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I. PREFACE

It has become evident in scientific fields that a mimple observation
can subsequently yleld a complex field of investigation. .Different branches
of one and of many sciences can intermingle so that boundaries are no
longer well defined. In undertaking a problem in the laboratory, one of
the difficuvlities that arises is to cbnfine the problem within the boundaries
of the parent disicipline,

It would appear that the major metabolic pathways of the mammalian
organism have now been well defined, however, the factors influencing the
dynamics and interplay of these metabolic pathways have not been equally
well defined. We now realize that an alter-tion in any one of supposedly
different areas of investigation (i.e. lipid or ecarbohydrate metabolism)
affects not only one system but many others as well.

In this stuﬁy; we have worked with one of the "points of intersection®
of metabolic pathways. Acetate, in the form of acetyl CoA is both an end
produc£ of, and a2 building block for, both lipid and carbohydrate chemistry.
Acetoacetic acid, on the other hand, is a key intermediate in the lipid
field and is not common to the carbohydrate field. However, this Cj com-
pound, acetoacetic acid, through acetyl Cod as an intermediate, can merge
with the flow of C, units of carbohydrate metabolism. In these studies,
the metabolism of acetate and acetoacetate has been followed in a number
of tissues and in both control and in diabetic préparations. In vitro

gystems were chosen for these studies, for although such systems cannot
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be considered to be eonpletely vhysiological, it is possible to better

eontrol a number of the factors known to influence tracer studises,

11, IRTRODUCTION

A, Ketosls. The condition of ketomls was first recogmized in the
IIX century, and its felatiun to dizbetes reilitus was noticed st that
time. | |

#e eonsider the ketone bodles to be acetoscetic acld, ﬁ-.h;-'rﬁ.roxybzst.yric
aeld snd acetone, Normally, there are only srall snounts of these compounds
in the eireulation {1}, and where there are excessive apounts, the condi-
tion of ketosls is said te be presemt. “xperiments using the perfusion
techniowe prove the liver to be the chiefl orgen concernsd with the produe-
tion of ketone bodies which are secreted inte the blood (2). Very small
#Bsovmtz; of ketone bedies sre utilized by the Liver as acetoacetaie per se
{3}. Circulating acetoscetic acid can sither be utilized ty the extra-
hepntic Lissues or convarted to P-tydroxybutyric acld by DPEH in the
presence of 2 B-keto reductase ensyme fouwnd in the liver. The formation
of F—hynim:qbu%}r:‘m seld may be s mechanisr of lranspert for acetoncetie
acid in a less Loxie fors,

Hechanises for aceloncelate synthesis and utilizstion are deseribed
in a snlkmesuent section.

In fasting, in dlabetes pellitus or in other conditions in whigh
there is an impeired utilizstion of carbobyirate, there is an insignifi-
cant conversion of corbohyirate to fat by the liver. In nany of these
esses, an excessive breakdown of fats lesds to an overproduction of sceto-
acetle acid, whish the exirahepiiic tizsues are not 2ble to coupletely

utilize.
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B. General remorks on the experimental approach. The original

idea in this work was to study, within the problem of ketosis, the
handling, by muscle and liver, of one of the ketone todies, acetoacetie
acid, Because of the imrortance of scetate as the €y "building block"
in so many biochemical reacltions, we considered this an interesting
opportunity to compare its metabolism to that of acetoacetic acid by
these same tissues,

Considerable work has been done previously in this laboratory with
liver slices and with tracer acetate in 2 macro system, 3Since it was
planned to use a considerably smaller system as far as volumes of media
and amounts of tissue were concerned, it was considered an unnecessary
risk to use previously determined values for comparison with the new
values. Investigation of the metabolism of acetate by hepatic tissues,
in our smaller system, turned out to be a good confirmstion of the ade-
quacy of control of our l:boratory techniques since the present work
yielded results equivalent to the results obbained on the macro system.

