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HRNEFRHXBOREMSHE 2T M
R4 BRIE TIERK

CHEREEMEHIRT RAZFEEZ &FH
(MAEEHA: 87 F6 A 26 B, ¥R EM: e758A 128)

WE sBRTITENRHEHENEE (thuringiensin) BBBETEHRBERY (cetylpyridinium
chloride, CPC SURMZEBY ) At 2 EVEBEAHD > 2 FHETG, YHEBREOBRRHAEMER,
ME-HEEERTARSAT#®E0, 10, 30, 50, 70 290 mg/kg = 5.87 %EHEE (LICPC W) =
0,500 % 1,000 mg/kg =2 7.20% BN EE (LIBKMEER), ¥ PI0 K250 mg/kg CPC EA T ERE, &
EREEERN R, $RERS.87 %HNEEXRCPCHE, AEREEHES. FEHB. MERETZ
fEAR, 5.87 %HNBEFREZOR¥BILEE (LD,) %53.9mg/kg. M1 7.20% B BEEBETMF S
A, THMBMERREZ 7.20%H N EEA—BXRE, 2FBS U EBEE S RENEHASM,
PRERTFAREBAT®EOD 5, 20,50 R 100mg/kg 2 7.20% BN EEL HEB R 21 £, REEE AR
HHPMIRE, MERBBRE. FE. REMEBRETSHSR, HID,A 71.8 mg/kgo Fa M=
CTREZMREFEETLML, SEDAF TERF I LMD, KERRE. \XREXRMEEN RIS
T, BNRBHEIFZREHNRBAEEBEELFRE, GEULLERET, £9 CPC H 1 CPC W >
5.87%MAEEHARYAERBIOBASN, MUBMERY 7.20% %N EEIE, HUYAROBE
HMAR1,000mg/kg, BEAEAMMEUERMHTBMEELEEE, aFS kB EEELERS
KB HE, REBESKEMRBISEHE, TREHABRIN BTSN, [ %K=4. LKIE., LIE
Mo BABMEHRKOMAIMZ M 2345, FERE 24 (3): 203211, 1998, "B & A TEL: 04-330

2101, FAX: 04-332 3073].

& FHEFE, [REr, mErt, 8

&

UL B RE YR T A a2 PR R AR A R B R
B2, DEBRTHEBERESFEH, BiEmE
HEAPEE, MBS IE (Bacillus
thuringiensis) Bfs A, 457 B h B & 2
BHEEYIRaaE 2 #E [12,13,17,22). #ROHE
FEAMRSEFREMET/\HE [8,10,14,19,
20], HALABEJEFR (thuringiensin 5 BiE B-#+
F#) KNFHR (endotoxin) R EEYLEER.
BRARRZIEHBEES ATP SRR —RHZZES
fIE, #I%] DNA-dependent RNA-polymerase BJ{E
A, BT R #09 RNA &8 (15,21], 7E5E
hea< BERFRIR, WAk EFRINEIRLhEE 3 Kk
A5 [RETEL BB EAR [21], SERARHE

][I

AR a R B EHE ATERTERE., ¥EE R4
RE, ARSI EYEE R BRESNES,
HELBEBYL 2T, RASEREZ RESE
A, HRERRRE R MEN - £ sG
A SR Barjac 5 [7] BN BRI L
/N LDy, {53 13.3 mg/kg, B2 TS LDy, (#5S
16.6 mg/kg, It#5FE Sebesta % [21] Y18 mg/
kg FHAIT, 1 FE/NFROEM AR R B ST % 200 mg/kg
K&, "5[REERT BEAIEC [21], BEHGR
ARG ZEERGAABRE FRILER
LDy fill, AR HEEEREGEI T ICE S,
HEER I ERIETE R # AR, W AENTME
BRSGESY, DR ETELRZZ2M., Bk
MTRER T E BB LU R RS £, TR
R 3 S AE R I LA LAy B, HEESLE A
i FMARRE, W5 E A B B A SR R, B
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IS . AW RZHR, /HeteiE
HEFR, ETORRMSSE, ARSI
NEFRLEFERRA, U S BEEML. 2
RpBe@ie i AT R ARy SR, EEee
HIHRARR B FIREEL IR, (SRS R SN
R R AR B AT T R S T
Beft (1], dEBBUTH B EMBG R4
RMEYZ2ER L 8%,

