyrolidone (PVP)-
free polycarbonate filter of 8 um pore size.
The filter was coated with 30 pg Matrigel in
100 pl serum free medium, mixed with 0, 50,
100, and 200 pg/ml of HA. Matrigel (with or
without HA) was left to gel to form a thin
layer at 37°C, 5% CO; in an incubator
overnight. The next day, the Matrigel layer
was reconstituted with 100 pl of serum free
medium at room temperature for 90 minutes at
37°C. Excess medium was removed from the
filters prior to use. Cancer cells were freshly
harvested by trypsinization, and viable cell
were counted before 1x10° cells suspended in
culture medium without FBS were added to
the upper compartment of the Transwell. The
lower chamber contained 600 pl of culture
medium containing 10% FBS. After 6 hours
of incubation at 37°C, 5% CO, atmosphere,
non-invasive cells on the upper surface of the
filter were wiped away using cotton swabs.
The cells that had invaded into the lower
surface were fixed with 25% methanol for 30
minutes, stained with 0.5% crystal violet for 1
hour, and destained with tap water 2-3 times.
The invaded cells in each well were counted
in five fields under a light microscope.

RESULTS AND DISCUSSIONS

Using primers specific to exons 5 and
16 which are common to all CD44 transripts,
at least two weak bands of 569 bp and 965 bp
were detected in KKU-M213 using RT-PCR
and agarose gel electrophoresis (Fig. 1). The
expected size of amplicon from the CD44s
transcript is 569 bp. The 965 bp was likely
generated by inclusion of one or more variable
exons. Our data suggested that KKU-M213
cell line expressed CD44 mRNAs,
corresponding to the standard form and at
least 1 variable isoform of CD44.

We also examined the expression of
CD44  protein by immunofluorescence
staining of live cells using a polyclonal CD44-
FITC antibody specific to all forms of CD44.
As shown in Fig. 2, green staining
corresponding to CD44 protein was detected
on the cell membrane, although the signal was
quite weak. Consistent with RT-PCR data,
KKU-M213 expressed low level of CD44
protein on the cell membrane.

Since CD44 protein was detected in
KKU-M213 cell membrane, we tested if
CD44 was involved in the invasiveness of this
cell line by assessing the in vitro invasiveness
of KKU-M213 in the presence of various
concentrations of HA. Since HA is the
principal ligand of CD44, we expected that
increasing concentrations of HA would result
in a corresponding increase of invasiveness.
Our data showed that 50 pug/ml of HA resulted
in a 1.7 folds increase of in vitro invasion of
KKU-M213 cells compared to control (the
condition without HA). Stimulation by higher
concentrations of HA (100 and 200 pg/ml,
respectively) also increased the invasiveness
compared to control, although the extent of
the increase was reduced compared to that
stimulated by 50 pg/ml HA. Our results were
in agreement with Radotra et al., where
incorporation of HA into Matrigel increased
the rate of invasion of glioma cells, by 70
percent. The increase was dose-dependent up
to a concentration of 200 pg/cm® of HA,
although the activation was reduced at higher
concentrations (Radotra et al., 1997). It has
been proposed that, in area of tumor invasion,
HA is present at a high concentration and
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degradation of the ECM takes place actively
(Gayol et al., 2001 and Underhill, 1992).
However, excess HA binding to CD44 can
activate internalization and delivery to
lysosome, leading to impaired cell invasion
(Knudson et al., 2001).

KKU-M213 expressed at least two
CD44 isoforms on the KKU-M213 cell
membrane. In vitro invasiveness of KKU-
M213 was activated by HA. Maximum
activation was attained at 50 pug/ml HA, but
this  activation  declined at  higher
concentrations of HA.

1 Kbp

500 bp

Figure 1 Detection of CD44 mRNA in KKU-
M213 by RT-PCR and agarose gel
electrophoresis. The RT-PCR amplions were
separated on a 2% agarose gel electrophoresis.
PCR amplicons of 569 bp and 965 bp were
detected. The 569 bp amplicon corresponded
to the size of the CD44s mRNA. The 965 bp
amplicon is likely a variable isoform of CD44.
[-actin was used an internal loading control.

Figure 2 Expression of CD44 in KKU-M213
as determined by Immunofluorescence
staining of live cells, 60x magnifications,
Green color: FITC anti-mouse/human CD44,
Red color: TOPROIII (nuclear staining)
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Figure 3 Activation of in vitro invasion of
KKU-M213 by HA; bars, SE.
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Adsorption of Chromium (Cr®") Using Durain Peel

Saueprasearsit P, Sirichun S*, Weerapid S*
! Faculty of Environment and Resource Studies, Mahasarakham University, Mahasarakham, Thailand