In the selection of muscls tissue for study, it was necessary to
choose the muscle that would provide sirips easily with smell damage to
the tissue. A modification of Shorr's techniue (4) for obtaining muscle
strips from leg adductor muscle was chosen. In aﬁdition, diaphragm
miscle tissue was used and compared to the leg muscle preparation,

As mehtioned before, due to the interrelationships existing among
the different metabolic pathways, it was considered that it would be
intriguing and exciting to be able to follow labeled substrates into all
of these pathuays. For obvious practical reasons, it was necessary to

confine the work to only those reactions nearest to a particular interest.
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For this reason this thesis is concerned with the presentation of infor-
mation on the incorporation of labeled substrates into the fatty acid,

cholesterol and GOy fractions of the tissues.

C. Choice of tissues. The theory of the liver slice preparation has
been amply discussed by Dr. Robert fmerson in another thesis (5) from this
laboratory. Frequent reference was made to this work during the course
of these experiments.

Muscle preparation: The mammalian muscular system, formed by its
specialized cells called musclec fibers, has contractibility as its primary
function, the myofibrils being the contractile elements. With few excep-
tions, all three classes of muscle fibers: smooth, cardiac and skeletal,
arise from myobl sts. The myofibrils appear at an early stage in the
eytoplasm (sarcoplasm)., Under polarized light, the myofibrils of smooth
wmuscle appear to remain homogenous, while in cardiac and skeletal muscles
regions appear giving the charaeteristic dark (A) and light‘(l) bands.
Krause's membranes (Z lines) continue through the I-bands of the fibrils,
across the sarcoplasm, attaching on to the cell membrane or sarcolemma.
Later, fibrils become aligned so that all dark bands are next to each
other giving the fiber a striped appearance (6). Alongside the myofibrils
lie the nuclei and mitochondria.

Human suscle fibers have diameters of 10 to 100 p, abaat 20% of their
welght is protein, while most of the rest is water. The myofibril is
approximately 1 u in dlaweter and is formed by still smaller filaments
of arproximately 50 to 100 ) in diameter, which in turn can be of two
kinds, one twice as thick as the other and of different lengths. The

two kinds of filaments are linked by a system of crossbridges of constant



~5w

oceurrence. This wicrostructure of the myofibrils seems to be of great
importance in the contraction mechanism,

Close to 0% of the protein of muscle is formed by myosin, actin and
tropomyosing myosin constiintes about half of the contractile protein.
Myosin catalyzes the liberation of evergy from ATP by removal of a phog-
phate group (7). Myosin (which composes the dark or 4 bands) and actin
(which mskes up the I or light bonas) combine, in soluti on, to form acto-
myosin. Szent-Gyorgyi completed the pleture of the essentisls for the
contractile system by preparing "fibers" from precipitated actonyosin,
and by moking them centract in = solution of ATP ().

"Bridges" between the filaments that form the myofibrils seer to be
related to the myosin molecule and permit its combination with actin for
the contraction process. For this reaction the "bridges" would oscillate
using the energy provided by splitting of phosphate groups from ATP (9,10,11).

This brief description of the units forming the structure of nuscle
tissue is presented with the purpose of giving an idea of the kind of
preparation deslt with in the foliowing experiments,

Diaphragm: The diaphragm ruscle fibers are radial, running from the
wall to a central tendon (phrenic center). This central tendon has been
eliminated from our prepsration. This also eliminated lymph containing
vessels of this portion of the diaphragm. The edge of the diaphragm was
also eliminsted because of the tendonous insertions present in the area
near the thoraxic wall (12, 13).

The average dry weights for fibers are reported as 16.2 * 0.3/ of the
wet weight for control rats and 16,5 * 1% for alloxan dizbetics, In these
sawe groups, the nitrogen cortent is given as 2,19 * 0.09% for controls

and 2,27 * 0,13 for diabetics (14).



