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Ingestion of the unripe arrilus of the Jamaican ackee 
fruit. Bklhu supih, sometimes causes ‘vomiting sick- 
ness’, an often fatal disease associated with severe dis- 
turbances of carbohydrate and lipid metabolism [l]. 
and which has claimed perhaps 5000 deaths [I?]. It 
is characterised by hypoglycaemia, depletion of hepa- 
tic glycogen. fatty infiltration of the liver and prob- 
ably by isovalericacidaemia 131. There has been a sus- 
tained interest in the toxic principle of the ackee, 
hypoglycin (L-‘-amino-3-mcthqlenecyclopropylpro- 
prionic acid). since its isolation 21 yr ago [4]. Hypo- 
glycin is converted irk I% to methylcnecyclopropylpyr- 
uvic acid (MCPP) by transaminatlon. which is then 
oxidatively decarboxylated to the CoA ester of methy- 
lenecyclopropylacetic acid (MCPA) [5] (Fig, 
I). Several synthetic analogues of MCPA were 
made. Only compounds containing the structure 

CH2=C. C. C. COOH, or those converted in I%~VO to 
metabolites containing this structure (as their CoA 
esters), were said to be hypoglycaemic [G, 71 although 
all were considered too toxic for clinical use. The 
structurally simplest analogue, pent-4-enoic acid 
(pent-4-enoate) [6] (Fig. 7) has been extensively inves- 
tigated because it is much more readily available than 
hypoglycin. and because it has been generally 
assumed to have a similar mechanism of action. 

Although there is little disagreement about the 
symptoms of .vomiting sickness’. this harmony does 
not extend to discusslons of its etiology. A similar 
status applies to discussions of the actlon of pent-4- 
enoate. Much of the current disagreement stems from 
the views of Bressler and his associates that the pri- 
mary effect of hypoglycin and of pent-4-enoate is to se- 
quester cellular COA and carnitine as inert-acyl-deri- 
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Fig. 1. Hypoglycin is converted to MCPP. presumably by leucine aminotransferase (3). which is then 
oxidatively decarboxylated lo MCPA-CoA. presumably by isooxocaproate dehydrogenase (4). MCPA- 
CoA is partly deacqlated by an acyl-CoA hydrolase to free MCPA (6) and partly conjugated with 
glycine by glycine acyltransferase (7). The normal P-oxidation sequence is inhibited by MCPA-CoA 
at butyryl-CoA dehydrogenase (2) and accumulated butyry I-CoA is deacylared (6). Leucine 1s converted 
to iso-oxocaproate (3) followed by oxidatihe decarboxylation to isohaleryl-CoA which is then dehydro- 
genated to senecloyl-Co.4 by isovaleryl-CoA dehydrogenase (5). MCPA-CoA inhibits isovaleryl-CoA 
dehydrogenasc causing accumulation of isovaleryl-CoA which is partly deacylated to wbaleric acid 

(6) and partly conjugated with glycine (7). (Inhibitions are indicated by wavy lines.) 
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METABOLISM AND INHIBITORY EFFECTS OF PENT-4-ENOIC ACID 

\at1\c5 01’ their ni~tabolitcs 111~1s impairing littt! acid 

oxidation [X]. and our contention that Ihe prlmar> 

efkcls a-t‘ specific inhibitions of some enzymes of 

fatty acid oxidation b) unique metabolites of these 

hypoglycaetnic compounds [I. 9 I I]. 
We believe thal the concept of an essentially com- 

plete sequestration of C’oA as LI~USLI~I metabolitc\ 01” 

foreign compounds should be questioned from ;I gen- 

crul point of biew. :2s the cellular content of i‘oA 

I\ wull in relation to the magnitude of the metabolic 

lluxcs Involving this cofktor. continuous recycling 

of C‘oA IS essential for normal nictabolism. WC 

thcreforc think it lil\el) tha( sonic mechanisms ha~c 

c\ol\txi lo ;I\ aid complete scqwstration of (‘oA. I‘he 

shor(-chain acy KoA h~clrolaaes which ue and some 

other groups ha\e recently found in the mitochon- 

tirial matrix arc partu~larly importx~t in this respect. 



