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Studies on thiaminase : A case of

lesion in human nutrient utilization by another food component.

—4) Thiaminase related syndromes in the livestock raising industry—

Takahiro NISHIMUNE, Hideki OKAZAKI and Masaru SAITO*

Abstruct

Polioencephalomalacia (PEM) or Cerebrocortical Necrosis (CCN) of livestocks is resulted from

thiamine deficiency caused by thiaminases of forages or viscera fed. The participation of enteric thia-

minase producing bacteria is also discussed and studies on PEM or CCN are reviewed.

Key words : thiaminase, Polioencephalomalacia, Cerebrocortical necrosis, livestocks, thiamin.
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Chastek paralysis fox raw fish Lundes. G,(1) 1939
Chastek paralysis fox raw carp, etc. Green, Carlson & Evans(3) 1941
B1 7#AT (in vitro) raw carp extract Woo 11 ey. D. W.(5) 1943
Chastek R R 138 % (in vitro) raw carp acetone powder Sealock, R. R. et. al(7) 1943
4 thiaminase D737 (in vitro) WK, BKE Lieck, & Agren(148) 1944
Bracken poisoning cattle ik 3 Evans, Evans & Hughes(149) 1951
EEH BIRZIHE 1 amb thiamin free milk Draper & Johnson(150) 1951
B.thiaminolyticus 1% 5- 5:6, ENVEY b, rat, ?ﬁft%l"jfﬁ%?% ) Hamada, K.(147) 1954
% (BEEILROIRIZE—&)

FAEE B AR RRIEIE chicken B.aneurinolyticus ¥, Shintani, S(116) 1956
PEM cattle SR R R AL Jensen, Griner & Adams(145) 1956
B.thiaminolyticus % 5- £ cattle,sheep X, BELTY Evans, Evans, Thomas, 1958
Cl.sporogenes 1% 5-£8 Watkins, Chanberlain(68)

CCN sheep,cattle BN, WEENRESHEB  Spence, Stevens, Saunders, 1961

Harris(98)
CCN cattle, sheep JF R Terlecki & Markson(151) 1961
PEM sheep *—A 5 7 ®PEM i # Nicol, G.(123) 1961
Chastek paralysis mink Halfe DEPREIsOULT L DOF Stout,Oldfield & Adair(101) 1963
TIift—¥