- f -

D. Acetate and acetoacetate as related to lipid metabolism. The

importance of acetate az apn intersection of mony metabolic pathways has
already been mentioned. Acetate constitutes the two carbon unit which
needs to be "activated" by coenzyme A4 before it can furction invfat%y

acid and cholestercl synthesis and in 602 formation. Acetate is activated

by union with coenzyme A as: (15)

acetate + ATP + CoA — acetyl Coh + AMP + PP

This reaction has been studled in detail by Liprann, Ochoa, Lynen, Popjak
and Green. The activation is likely the sum of two reactions, but the
structure of the intermediates is not known, althugh it has been pro-
posed that the reaction procedes through acetyl enzyme and adenosine-
monophosphoryl enzyme as intermediates (16, 17). Berg (18) has suggested
that the active intermediate is acetyl AMP, but partieipation of this
intermediate has been subjected to eriticism by David Green (19). Green
has suggested that the componsnts of the reaction may exist complexed

to ¥g** in the various tautomeric forms shown below.

AVP wm Mg we hC AMF e Mg o= Coh—— Ac
| ! f
PP Cod PP
m‘i@ s JF e GOA AMP —— Mg —— Ac
' [
Ae P=P PuP — oA

From such a mixture it would be pessible to isolate various "intermediates,"

depending upon the isolation technicques used.
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Acetyl-CoA can enter many reactions; it can go to cholestercl synthe-
sis, acetylation reactions, fatty acids synthesis, or enter the tricar-
boxylic acid cycle and be mebabolized to COp and H,O.

To enter into the synthesis of fatty scids, two molecules of acetyl-
CoA condense to form acetoacetyl-CoA. Both coenzyme A and the proup of
enzymes linked to fatty acid synthesis are found in muscle, but since
ruscle represents the principal fuel utilizing system in marmalian organisms
(20), synthesis of fatty acids and cholesterol is not one of its important
functions.

If instead of adding acetate to tissue, acetoacetate was added, it
alsc would need to be activated to acetoacetyl-CoA befare it could enter
the metabolic sequence. Henry Fahler (21) related and elassified the

reactions for activation and insctivation of acetoacetate by liver as:

Hetabolism of acetoacetic acid by liver

1) Acetoacetyl-CoA is formed by:

Butyryl-Cof sy Acetoacetyl-CoA
1
P-keto-acyl-CoA ———— beetyl-CoA

also farmed by & very weak reaction in liver (present in kidﬁey):

CoA + ATP :
acetoacetate < acetozcetyl~-CoA

(P-keto acid +
activating E)

2) Acetoacetyl-Cof is used up by:

a. Heversible reaction
ncetyl-Cod €&——— acetoacetyl-CoA + CoA

(condensing E. of Ochoa)

v
oxalacetate &——mee—e3 Citrate
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b, Irreversible reaction

(22)

acetoacetyl-Col (deacylase * HEQ)} acetoacetate

3) Completely absent in liver: transferase reaction (present in
heart and kidney):

(22, 23)

.ransfe -
acetoacetate + sueccinyl-Cok (transf rasa_)} acetoscetyl~GoA

+ succinate

Mahler points out that reactions 2 (a =nd b) are generally the cnes
that account for the equilibs um between formation and breskdown of this
ketone body. As one would consider the sequence of events in the for-
mation of fatty acid from acetate, the Claissen~£ype condensation of twe
acetate molecules, rentioned before as a source of awtmcetyl-coﬁx, is
medisted through a "condensing" enzyme studied by Lipmann, Consideration
of this mechanism brought forth the cuestion of the need for the activation
of btoth of the acetate meolecules invclved, From calculations of free energy
of hydrolysis of acetoacetate (16,000 calories) (24), Lipmann believed only
one activation to be involved. Later work by Lynen, Ochoa and Green (21,25)
showed that both acelyl groups are activated, although the energy of one
(the terminal carboxyl-CoA link) is not used in the condensation proper.

