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Pantothenic Acid Antagonists

By 0. D. BIRD, PH.D., E. L. WITTLE, PH.D., R. Q. Tiio�mpsox, PH.D., AND

VIRGINIA MIMs MCGLOH0N, B.S.

O xi�: OF time earliest Plttllned antimmletai)o-

hites was pantoyltaurine, reported by

Snehl in �94l’ anti oi)vioumsly patterned

after time sulfonamides, wimose action imad only

recently been silown to i)e reversed by 7)-

ammiinobenzoie acid. Pantoyltaurine was a

coml)etitive inimibitor of pantotimenate in umicro-

organismils requiring pantotlmenic acid as a

growtim factor, an(l was claimed at first to

produce a deficiency of tlmis vitamin in ani-
nmals, aitimougim tlmis could not be confirnmeth.

Sub)sequentlv a great many antimetabolites

based on Pantotilenic acid have i)een made and

found generally to follow this same pattern:

times’ inhii)it micro-organisfl�S requiring Panto-

timenate as a growth factor i)ut are relatively

inactive against others and, with one excep-

tiomm, none has produced a pantothenate de-

ficiency in animals. Tile recent elucidation

and synthesis of pantethine2 and the avail-

ai)ility of micro-organisms using pantetiline

and pantothemmie acid with varying (legrees of

efficiency presented an opportummty to stumchy

new antimetai)ohtes of this vitamin.

Pantoyltaurine and its amides, which corm’e-

spond even more closely in pattern to time sul-
fonamides, Imave i)een stu(hied extensively in

several species, including animals.3’4 This was

before it was fully realized wimat drawbacks

accompany time use in animmials of antimetabo-

lites based on vitammmins. Some of timese corn-

pounds successfully reduced experimental

streptococcus infections in certain animals,

but. time required those was impractical. Time

results were bettem’ imm rats than in mice be-

cause time 1)100(1 concentration of pantothenic

acid was mucim iligimer in mice.

Since that timmie, many antagonists of panto-

thenic acid have been prepared, some of them

imaving interesting cimaractemist ics. Time imma-

jority of themi have resumited f’momimaltem’ation in

time ,6-alanine Part oh’ time mmmoleeule ; sommmc have

involved cimaiiges in time I)antoyl portion, and

in a fe�v, 1)0th parts of time mmlolecumhe \\‘em�(

altered. An intem’estimmg i)ut mmot very effective

antagonist, pantothenyl alcoimol, was intro-

duced by Snell in 1945.� It was active in vitro

against micro-organisms requmirmg pantotimenic

acid, but on being ingested by animals was

converted to l)antotilenic acid and had the

usual vitamin activity of this compoumnd.

Pantothienone, a phenylketonic derivative of

pantothenic acid, was stuthied by \Voohley,4
�vimo found it to inimii)it mutiny species, i)umt its

effects were reversed by l)antothenic aci(i only

in timose organisms requmiring an exogenous

soum’ce of t,Imis vitamin. Timis antagonist, as

�vell as some of time sui)stituted amkhes of

pantoyltaurine,7 have slmouvn act ivity agaimist

malarial infections.

A PANTOTHENIC Ac’mn ANTAGONIST

A Potent antagonist of Imantothenic aci(h,

nlatle by substituting methmyl for hydrogen in

time terminal groump of time patmtoyl part of time

mmmolecule, was studieh by 1 )rell and I)unn iim

1946.� The compoun(h w’as called w-methyl-

Pantothenic acid amid Imad been prehmared and
b)riefly studied by a gradumate student imm

I-ienze’s laboratory at time University of Texas

tlmree years i)efore. He had noted that it

lacked vitamin activity h)umt (lid not detect its

inhibitom’y action. 1mm thmeim first study of thmis

compound, Drell and Dumnn rel)Om’ted that it

was a competitive inimibitom of iammtotimenate in

litany species of lactohacihhi mequmiring timis

vitamin; later they reh)orte(h9 success in pro-

(lucing a pantothenate deficiency in mice and

rats which ��‘as also commipetitive in nature

Shmils’#{176}huts since olmserveti a decreased ability
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of’ mats to acetylate sulfanilanmide \vhen receiv-

umg (J-nmethmyl�)antothmenate. Recently, Bean

and Hodges” imave reported success in produc-

big a Pantotimemmate deficiency in four volunteer

imumnan sul)jects by giving thenm w-nmethmyl�)amm-

totimemmic acid. rfii seems to be time first re-

1)om’t 011 time intentional developmncnt of a pan-

totimenate deficiency in lmun�ans. Since tilis

work �vitim imumnans, as well as Drell and Dummns

exl)erinlents �vitii rats, imave given results con-

tm’ary to our linmited cxperinments with rats, to

be (lcscrii)ed later, it il�ay be pertinent to coni-

mmment oIl time Bean and Hodge report. Thmese

workers fed a purified ammd chiefly syntimetic

diet., sul)h)lenmellted with vitanuins otimer timan

Pantotimenic acid, to tileir three volunteers, fol-
lowing �)rehimmlinary experiments with one sub-