Focal symmetrical EM sheep Cl.welchii D BI# % ? Pienaar & Thornton(129) 1964
CCN @ B, iGBEREK Calf B, {5# T CCN [HI{H Davies, Pill, et al.(152) 1965
Amprolium % 5-EE& pre—ruminant calf CCN JKREE B/ RZ Markson, Terlecki, Lewis (153) 1966
Rumen of CCN anima 1 Sheep,ca 1 f thiaminase assay Edwin, Spence,Woods(17) 1968
CCN ®[HzR cattle, sheep BL2%BRZTIE W Markson & Terlecki(104) 1968
CCN DRFERME () ruminant B, RHAEEK Edwin, Lewis & Allcroft(138) 1968
PEM (CCN) cattle short review Loew, Radostits & Dunlop(124) 1969
CCN sheep, cattle rumen thiaminase Edwin & Jackman(133) 1970
Amprolium induced PEM sheep Bidiphosphate X Z Loew & Dunlop(139) 1972
CCN calf, lamb rumen thiaminase Edwin & Jackman(18) 1973
PEM sheep thiaminase bacilli Morgan, Lawson(154) 1974
Amprolium induced PEM pre-ruminant 1 amb bbbk il ig Morgan(155) 1974
CCN ruminant Cl.sporogenes ? Edwin & Jackman(20) 1974
CCN cattle,sheep Cl.sporogenes Shreeve & Edwin(156) 1974
CCN calf, steer, sheep, goat, horse, cow Roberts & Boyd(120) 1974
XKEZHY CCN sheep bracken 1R ¥ Evans, W. C. et al.(100) 1975
CCN,Co RZ sheep Co,VB,, VC deficiency MacPherson, Moon & Voss(157) 1976
CCN sheep,cattle thiaminase X ) Edwin, Jackman, Machin(137) 1976
PEM, EEHiF|I =482 XK sheep thiaminase + 5 L | Linklater, Dyson, Morgan(77) 1977
F7 I F— Y & HEEH (in vitro) Bifidob. bifidum etc. Morgan, & Lawson(158) 1977
CCN, ¥u— L =#2%H  sheepcattle pyrrole <° imidazole Boyd,&Walton(121) 1977
PEM sheep FrIHE (V¥H) Pritchard & Eggleston(159) 1978
EERH CCN notobiotic lambg Cl.sporogenes X EER Cushnie, Richardson,(79) 1979
PEM, Amprolium PEM lamb PEM by B, — free diet,+Amp Thornber et al.(136) 1979
EEHY PEM ovine Bakker et al.(162) 1980
PEM & Amprolium PEM sheep thiaminase, 7RIMER{E TK Spicer, E. M. & Horton,(160) 1981
Y% I BRZIE lamb Thornber et al.(161) 1981
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Chastek Fff& S BAR (S, 5%, 50 Green&Evans(2) 1940
EEb & B BIE VAR b5 UE Weswig et al.(10) 1946
SEER Bracken staggers B bLUE, &< 5(106) Roberts et a 1.(105) 1949
Chastek Rk vl B (RS Jubb et al.(96) 1956
Chastek KR vy B (HFT7PYUYE) Ceh et al.(95) 1964
EB DL P EE iR boUARE Evans, L. A. etal.(111) 1963
CCN 4 (Mdh) REBNF7I+—¥ Pill(99) 1967
CCN FE (HE4pPE 7 ) Markson&Gills(103) 1973
CCN ¥% REENRUEEFT7 I ¥ Roberts & Boyd(120) 1974
EEbH 5 & CCN * o, TALE(39) Evans,W.C. et al(100) 1975
CCN FE, ¥F (Wh») REBNFT I+—+F Boyd & Walton(121) 1977
PEM goat BESHET, BEEREE Thomas, Turner, Spicer(165) 1987
PEM sheep feedlots f8, B &% Thomas, Kelly, et al.(167) 1990
PEM in vitro model acidosis Oliveira et al.(166) 1996
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TABLE 13— 1 ACTIVITY OF FAECAL THIAMINASE, RUMEN THIAMINASE AND BLOOD TRANSKETOLASE
IN NORMAL SHEEP AND SHEEP WITH CCN™®

Blood transketolase activity thiaminase activity
Holoenzyme Apoenzyme TPPeffect Faeces Rumen liquor
(run) (run) (%) (units) (units)

Clinical cases (6 )

Mean 18.1 11.0 61.8 20.1 21.6
s.d. 5.0 3.9 17.7 3.4 2.6
Range 11-26 6-18 40-86 16-26 19-26
Normal animals(19)

Mean 33.3 9.7 29.5 7.1 7.1
s.d. 11.3 4.8 18.3 8.6 7.9
Range 16-52 2-21 6-82 o 1-22 1-25
P< 0.02 N.S. 0.01 0.01 0.001

The significance of the differences between the values for clinical cases and normal animals is given in the last line of
the table.

TABLE 13— 2 BLOOD TRANSKETOLASE ACTIVITY IN 2 SHEEP, AFFECTED WITH CCN, BEFORE AND AF-
TER TREATMENT WITH VITAMIN B 1 (200MG. THIAMINE HCI INJECTED LV.) "®

Blood transketolase activity

Holoenzyme Apoenzyme TPP effect
Sheep No. Time (1un) (ron) (%)
1 Pre—treatment 29 18 62
2 h.after—treatment 30 9 30
20h.after~treatment 33 6 18
2  Pre-treatment 31 19 61
4 h.after—treatment 37 9 24
24h.after—treatment 42 8 12
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- TABLE 13—3 BLOOD TRANSKETOLASE ACTIVITY IN NORMAL CALVES AND IN CALVES AF-
FECTEDWTTHCCN ©

Calves with CCN
Normal calves Before After
treatment treatment

TKA* iTPP Case TKA TPP TKA TPP
effect No. effect effect
Mean 63. 6 7.9 J990 22 137 5.5 9.0

S.D.+7.2 +5.9 J1212 19.4 116 - -
J2720 37 62.5 69.0 3.0

*Transketolase actitity cxpressed as pmoles ribose—5—phosphate utilised per g. Hb per hr. at 37°C.
1TPP effect expressed as percentage increase in TKA when TPP is added to incubation mixture.