The importence of this work is in showing that the energy of the terminal-
S«CeoA link is retained in the acetoacetate molecule formed, thus providing
an "aetivated" state. As pointed out by Lipmenn (26) the activated aceto-

acetate can be hydrolyzed by liver deacylase.
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The relationship of acetoacetate metabolism to fatty acid metabolism

is presented in the following schemest
1) Fatiy acid breakdown and enzymes involved (27):
R~ (CHy) ,~COOH
+ ATP + CoA
T Thickinage
v
R~ CHg= CHp~ CHy~ g~ CoA (acyl Cok)

N
TPN l Dehydrogenase
R=- CHp= CH=CH~ %~ CoA (O -B unsaturated acyl CoA)
0
+ Ha0 l - Ho0 Enoyl~hydrase
R~ CHy~ CHOH=- CHp~ -~ Coll (B-hydroxy aeyl CoA)
0
DPN lT B-hydroxy acyl-dehydrogenase

R=CHy~ lﬁ- Cliy- (é-— Coh (B-keto acyl CoA)
0

Goh J//i\ pP-keto acyl thiolase

{ cholesterol)
C02
' ebat TCA cycle=y +

R~ (CH = C=CoA + CHy~- C=Coh
(CHzIn-2 & ° 3 o (condensing & liver Hy0
) " GH3- C=-Coh acetozcetyl thiolase
~
CH3 = CHy= CHy= G~ Coa  (butyryl Coh) CHy~ CO~ CH,~ CO~- CoA (acetoacetylCoh)

¥ A
TPHN lT Butyryl dehydrogenase

Gﬁg- CH= CH~ %n Coia (crotonyl Cod)

i
|
0 |
* H0 ,l; - H,0 Crotonase |
CHy - CHOH~ CHy= G- Coh (B hydroxy butyryl Cod) :

|

4]
DPN lT $-hydroxy butyryl dehydrogenase
CHy~ CO- CHy~ G~ CoA (acetoacetyl Cot) ¢ — — — —
0
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2) Fatty acid synthesis: Fatty acids are synthesized by reactions that
are not the exact reverse of those of fatty acid breakdown., The outline
for fatty acid synthesis shown in s preceding psge has recently been
modified to s newly suggested sequence presented below. In these recently
reported observations, malonyl CoA plays an important semi-catalytic role,
The new scheme was discovered by the observation that mitochondrial enzyme
systems required bicarbonate for fatty acid formation., The final version

of the malonyl scheme below is not completely establisheds

=0

: ! :
UHB - = S5~Col #* HCQ:;” —— HOOC - CHy - C = 5-Cok

) GOOR OH  GOOH O
1136~C-?H ~y  Hgl ~ C — € = C = CoA
0= G- S-Coh 5& R
COUH 0
HoC = C =G == C = Coh
H
HJ/GOOH 0
| /4
HaC = G = € =~ € = Coh
H H

J 0

4
HBC—QHQ*Ciiz—C--S@wA*COz
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3) Cholesterol biosynthesis: Early in the use of isotopes as

tracers, it was learned that small molecules such as acetste and ethanol
could be incorporated into the cholesterol molecule by animal tissue,
Although each of the several steps below invclved a major piece of work

for clarification, the reactions can be summarized as follows:

2 acetyl CoA T acetoacetyl CoA + CoA

acetyl CoA + acetoacetyl CoA T= B-Me,B-OH, glutaryl CoA
{HMG CoA)

HMG - CoA + 2 TPNH + 2H* —> mevalonic acid + 2 TPN + CoA

mevalonic acid + ATP ~——3 5 phosphomevalonie acid + ADP

5 phosphomevalonic acid *+ ATP > 5 pyrophosphorylmevalonic aeid * ADP

5 pyrophosphorylmevalonate + ATP ——> [5 pyraphospharylwg,«phosphomsvaloniﬂ
phosphomevalonic acid —> isopentenyl pyrophosphate

isopentenyl pyrophosphate ——> dimethallylpyrophosphate

isopentenyl pyrophosphate + dimethallyl pyrophosphate >
geranol pyrophosphate

geranol + isopentenyl pyrophosphate - farnesol pyrophosphate
2 farnesol —>» squalene
squalene ——>» lanosterol

1anasterol—~3f;!—13 —esy  cholesterol
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These reactions are shown in struvetural formelss below:

I g o
£ P B - N "ol ' i i
o = "'mga? ko ———>  CoAS-C~CHy-C-CHy~C-5CoA
i
CHy~C~SCoA CHy
H | g 0
H?wO—P ?HQGH I\\Gﬁ
C
Iﬁz + ATP _ ?HE 2 TPNH ?HE
HO~C-CH g HO-C-CH, &———— H0O-C-CH, (HMG-CoA
Q~? 3 = I 3  (wevaidie?) |3 ( )
o o o
CO0H COOH % - S=Cod
( 5~phospho~ mevalonic acid 0
mevalonie acid) {+ free CoA + 2TPN)
AP
(transphorylase-
Kinase)
H H H
H?mGhP—O-P H?-Q—P-O—? H?-G»P-Gw?
H
bR ATP $Ha 52
HO=(-CH e Pu{0==GH —> € + 60, + PO " + ADP
i 3 Qd? 3 VAN 2 A
CH CH
o b il
dooR - - (isopentenylpyrophosphate)

S«pyrophoryl ?myrophosphoryl-3-
mevalonic acid ‘ phosphomevalonic acid

1] isomerase

HO (PP
dimethylallyl-
Vi ?H3 ,,fi\ pyrophosphate
CH,=C=Cwl « § = C=20al = (wPul=P :
3 CHB CH
HH, H HH 3
. ’ (geranol C. )
\[/ & 10
¢ ?Hg §ﬁ3

G = CHaL « Cu{=CHol = Culs0H~-CwnDoPwf
CH; Hy Hy 32 Hp Hy
{farnesol 015)
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2 ?

2 farnescl

v

(squalene GBGHEG)

Ho {lanosterol)

HO (cholesterol)



oo BE:

4) Alterations in lipid metabolism in diabetes mellitus: Eelow?there

is presented a summary of some of the alterations involved in carbohydrate
metabolism during diabetes, These are presented because they are, indirectly,
the cause for the variations in lipid metabolism.

Besides the theory of the existence of decreased permeability to
insulin by peri_phergl tissues in the diabetic state (28, 29, 30), metabolic
blocks are also present. These are: 1) Decreased transphosphorylase
reaction (glucokinase) for glucose in the liver; formation of glucose-é—?ﬁk
is thus blocked. The liver fructokinase reaction, from fructose to fructose-
l—POk, however, can contimnejggpaired, 2) Increased glucose production by
gluconeopenesis and increased glycogenolysis because of increased glucose-
é-phosphatase activity of the liver. These reactions em?hasize the impor-
tance of glucose-b-phosphate, as it participates in the glycolytic pathway
of carbohydrate utilization, as well as in the "hexosé monophosphate shunt.®
Glucose~b-phosphate is an intermediate common to both pathways. Since it
is decreased because of increased glucose-b=phosphatase activity, and since
glucose-b~phosphate-dehydrogenase catalyzes the reduction of TPH*, the
equilibrium of TPN® to TPNH ie disturbed and the concentration of the
oxidized form of the nucleotide increases (31).

As has been shown in the section on fatty acid synthesis, the step of
reducing the acetoacetate molecule to form its B-hydroxybutyryl-derivative
is dependent upon reduced diphosphopyridine nucleotide. In later steps,
i.e. in going from the crotonyl derivative to bubyryl-Cod, there is also

a specific requiremsnt for TPNH (32, 33).
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In the dlabetic preparation there is decreased labeling of both fatty
acids and cholestercl when C-14 acetate is added to the system, this may
be accounted for by blocks at specific sites due to the decreased avail-
ability of the reduced nucleotides coming from the aitered carbohydrate

pathways.

Scheme of glucose metabolism for sites of alteration

during diabetes mellitus

GLYCOGEN ~&— > GLYCOSE-1-POy,
PO,
lucokinase+ ATP
GLUCOSE = > GLUCOSE-6-PO
ADP _— b ,
glucose-6-phos- wy X 6
phatase activity N Hucose-b-PO,
of liver = \dehydrogenase
Glucose *+ H,PO, FRUCTOS E-6=PHUSPHATE X TPNH __
GLYCERALDEHYDE-3-PO,
ENBDEN HEXOSE MONO=~
VEYERHOF PHOSPHATE

L



III. EXPERIMENTAL

The results to be presented in the following sections were obtained
from in vitro experirents using acetate-l-clh and acetoacetic acid~3—ﬁlh
as tracers and as substrates for liver, diaphregm and leg adductor muscle
strips from control snd alloxan diabetic rats. After incubation for a
predetermined length of time, the resctions were stopped ani the tissues
analyzed for the niantity and the radicactivity of the cholesterocl and
fatty acid fractions. Oxygen consumption was defermined during the incu-
bation and 002 produced was analyzed for total radiocactivity after the
incubation. The main steps involved in a typical experiment are detailed
in this chapter.