�ect. Time diet alone admittedly caused some

i)iochmemmucal alterat ions. This diet, supple-

nmentetl �vitim Pantotlmenic acid, was given dur-

immg a 12-day preliminary period. During time

imext 35 days time pantotimenic acid was re-

l)laced witim 0.3 gram W-mmmethmyl�)antothenic acid
(laily. Timeim a I)eriod s�’as started (luring wimicim

time ammtagonist ��‘as contnmucd but it ��‘as sup-

Plenmcnted witIm 4-gm’anm daily (hoses of panto-
timemmic ttci(l. After six days on timis regime

time sull)Jects were in simeim bad simape thmat tile

selmethule was ai)andoned and emnergency timer-

mtlW of ummstatcd nature instituted. It w’as

assunle(l timat time sym�)tonls exilibited by time

sul).iects were caumsed by time antagonist, al-

timougim no in(iividuals were maintained on time

control diet during time experimental period;

furthmermuore, six days of treatment with time

relatively Imuge dose of 4 grams l)afltOthenic

acid, eOlmmlutm’ed to 0.5 gm’ammmantagonist, did

mmot coimntem’act time effects of time latter. Timis

\uOul(l tend to (‘ast (loui)t omm time specificity

of time symmmh)toimms wimichm were reportedly due

to time antagommist.

EXPERIMENTAL

Tile generally accepted microbiological pro-

ce(ll.mI’es �s’ere Imse(1 in oumr experiments witim

antagonists of pantothenic acid. Cultures

were grown in Evelyn test tuh)es containing

10 ml medium, so timat time amnount of growth

could be determimmed (meetly by i’eading in time

colorimimetem’. Inocula were carefully stand-

ardized by turbidity readings. Time iniubition

index was determined by dividing the anmount

of mnetabolitc needed for comumpiete growth into

time amount of antagommist required to produce

Imaif inimibition.

Time comumpound studied most extensively was

tn-mmmetimylpantetimine. Time inimibition indices

ol)tained for several preparations of timis comum-

imotmnd are compared in Table I. It may i)e

TABLl’� I

Inhihil iomm lattices for I)iflentmmt. Lots of

w-#{188}11’timvlpalmtet.himme arm L. Jiel,’eticus

Inhibition indexPrepar-
ation

Nmmncber Origin �8 hr 24 hr 40 hr 72 hr

03983 Sneli 1400 1700 >4000 -

79-2147 \Vittie’ 700 800 >4000
80-2147 \Vittle2 330 700 >4000 �-

3771 Cavalla 1200 1200 >4000 -

I 6-2357 Wittie’ 100 100 250 850

1 rulade with huttOrle frcm Caiiforrmia Fourm(iation for

Biochemical Research. Almalvze I correctly for C, H,

N, S.

2 �lIa(le witim unreacted lacttcmme recovered froni

79-2147.

3 ?miade with ia(’t.omme �)reparetl at l’arke-Davis Lab-
oratory.

mmotel timat time immdices oh)taimled after 18 lmoum’s’

incui)ation vary, and even some of the prepara-

tions uvimicim imad correct analytical figures gave

low nucroi)iological activity. As was time case

witim l)antetimine, �vhmiclm is also noncrystalline,

time only meaningful criterion of purity avail-

able was the nuicrobiological assay. Anotimer

chmaractem’istic whicim all timese preparations of

(O-Immetimy1�)antethmine imad , in varying degrees,

was a ten(lelmcy to lose timeir inhibitory activity

aftem’ immcm’eased iimcubation time.