enoatc. ~fu~~~n~~~~~n~~is is irnp~~ir~d secondarily to in- 
hibition of fatty acid oxidation, so that glucose is then 
only the available major fuel and when glycogen is 

exhausted h~poglycvemia ensues [9]. This intcrpre- 
t;tlicw ~+i;ts hrs~ cxplicilly sta&d by Senior in 1967 
for Ihe h~po&oaemic activity of pent-4-enoatc [22]~ 
Others have outlined similar but less precise expiana- 

tions for the clfccts of hypoglycin and pent-4-enoate, 
which also envisage an increased rate of utilisation 
of giucosc [x. 131. It is not always appreciated. how- 

c5w. that to gel hypoglycaemia it is only necessary 
for glucose to he used at ;I prcatcr rate than it can 
be replaced [24]. Although I( is no~v well established 

that mctnbolitcs of both hyiwply,cin and of pent-4- 
cnttatt inhlhit fatty acid oxi~i~tio~i and gluconco- 
senchis ire rirrw [13. 17.24271, it has never been di- 

rectly rlcmonstratecl that thev do so id rirv. Although 
thcrc WC broad similarities In their pharmacological 

etl’ecfs WC MW knon- that these ~ornp(~~lnds haw dif- 

ferent dctailcd mcch;misms of action. Thus, in rats 

hypoplycaemia is o\‘er 4-6 hr after injection of pent-J- 

enowto. \I hilst that caused by hypoglycin persists 

march longer. with a transient but marked increae 
in blood ghco~c ~~~ll~~ntr~lli~~t~s after 34 hr (Fig. 3). 

The mechanisms of the effects of hypoglycin and 
of pent-4-cnoate on /i-osidation and on other CoA- 

dcpcndcnt oxidations, on piuconeogenesis and on 
metahotism in the whole animal :tre by no mans 
fully understood. These have been investigated by ;I 

multiplicity of techniques and it is perhaps in this 
multiplicity. and in the failure to remember that dif- 

ferent methods may not necessarily five directly com- 
p:wble results. that the causes of the present misun- 

derstandings concerning the explanation of the phar- 
macological etl‘ccts of hqpogtycin and of pent-4- 
cnoate lie. WC attempt here to resolce some of this 

confusion. Space dots not permit 3 complete discus- 
sion of ;1l1 aspects of these problems. Further informa- 

tion can he found in review [I. 8. 9. 38, Z9J and some 
of our arguments are given in more detail elsewhere 
[I I. 17.30 131. 

ment of its modification by drugs irr rifro or irr riw 
prcscn~s many ~lif~~ulties which are not even now 