Animals: 200 grem, male Sprague Dswley strain rats obtained from the
Northwest Rodent Co., Pullman, Washington, were used in all of the studies.
A. Normal animals. These rats were fed ad libitum (Purina chow)
during the 3 or 4 days following arrival at the laboratory after which they
were trained to feeding with 10 gm. of food twice a day (34). A rat was
Judged ready for use after at least 5 days of trained feeding and if it

had attained a weight of 200 gm.
B. Alloxan diabetic animals. Rats weighing approximately 200 gm,

were fasted 48 hours and then given an intramusecular injection of freshly
prepared 10% a21loxan solution (in 0,9% saline} in the amount of 0,06 ml.
per 100 gm, of rat. At the same time 5 ml, of 0.9% saline was injected
intraperitoneally. For the next 3 or 4 days the rats were ziven 0,9%
saline solution in place of drinking water to aid in maintaining their
electrolyte balance. After three weeks the animls were fasted 24 hours

and a blood sugar determination was made according to the mierotechnique
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of Sowogyi {35), FEats with bloed sugar values over 180 mg.! were cone
sidered diabetie, Of a group of 13 rets, two died two days sfter the
injection of alloxan sna all the remsining aninals hed fasting blood
sugar levels of ovar 180 ng. 0.

€. Eagling peried. #£11 the mesults to be presented are of experi-
ments veing 3 hour fasted animsls. 4 "3-hour £ st" is defined for eontrol

and disbetie aslimlis as followst
1. Por the normel trained fed animal: 10 go, of chow weve

given Lo sach animal 4 hours prior to sacrifice and the food was 21lowed
%0 reenln in the cage for 1 har, during which time 2 well tralned saimal
ste all or nesrly nll the foed, At the end of this feeding hour, any
reseining foou was revoved, If wost of the food had not been eaten the
animsl was rot used. The rat to bs used was then "fasted” for 3 hours
and killed by decnpitation without enesthesis.

2, Three honr [asted diabotic rote: 4s has been rentioned
bafore, these rats were not trained fed in order 5 elisinste the addition
of the siress of huncer to their pathological condition. The =.irals were
fed ad 1ibitum throughoul the days of their preparation wntil acproximately
12 hours prior to the experiment, st which tire all fool was then repoved
from their cages. Four hours prior to the tise of sacrifice thoy were
allowed scaess to food for one hour. The sabsequent fasting J-hour peried
and sacrifice of the animsl then procesded as for the narmal rats. Diabetie
aninals were not used unices they ate the larger part of the food during

the one hasr eating reriod,
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Preparatory steps for the Warburg incubation technicue (36).

Tissue incubation: Since it was thought of interest to compare
some of the present studies on acetate metabolism by liver with previous
work done in this laboratory, the time elapsed from sacrifice of the
animal until beginning of incubation was considered important. This
had been held to within 30 minutes in previous work; therefore, it was
decided to keep the present experiments within this same limit. Because
of the three timsues involved in these studies, an assistant was necessary
to mske it possible to prepare all tissues within the stated period.

A, Incubating media., Krebs~Ringer phosphate buffer pH 7.4, prepared

according to the method of Umbreit, Burris, and Stauffer, was used (36).
The solution was chilled in an ice bath and equilibrated for 1@ minutes
with 1007 oxygen; 100 ml. of media per animal was generslly prepared each
time. If two or three ahimals were to be run in one day, an adequate
additional am.unt of media for all experiments was prepared and stored
in the refrigerator until needed.