TABLE 14 BLOODPYRUVATE LEVELS OF CALVES AFFECTED WITH CCN BEFORE AND AFTER ADMINI-

STRATION OF THIAMINE ©
Blood pyruvate (mg per100ml)
Case No. Before After
treatment treatment Controls
(%decrease)
H905 5.4 0.55(90) 0.62
276 3.5 1.04(71) 0.88
H934 3.1 1.8 (42) 0.79
H906 1.8 1.05(42) 0.69
277 1.4 0.5 (64)
J1212 1.55 0.76(51)
3 r mmlcn
i 2
F £
i
I Sheeps with ;wed rhizome diet
1 1 1 1 i A 1 1 1 I
0 1 2 3 4 ] P
Hours after injection of glucose (200g i.v.)
E-Io_ 1 100) (32) E]()_ 2(99)
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TABLE 15— 1 THIAMINE LEVELS OF OVINE ORGANS WITHCCN ™
Thiamine Thiaminase (g thiamine de-
(mg./100 g. composed/min./ml.*
Sample fresh tissue) (ppm) filtered fluid)

Heart muscle 0.04 0.4

Liver 0.0t 0.1

Skeletal muscle 0.02 0.2

Spinal column 0.04 0.4

Normal values 0.5—0.1 5~1

Rumen 0. 0037
Abomasum 0.0392
Colon 0. 3875

* A known weight of intestinal contents was diluted with buffer and the assay carried out as described
in Methods ; the figures appear to be related to the dry matter content, but as no mark-
ers were used they merely show thiaminase activity throughout the alimentary tract.

TABLE 15—2 BRAIN AND LIVER THIAMINE LEVELS IN CALVES WITH CCN

Thiamine (ppm dry matter)

Case Cerebral
No. cortex Liver
H2995 1.2 2.5

Calves with H4133 1.2

CCN H4571 2.0 4.3
J2444 1.3 2.3
7.7 6.5
Control calves 6.9 12.7
6.6 6.3
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TABLE 16— 1 Monthly Incidence of 103 Cases of Polioencephalomalacia in Feed-
lot and Pasture Cattle™®

Month 1 2 3 4 5 6 7 8 9 10 11 12 total
Feedlot 2 7 — 2 2 1 3 1 2 2 1 1 4
Pasture - - 1 - 3 29 14 8 1 1 1 59

TABLE16—2 SUMMARY OF OUTBREAKS IN CALVES®

Outbreak  Date Area Age Breed Incidence Type of management
1 February-April1958 Norfolk 4-5 months Friesianand ~ 9/150 Purchased calves in pens and yards
Hereford x
2 Junel959 Essex 4-6 months Ayrshire 6/13 Home-bred calves grazing ley
3 Junel959 Suffolk 6 months Cross—bred 2/5 Purchased calves in straw yards
4 July1959 Cambridgeshire 4 months Friesian 2/7 Purchased calves in barn
5 October-November 1959  Norfolk 5 months  Friesian x 2/18 Home-bred and purchased calves in
Shorthorn loose-boxes
6 January 1960 Essex 3months  Hereford 1/80 Purchased calves in straw pen in barn
December—February Norfolk 6 months  Friesian 3/14 Home-bred calves in ban
1959-60
8 January1960 Cambridgeshire 4 months Friesian 2/30 Home-bred calves in yards and open
boxes
9 January1960 Norfolk 3—4 months Friesian 4/28 Home-bred calves in yards
10 February 1960 Cambridgeshire 5 months  Aberdeen 2/20 Purchased calves in loose boxes
Angus X
11 February-March 1960 Northampton—  5-6 months Friesian X 6/150 Purchased calves in yards
shire Hereford
12 June 1960 Essex 4-7 months Ayrshire 3/26 Home-bred calves grazing old pasture
T T T - : T 600 . . . . . . .
oo