always apprecintcd. This has been investigated in 
rifvo. for ewmple. by collection of lJC02 when 
‘JC‘-labclled fctt~~ acids were used as substrates, or 
hq detcrminrng oxygen uptake tn~in~)n~e~ric~~lly or 
~~~~laroprapi~icall\/. Sometimes formation of ketone- 
bodies by liver preparations has been measured. Cau- 
tion is ncccshary when comparing results obtained 
with thcsc very diifcrcnt techniques applied to. for 
txan~plc. isolated tiiit(~ch[~ndri~~. homogenates. tissue 
slices or perfused txgans. and in their extrapolation 
to \vhole animals. I--urther. in animals dificultics in 
interpretation are compounded since interference with 
f:ittF acid o\;idation c:ui occur at any stage between 
li~~~bilis~~ti~)ll <>f free f:,~t~y zcids from tr~~ly~ride stores 
t<j the linal release of fatty acid carbon as CO, by 
the citrate cycle. 

tyl-C’oA. The fate of Ihis acei4 I-CoA i\ complex. It 
can condense with oxaloacetate to form citrate, which 
may accumulate or be oxidised further by the citrate 
cycle to CO2 or to other products. In liver, formation 
of acetoacetrtte also competes very, successfully for 
acetyl-CoA. This. after partial rcductlon to 3-hydroxy- 
hutyratc. is subsequently oxidiscd by the citrate cycle 
in cxtrahapatic tissues. The nature and cstent of 
fatty acid oxidation depends on the avnilabilit~ of free 
fatty acids, the c~~nc~~~(r~itiL~lis of citrate-qcle mlerme- 
diates and carnitine, the ADP.ATP ratio and the 

NAD’ ,NADH ratio [34 381. Further, in many irk 
ritvo experitnents the extent of damage to mitochon- 
dria caused bv some homogenisation procedures, and 
the use of lyigh coI~~~n~r~~~ions of substrates with 
detergent properties which may be manifest in the 
absence of added serum albumin hare not been con- 
trolled. Meanmgful estimation of the flux through 
~~-~~xid~~ti[~~i ib therefore impossible without strictly 
defined conditions. particularlv because of the uncer- 
tain extent of the further osidation of acelvl-CoA. 
Most measurements of fatty acid oxidation “ill riteo 
described in the literature hake not been made with 
adeyuatc control of ail of these faclors. and many 
are conscyuently, for whatever purpose. only of quali- 
tativc value. Particularly unsatisfaclctorq arc nieasure- 
ments of “CO2 release alone from I-“C-labclled 
fatty acids in l&r homogenates [I%]_ since Ontko 
has shown that in rat liver homopcnates as littlc as 
5 per cent of the added radioactivity of [I-“C]palmi- 
tate is recmered as “COz, with about 40 per cent 
appearing as ketone-bodies and 50 per cent in com- 
plex lipids within 15 min [40]_ lnhibiti~~n of “CO, 
release, therefore. may indicate a shift in the relati\,c 
proportions of these metabolites (Fig. 4). rather than 
a direct inhibition of /I-oxidation. 

Perhaps the least ambiguous method of meusurinp 
the flux Ihrough ~~-(~~i~i~l~~on is to record pokirogra- 
phically the ox!‘pen uptake b> isolated li\,er mito- 
chondria oxidising small amounts (IO 30 /tM) of 
even-chain acyl-csrnitines in the presence of an in- 
hibitor of the citrate cvcle (~Liorcitr~Ite or rn~i~~ri~ite) 
and in the absence of: 3 citrate cycle-internl~di~te, 
when the maximum tlux through the pathway is 
slunulated by ADP and Pi (state 3 conditions). With 
these condltmns acyt-groups are yunntitaticely con- 
verted to ~~ce~~~~lcct~~~e. and the rntc of oqgcn uptake 
is a direct measure of the maximum attainnblc rate 
of /I-oxidation [ 13, 171. 

Estimates of the erects of ;I drug on the oxidation 
of [I -‘%‘]-labelled substrates ill rirrt made by coilect- 
ing expircci ‘“CO, are also atnbieuous, particularly 
when hypoglycaemia is a manifest&on of its pharma- 
cological t‘lfects 19. 331. Administration of hypnglycin 
indeed decreases exhalation of “CO, by rats given 
[l-‘~~]p~ilin~t~~te [YJ. However, McKerns pointed 
out in 1960 that the increased serum concentrations 
of free fatty acids following administration of hypog- 
lycin ‘may dilute the fatty acid pool sullicientl) to 
account for the observed decrease in oxidation of 
labelled acids’ [31]. Indccd. ~l~~rel~~~line and glttcagon 
released in rcsponso to hypoglycaemia caused by 
many dif’ercnt mechanisms will liberate free fatty 
acids from triglyceride stores. In two studies (he abso- 
lute rate of production of respiratory CO1 WIS de- 