ABSTRACT

This research aimed to study chromium (Cr*®) adsorption in aqueous solution by using durian peel.
Cr*®is a significant heavy metal and widely used in various industries. It can damage to human
health and the environment. In the experiments, adsorption parameters including pH, contact time
and initial Cr*®concentration were studied in the batch technique. Moreover, adsorption isotherms
as Langmuir and Freundlich isotherms were used to study adsorption capacity and mechanism.
Adsorption kinetics equations as Pseudo-first and —second order were studied kinetic mechanism.
Moreover, 0.1 M hydrochloric solution (HCI) was used to desorb Cr*® for determining the suitable
method for spent adsorbent management. The results showed that appropriate condition for Cr*®
adsorption by durian peel as pH 2, contact time 30 minutes and the initial Cr*® concentration 75
mg/l. Langmuir isotherm was fitted better than Fruendlich isotherm. In addition, the Cr*® adsorption
was monolayer on surface of durian peel and adsorption capacity was 10.78 mg/g of durian peel.
The pseudo-second order kinetic model was found to be more suitable than the pseudo-first order
kinetic model. From this study, the adsorption mechanism rate related with chemical reaction and
adsorption mechanism. The mechanism was divided to be 2 steps. The 1% first step, Cr*® passed
through liquid phase to film layer by bulk transport. Then, Cr*® passed through film layer to surface
of adsorbent and adsorbed on the surface. The Cr*® desorption efficiency was 5.44 for using 1 M
HCI. The results indicated that used adsorbent should be stabilized, cemented and impressed in
secure landfill.
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Detection of Bacteria in the Rumen That Degraded Toxic of Luecaena in Goats
and Sheep: Experience in Thailand

Jetana T*". - Usawang S. - Thongruay S*. - Sornprasit P?

'Research and Development Center for Livestock Production Technology, Faculty of Veterinary Science,
Chulalongkorn University, Henri Dunant street, Phathumwan, Bangkok 10330, Feed and

*Forage Analysis Section, Animal Nutrition Division, Department of Livestock, Ministry of Agriculture and
Cooperation, Rachatawi, Bangkok 10400.

ABSTRACT

Mimosine is a toxic non-protein amino acid occurring in plant genus of Leucaena. Leucaena
leucocephala, a tropical leguminous shrub, contains that substance. It can be readily hydrolysed in
the rumen to produce two toxin substances, 3, 4-hydroxy-4 (1H)-pyridone (3, 4-DHP), a potent
goitrogen and 2, 3-hydroxy-4 (1H)-pyridone (2, 3-DHP). Successful utilization of leucaena as a
feed for ruminants depends on colonization of Synergistes jonesii that degrade DHP compounds in
the rumen, which are able to detoxify those toxin substances. In generally, populations of
microorganisms in the rumen of animals in some parts of Thailand, there are no bacteria that are
able to carry out this degradation. There are usually two methods for testing the presence of DHP
degraders in ruminal populations that are (i) based on degradation (loss) of mimosine and DHP
compounds from culture media and (ii) based on the presence of mimosine and DHP excretion in
the urine.

This study thus aims to compare the reliability of the field test between the cultural media test and
the urine spot sampling test for the detection of Synergistes jonesii in the rumen of goats and sheep.
Results demonstrate though that the cultural media test needed some modifying equipments. The
chemicals used are rather expensive, but the results are reliable. The urine spot sampling test
however is simple, the equipments and chemicals used are cheaper than the cultural media test, but
the results may be variable due to the contaminations of some leuceana leaves, the tannins in
leucaena or other leaves, soils and faeces in the urine.

Keywords: DHP-degrading bacteria, Dihydroxypyridine, Field Tests, Goat, Leucaena, Mimosine,
Sheep, Synergistes jonesii
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Sub Acute Toxicity Test of Galangin and Ceftazidime in Mice
Duangkham A, Eumkebg G*".

'School of Biology, Institute of Science, Suranaree University of Technology, Nakhon Ratchasima, Thailand

ABSTRACT

Galangin is a one of several naturally-occuring flavonols, which is a member of flavonoid family. It
is important constituents of the normal human diet and also has various pharmacological properties.
However, in vivo toxicity test of galangin have not been studied. Thus, the purpose of this study is
to investigate the toxicity of galangin alone and in combination with ceftazidime antibiotic in vivo.
The mice were administered intraperitoneally (i.p.) with galangin alone at 10 and 20 mg/kg BW/day
(group 1 and group 2 respectivey) and in combination with ceftazidime at 10 mg/kg BW/day
galangin plus 160 mg/kg BW/day ceftazidime (group 3) and 20 mg/kg BW/day galangin plus 320
mg/kg BW/day ceftazidime (group 4), twice daily for 14 days. At the end of the experiments, blood
and the selected main organs were collected for haematological and histological analysis. There was
no significant difference in either the growth rate measured by living body weight or the relative
weight of the selected main body organs of mice treated with all doses of galangin alone or in
combination with ceftazidime, when compared with the control. The histology of the liver, spleen,
heart, kidney and stomach all exhibited a normal appearance in comparison with the control. The
blood chemistry marker assayed showed no significant difference (p<0.05) in all treated groups
except for the decrease in haematocrit (Hct) level which were significant difference (p<0.05) in all
treated groups.

Keywords: Flavonoids, Galangin, Ceftazidime, Subacute toxicity, Mice
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GSTML1 and P53 codon 72 Polymorphisms and Risk of Colorectal Cancer in
Thai Population

*
Tiwawech D1 , Sumetchotimaytha W2, Jarratwisarutporn Y3, Ishida T.4

1

4Unit of Human Biology and Genetics, Department of Biological Sciences, School of Science, University of
Tokyo, Tokyo, Japan.

Research, 2Surgery and 3Pathology Division, National Cancer Institute, Bangkok 10400, Thailand.