Food consumption (&)

L
I\

Autoclaved rhizome diet

Ld
8
<
£ wo- .
. !
\'\ " /\.‘l £ .
; ] 300} o 4
/ w ."1'. % \ /
N 2 N . ..E_
ative bracken rhizome diet i 3 20 o—-'-{native bracken rhizoe diet i
g Autoclaved rhizome diet
; n; |‘5 2‘0 215 !‘0 ;.'x 40 45 i 00
oo ]

| : 20mg B1 was given i.v. to -O0- sheep st day 40.

12- 10 =12 - 2



740 F—EOE  BRICL ZREENEED -5

L) od
O—OFaeces
@—@Rumen contents

g
1

=Y

- L/

Inoculation

C1. sporogenes
{1y gl

40 0 80 90 100 o 120
Age of lasb (days)

Clostridium sporogenes in facces and rumen contents

B13- 17

HOWETIE, HPHF7IF—EYOEEDHLY
EROFEHEHIG DY), BILIEOFT IS —FE
BV (11— 2)75, REFOFT7 IF—E
‘i*kc:%‘@%fﬁ-a— (11_ 1 )(32)(39)(100)%0:% a L
7T H B, CCNDREDOFEHEE L F7
F—BEEOTEII—ENTNERT L TFEIN
275, WO PEMIEKETIZ7, 8 AICRIE
WS E R 5 7S feedlot FIEHI L B8 F TIRAIS
£%+ 5 (145) (F16— 1), RETRFIHED
B REWIEERENS 6 ADBORENZ
(%16—2), ¥TR4~6ADREFEVT,
A A A T34 CON IZTBER SN BEDBELDEDY
POREITOMICEEFEFT L™, Zhb
DHEERL L, AEERSFT IS -YREE
TR RERICEEHN 2 HESRO LN A,
BIRIIERINL-BEIEZZETHHEILETFT
I+ —Y L CONDEBREIFHL VLY, BE
b DbHb, W. C. Evans E®IIFRHLL
F 7 3+ — % B. thiaminolyticus D& 7 1
320.5% glycerol &4 ¥ &K (20liter/day) ,

Clostridium sporogenes ¥ (10 liter/day) %
%1—1.57 B4 ICEREES LD, wihd
CON 2RO ER ol BIZINLT /A1) F—
YHEERZEEXOREENIC3I F ARG L
RS I VBRIKRERIRON o729,
IOZERLFT IF—EIIERRTHRTSY /-

mumder of visble organisms per g

Relative thiaminase activity
Counts per amvte ¢ 10°

i | L1 )

n @ 0 0 n o0 0
Bays sfter Ynoculstion

Faecal and rumen thiaminase activity in Jamb.

@13 - 2 (79)

VEERREREBRRLAY, ThHIIMEHO
Weswig 5D ¥ ¥ I v BAREFOHREL b —
HLTWB, LAL, W. C. Evans i Z2D#%b
SURENKBERB R EOFAIREETSH
BETABMIZEEOL Y IV BRZEEXERL,
Barkfg & W HEMEMA BB A CON EHELL A
T.CCN %1E- 72",
IOEEDLLUBRELA - M L—TLTNE
RiELBEVS L EDT, ARET (M12-1),
M pyruvate £F (K10— 1), EBFEFF7 I+
PiE®E (K12—2), OVWTFh H40-50HE O#
BT ALNT, E¥IVBRZDHVEILT,
CCNEERDRD E oz, M, F— b7 L —
FTLEREEXS L0, BEOEVHFEEO
5% T EENSDIIEY I VB RZERD S
WS, BRENART, WHHOMEYTIIZINL
3LREABLY Y I VBRZIORUHBATS
THotzI LD EZLND, (Eo TEDHRRERD
W. C. Evans D TIIHEMRY S I~ B
FEFHPOL Y I VB RZLIIEBRLEZVER
HL, MAEYRUCHEYPYEHRFTT IS —-EILLD
CCNOHEEMEZRLABEL TS, REEAE
2 53 ERIZ Clsporogenes 7 BES L5
bbb, NANICAEEEESEESESE
2 LiZERBIECIIEET™M, BEBWIC
FEWEBETRESICESEL, BT 7 I —YiEhk