lim Table II am’e given inimibition (lata for oumm’

best Prel)arat ion of w-niethmyl�)antetlmimme ( 16-

2357 ) commmpared to (iata obtaine(i svithm �-

umetimylpantotimemiate, acting against a variety

of bacteria with different relative requirements

for l)amltotimenate and Pantetimine. The rela-

tive ammmoumnts of tlme two forums of time vitammmin

nee(led fom’ growtim of eaclm organislml are simown

in time upper two lines of data. Below timis are

time inimibition indices produced whemm time an-

tagonist was �-nmetlmyhpantotimenate and time

imietabohite was alternately paimtothmcmmate and
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l)ttlmtetilille for eaclm om’gammisnm. At time bottom
of time table, simimilar data are Presented for ex-

pem’iimuents in wimich time antagonist was w-

mmmetimylpantetimine. It is difficult to find any

Pattem’n in timese inhibition data. For L. helvet-

iemts aIl(h S. faecalis, w-nuethylpantotiienate is

mnucim muore active when time muetabolite is pan-

totimemmate, although for L. arabinosus and L.

citrovorum, time form of time vitamnin in time

mmiedi.umim on wimiclm they grow nmakes little differ-

iIl(hices found wimemm 0.25, 0.5, alm(l 1 �g/l0 mmml

aimmounts of pantetimine were present were 320,

320, and 380, rcs�)ectively. However, wimen L.

(‘itrovOruin was inimibited by o)-metimyl�)ante-

timine (Table III) , time inimibition when time

mnetabolite was 1)antotimenic acid was comupeti-

tive but not very strong. Tile inhibition

against pantethmine was niucim stronger i)ut non-

comnpetitive. Pantetimine produces time effec-

tive type of reversal in wimich an increase of

TABLE II

Inhibition of Several Organisms witim Different Relative Requiremeimts for I’antotiieliate and Palmtethimle by

- w-Methylpantothenate and w-Methylpantethine

L. helveticus S. faecalis L. arabinosus L. citrovorupn

PA’ PANt PA PAN PA PAN PA PAN

Relative requirelmwlmt for growth 100 1 1
1 1 10 100

Inhmii)itiomi index

w-met.imvlpammtuthenate 500 500 300 250
52,000 >20,000 30 50

w-metlmylparmtet-himme 2500 >20,000 20,000 9000

iOO 6000 10 80

* PA = Pamitothenic acid.

t PAN = Pantethine.

TABLE III

Irmiiibitiomm of L. c’itrovoruuc by w-Methylpantethine and Reversal by Pantothenic Acid vs. Pantethine

Inhibition index
Ratio Type of

Inlmibitor/Vitaztiin’ �8 hr 24 hr 40 hr 72 hr inhibition

�sg/l0 ml

PA
9000/1 9000 11,000 15,000 20,000 Competitive

18, 000/2 9000 10,000 20,000 20,000

PAN
750/100 7.5 10 10 20 Noncolnpetitive

3500/200 17.5 40 50 80

* Givirmg half immimibition.

t’mmcc ill time ammmoummt of inimii)itor required fom’

imalf mmmaximmmummminimibition. Wimen time antago-

fist is �-mmmetimyhpammtetimiIme, immimibition is 1)ettem’

for all four organisms when growing in medium

containing Pantetiuine. So, in general, time re-

sults in(hcate timat w-methylpantothenate in-

terferes with time utilization of pantothenate,

wimile ��-mmmethlylpantetiline interferes with time

utilization of pantetimine.

�-Metilylpantethine was found to be a corn-

l)etitive amitagonist of L. helveticus against

l)antethmifle over time mange investigated. The

immetabolite (‘omlcclmtratiomm takes mmmorc t imamm aim

equivalent increase imm ammtagommist to overcommme

it.

Paumtotimemmic acid is mmornmahly eight to temi

timnes more active for L. arabinosus than paimte-

timine. However pantetheine, tile reduced sulf-

hydryl form, is several times more active

(Table IV) timan pantetimimme. This is similam’

to time relative gm’owth-promimoting activities of

timese two conupoummds jreviously repom’ted’2 fom’

�4. suboxydans. Time saimme pimelmomuenoml seemmms

to play a part in time immhuimitiomm of L. arabinosus
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TABLE IV

Growth ltespoimmne of L. arabin.osus it) Pantetheine vs.

Pammt.ethilme
Required for

1/2 imiaximum growth

24 hr 40 hr

TABLE V.

Inhibition Index of w-Methylpantothenic Acid and

Reduced vs. Oxidized Pantethirme on L. arabinosus

TABLE VI

Inimii)itor)’ Effect of Ammalogucs of l’ammt.et-hine Comitaiimirmg �‘tI()dificatiomms of One arid Two Parts of the Molecule omm

L. arabinosus :Lmm(i L. helveticus

Inhibition index
Metab-

oliteI nlcihitor Organism 18 hr 24 hr 40 hr 72 hr

Pantot,imemmvlanmimmoet.harme L. helv. PAN 80 - 150 400

Parmtothermviammmimmoetimarmol L. arab.
L. arab.