creased by hypoglycin [X41]. Some decrease would 



+ Pent-4-enoate 
.e (a)+Pent-4-enoate 
z 30r 

(b) CoA, Carnttlne 
r 

z 
g 20 -L 1 o..... 

: 
..* . . . . . . . . . u 

e 
: 

p IO 
p . . . . . . . 0 . . . . ..- *--o 

: 

2 : 
0’ 

k 

2 3. rfc) Control 
> 

Cd) toA, cdrrutlne 
r p . . . . . . Q _........ .c 

2. INHIBITlOh OF /LOXIDATIO\ .\RiD 
GLC’CONE<)Gk:NESIS BI HYPOGLYClh 

MCPA was shown several years ago to inhibit the 

release of “COT from ‘lC-l:~bellcd f;itty acids in rat 

and H. C)SV~~\I)SI h: 



tine: provides an extra-mitochondrial acyl-sink for 
some u~~usual acyl-groups as a result of the action 
of the carnitine acetyltransferases associated with the 
inrier mitochondri~l n~ernbr~n~. thereby lib~r~~tin~ an 
equivalent amount of free CoA in the matrix [X]. 
Relief of inhibition by carnitine WLIS consequently 
;t~~r~mcti b! Rrcsslcr ((1 bc e\~idcnce for the CoA+e- 
qucstration h! potha& [X. 531. We have repcatcd this 
experiment [5l), Ho~vever. we also found that forma- 
tion of “CO7 from [lh-‘JC]p;~lmitate. which is also 
inhi~~~t~d, is decreased still further by 2 mM carnitine. 
Formation of acid-soluble “C-&belled products from 
[I 6-‘5C]palmitate was greatly stimulated by added 
curnitine (about IO times accounting for 50 per cent 
of the added radioactivity. presumably as [4-“C]bu- 
tyrnte and its carnitinc ostcr) and to a lesser extent 
from [l-lSC]palmit~~te (pr~sLlm~ibly x rl-15C]:~cetate 
[l-5] and [ I-‘“C]citr;tte). This indicates that when 
butyry,i-CoA dehydrogcnasc is inhibited following 
admmlstration of hypoglycin, ohain-shortening of pal- 
mitoyl-CoA to butyryl-CoA occurs by removal of car- 
bon atoms 1 I2 by 6 cycles of /Goxidation. Added 
carnitine probably stimulates the rate of this partial 
oxidation by lowering the ~on~entr~~tioll of but!ryl- 
CoA in the niit~)~l~~~Ildri~l matrix [13]. 

It was also reported that injection of carnitine lar- 
gelv prevents induction of hypoglycaemia in an un- 
spe”cified strain of albino mice by hypoglycin 
(hOOmg:kg body wt) [53]. We completely failed to 
repeat this using a strain of albino Swiss mice 1311. 
Recently. bq. contrast. we found that carnitine may 
sometimes delr~~ the onset of h~p~~~lyc~~erni~~ and 
death in a stram of Balb C mice [52]. The latter 
result. if contirmed. is consistent with our intcrprc- 
tation of the mechanism of hypoglycin in action. The 
apparent absence of any erect of carnitine can, how- 
ever. be caused by factors other than those directly 
related to ~~-oxid~lti~~n (for example, the per~ie~tb~lity 
of cells to arnitine and the rate of its disposal). These 
discrepancies appear to be due to strain differences, 
as do the large differences in the reported cffectibe 
hypoglycaemic doses of hypoglycin in mice which 
range from 100 to hoOmg,‘kg body wt [31,57-541. 

The finding of an apparently irre\;ersible inactiva- 
tion of butyryl-CoA and isovaleryl-CoA dehyd~.o~en- 
ases suggests an explanation of the specific protective 
effect of riboflavin a@nst the chronic toxicity of 
hypoglycin 1551. This IS that rlc ~~oro synthesis of de- 
hydrogcnases with (1:tvin prosthetic groups is limited 
b! the dietary ‘uppI> of rihofla\ in and that supple- 
ment;lry rihotla\ in thcrcforc /;tcilit;ttcs the rcpl;icc- 
ment of these essential enzymes. 

Hypo~ly~i~l and its metabolite MCPP inhibit flu- 
case synthesis from several precursors in isolated rat 
hepatocytes and in kidney slicea C36.273. It is unlikely 
that the partial inhibition of [I-oxidation completely 
explains the impairment of gluconeogenesis and two 
other factors might also contribute. First. butyryl- 
CnA ~llt~~~~nises the activation of pyruvate cdrbosy- 
Ltse, a key enzyme for gluconeogenesis from several 
precursors. by Its normal activator acetyl-CoA 1561. 
Inhibition of /i-oxidation by MCPA is probably asso- 
ciated with an increased concentration of butyryl- 
CoA and with a decreased concentration of acetyl- 
Co.4 in the matrix. which would decrease pyruvate 
carboxylase activity. An i~i~iibitory effect of MCPA- 

C’oA on pyruvate carboxylase during the whole time 
course of hypoglycaemia is unlikely since MCPA is 
apparently eliminated from the body while hypogly- 
caemia still persists [3.51]. Second, Tanaka has 