ABSTRACT

Colorectal cancer (CRC) is a serious malignancy in Thailand. Recently, glutathione-S-transferase
mul gene (GSTM1) and P53 codon 72 gene (P53cd72) polymorphisms have been found to be
associated with several cancers including CRC. The aim of this study is to evaluate the association
of GSTM1 and P53cd72 polymorphisms with the risk of CRC in Thai population. The frequencies
of GSTML1 genotypes [GSTM1 present genotype (GSTM1+) and GSTM1 null genotype (GSTM1-)]
and P53cd72 genotypes [Arginine/Arginine genotype (A/A), Arginine/Proline genotype (A/P) and
Proline/Proline genotype (P/P)] from 200 cases of CRC and 400 age-matched healthy control were
analyzed by using polymerase chain reaction (PCR) and PCR-restriction fragment length
polymorphism (PCR-RFLP), respectively. In overall, the frequencies of GSTM1 genotypes of
GSTM1 polymorphism in CRC group was significantly different from control group. In addition,
GSTM1- carriers had increased risk for CRC at 2.1-fold as compared to GSTM1+ carriers.
Similarly, the overall of frequencies of P53 genotypes of P53cd72 polymorphism in CRC group
was significantly different from control group. The P/P carriers had increased risk for CRC at 2.0-
fold as compared to A/A carriers. The results of this study suggest that GSTM1 and P53cd72
polymorphisms were associated with the risk of CRC. GSTM1- and P/P genotypes increased risk of
CRC and may be the useful predictive markers for screening of the high risk group of CRC in Thai
population.
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High Cadmium Exposure in Mae Sot’s Population is Associated With High
Anemia Prevalence.

Nambunmee K", Nishijo M?, Swaddiwudhipong W?, Ruangyuttikarn W*.

'School of Health Science, Mae Fah Luang University, Chiang Rai, Thailand

Department of Public Health, Kanazawa Medical University, Ishikawa, Japan,

3Department of Community and Social Medicine, Mae Sot General Hospital, Tak Province, Thailand,
*Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Thailand

ABSTRACT

Residents of the Mae Sot district, Tak province in Thailand are exposed to high levels of cadmium
(Cd), a toxic metal that is contaminated in the soil and rice in this region. We hypothesized that
chronic Cd exposure was a risk factor for enhancement of anemia prevalence. Blood (B) and
urinary (U) -Cd levels in addition to biomarkers of renal tubular dysfunction [U-B2-microglobulin
(B2-MG) and N-acetyl-pB-D-glucosaminidase (NAG)], glomerular dysfunction (serum cystatin C)
and anemia (hemoglobin <13 g/dl in men, <12 g/dl in women) in 700 subjects (261 men, 439
women) with a history of elevated U-Cd were assayed. The results showed that average levels of
B-Cd (6.71+1.84 ug/l in men, 4.94+2.02 ug/l in women) was higher than reported Cd levels from a
normal Thai population (0.45-2.11 pg/l). U-Cd levels were 3 times higher than the safe level of 2
ng/gCr, established by the WHO. Anemia was found in 60 men and 102 women. In anemic
subjects, U-Cd was significantly higher than non-anemic subjects. In addition, concentrations of
B2-MG showed a stronger relation to an increase of anemia prevalence than the NAG and cystatin
C. Women with B,-MG levels >1,000 ng/gCr were 2.77 times more likely to be anemic than
women with B,-MG levels <400 pg/gCr, whereas the probability in men was 1.61. Therefore, we
concluded that prevalence of anemia among the subjects was higher than Thai general population
and associated with the elevated cadmium levels. Clinical interventions should be implemented in
the Mae Sot community to prevent severe anemia and cadmium intoxication.

Keywords: cadmium, anemia prevalence, Mae Sot
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Detoxification of Cadmium Induced Renal and Hepatic in Juries in Rats by
Thunbergia Laurifolia Lindl. Leaf Extract.

Morkmek N*, Chattaviya P, Lertprasertusuke N?, Chuncharunee S°, Ruangyuttikarn W*"
'Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University,
Thailand

’Department of Pathology, Faculty of Medicine, Chiang Mai University, Thailand

*Department of Chemistry, Faculty of Science, Chiang Mai University, Thailand

ABSTRACT

Cadmium can damage kidney and liver cells. Thunbergia laurifolia Lindl. is a herb used as an
antidote for several poisonous agents in Thai traditional medicine. This study investigated the
effectiveness of the herb to prevent renal and hepatic injuries induced by cadmium chloride
(CdClIy). Male Wistar rats were fed 125 mg/kg of the leaf extract before and after administration of
1.2 mg/kg of CdCl, solution subcutaneously for 5 days/week for 4 weeks. Blood and urinary
samples were collected for quantification of cadmium concentrations using graphite furnace atomic
absorption spectrometer. The kidneys and livers were removed and examined for histopathological
changes. The results showed that leaf extract given to rats orally did not prevent mortality in rats
exposed to cadmium. However, abnormal appearance and behaviour was less in rats fed the leaf
extract prior to cadmium exposure than in those fed leaf extract after cadmium exposure. The
constituents of the extract were identified as aromatic, hexyl and glucoside compounds by nuclear
magnetic resonance spectroscopy (NMR). The T. laurifolia leaf extract may reduce some effects of
cadmium toxicity, but this conclusion is uncertain due to the high mortality rate of the rats in these
experiments. Future studies will use a lower cadmium dosage and alternative routes of treating the
animals with the leaf extract.

Keywords: cadmium, renal and hepatic injuries, Thunbergia laurifolia Lindl.