L. helt’.

PA

PAN
PAN

40
8

220

-

-

�-

60

8
220

100

8

220

w-N’Iet1mVi�)ItImtOtimeImylammlimmOetimamme L. arab.

L. arab.
II. heir. ,

PA
l’AN
PAN

i40()

400
70

>2(5)0
401)

75

>2000

400
270

>2000
400

450

w-�NIetimylparmtotheImylanlirmoellmammoi L. (crab.

b�arah.

L. hele’.

I’A
PAN

PAN

1400
400

500

>2000
400

500

>2000

400

700

>200()

400

800
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sg/i() nil �g/1O ml

Parmtot-imcmmit’ at’id 0.08 0.08

Pazmtetheirme (re�iuced) 0.20 0. 10
Panththine (oxidized) 0 70 0.33

i)V w-Immethmyl�)am1totimenate ( Table V) . Time iii-

lmii)it iomm rat io for i)ammtetimeine, time re(luce( I

fom’mim, is ah)out eighmt times lmigimem’ timan for I)alm-

tetlmimie, �)ossi1)ly inhicating timat time reduced

foi’mmmof time vitaimmin enters time cell to a greater

extent ammd timerefore requim’es more of time

ant agonist to neutralize it.

Vitamin
Ratio

I nhibitor/Vitaniin

Inhib

18
hr

ition in

40
hr

dex

72
hr

i�/1O ml

PAN 40/2 20 50 50

Reduced l’AN 300/2 150 150 250
PA 150/0.5 300 1200 2000

time first two, wimicim have omuly a siimgle altera-

tiomu, alm(I that all of thmeimm mute mimore effective

amltagonists agaimmst time utilization of h)ammte-

timine timan against time utilization of pantotimemi-

ate. Fum’timem’ investigation of timese commml)oumll(ls

mmmighmtl)m’O(ltlce irmteresting m’esults.

Elion amm(l associates’3 Imave l)I’oPosed a

Time imuimil)itory activity of Pantetimimle alma-

logues in uvimichm t ime ,&-mmmercal)tocthmylamlmine

Part of time mmmolecule is replaced by amino-
etimamme amm(1 ammuinoetimammol is shmowmi in Table

VI. Also irmdicated is time activity of timese

commmi)oumm(Is �vhicim have beemm further niodified

by tim(. stii�tituitioim of mmmetimyl for hydrogemm at

t ime termmiimmal cam’h)omm atommm of time �)ammtoyl part

of time mmmolecule. 1mmtime �‘mtse of timm’ee of timese

comuipounds, time only ommes investigated in this

respect, timeir activity against L. arabino.sus

growing on pantethine remained constant over

a lommg incui)atiomm perioth. Botim �-immetimyl-

sumh)stituted eoimmpoummds ��‘ere less active timan

�)antotimeny lamiminoetimanol . The general mm-

l)m’ession is timat time imybrid analogues with
(houi)le sui)stitutions Imave no advaimtage over

methmod for determnining synergismum between

Ptmrine antagonists. Table VII shows hata oh-
taine(l on I.�. citrovoruin wimen this mnetimod was

ap�)hie(i to time conml)ine(I actiomi of to-mmmetimyl-

l)amltotimemlate and w-Inethmyl�)ammtetimiIme in �‘ari-

oums coneeimtrations. Each tube containe(l I �.tg

h)afltotimeflate as grouvtim factor. Time results
are expm’esse(l as mnilligrammms of drietl cells in

each culture tube, �vimich makes it easiem’ to

visualize time synergistic effect of timese two

antagonists. When time resulting data ai’e cal-

culated by the formula derived by Ehion et at.,

as imidicated above, a value of 0.61 is oi)taine(l.