shown that both iysinc and tryptophane potent&e the 
hypoglycaemic effects of hypoglycin. He has suggested 
that glutaryl-CoA, a metabolite of both these amino 
acids. accumulates as a result of inhibition of glutaryl- 
CoA dehydrogenase by MCPA-CoA, and that glutar- 
yl-Co.4 also contributes to the inhibition of gluconco- 
genesis [-if. 

Tanaka also found that rats which had been in- 
jected with hypo$ycin excreted significant quantities 
of unsaturated dlcarboxylic acids, particularly c&-4- 
dccrne-l.lO-dioate [3]. These could be products of 
a detoxification mechanism which attempts to dispose 
of excessive amounts of free long-chain fatty acids 
that cannot bc oxidised or re-~st~ri~~d to triglycer- 
ides. 

3. Ir\llIlBITIOU OF /bOXII,TIOU ;\ND 
<;l.C’(‘ONEOCENESIS BY PENT-J-EhO.hTE 

Pent-4-enoate causes decreased release of “CO, 
from ‘JC-labelled fatty acids in several systems 
[30. 39,47.5?]. CJsing carefully defined conditions, 
Senior rt II/. found that pent-4-enoate inhibited /i-oxi- 
dation more effectively than some control non-hypog- 
lycaemic fatty acids (rl-pentanoate. pent-2-enoate. cyc- 
lopropanecarboxylate and cyclobutanecarboxylate). 
Of these compounds investigated, ~z-pent~no~te and 
~y~loprop~~nec~rb~~xyl~te lowered the free CoA con- 
centrations in mitochondria to the same extent as 
pent-4-enoate 1171. By contrast, most of these com- 
pounds were as elfectivc as pent-4-enoate in inhibiting 
the CoA-dependent oxidations of pyruvate and of 
2-oxoglutarate with the experimental conditions used. 
Cyclobutanecarbuxylate, however. did not conform to 
this pattern as it had little inhibitory effect on the 
latter two reactions [lo]. From this data it was con- 
cluded in 1967 that inhibition of /I-oxidation is not 
simply due to sequestration of CoA as acyl-deriva- 
tives by metabolites of pent-4-enoate. and that inhibi- 
tion of pyruvotc and 2-oxoglutarate oxidation is 
caused by the combined effects of an acyl-CoA deriva- 
tive on the enzymes concerned and by LI decreased 
concentration of CoA in the matrix [lo, 301. 

The view that inhibition of CoA dependent reac- 
tions by pent-4-enoatc is caused by sequestration of 
CoA and carnitine as inert acyl-derivatives. thought 
to be acryloyl-esters, was mainly based on measure- 
ments of “CO, release from ~~-‘~C]p~lmit~t~ in 
pigeon liver ho&penates in experiments where some 
elementary requirements for valid kinetic studies were 
not met (for example. linearity of “CO2 formation 
with time was not shown) [8, 391. Prc-incubation with 
0.5 mM pent-4-enoate decreased the total amount of 
“COZ evolved during a 15 min period compared with 
a control in~~lb~ti~~n. Additioii of 0.1 mM CoA and 
0.2 mM carnitine, assumed to be entry-mitochondri~l 
acyl-sinks, largely prevented this decrease. However. 
as Holland and Sherratt pointed out these cofactors 
may also remove an acyl-CoA with specific inhibitory 
effects from the matrix [17]. We have done some 
similar experiments with rat or pigeon iiver homo- 
genates. measuring in addition the acid soluble 



radioactive products formed to get more complctc in- 
formation about the fate of added [I -“C]palmit;lte 
[5X]. We sometimc~ obtained similar resulh for the 

eft‘ects of C’oA and carnitinu on the inhibition bb 
pent-4-enoatc of the evolution of ‘YQz. although the 
results were rather variable (Fig. 4). It is clear that 
evolution of “COL does not remain proportional to 
the flux through /i-oxidation. IX-inhibition of “CO2 
roleasc by addition of cofactors may bc partI> 
explained bg removal of ;I block in the citrate c~clc 

at 2-owglutaratc dehydropenasc bq an aq I-Co;I dcr- 

iLatl\e [IO] thus allowing an incrcascd rate of oxi- 
dation of an accumulated ‘“C-labellcd mctabolite. li)i 
caample of citrate. Although Holland ami Shcrratt 
found ;I self-inhibitory pulse of pent-4-cno~l-‘~lrilitillC 
oxidation in isolated rat liwr mitochondrla [ 171. wc 
ha\e recently found that lo\v concentration\ (up to 
200/1M) of pent-4-cnoate can bc utilized in the pres- 

cncc of IO mM carnitinc [to). Further. Will~nm~on ha\ 
shown that perfused rat li\erx are capable of ;I ,u+ 
tained oxidation of pent-4-enoate pro\ ided that Its 
concentration in the perfusate is kept (-V&M ;I critical 
concentration [25]. 