Full paper on page 115-123
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Relationship of Acetaminophen Psi Parameter and Hepatotoxicity Secondary to
Acute Acetaminophen Overdose in Thai Population

Chomchai S Chomchai C?, Plubjui P
! Faculty of Medicine, Siriraj Hospital Mahidol University
2 Mahidol University International College

ABSTRACT

Background: The risk of hepatotoxicity secondary to acute acetaminophen overdose is related to
the dose of ingested acetaminophen, serum acetaminophen concentration and delay before the
antidotal therapy with N-acetylcysteine is commenced. Psi(Greek letter ¥ ) —parameter (\P), is a
toxicokinetic parameter that takes the acetaminophen level([APAP]) and onset of NAC therapy into
account and quantifies the pretreatment exposure to supratherapeutic paracetamol level, is proposed
and found to be predictive of hepatotoxicity in patients treated with intravenous NAC.

Objectives:  We are reporting the relationship of ¥ and hepatotoxicity in Thai population with

acute acetaminophen overdose.

Method: This is a retrospective study of patients who presented to Siriraj Hospital with acute
paracetamol overdose during January 2004 to June 2009. ¥ was calculated using the W-calculator
provided with original publication. Hepatotoxicity signified AST or ALT levels higher than 1000
IU/L. Univariate analyses were performed with t-test or chi-square test when appropriate.
Multivariate analyses were performed with backward stepwise logistic regression.

Result: 127 patients were enrolled. The median (IQR) of ingested acetaminophen dose was
13173.91(9700-22045.45) g. Median (IQR) of NAC onset was 8.41(6.14-11.73) hours. Median
(IQR) of ¥ was 3.907(1.861-7.10) (mmol/ L x hour). Univariate analysis revealed [APAP], onset
of NAC therapy and W as statistically significant predictors of hepatotoxicity. From logistic
regression, ¥ gave the best predicting model.

Conclusion: Psi-parameter is a reliable prognostic tool to predict hepatotoxicity secondary to acute
acetaminophen overdose treated with intravenous NAC in the Thai population, in addition to the
Canadian population in the original work.

Key words: Paracetamol, Prognosis, Psi-parameter, Hepatotoxicity
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Application of Psi-Nomogram in Predicting Risk of Hepatotoxicity in
Paracetamol Overdose Patients treated with Intravenous N-acetylcysteine

Chomchai S"", Chomchai C?, Plubjui P'
! Faculty of Medicine, Siriraj Hospital Mahidol University
2 Mahidol University International College

ABSTRACT

Background: Psi (W¥)-parameter, a toxicokinetic parameter reflecting the pretreatment exposure to
supratherapeutic paracetamol level, is predictive of hepatotoxicity in acute paracetamol overdose
patients treated with intravenous N-acetylcysteine (NAC). Based on Psi, a hepatotoxicity risk nomogram
is created to indicate discrete probability of developing hepatotoxicity secondary to acute acetaminophen
overdose.

Objectives: We are reporting the outcomes of application of Psi-nomogram in predicting paracetamol-
induced hepatotoxicity at Siriraj Hospital.

Method: Medical records of paracetamol poisoning cases at Siriraj Hospital during Januray 2004 to
June 2009 were reviewed. Clinical data were plotted in the Psi-nomogram to determine the
hepatotoxicity risk category. Risks of hepatotoxicity were analyzed for accuracy.

Results: 127 patients were enrolled. The paracetamol dose range from 4,500 to 50,000 mg (median
(IQR) = 1373.91(97000.00-13173.91)).Time to treatment range from 2 to 24 hours (median (IQR) =
8.41(6.14-11.73)). Thirteen (10.2%) patients developed hepatotoxicity. Relative risk of hepatotoxic ity at
risk level above 10% and 50% were 11.96 and 7.31, respectively. The best cut-off point, when
sensitivity is the priority, was risk level above 5% line, with sensitivity and specificity of hepatotoxicity
of 100% and 60.53% respectively.

Conclusion:  This is the first study in the world to validate Psi-Nomogram. Acetaminophen Psi
nomogram is a novel clinical tool that that is very sensitive to predict hepatotoxicity from acute
acetaminophen overdose in patients treated with intravenous NAC. Moreover, it does not require special
investigation.

Keywords: Paracetamol, Prognosis, Psi-Nomogram, Hepatotoxicity
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Mutagenic and Antimutagenic Activities of Aqueous Extract of Moringa oleifera
Leaves

Charoensin S.*" and Wongpoomchai R.?
1. Department of Biochemistry, Faculty of Medical Science, Phayao University, Phayao, Thailand.
2. Department of Biochemistry, Faculty of Medicine, Chiang Mai, University, Chiang Mai, Thailand.

ABSTRACT

Moringa oleifera is a cosmopolitan tree that grows in many tropical countries and useful for its
various nutritional and pharmacological applications. In this study, aqueous extract of M. oleifera
leaves was evaluated for its mutagenic and antimutagenic activities by Salmonella/microsome
mutagenicity assay (Ames test). Mutagenic assay in Salmonella typhimurium (TA 98 and TA 100 as
tester strains) with and without metabolic activation showed that 0.2-5 mg/plate of M. oleifera
extract did not induce the growth of His" revertant colonies in both strains, indicating the absence of
mutagenicity. Therefore, antimutagenic activities of M. oleifera extract against the standard
mutagens, aflatoxin B1 (AFB1) and 2-(2-furyl)-3-(5-nitro-2-furyl)-acrylamide (AF-2) were tested in
S. typhimurium TA98 strain. The number of His™ revertants/plate of S. typhimurium after incubation
of M. oleifera extract (1-5 mg/plate) with AFB1 (0.1 pg/plate) was not different from positive
control, however, 5 mg/plate of the extract exhibited the significant inhibition of the His" revertant
colonies (51.33% Inhibition) when incubated with AF-2 (0.01 pg/plate). It was clear from the
present studies that aqueous extract M. oleifera was capable of antimutagenicity through the
mechanism in which some active compounds contained might inhibit the mutagen penetration into S.
typhimurium cells or neutralize the mutagenic potency prior to nucleus entering, thus protecting the
hot-spot region of gene from mutation. Of the results obtained, the further studies will be forward to
the investigations including antimutagenicity and cancer chemoprevention in vivo.