Thmis suggests a consi(lerable (legree of syimer-

gismum bet�veen these two compounds, since a

figum’e less tlman 1 indicates synergism amxh immore

timan 1 antagonisnm. By thmis sammme jm’ocedure,
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w-Methylpamitothenatc’ 200x PA or PAN, orally Low level PA or I�AN No antagonism or activil.y

w-Methylpammtethine 0.05% orally PA-deficient No antagonism

Pantothenylamimmoethamme 6 mg/day IP PA-deficiemmt 1’A activity

Pantothemiylaminoethammoi 6 mg/day I P PA-deficient PA activity

Pantothenylcyst(e)irme 68 ag/day IP PA-deficieimt Imsigmmificammt activity, Imo

ammtaguimisnm
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TABLE VII

Inimibitory Effet’t of Combinations of c�n-Methylpante-

thine and w-Methylpantothenic Acid on L. citrovorum

with Pantothenic Acid as Growth Factor

mug w-�n”thyl-

mantethine
nor it) ni

�sg w-Metltyl’antottmenate p er 10 ml

0 75 150 225 3()i

rag dry cells per 10 ml

0 3.8 2.2 1.4 0.9 0.5

2 2.8 0.8 0.5 0.2 0.3
4 1.8 0.6 0.2 0.05 0.0

6 1.2 0.6 0.1 0.0 0.0

8 Ott 0.3 0.1 0.0 0.0
10 0.6 0.2 0.1 00 0.1

a commmi)ination of w-nmethiylpantotlienate and

mmmetimyl�)antetimine l)roduced an index of 0.58,

indicating synergism, when acting on L. citro-

t’oruin with I)antetimine as the growth factor,

�vimile w-nmethmylpantethine and pantothenyl-

anminoetimanol acting on L. hetveticus witim

h)amltethmine as growth factor were antagonistic
(coefficient 1.7).

or l)amltetlmine. Amounts of inhibitor up to 200

times tile pantothenate or pantetimine given

imad no antagonistic effect. Pantothenylamino-

ethane and pantothenylaminoethanol were

eacim given intraperitoneally by injection at a

level of 6 mg per day to deficient rats. Both

timese eomimpounds produced a growth response

equal to that obtained w’itim an equivalent

anmount of l)antothmenate, indicating that timese

antagonists were evidently cleaved to panto-

timenate by time rat under time test conditions.

As indicated in a recent l)ublication from our

laboratory,15 pantotimenylcystine failed to give

significant l)afltOtlmenate activity in eithmcr mats

or chicks, given orally or parenterally. Nom’

was there any detectable inhibitory activity

simown by tlmis compound, although, of course,

it was given in small amounts.

Experiments were conducted to try to find

wimy time inimibited cultures of time micro-or-

ganismims studied grew out after long incuba-

TABLE �riii

Comimpound

Paimtotlmeimate Armtagonist Studies 1mmRats

Level and how given Type of diet Result

* Obtairmed from California Foundation for Biochemical Research.

Since Drehl and Dunn#{176}’14 have reported time

production of a pantothenate deficiency in mice
and rats fed w-methylpantothenate, we at-

temuipted a similar experiment in which rats

were giveil a pantothenate-deficient diet to

wiucim, after 3 weeks, 0.05 per cent w-methyl-

pantetlmimme \�‘as added. Time data for timis and

siimmilar experimmients are summsn.iarized in Table

VIII. Timis anlount of antagonist did not

hasten time furtimer development of time defi-

�iency. Tile test was run in this way because

it seemed time most sensitive method by which

an in vivo effect might be simown. Time calcium

salt of 0)-metimylpantothenate, time same coin-

poun(l repoi’ted on i)y Drell and Dunn, was
also stum(hied. In this case rats were made

pantotimenate-deficient , then fed various ratios
of inhibitor and eitlmer calcium pantotimenate

tion. Since w-mflethmyi�)antethmiIme contains j)ep-

tide bonds, a possible reason why cultures imi-

hibited by timis compound grew out might be

the gradual imydrolysis of timis inimibitor down

to to-metimylpantoic acid wimicim (hoes mmot inlmihit

L. hetveticus. L. helveticus was inoculated

into mmmediurn containing 1000 pg ��-mmletlmy1-

pantethine per 10 ml. After 18 imours’ incuba-

tiomu thus preparation gave an inhmii)ition intk’x

of 200. Continued incul)atioml for a total of

72 hours resulted in good growtim of time ciii-

ture. The cells of the 72-hour culture were

then centrifuged amid time inimii)ition index of

t ime supernatant (letermuline( I 1�’ inoculating

dilutions of it with fi’eshm immoculuiml. The in(hex

�s’as 240, simowing that t ime �-nietimyipantetimine

�“as still intact aftem’ time L. helveticus cells lmad

gro�vmi out in its 1�’esence.
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Anothem’ �)ossibihty wimicim suggested itself