MERTE

HHER HHIEFE (2] 5 5.87% K 7.20% i
#, WEIEBERRETD, SRR AR E
(cetylpyridinium chloride, CPC, Sigma) & & ¥
(Far, 28) TR, hhEER2EY
M FEATERHE . BRI SRR [11] FERGE PN~
{ETHFSEFT, MRAEHT AP 2R (Pasteur Insti-
tute, Paris, France) fEftH) HD-199 Btk (Bacil-
lus thuringiensis subsp . darmstadiensis) & 25RERE
TR, AL CPC (Sigma) FEIEEYE G,

MHEY  FEER AT Wistar 5% KB HEE
TERERE BT R0, EAFT SPF &)
VEEEBHE Bk, NEEFEERS 220+
- 10g B 190 + 10g, Bi€t&EEE [3.4,5] Z[F—
AR ETHER . B T AR 3 /)
FEREHER 4 DRERM, FRHETFREZ G
(Purina Laboratory Chow®5001, USA) F—REE
BZKECH . BNV E ZIESIRSEE 25 £2C.
HREE 50-70% B 12 /INFFIE/ 12 /)Nl o SRS EEE

KRBT ABBUOEREERE, KX
BRI R E RN RIS AR R s )
LI B0 10 i o 35 1 P R A B A R AT (23,
241,

—, OfkaFEtiEs S -HEMHI0EKRR (5
M, SHE), B EARERS.STREHIEE, B
#4730, 10, 30, 50, 70 % 90 mg/kg, 5 IHZR
BRI 7.20% B I EF, HES 0. 500 K 1,090
(BRREWEE) me/kg . FIERELI CPC fER%E
BV EERE, BIE5 0 K 250 me/ke.

= iEsERE RBROREEEREERET
CPCHRBEFM, HItHZH kA -
TRT.20%HNEZ, §-HEHI0EAR (5
M, SHE), BIES50. 5. 20, 50 B 100 mg/ke.

ARTFREBEER RRHEHEESEKS
EHE (Gibco, USA) #ITHEME R, FORES
MAEEVEEFE 8 (Terumo, Tokyo, Japan)
E LR 100 mm T FE (Fine Science Tools,
USA), BT ERMEERE AR, BEEEs’
R 10 mL/kg [9]. A S 30 /7 1 LARS 441
(Halothan, Sigma, MO, USA) #1732 & I
Wi, BRBRFIEE P ET R L, T 1ml 8
BESEtEE LR 110mm T#MEREST (Hamil-
ton 91072, USA), EiHE # (Hene, Germany )
MHRFEEAREREECHEES 1.0 mL/kg
(23], EiSOHH BEHRER. BERL, HES
o, wmEEMb . MRS B I &AL E ST, B
RIERE RS, BEEREA . EHRIEC R,
FERER 1/2, 1, 2, 4 /B0 HRERE
Fil, BHES X, TRAEKE 2 KB, §
BERBEERETHYWEER (Meuler-PB3001,
Switzerland), PAFFGHEEFR, E FRES
(Digital thermometer-TD300, Japan) il & A 5.3k
ERRT R RER T 2. 4. 24 /N\BEZ TR, EERE TR,
RELL95% Z Bk (BT, ZEi8) [ilBE, 7E7% A8
fiRLL & & M (K3 EDTA, Vacutainer, NJ,
USA) % 2mL 211, & A MERGH#1{E (Sysmex
K-4500, Japan) &l M #AHIEFT 0B (RBC) .
M7 (Het), FHEALMIRERE (MCV). HimEk
(WBC). MM#AL% (Hb) HHEE; %LUMEK M5
#t% (Vacutainer, Franklin Lakes, USA) # SmL
¥, ERHLH (Kubota 2010, Japan) LA 775
xg, BEC 15438, BUMHE 0.5 mL LA EEH ML
{bf# (Chiron Express Plus, USA) #H] Mg 41k
fE £ #5 alkaline phosphatase (ALP). aspartate
aminotransferase (AST) . alanine aminotransferase
(ALT). blood urea nitrogen (BUN), total protein
( TP ), albumin. creatine phosphate kinase
(CPK). glucose. lactate dehydrogenase (LDH )
K creatinine, WiE|EEIEAIRKER L, 5
AAHAIE R 10% (V/V) FiEidEikiE et E e
48/NERFLLE, MK HEEEEBREKYA,
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PIEEAREREL (H & E). Masson’s trichrome.
Toluidine blue F2 Luna’s ZE4L @, 43 BIHS YE£8 251
85T IS E AR ER L,