Keywords: Moringa oleifera, Mutagenicity, Antimutagenicity, and Ames test

Full paper on page 96 - 103
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Site-Directed Mutagenesis of HPV16 Spliced E6 Protein and Localization
Patterns

Sirisrimangkorn S, Wanichwatanadecha P*, Ponglikitmongkol M**

! Department of Biochemistry, Faculty of Science, Mahidol University, Rama VI road, Bangkok
10400, Thailand

ABSTRACT

Infection of cervical cells by high risk human papillomaviruses (HPVs), such as type 16 and 18, is a
well-known cause of cervical cancer. E6 is one of the two main HPV oncoproteins responsible for
cellular transformation and immortalization. The high risk HPVV16 E6 gene generates a spliced form
of 43 amino acids, so called E6-1, whose precise role is not known. Cellular localization of HPV16
E6 protein containing both full and spliced forms was previously shown to be dispersed in the
nucleus and the cytoplasm, whereas full-form E6 protein was preferentially localized in the nucleus.
In contrast, our previous results indicated that E6-1 localized equally both in the nucleus and the
cytoplasm. Based on amino acid sequence homology between E6-1 and the N-terminus of E6, the
EG6-1 protein contained only a weak nuclear localization signal whereas the full-form showed three of
them, a combination of which generated strong signal. In this study, we generated E6-I variants by
site-directed mutagenesis and examined their localization in a human embryonic kidney cell line,
293T, in order to determine residue(s) necessary for nuclear localization of the protein. Our results
indicated that a weak nuclear translocation signal present in E6-1 was not sufficient and that
additional E6-1 binding protein might be required for E6-1 to enter the nucleus.

Keywords: HPV, spliced E6, nuclear localization

Full paper on page 154-161
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Preclinical Safety Evaluation of Stephanla Suberosa Anti-Acne Solution Product

Reungpatthanaphong S, Phatvej W', Semathong T*, Tantrawong A', Potduang B* ,
Tanpanich S°

Pharmaceuticals and Natural Products Department,

?Lamtakhong Plant Research Station, Agricultural Technology Department,

Thailand Institute of Scientific and Technological Research

Technopolis, 35 M.3 Thanon Liab Klong 5, Khlong Luang, Pathumthani 12120, Thailand

ABSTRACT

Anti-acne solution product formulated from specific caudexes extract of ‘Boraped Pungchang’
(Stephania suberosa Forman, MENISPERMACEAE) was evaluated for preclinical safety following
the OECD guidelines for testing of chemicals. The objective of this study was to evaluate and
estimate dermal toxic effects of the anti-acne solution product in animal models. The rabbit 4h
single application patch test of 50% diluted product (OECD Test Guideline 404: Acute Dermal
Irritation) indicated that the anti-acne solution was not skin irritate. The guinea-pig skin
sensitization test of 50% diluted product (OECD TG 406: Skin Sensitization) did not show any
sensitizing activity compared to 2, 4-dinitrochlorobenzene (DNCB). The Wistar rats acute dermal
LDsp was reported to exceed 2 g/kg body weight (OECD TG 402: Acute Dermal Toxicity test).
From the results, we concluded that the anti-acne solution product did not produce skin irritation and
skin sensitization in rabbits and guinea pigs, respectively. The dermal LDs, of the anti-acne solution
product in Wistar rats was more than 2,000 mg/kg body weight.

Keywords: Anti-acne solution, Boraped Pungchang, Stephania suberosa, MENISPERMACEAE,
Toxicity test
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Expression and Possible Role of CD44 in Cholangiocarcinoma Cell Line

P. Pongcharoen® and R. Tohtong"
Deparmentment of Biochemistry, Faculty of Science, Mahidol University, Payathai camp,
Ratchathewi, Thailand

ABSTRACT

Cholangiocarcinoma is a cancer of the bile duct, which is a major health problem in the north-
eastern part of Thailand. CD44 is a family of cell surface adhesion molecule, consisting of
numerous members generated by alternative splicing of a single gene. Expression of CD44 variant
isoforms has been implicated in tumorigenesis as well as the invasiveness and metastatic potentials
of many tumor types. Although CD44 has been shown to bind to many ligands, the major one is
hyaluronic acids (HA), a sugar which is a component of the extracellular matrix (ECM). In this
project, we investigated if CD44 plays a role in regulating the metastatic property of
cholangiocarcinoma, using a cell line, KKU-M213, as a model. We examined CD44 expression in
KKU-M213 using RT-PCR and immunofluorescence microscopy. Furthermore, we determined if
CD44 mediates cancer cell invasiveness by assessing in vitro invasion of the KKU-M213 in
response to HA activation, using in vitro invasion assay. Using RT-PCR, two weak bands of 569 bp
and 965 bp were detected, where as immunofluorescence staining of live cells with CD44-FITC
polyclonal antibodies specific to all CD44 forms showed weak expression at the cell membrane of
KKU-M213. In vitro invasion assay revealed that increasing concentrations of HA (50-200 pg/ml)
significantly enhanced invasion of KKU-M213 cells through artificial extracellular matrix
(Matrigel), where 50 pg/ml HA augmented the invasiveness of KKU-M213 cells by 70 percent
compared to control (no HA). However, the invasiveness dropped at higher concentrations HA (100
pg/ml and 200 pg/ml, respectively).These data indicate that the KKU-M213 cells expressed CD44
which activates the cancer cell invasiveness by binding to HA in the ECM.