REEEHRFLE H7%8 199

HRONDL LR BN, HEELZHEERLHE
FTHFTICRESZW™ (KI3RER), &5, H
HEEROKERS TR, BRIKETORKEEN
DEY Iy BENAOER*BRERZVLD
EEzZbONA,
FAEOHILEICFT7 I - S
5L 5DIXRET, BEFFTIF—ED
BIEIZE A EBEEETIIER2 ~5 HTRIES
higs, 10BZAFCTERAEZHIT A, £DO%E
N ZEORID - OPE# I ~4AFTET%:
By s vy, EHEETRARLERN S R
b —BIEEINEL, ¥Y I VBRIZERE
R L, B. thiaminolyticus ’RRH S, FEMEEAKL
B8 L TEHIT%EREE MM, THIIHLT
E#%2D53BICEY I VBEROKRST A
EHNEYIVBEERZOEHEEIIRELEZDL
NTwapteu® 7 PEM BEDEHEICIIE ¥ 3
PB7HENTYANT 4 FOROKEGEVER L
LFE SN TV A,

X m

(96)Jubb, K. V., Saunders, L. Z. & Coates, H.

V. Thiamine deficiency encephalopathy in cats.
: J. Comp. Path. 66, 217-227 (1956)

(97) Smith, D. C. & Proutt, L. M. Development of
thiamine deficiency in the cat on adiet of raw
fish. : Proc. Soc. Exp. Biol. Med. 56, 1-3 (1944)

(98) Spence, J. B., Stevens, A. J., Saunders, C.
N. & Harris, A. H. Cerebrocortical necrosis in
sheep and cattle. The clinical syndrome. : Vet.
Rec. 73, 28-34 (1961)

(99)Pill, A. H. Evidence of thiamine deficiency in
calves affected with cerebrocortical necrosis. :
Vet. Rec. 81, 178-181 (1967)

(100)Evans, W. C., Evans. 1. A., Humphreys, D. J.,
Lewis, B., Davies, M. E. J. & Axford, R. F. E. In-
duction of thiamine deficiency in sheep, with le-
sions similar to those of cerebro cortical necro-
sis. : J. Comp. Pathol. 85, 253-267 (1975)

(101) Stout, F. M., Oldfield, J. E. & Adair, J. A secon-
dary induced thiamine deficiency in mink. : Na-
ture 197, 810-811(1963).

(102) Swale, F. S. : Amer. Fur Breeder 14, 20 (1941)

(103) Markson, L. M., Path, F. R. C. & Gills, N. Cere-
brocortical necrosis in a fallow deer (Dama dama).
: Vet. Rec. 93, 243-246 (1973)

(104) Markson, L. M. & Terlecki, S. The aetiology of
cerebrocortical necrosis. : Br. vet. J. 124,309-
315 (1968)

(105) Roberts, H. E., Evans, E. T. R. & Evans, W.C.
The production of Bracken staggers in the
horse, and its treatment by vitamin Bitherapy. :
Vet. Rec. 11, 549-550 (1949)

(106) Forenbacker, S. : Vet. Arh. 20, 405-471 (1950)

(107) B RER, =HEXR, THMARE, HEKX
B, /MIESR, BLUE—. BoORBERIREIC
B3 2RE I BT 57 7 CR5ER,
EFRBR|M3, 77-92(1956)

(108)FFRs L, wEHE—, IHEKRE =€k,
W, LHE JLEETBRTICAESR
TEEOBVEICET 2REM%E. | BAR
REFSHMEEE3, 3-12(1950)