BRSBTS ENYEC BUE L probit
analysis ( Maximum Likelihood Program) 43 %73k
BHEIEHE (median lethal dose, LD,). #ikks
AP BUE LA Microsoft Excel 2 AVERAGE i3k
BUF¥9 {6 ) STDEV i 5K B A% ¥ (R 2, LA
Student’s z-test J3H7{Z F# £ B FE AR 0 FRAH (82
HEFEZE, METE »<0.05 B EFEE MR,

ARSEEEE LI5.87% N EZETARED
MR EE - ERE, SRS E 50 mg/ke 300
5% (3, 2. ££70 me/kg - 8 # (4,
4HE) . FE90 mg/kg FEL- 9 (5 M, 4 1), FEC
BETRWRAEE, EORPHIFERE (LD,)
F3553.9 mg/kg, 7 95% Al{S 485 BHS 42.8-63.8
mg/kg, TEEEZEM, FBHER, Mg RT
C, HS5WYEER. HED R RE S Ok
%% 7K, 30 mg/kg EHARIEC B &2 T
HIQRESERE R, 5 21 KMk & i
AL, HAL. AmEREERY, 5 Ek
£ ALP, AST . LDH ¥ Nl (£ 1, F£2), W
IEHEHEEER [25]. 360 BlE K s b F i
7%, HAFWER BI85 R G E R A2 s
(B 1), &5 2 58S v R, B
IR IAYBEREGR R, T ER RS RS
TRAIEREE 1,090 mg/kg 2 7.20 % #F /1 £1%,
HIR IR F AR A4 SRBERE R TR L, 2
BRI RS 2T . M R i,
MiH RS FER, #HERETL CPCEO
R B FEA B LDy, AR 250 me/ke.

SR MasntaBEEEstRRE
BT T.20% A EH %, FEARYEERT
KIS, MO RIEAARALHEMEEE (&
3). UFEh, FZEAAM . BEE R ER R Z RS TR A
SIS R BIEC . e BEER AR AHI, £
Bl 50 mg/kg SELC 3 8 (1 M, 2 H#E). 7E 100
mg/kg SELC 7 (3, 4 i), S HMEEME

LDs B 71.8 mg/kg, 7 95% 0] {2 48 % RS F 15
51.8-99.3 mg/kg. AHEB7H AT AR ER %2 0] B M40
TIHISELE (BB 3R) RSl & mial 2B 7o
MRS (8 22), REC (B2 FK) BEATR
ik 2 T 2 R T AR L 7 8 T B A o 3 6 I €935
B ([ 2b), MABYIA ] RAIHATEC (3 K)
SR IR B v . iR, R
2% . B A A S e oh MR ER G2 g et I B 4
1A SE (B 3a). %EAZEC (B8 FK) vl RF
R MEBE AR R R . NYRE F Y
MRS AL TR 4 RS | i Ee Rl U R s
ARG I B (B 3b) /8, £TEECER
N =] B B B A S AL B 1S R (L e
%, LA Masson’s trichrome J¥f535, o EEEYE
BREAORIE (& 4a), LA Luna’s fefiyk, n B854
R A A B P9 T AT e s 2 AT AR
H(E 4b),