Key words: CD44, cholangiocarcinoma, extracellular matrix, hyaluronic acid, invasion

Full paper on page 162-167
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Drinking Thunbergia Laurifolla Lindl. Leaf Extract Helps Preventrenal Toxicity
Induced by Cadmium in Rats.

Chattaviriya P', Morkmek N*, Lertprasertsuke N, Ruangyuttikarn W

Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai
University, Thailand.

’Department of Pathology, Faculty of Medicine, Chiang Mai University, Thailand

ABSTRACT

Thunbergia laurifolia Lindl. (TL) or Rang Jerd is a Thai herbal medicine used as an antidote for
several poisonous agents. Cadmium (Cd) is an environmental pollutant in Mae Sot district, Tak
province, Thailand. Chronic exposure to Cd causes renal and bone dysfunction in exposed human
populations. In order to investigate whether TL leaf extract could help prevent Cd induced renal
toxicity, two groups, each of six male Wistar rats, group 1 were injected subcutaneously with
cadmium chloride solution at the concentration of 1.0 mg/kg BW for 20 days after administration of
distilled water and group 2 were administration of TL leaf extract at 0.1 mg/ml in drinking water for
20 days before and during injection of CdCl, at the same concentration of group 1 for 20 days. The
body weight of rats pretreated with TL leaf extract before Cd exposure was significantly (p<0.05)
greater than that of rats dosed with Cd alone. Although, TL leaf extract did not reduce the high levels
of Cd in blood and urine of the Cd exposed rats, the rats pretreated with TL leaf extract before Cd
dosing did not show the histopathological changes in the kidney that were observed in the Cd dosed
rats. Therefore, this study demonstrated that TL leaf extract can protect against Cd induced structural
damage in rat kidney and can also reduce other systemic toxicity. TL leaf extract may be useful for
reducing Cd toxicity in human populations exposed to Cd in food and drinking water.

Keywords: Cadmium, Thunbergia laurifolia Lindl., Renal Toxicity, Rats

Full paper on page 124-132
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In Vitro Assessment of Genotoxic and Antimutagenic Activity of Cleistanthin A
by Salmonella Mutation Assay

Puchadapirom P*, Tuchinda P?, Himakoun L
! Department of Pathobiology, Faculty of Science, Mahidol University
2 Department of Chemistry, Faculty of of Science, Mahidol University

ABSTRACT

Cleistanthin A, a compound extracted from Phyllanthus taxodiifolius Beille, was assessed for
genotoxic and antimutagenic activity by Salmonella mutation assay (Ames test). The results
indicated that Cleistanthin A itself does not display a mutagenic activity at the concentration of 1-
100 ug/plate either with or without an addition of metabolic enzyme S9. In addition, Cleistanthin A
shows anti-mutagenicity against Benzo(a)pyrene (BAP) in a dose-dependent manner at the
concentration of 25, 50, 75 and 100 ug/plate. The highest inhibitory effect was 79.0% and 26.8%
observed in the Salmonella typhimurium tester strains TA98 and TA100 respectively. However,
Cleistanthin A does not display the antimutagenic effect against 4-Nitroquinoline-1-oxide and 2-
Aminoanthracene under the same conditions. In conclusion, Cleistanthin A does not show
genotoxicity but displays an antimutagenic activity against the known mutagen BAP observed by the
Ames test.

Key words: Cleistanthin A, Genotoxic activity, Anti-mutagenic activity, Ames test
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Acute and Subchronic Toxicities of Aqueous Extrac From Rhinacanthus Nasutus Kurz. Roots.

Siripong_P"", Kupradinun P? Yahuafai J', Wuttichai P!, Piyavriyakul S', Tunsakul S°
Jarratwisarutponr Y*, Chivapat S°, Rungsipipat A°
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. Hematology Section, Pathology Division, National Cancer Institute, Bangkok 10400;

. Medicinal Plant Research Institute, Bulletin Department of Medical Sciences, Nonthaburi 11000;

. Faculty of Veterinary Science, Chulalongkorn University, Bangkok 10330, Thailand.
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ABSTRACT

Rhinacanthus nasutus Kurz. (Acanthaceae) has been used in Thai folklore medicines for the treatment of
various diseases such as eczema, pulmonary tuberculosis, herpes, hepatitis, diabetes, hypertension, skin
diseases and various cancers. For its usage of cancer treatment, the decoction of roots or whole plant is
used for treatment of some cancer forms. To gain more informations on using as safety therapeutic drug,
acute and subchronic toxicities of the aqueous extracts from R. nasutus Kurz. roots were assessed. In the
acute and subchronic toxicities, one hundred ICR mice and Wistar rats of the both sexes were randomly
divided into eight groups of 50 animals per sex for each experiment. All control groups received the 0.3%
carboxymethylcellulose (CMC) in normal saline, orally. The treatment groups of acute and subchronic
toxicities received the aqueous extracts from its roots in the concentrations of 1.0, 5.0 and 10.0 g/kg and
0.5, 1.0 and 2.0 g/kg/day for 90 days, respectively. Body weight gain and behavior of the animals were
observed. At the end of experiment, all animals were sacrificed and the biochemical, hematological,
pathological data of the treated and control groups were then evaluated. The results demonstrated that
after acute and subchronic orally administrations of the aqueous extract from R. nasutus for 10 and 90
days, the body weight gains of both male and female ICR mice and Wistar rats were not affected by the
treatment and the overall animal behaviors were normal. The biochemical and hematological evaluations
of both male and female mice and rats were not affected by the treatment of these extracts. No gross
abnormalities of any visceral organs were detected and the organ weights of all treatment groups were not
significantly different from that of the control groups. Base on available data, these results can be
concluded that an aqueous extract from Rhinacanthus nasutus plant which is a usage form in Thai
traditional medicines for the treatment of various aliments, may be safe for human used.