(109) LH £ JBETHBAIIRETLED

[ME5 O] ICBTHAEDELE Y MR
A [V Bia5ER, | BREBEFME
15, (f#§%), 30-31(1954)

(110) Hadwen, S. So—called staggers in horses caused
by the ingestion of Pteris aquiline, the com-
mon bracken. :J. Amer. Vet. Med. Ass. 50, 702-
704 (1917)

(111)Evans, I. A., Humphreys, D. J., Goulden, L.,
Thomas, A. J. & Evans, W. C. Effects of bracken
rhizomes on the pig. : J. Comp. Pathol. 73, 229~
243 (1963)

(112) Ender, F., & Helgebostadt, A. Om pavisning av
en vitamin B,—destruerende factor I prover av sild
og brisling. Antivitaminer som arsak til beri-
beri hos rev. : Norsk Veterinaer—Tidsskrift 3, 32
-80 (1945)

(113) Thomas, B. & Walker, H. F. : J. Soc. Chem. Ind.,
London 68, 6 (1949)

(114)Evans, W. C. & Evans, E. T. R.: Brit.
Vet. J. 105, 175 (1949)

(L1 AKR B, LEME, REEAN #BEAOD



7/ 4 F—EOFE . AL A REBENEED 5]

FT7TIFT—EIOWME-LAY I FA4T &
5128527 MO VBRZRE. . BAKE
45540, 309-316(1974)

(116) Shintani, S. On the thiaminase disease of chick-
ens. :J. Vitaminol. 2, 23-30 (1956) ‘

(117) PIERIERD, HIEHE, LEIER, H BT
NIT)DT I A) F—EIZEBNbOES
IVBRZEDREEIIDVT, [ ¥EF IV
6, 470-473(1953)

(L18) [ —EF E£BT7 /1) F—¥ERROA
WILERE (Y27 b) BE D HERELSRS
SMEREDS, 293-298(1958)

(119)1EH*—BF, =% % T I7EHEFRRICSB
T AEREE Y — FiE (REKRE) © BAH
1L 23 mFERHMEREDS, 299-301(1958)

(120)Roberts, G. W., & Boyd, J. W. Cerebrocorti-
cal necrosis in ruminants. Occurrence of thia-
minase in the gut of normal and affected animals
and its effect on thiamine status. :J. Comp. Pa-
thol. 84, 365-374 (1974)

(121)Boyd, J. W., & Walton, J.R. Cerebrocortical ne-
crosis in ruminants : An attempt to identify the
source of thiaminase in affected animals. :
J. Comp. Pathol. 87. 581-589 (1977)

(122)Hartley, W. J. & Kater, J. C.: N.Z. vet. J. 7,75
(1959)

(123) Nicol, G. Polio—encephalomalacia in sheep :
Vict. vet. Proc. 20. 28-29 (1961-2)

(124)Loew, F. M., Radostits, 0. M. & Dunlop, R. H.
Developments in veterinary science. Polioen-
cephalomalacia (cerebrocortical necrosis). : Can.
vet. J. 10, 54-56 (1969)

(125) Frankhauser, R. Zur frage des hirnoedems beim
rind. : Schweizer Arch. Tierheilk. 104, 261-274
(1962)

(126) VonSandersleben, J. Hirnrindennekrosen beim
kalb. Eine vergleichend morphologische und path
ogenetische betrachtung. : Schweizer Arch. Tier-
heilk. 108. 285-303 (1966)

(127)Kolb, E. Neuere erkenntnisse zur biochemie der
thiaminasen und zu deren bedeutung fur die ent-

stehung von funktionsstoerungen des nervensys-

tems bei nutztieren. : Mh.Vet. Med.34, 951-955
(1979)

(128) Tournut, J., Labie, C. & Espinasse, J. Identifi-
cation en france, de la necrose du cortex cerebral
(NCC) chez plusieurs especes de ruminants. :
Revue Med. vet. 118, 883-896 (1967)