EV

A I BRI LA CPC SE/THL 258, RS
Z5.87T%ERHFEIR LDy, B 53.9 mg/kg,
95% FI{SHEIEMERS 42.8-63.8 me/kg , HEEEE
FAERESEASEE (1], BOREFE (F
8) YE, BN LDy, fE7 7 5 % 50 mg/kg. P65l
ARG F %S, BB 43 BT IR A 2 B
SMEHEESE, WoMRES S SR, A
R RIS ket Fm B et BERER; k3T
T KRB RIS 21 KEE2|, BT 5B A i
R RS S EL AT IEAE, 040 B SR T3 R 45
AR UM RS M RS N F IE R, (Rt
e 5.87 % BRI W BB K BEREBEETE—
MER[ T, [ RTERBAES 21 7K I 4 1k e I &
(%2) BAFBEMERGE FIES, TiRE
Nelson %5 [17] #6511, CPC T E Mk B M S
LIS, 185 FOs B RUMNGE 2 35|, A SO
FREBGEEIE LDy, (655 200 mg/ke B F R
#ECYE. FRERESHLEmYE 2
T20%MNERORE AR, SE-—WELT
RANE B B 1,090 mg/kg B, of i
BN B\ OIREIE M, B Sebesta % [21] /MR
AR AR 7] B 3R 200 mg/kg \K# S FE S R
BT TE, HPSehestas Z B 7E BB A
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Table 1. Hematological changes were gavaged with 5.87 % thuringiensin product (CPC-extracted) for 21 days in
rats.

Treatment (mg/kg)

[tem male female
0 10 30 0 10 30
RBC 7. 28 6. 82 6. 28 6. 74 6. 38 8. 14
(10%) (0.39) (0.12) (0.14) (0.38) (0.50) (0.39)
Het 6.85 7.21 7.73 7.26 7.23 7.33
(%) (0.12) (0.17) (0.05) (0.35) (0.21) (0.24)
MCV 15.98 15.54 16.24 15.56 15.43 15.6
(fL) (0.14) (0.17) (0.17) (0.15) (0.12) (0.19)
WBC 42 .84 40.88 42.96 42 .56 39.4 39.52
(10%) (0.66) (0.55) (0.80) (1.66) (0.85) (1.09)
Hb 62.4 56.8 55.6 59.0 54.8 54.0
(g/dL) (0.22) (0.87) (0.78) (1.2) (0.58) (0.4)

the values are showed as mean, also give one standard deviation in ( )3 RBC: red blood cell; Het! hematoerit:

MCV: mean corpuscular volume; WBC: white blood cell; Hb: hemoglobin

Table 2. Biochemical changes were gavaged with 5.87 % thuringiensin product (CPC-extracted) for 21 days in
rats.

Treatment (mg/kg)

Item male female
0 10 30 0 10 30
ALP 216 210.2 185.8 199.6 224.75 152.4 a
(/L) (22.80) (17.62) (9.43) (11.68) (22.67) (8.85)
AST 152.6 143.6 126.2 a 141.2 144.75 122
(/L) (6.62) (3.64) (3.83) (6.64) (5.32) (7.45)
ALT 66.6 74.4 67.4 68.8 72.5 58.8
(/L) (2.41) (2.31) (3.94) (2.78) (2.01) (6.91)
BUN 20.2 20.8 22.2 24.4 24.8 20.4
(mg/dLY (1.04) (1.58) (1.8) (1.34) (1.43) (0.67)
T. protein 6.76 7.12 7.4 6.82 7.33 6.96
(g/dL) (0.22) (0.14) (0.24) (0.08) (0.27) (0.28)
Glucose 143 133 129.2 159 173.5 154.8
(mg/dL) (10.55) (6.29) (7.33) (8.55) (9.88) (6.26)
LDH 1956.4 1618 1246.8 a 1746.6 1488.3 1051 a
(/L) (128.25) (175.18) (128.35) (128.25) (99.92) (64.59)
Creatinine 2.84 2.46 2.40 2.78 3.30 2.42
(mg/L.) (0.21D) (0.11) (0.08) (0.07) (0.25) (0.12)