Key words: Rhinacanthus nasutus Kurz, Acanthaceae, acute and subchronic toxicity
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Protective Role of Gamma Oryzanol in Rice Bran Oil on Cadmium-Induced Rat
Hepatotoxicity

Tarasub N'", Samrejkitcharoen C? Tarasub C°, Na Ayutthaya W.D*

1. Anatomy Unit, Department of Medical Sciences, Faculty of Science, Rangsit University, Thailand.

2. Biomedical Science Program, Faculty of Science, Rangsit University, Thailand.

3. Preclinic Sciences, Faculty of Medicine, Thammasart University, Thailand.

4. Pharmacology and Toxicology Unit, Department of Medical Sciences, Faculty of Science, Rangsit
University, Thailand

ABSTRACT

Cadmium (Cd) is one of the most toxic and carcinogenic heavy metals to organisms. The liver is one
of the critical target organ following cadmium exposure. The gamma oryzanol, antioxidant
compound, in rice bran oil (RBO) may prevent the oxidative stress resulted from cadmium. This
study aimed to determine the potential protective effects of gamma oryzanol in RBO in attenuating
the rat hepatotoxicity induced by oral exposure of cadmium. Male Wistar rats were subdivided into
six groups for 8 animals each. The first group was used as control. While, groups 2-6 were orally
treated with CdCl, (60 mg/kg BW), Suriny RBO (gamma oryzanol 1.7 mg/kg BW), vitamin E (125
mg/kg BW), Suriny RBO (gamma oryzanol 1.7 mg/kg BW) plus CdCl;, (60 mg/kg BW) and vitamin
E (125 mg/kg BW) plus CdCl, (60 mg/kg BW), respectively. All groups were treated by gavage
once daily for 8 days except in cadmium-treated groups; it treated only once time on the last day of
treatment. After 24 h of the last treatment, the malondialdehyde (MDA), reduced glutathione (GSH)
and histological changes of liver were evaluated. The results showed a significant increase of MDA,
a significant decrease of the reduced GSH and damages of hepatocytes in cadmium treated group
when compared to the control group. Pretreatment with RBO and vitamin E could not reverse the
changes of MDA, reduced GSH and the damages of hepatocytes from cadmium treatment. In
conclusion, the gamma oryzanol in RBO at the studied dosage does not seem to be helpful against
cadmium toxicity in rat liver.

Keywords: Gamma Oryzanol, Rice Bran Oil, Vitamin E, Malondialdehyde (MDA), Glutathione
(GSH), Cadmium Toxicity, Liver
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Protective Role of Gamma Oryzanol in Rice Bran Oil on Arsenite Induced Rat
Nephrotoxicity

Tarasub N'", Samrejkitcharoen C? Tarasub C°, Na Ayutthaya W.D*

1. Anatomy Unit, Department of Medical Sciences, Faculty of Science, Rangsit University, Thailand.

2. Biomedical Science Program, Faculty of Science, Rangsit University, Thailand.

3. Preclinic Sciences, Faculty of Medicine, Thammasart University, Thailand.

4. Pharmacology and Toxicology Unit, Department of Medical Sciences, Faculty of Science, Rangsit
University, Thailand

ABSTRACT

Arsenite (As) compounds are environmental toxins and cause oxidative stress. The gamma oryzanol,
antioxidant compound, in rice bran oil (RBO) may prevent the oxidative stress resulted from
arsenite. The aim of study was to investigate the potential protective effects of gamma oryzanol in
RBO in attenuating the rat nephrotoxicity induced by oral exposure of arsenite. Male Wistar rats
were subdivided into six groups for 8 animals each. The first group was used as control. While,
groups 2-6 were orally treated with sodium arsenite (30 mg/kg BW), Suriny RBO (gamma oryzanol
1.7 mg/kg BW), vitamin E (125 mg/kg BW), Suriny RBO (gamma oryzanol 1.7 mg/kg BW) plus
sodium arsenite (30 mg/kg BW) and vitamin E (125 mg/kg BW) plus sodium arsenite (30 mg/kg
BW), respectively. All groups were treated by gavage once daily for 8 days except in sodium
arsenite-treated groups; it treated only once time on the last day of treatment. After 24 h of the last
treatment, the malondialdehyde (MDA), reduced glutathione (GSH) and histological changes of
kidney were evaluated. The results showed that MDA level and reduced GSH were increased
significantly, including the epithelial cells lining the proximal convoluted tubule were swollen and
cells in glomerulus were damaged in sodium arsenite-treated group when compared to the control
group. A significant reduction of reduced GSH was observed in pretreatment with RBO and vitamin
E when compared to the sodium arsenite-treated group. However, RBO and vitamin E could not
reduce MDA level from sodium arsenite treatment. The damages of proximal convoluted tubule and
glomerulus were remained observed in pretreatment with RBO and vitamin E. In conclusion, the
data suggest that gamma oryzanol in RBO at the studied dosage could not prevent the damages
induced by As in rat kidney.