(129) Pienaar, J. G. & Thornton, D. J. Focal symmetri-
cal encephalomalacia in sheep in south africa. : J.
S. Afr. vet. med. Ass. 35, 351-358 (1964)

(130) Plowright, W. : Vet. Rec. 66, 25 (1954)

(131)Innes, J. R. M. & Plowright, W. : J. Neuropath.
Exp. Neurol. 14, 185 (1955)

(132) Virtanen, A. 1. : Biochem. Z. 338. 443 (1963)

(133)Edwin, E. E., & Jackman, R. Thiaminase I in
the development of cerebrocortical necrosis in
sheep and cattle. : Nature 228, 772-774 (1970)

(134) Austin, C. R. : Aust. J. Exp. Biol. Med.Sci. 25,
147-155 (1947)

(135)Edwin, E. E., Hebert, N. C. & Masterman,
S. Thiamine requirement of young ruminants. :J.
Agric. Sci. Camb. 87, 679-688 (1976)

(136) Thomber, E. J., Dunlop, R. H., Gawthorne, J. M.
&  Huxtable.
cia (cerebrocortical necrosis) induced by experi-

C. R. Polioencephalo~-mala-

mental thiamine deficiency in lambs. : Research
Vet. Sci. 26. 378-380 (1979)

(137)Edwin. E. E., Jackman, R., Machin, A.F. &
Quick, M. P. The importance of A 1-pyrroline in
the aetiology of cerebrocortical necrosis. : Bio-
chem. Biophys. Research Commun. 70.1190-
1197 (1976)

(138) Edwin, E. E., Lewis, G. & Allcroft, R. Cerebro-
cortical necrosis: A hypothesis for the possi-
ble role of thiaminases in its pathogenesis. : Vet.
Rec. 83, 176-178 (1968)

(139) Loew, F. M. & Dunlop, R. H. Induction of thia-
mine inadequacy and polioencephalo—malacia in
adult sheep with amprolium. : Am. J. Vet. Res.
33, 2195-2205 (1972)

(140) DeCaro, L., Rindi, G. & DeGiuseppe, L. : In-
tern. Z. Vitamin Forsch. 31, 333-340 (1961)

(U s, F7IVRZIRTERICHED



REEEMARFLE H£7% 199

FTIVIDABFF—EOLE) . KF IV
59, 633(1985)

(142)Lowry, O. H. : Physiol. Rev. 32, 431 (1952)

(143) Balaghi, M. & Pearson, W. N. : J. Nutr. 89, 127
(1966)

(144) Alexander, L. Wernicke’s disease. Identity of le-
sions produced experimentally by Biavitaminosis
in pigeons with hemorrhagic polioencephali-
tis occurring in chronic alcoholism in man. : Am.
J. Path. 16, 61-95 (1940)

(145) Jensen, R., Griner, L. A., & Adams, 0. R. Polio-
encephalomalacia of cattle and sheep. :J. Amer.
Vet. Med. Ass. 129, 311-321 (1956)

(146)Kon, S. K. & Porter, J. W. G. : Vitam.Horm.12,
53 (1954)

(147)Hamada, K. Studies on the disposition for the
carrier of B. thiaminolyticus MM I Oral admini-
stration of B. thiaminolyticus MM to various ani-
mals. : J. Vitaminol. 2, 72-77(1956).¥ % I » 7,
65-70 (1954)

(148)Lieck, H., & Agren, G. On the occurrence of a
thiamin inactivating factor in some species of
Swedish fish. : Acta Physiol. Scand. 8, 203-214
(1944)

(149) Evans, E. T. R., Evans, W. C. & Hughes, L. E.
Developments in the investigation into “Bracken
poisoning” in cattle. : Vet. Rec. 63, 444 (1951)

(150) Draper, H. H. & Johnson, B. C. Thiamine defi-
ciency in the lamb. :J. Nutr. 43, 413-
422 (1951)

(151) Terlecki, S., & Markson, L. M. Cerebrocortical
necrosis in cattle and sheep. : Vet. Rec.73, 23-27
(1961)