the values are showed as mean, also give one standard deviation in ( ); a : significant difference compare with
~control group at p <0.05; ALP: alkaline phosphatase ; AST: aspartate aminotransferase; ALT : alkaline
aminotransferase ; BUN : blood urea nitrogen; T. protein : total protein ; LDH : lactate dehydrogenase.
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Table 3. Body temperature changes were intratracheally instilled with 7.20 % thuringiensin product (starch-ex-

tracted) during 24 hours in rats.

Sex Treatment : Body temperature T at
(mg/kg) Day prior to 2hr after 4hr after 24hr after
dosing dosing dosing dosing
2 37.7+0.1 37.5£0.1 37.2x£0.3 37.4+0.1
5 37.5£0.3 37.1£0.2 36.7£0.1 35.5£0.2a
20 38.1£0.2 36.5+0.3 a 36.5+0.4 35.1+0.3a
50 38.0+0.2 36.5+0.4a 36.7£0.3 34.0+0.1a
100 37.6£0.2 35.7+0.2 a 36.7+0.3 33.9£0.3 4
¥ 0 38.740.1 38.3£0.3 37.8+0.2 38.3+0.3
5 38.6+0.3 38.0+0.2 37.4£0.1 37.2+0.2
20 38.8+0.1 37.5£0.4 37.210.4 36.1+0.2 a
50 38.7+0.3 36.2+0.6 a 36.5£0.8a 35.3£0.2a
100 38.8+0.3 35.3+0.7 a 36.6+0.4a 35.920.6 a

a * significant difference compare with control group at p<0.05.

Fig. 1 Rat was gavaged with 70 mg/kg 5.87 % thuringiensin product (CPC-extracted) which caused dead and mul-

tiple focal hemorrhagic, and coagulative necrotic foci of liver after 2 days treatment (H&E stain, X 400).
Fig. 2 Rat was intratracheally instilled with 100 mg/kg 7.20 % thuringiensin product (starch-extracted), and (a)

showed remarkable hemorrhage and edema of lung in a dead rat after 3 days application, and (b) the survival rats
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Fig. 3 Rat was intratracheally instilled with 100 mg/kg 7.20 % thuringiensin product (starch-extracted), and (a)
showed focal necrotic cellular debris and remarkable neutrophil infiltration of lung in a dead rat at 3-day (H&E
stain, X400), and (b) focal fibrotic proliferation, and fibrosis of lung in dead rats at 8-day treatment (H&E stain,

X 100).

Fig. 4 The survival rats were intratracheally instilled with 100 mg/kg 7.20 % thuringiensin product (starch-ex-
tracted ), that, (a) bluish color of collagen could be strongly stained by Masson’s Trichrome staining method ( X
100), and (b) abundance eosinophilic granules in the cytoplasma of mast cells (Luna’s stain, ~X 400) in the focal fi-

brotic tissues of lungs after 21 days treatment.

SRRV E £ 1,600 mg/kg, MN.F{F
TRIBEREES, TREREN O RE St s e
B, EERNEZASTER ORI SEmE 2
ATHERE Y, T AR F A KL CPC B 250 me/kg
g, REHSEN, FEMARRE, nHE&
TWETFER, ETERTARBNES, &
AR CPC K B MR LDy, {8 A 250 mg/
kg H5.87% 8K I E # .2 LD, 8 53.9 mg/ke.
CPC REE R EOMRZF M R Nelson 284 [17]
Z CPC [l LDy, B, HEfL 5.87% 86 1) & T &1y
CPC BIERE, FEMMLOREEYE. Han
MR B aRER S BEUR, 5.87% BRI M =AY 2 M5
SRR E T HE R E SR CPC T m, It i
7.20% R AT IR FEE A BT CUR LDy AH2 1,090 meg/
kg AT, TG AR 5514 4 R AT R B4R L A 4840 2
Mt SHEESEE, AREETHIExE
FERIMACZER S, HESE T B s s, L