Keywords: Gamma Oryzanol, Rice Bran Qil, Vitamin E, Malondialdehyde (MDA), Glutathione
(GSH), Arsenite Toxicity, Kidney
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Preserved foods and nasopharyngeal carcinoma: a case-control study in
Thailand

Boomsern R*, Tepsuwan K?, Kanka C*, Klinvimol T*, Temiyastith S°, Pongnnikorn S°, Sangrajrang S*.

! National Cancer Institute, Thailand,  Chonburi Cancer Center, °® Lopburi Cancer Center,
# Ubonratchathani Cancer Center, > Udonthani Cancer Center, °Lampang Cancer Center

ABSTRACT

Nasopharyngeal carcinoma (NPC) is rare in most part of the world, but incidence is high in China
and Southeast Asia. Previous studies in high risk area of NPC have found elevated risk with higher
consumption of salted fish and preserved foods, particularly during childhood. Salted fish and other
salted and preserved foods contain nitrosamines and nitrosamine precursors, know animal
carcinogens. The objective of this study was to investigate the relationship between preserved foods
intake and risk of NPC among Thai population. A total of 651 histologically confirmed incident
cases and 747 controls were included in the study. Information of diet consumption was obtained
through a personal interview together with information on other know risk factors of NPC. Analysis
was performed using logistic regression; Odds Ratio (OR) estimated and 95% confidence intervals
(CI) were calculated. In contrast to most studies which have examined the effect of diet on NPC risk,
we did not observed an association between NPC and consumption of salted fish (OR= 1.01, 95%ClI
0.75-1.34). Fermented fish was also not related to NPC risk (OR=0.86, 95%CI 0.68-1.08). In
addition, no association were observed for consumption of processed meat or vegetable. Our results
suggest that consumption of preserved foods was unlikely involving in the development of NPP
among Thai Population.

Keywords: Nasopharyngeal carcinoma, Preserved foods, Case-control study
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Cytobioassay for Estrogenic Activity Monitoring in Natural Water Resources
and Consumable Product Samples

Junthakhao L"", Wongkham W ?
Department of Biology, Faculty of Science Chaingmai University, Thailand

ABSTRACT

Contaminated steroids in the water resources are more found currently and it is lipid with the
special characteristic of 4 grommets (rings) linked up in the carbon structure.The difference of
steroid types also depend on the functional group on the rings. A great number of dissimilar
steroids is found in plants and animals, the major steroids are cholesterol, steroid hormone,
precursor and metabolite.While excess steroids cause the disease and various abnormal state. In
addition, most of steroids result in physiology effect by connecting with protein receptor and
cause the modification in transcription gene as well as the function of cell itself. For example, the
insecticide in the organochlorine group (e.g. lindane, atrazine, DDT, aldrine, endrine) which can
originate the breast cancer later. The DDT particularly is able to block off the testosterone
functioning and causes the abnormality of male’s sexual organ. The human breart cancer cell
line, MCF-7, was used as an estrogen receptor containing (ER") model. The natural water
samples were taken from several sources including sewage disposal from slaughterhouse, catle
farm and frog farm. The consumable product samples were bought from local market including
energy drink and herbal beverages. The ethanol extract from Puraria mirifica, the xenoestrogenic
herbs was also studied. The experiments were carried out using SRB assay with 17(3-estradiol
aldrine and endrine as positive control. The cells exposed to serial concentrations of various
solutions containing steroid showed unique positive response. The result implied of the tendency
for the cells to be in creating more effective testing procedure for the benefit in public health and
environment in the future.

Key word: steroid contamination, MCF-7, cytobioassay, estrogen, xenoestrogen, SRB assay
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Validity of Reported Paracetamol Dose in Acute Paracetamol Overdose

Chomchai S', Korphaisarn K.
! Faculty of Medicine Siriraj Hospital, Mahidol University

ABSTRACT

Background: Decisions to treat acute paracetamol overdose with N-acetylcysteine in most hospitals
in Thailand, where the serum paracetamol level analysis is not available, are based on ingested dose.
Two dose cut-off methods in used are dose at least 150 mg/kg (average dose) and dose at least 7.5
gram of paracetamol (dose). These cut-off methods have never been evaluated.

Objective(s): To know and to compare the accuracies among the paracetamol dose evaluation
methods used in acute paracetamol overdoses

Materials and Methods: We retrospectively reviewed medical records of patients who presented at
the Siriraj hospital with acute paracetamol overdose from January 2004 to June 2009. With the
treatment line (150 pg/ml at 4 hours post-ingestion) in Rumack-Matthew nomogram as the gold
standard, two cut-off methods being used and a new method, using the lowest of either the dose or
average dose as cut-off value, were evaluated with sensitivity, specificity and ROC curve.

Results 305 patients were enrolled. Dose, average dose and new method had sensitivity/ specificity
to predict serum paracetamol levels over the treatment line of 0.937/ 0.325, 0.926/ 0.276 and 0.944/
0.325, respectively. The area under the curve (AUC) of ROC of new method (0.694) is significantly
larger than the dose’s AUC (0.673), while there is no statistically significant difference from the
average dose’s AUC (0.691).

Conclusion: The cut-off method using the lowest value of dose 7.5 gram or dose 150mg/kg has the
best sensitivity, specificity and ability to predict potentially toxic paracetamol level. We propose it
as a new cut-off point for practice in Thailand.

Keywords: Paracetamol, history, validity
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