was that resistance develops suddenly, a situa-

tion wimicim imas beemi oI)served with tubercie

i)acilhi inimii)ited 1)y isoiiia�id. To test this, a

culture of L. helveticus was incubated 40 lmours

in time iresenee of t�-mmmetimvlpantetimine. It was

timen growing ra�)idiy. A washed inoculumn

froiui this culture was added to medium con-

tainimmg time sante antagonist, with the thmougimt

timat it mniglmt have become adapted to time

antagonist an(l would grow out mom’e rapidly

than an inoculummm of a like numuui)cm’ of uniim-

hmibited cells in time same fliC(Iiufli. But time an-

tagonist-treated inoculum actually grew out

mmiom’eslowly. In fact, even u�’imen time inoeumiumu

fm’omii mumediummi containing antagonist ��‘as trans-

ferm’etl to normal imiediuni uvith no antagonist, it

took about 40 hours to grow out, wimereas

nominal inoculummi grew out in 10 to 12 hours.

Time following experiment was then carried

out. A large inoculum of L. helveticus cells

wimicim imad grown out after 40 hours’ incuba-

tiomi in time l)m’esence of w-metimylpantethine was

tm’ansfem’red to normal medium. After 32 hours’

incubation, when time cells were growing quite

ra�)idly, they were transferred to medium eon-

tailming time antagonist and incubated for 16

hmoum’s. A small inoculum of these cells grew’

oumt at tlme sanme rate as cells from normmmal

medium wimen transferred to mediumn contain-

immg no antagonist, wimile cells which imad been

exposed only once to time antagonist grew omit

as slowly as before. We interpret this be-

imavior as an indication timat cells wlmich grow’

out in time presence of timis pantotimenatc antag-

onist gradually become iiimperrneable to it arid,

��‘imen transferred to normnal medium, are un-

able to grow immediately because of time con-

centl’ation of antagonist still inside time cells.

After anotimer passage thmrough normal medium,

however, a subsequent exposure to the antag-

ommist does not harm time cells and leaves them

imi a condition to grow at the normal rate wimen

plaet’d in medium containing no antagonist.

DIscussIoN

With some exceptions, notably in the cases

of pantotimenylaminoethanol, co-methylpanto-

t.imenylaminoetimane, and w-metimylpantothenyl-

amninoetilanol acting upon L. arabinosus with

1)antetluine as a growthm factor, all time micro-
biological inimibitions studied resulted in time

organisms growing out after long incubations.

This is contrary to time results reported by

Dreil and Dunn,9 w’imo obtained low inhuibition

indices for w-metimylpantotimenate in several

immicro-organisnis even wimen calculated after

72 hours’ incubation.

Tile experiimicntal results obtaimmed witlm ani-

imials in our laboratory are also in conflict witim

timose of Dm’ell and Dunn, amid, at least by immi-

l)licatiOn, \%‘ithi those of Bean and Hodges1’ in
imunians. Di’ell and Dunn produced a panto-

timenate (heficiency in mice and rats w’itim o-

nmetiiylpantotlmenate wimicim could be reversed

competitively with pantothenate. In our cx-

l)eriments, neither w-mnetimylpantothmenate nom’
w-nmetimylpantetimine l)rOduced any antagonismim

w’hiich could be observed in terms of growthm.

Bean and Hodges produced a condition re-

putedly due to pantothenate deficiency. How-

ever, time snmall amount of antagonist required

(only 0.5 g per day for an adult) and the fact

that time effect was not reversed in six days by

enormous doses of pantotimenate, leave some

doubt as to time true nature of time condition

these workers observed.

Time inability of rats to utilize pantothienyl-

cystine immdicates timat they are unable eitimer

to utilize timis compound to synthesize coen-

zyme A or to degrade it to pantothenic acid.

This is contrary to what has been reported

for both bacteria and liver supernatant.

SUMMARY

1)ifferermt preparations of o-mmmeti myh� )almt e-

timine varied greatly in their inimibition indices.

Timese differences could be detected by micro-

biological tests, but not by chemical analyses

or pimysical tests.

Time pantotimenic acid antagonists reported

Imere were only temporary inhibitors of time

growth of most micro-organisms investigated.

w-Methylpantothenate tends to inhibit the

utilization of pantothenate, while w-methyl-

pantethine tends to inhibit the utilization of

pantethine.

None of the antagonists investigated pro-

duced a pantotimenate deficiency in rats.

Metimylpantothenate and w-methlylpantetimine
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were inactive botim as antagonists and as

growth factors replacing pantothenic acid.

Pantothenylamninoethane and pantotimenyl-

aminoethanol were good antagonists of panto-

timenate in micro-organisms, but had panto-

thmenate activity in rats.
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