A S EF R E ) B S Y E R A Hoith
EFMVE, N HEEEIZEREN, B4
[EESESY P E NS S PN TioE e
ERflimEEZHE, UEEETEEEEB
YRR EEGFE I EEEE R TEN 2%
T, WA BRI ST, BERERTES
R e 2 BE, W SE A i 4
AACEREE, AR R PO Y HOT 8 A 4 S TS b
R FEERBTITNRE AL (23], EXRE
REEEEHF I EFEE, ERAGBIEBLE 24 /K
FRERREE, MEMIBCEAERES, alBeEbER
NENFRERLBEE [16] 216515, miis
%%ﬁ%?%ﬁ%cmﬁﬁﬁtﬁ%2%mﬁ%¢
AMERA SR, ERENEETEEN AR
SIEHRFERIINAERIE, BEkARBEs
S EIER R R4 B B B R E A A B,
PR B SF 1 LD, 55 71.8 mg/ke, % 95% a]
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RO BT AR A B MR, 35 A S B 2 15
ol FIERE . BRI L, Luna K]
SAIFEE AR Y ERE AL R 2 O, SER
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of Thuringiensin in Rats
San-Fu TSAI, Jiunn-Wang LIAO and Shun-Cheng WANG

Department of Applied Toxicology, Taiwan
Agricultural Chemicals and Toxic Substances Research Institute, Taichung Hsien, Taiwan 413, ROC
(Received: June 26, 1998. Accepted: August 12, 1998.)

ABSTRACT Mammalian acute orai and pulmonary toxicities of rats to thuringiensin products
from different protocols such as extracts from cetylpyridinium chloride, and starch-extracted
were investigated in this study. Rats were gavaged individually with dosage as follows: 0, 10,
30, 50, 70 and 90 mg/kg of 5.87% thuringiensin (CPC-extracted) per body weight, or 0, 500 and
1,090 mg/kg of 7.20% thuringiensin (starch-extracted), 0 and 250 mg/kg of CPC as extracted-ma-
terial control group. The cbservation period was set for 21 days. Results revealed that 5.87%
thuringiensin- and CPC-treated animals showed signs of dullness, rough hair, convulsion or even-
tually died. Unlike 5.87 % thuringiensin- and CPC-treated animals, the 7.20% thuringiensin trea-
ted showed no significant toxic sign after treatment. The calculated oral LD, of 5:87%
thuringiensin product was 53.9 mg/kg based on our results. According to the oral toxicity, the
LDy, of 7.20% thuringiensin was greater than 1,090mg/kg, and then evaluate the pulmonary toxici-
ty. Intratracheal instillation was applied with 0, 5, 20, 50 and 100 mg/kg per body weight of
7.20% thuringiensin product for 21 days. Respiratory-rales, hypothermia, prone, rough hair, de-
crease body weight gain and death were observed after dosing. The pulmonary LDyS calculated
was 71.8 mg/kg. At necropsy, effected lungs were exhibited remarkable hyperemia and hemor-
rhage on the surface of thuringiensin treated rats. Pathological findings revealed symptoms such
as diffused hemorrhage, edema, emphysema, brochiclitis, and alveolar necrosis in the dead ani-
mals, and focal fibrotic lesions in the survival rats at the end of experiment. In conclusion, both
of 5.87 % thuringiensin product and CPC were harmful to rats by oral uptake in this study. The
7.20% thuringiensin did not cause acute oral lethality until the dosage reached 1,090 mg/kg or
above, but induced obviously pulmonary toxicity in tested rats. The best strategy to minimize
the risk of pulmonary toxicity on mammals would be to formulate it in a granule form or soluble
form. ["Tsai SF, Liaoc JW and Wang SC. Acute oral and pulmonary toxicity of thuringiensin in rats. | Chin
Soc Vet Sei 24(3):203-211, 1998. "Corresponding author TEL:04-330 2101, FAX: 04-332 3073]
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