(152) Davies, E. T., Pill, A. H., Collings, D. F., Venn,
J. A.J. & Bridges, G. D. Cerebrocortical necro-
sis in calves. : Vet. Rec. 77, 290 (1965)

(153) Markson, L. M., Terlecki, S. & Lewis, G. Cere-
brocortical necrosis in calves. : Vet. Rec. 79, 578
-579 (1966)

(154)Morgan, K. T. & Lawson, G. H. K. Thiaminase
type 1 producing bacilli and ovine polioencepha-
lomalasia. : Vet. Rec.95. 361-363 (1974)

(155)Morgan, K. T. Amprolium poisoning of pre-
ruminant lambs. An ultrastructural study of the
cerebral malacia and the nature of the inflamma-
tory response. : J. Pathol. 112, 229-236 (1974)

(156) Shreeve, J. E. & Edwin, E. E. Thiaminase-
producing strains of Cl.sporogenes associ-
ated with outbreaks of cerebrocortical necrosis. :
Vet. Rec. 94, 330 (1974)

(157) MacPherson, A., Moon, F.E., & Voss, R. C.
Biochemical aspects of cobalt deficiency in sheep
with special reference to vitamin status and a pos-
sible involvement in the aetiology of cerebrocor-
tical necrosis. : Br. vet. J. 132,294-308 (1976)

(158) Morgan, K. T., & Lawson, G. H. K. The inhibi-
tion of thiaminase type I producing bacteria by
other bacterial species and carboxylic acids. :J.
Appl. Bacteriol. 42, 311-319 (1977)

(159) Pritchard, D. & Eggleston, G. W. Nardoo fern
and polioencephalomalacia. : Australian Vet. J.
54, 204-205 (1978)

(160) Spicer, E. M., & Horton. B. J. Biochemis-
try of natural and amprolium-induced polioen-
cephalomalacia in sheep. : Aust. vet. J. 57, 230-
235 (1981)

(161) Thornber, E. J., Dunlop, R. H., Gawthorne, J. M.
& Huxtable, C. R. Induced thiamin deficiency in
lambs. : Australian Vet. J. 57, 21-26(1981)

(162) Bakker, H. J., Dickson, J., Steele, P. & Nottle,
M. C. Experimental induction of ovine polioen-
cephalomalacia. : Vet. Rec. 107, 464—-466 (1980)

(163)Brent, B. E. & Bartley, E. E. Thiamin and niacin
in the rumen. :J. Anim. Sci. 59, 813—-822 (1984)

(164) Thomas, K.W. The effect of thiaminase—in-
duced subclinical thiamine deficiency on growth

" of weaner sheep. : Vet. Res. Commun. 10, 125-
141 (1986)

(165) Thomas, K. W., Turner, D. L., Spicer, E. M.
Thiamine, thiaminase and transketolase levels in
goats with and without polioencephalomalacia. :
Aust.Vet. J. 64, 126—-127 (1987)

(166) Alves de Oliveira, L., Jean—Blain, C., Durix,
A., Komisarczuk—Bong, S. & Durier, C. Use of a



7/ AT -EDO%E | Al X 2 REEIEE O —F

semi—continuous culture system to study the ef- tary tract of newborn lambs and effects on thia-
fect of pH on microbial metabolism of thiamin. : mine status and growth rates. : Aust.Vet. J. 64,
Arch Tierernahr : 49, 193-202 (1996) 207-210 (1987)

(167) Thomas, K. W., Kelly, A. P. Beers, P. T. (169) Thomas, K. W. Oral treatment of polioen-
& Brennan, R. G. Thiamine deficiency in sheep cephalomalacia and subclinical thiamine defi-
exported live by sea. : Aust. Vet. J. 67, 215-218 ciency with thiamine propyl disulfide and thia-
(1990) mine hydrochloride. :J. Vet. Pharmacol. Ther.

(168) Thomas, K. W., Griffiths, F. R. Natural estab- 9, 402-411(1986)

lishment of thiaminase activity in the alimen-