Mitochondria isolated from li\crs of irats that had 
been gi\cn pent-4-enoate are sometimes unable to 
oxidisc palmito~l-carnitinc (depending on the time 
after injection) although their abilit) to ouidixc pyrw 
late may not bc impalred [S9]. This result clcarlq 
discounts CoA depletion us ;I primary GLLISC of inhibv 
tion of /i-oxidation. A\ long iis /i-oxidation of pent-3- 
enoate I:, maintained there may not necessal-ill be 
xtrong inhibition of normal fatty acid oxidation. No 
wzessiw accumulation of inert acyl-(‘oiz dCri\ati\es 
occurs during the sustained oxidation of pent-4 
enoatc [25. 501. but at high concentrations of pent-4 

enoate ;I reaction beconm rate-limiting and an inter- 
mediate of its oxidation builds up causing impail-nic‘nt 
of paltnitoyl-carnitine oxidation. and subscquwtl! 
self-inhibition (Fig. 2). Added carnitine ma! pracnt 
an accumulation of inhibitory products during the 
oxidation of IOU. but not of high. conccntration~ of 
pent-4-cnoate by bull‘erin~ the concentrations of wmc 
intermediates in the matrlu L32]. Thih explanation can 
rationalise the appawitly contlicting results for Ihc 
etti’ct~ of pent-4-cnoalc 011 isolated mitoctiondriu. 
homogenates. perfused liters and I+ hole animal\. In 
animals. sublethal doses of pen--I-cnoatc ma! bc 
cleared from the 51 stem after ;I fee\\ hours enabling 
the ‘logjam‘ in its mctabotism to resol\c. thu\ permit- 
tmg rcco\eq. 

Final]>. w halt: not dctectrtl anq con\ mcing irrc- 
Lcrsible inhibition of any enzymes of /j-oxidation in 
mitochondria pre-incubated \vith pent-3-cnoate. noi 
in mitochondria isolated from liters of rats injcctcd 
M ith pent-4-cnwitc LYI]. In our opinion. all these 
result\ GIII only mcm that ;I mctabolitc of pen-l- 
cnoatr specilically and rcvorsibly inhibits an cwyme 

of /i-oxidation. On these metabolitcs (pent-4-enoyl- 
CoA. I’enta-2.4-dicno~I_C‘oA. 3-oxopcnt-3-enoS I-<‘oA. 
3-h~droxvpent-4-~ii~)~l-(‘oA and acryloyl-CoAl. wc 
do not think that acr\lo\ I-C’oA ih in\ol\ed ;I\ L\\L‘ ha\c 
l’ound that ic is rapi& doacylatcd by ~~lublt: cn~vmcx 
in the matrix. E-urthcr, acrylatc is a feeble mhihitor 
of /i-oxidation and it dots not decrease free <‘(>A cai- 
ccntrilions ‘ in mitochondria sigificantl) 1171. 
although it is ;I jub\itratc for butyyl-CoA s~nthotasc 



inhibition of fatty acid oxidation. and we arc trying 
to verify this by the sophisticated techniques now 
available for studying in riro kinetics. A large number 
of miscellaneous hypoglvcaemic compounds inhibit 
hepatic gluconeogenesis m many different ways, and 
this emphasises the crucial importance of gluconeo- 
genesix in maintaining normal concentrations of 
blood glucose [ 1.9.241. In accordance with the above 
interpretation. some other fatty acids which do not 
inhibit fatty acid oxidation or gluconeogenesis 
strongly irl r’ifro are not hypoglqcacmic [9, 611. How- 
ever. cyclopropanecarboxyl~~te does not tit neatI> into 
this picture and thi\ discrepancy cautions against the 
application of too simplistic concepts. This compound 
is not hypoglycaemic in rats or mice. although it is 
in guinea pigs [2X], and it does not inhibit /Goxida- 
tion strongly [ 17, 301 yet it inhibits gluconeogenesis 
from IO mM-alanine in rat hepatocytes more power- 
full! than pent-4-enoate at concentrations below 
I mM [27]. 

A correct understanding of the problems outlined 
here is in our opinion essential since questions of fun- 
damental importance to intermediary metabolism and 
it> perturbation bq pharmacologically activz com- 
pounds are involved. A thorough analysis of the 
actions of hypoglycin and pent-4-enoate will highlight 
hitherto unreco~nised relationships which will aid in 
future investigations. 

ll~~rrtJ~l~ietl~/l~l~~~~t~l \ It IS :I pleasure to record the major 
contributiona made by Dr. A. E. Senior. Dr. P. C. Holland 
and Mr. D. Blllln+on in this laboratory. We have had 
stimutatiny discussion< with many colleaguea. including 
Dr. P. C. Engcl. Professor P. B. Garland, Dr. E. A. Kean. 

III-. B. Middtcron. Dr. J. R. Withamson. Dr. K. Tanaka. 
Dr. P. K. Tut& and Dr. H. J. Yardley. although wc take 
full respon\ibllity for all the v&s cxpres\ed in this article. 
Most of our v,ork ha\ been gencrousty alpported hq the 
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