B, Flasks. Six 15 ml. Warburg flasks were used per animal with

tissue and substrate as follows:
Flask No., 1l: liver plus acetate

B n 2: liver plus acetoacetate

oW 31 leg muscle strips plus acetate

B ® Lt leg nuscle sirips pius acetoacetate
v % 5t diaphragm plus acetate

® " 4t disphragr plus acetoacetate
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. Liguid volume in the flasks. Two ml., of Krebs-Ringer phosphate

buffer solution were measured into the flask,and 1 ml. of the solution of
tracer compound to be studied was measured intc the gide arm aprroximately
thirty minutes before sacrifice of the rat, making a total licuid volume
of 3 ml,

D. Labeled selutions.

1.Sodium acetate»l—cll‘:ln order to maintain the same ratio of
tissue, volume of media, and lzabeled substrate as the amounts used pre-
viously in this laboratory (1 gm. of liver, 27 ml. total fluid velume,
16C wl, Warburg flask) (5, 37), the acetate solution was mede wp to contain
approximately 1.26 pe/ml (0,072 pM/ml). When this amount of labeled acetate
wes diluted to the 3 ml. totsal volwwe in the flask, a concentration of 0,024
p/el (or 0.42 pe/ml) was obtained which is the same as in the larger
sys tem mentioned,

Stock solubion of sodium acetate: Tube No., 301 of sodium acetate
prepared in this laborstory (S.A. = 0,2087 millicuries per ng.) was made
into a stock solution by the addition of 25 ml. water. This stock solue-
tion contained 22 pe/ml. or 1.287 pM/ml. For 2 single animsl experiment,
0.3 ml. of this golution was diluted to 5 nl. with the oxygenated Krebs-
Ringer buffer on the same day it was to be used. Every new dilution of
tracer was assaysd by a liquid counting method.

2. Acetoacetate sclubtion: Ethyl acetmcemw-}-cuﬁ from New
England Corp. of S. A, = 0,92 millicuries/millimole, was hydrolyzed with
godium hydroxide and neutralized with hydrochloric acid according to
directions of Krebs and Iggleston (38): 0.0l ml. O.5N NaOH was added

to 0,05 ml. of the tracer., The reaction was alloWed to stand at 40°C



for 1 hour and the wmixture was then neutralized with O.5N HC1 to pH 7,
usging ﬁitrazine paper as the indicat@c:r.

Hydrolysis of the ester waz alwsys carried out on the same day of
the experiment, and the desired diluvtion wae wade up with Krebs-Ringer
phosphate buffer, 0.05 ml, of the stock solution of ethyl-acetoacetate
(40.8 pe. or 4.3 pmoles per ml.) diluted to 5 ml. with Krebs-Ringer
buffer was adequate for one animel experiment. Tach new dilution was
counted by the liquid counti g method,

One ml; alicuwte of the acetoaceiate solution » entaining approxi-
mately Q.41 pe or C.4k proles, was measured into the side arms of the
Warburg flasks, Uhen diluted to the 3 ml. total fluid volume in the
flask a concentration of O.14 pe or 0.15 pmoles per ul. was athained.
This concentration of acetoncebste gives the tissue a substrate onecen-

4 acetoscetic acid,

tretion equivalent to approximately 1.5 mg.
mol.wht. acetoscetic acid =102 ¢
Oubdy pm acetoacetic acid = 0,045 mg.
fluid volume in flask = 3 ml,

0.045 mg/3ml. = 1.5 mg/l00 = 1.5 ng. &

E. Center well tubes. 22 x 5 mm tubes for the center well, pre-
viously prepared for each experiment, were stored sz free, in a covered
container. Pieces of filter paper approximately 2 x 1 o., folded in
small pleats, were placed in each tube and wolstened with 0,2 ml. of

approximtely 9.5 N sodium hydroxide,

Experimental procedure.

The liver was excised immediately after sacrifice of the snimal and

was placed in a beaker containing about 25 ml. chilled (4° C) Krebs-Ringer
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phosphate solution. The diaphragm was then renoved by cutting around
its edges as an assistent held the thorax in 2 distended position. The
diaphragm was placed on a filter nasper moistened with Krebs-Rnper solu~-
tion, and its central part, free of fatty deposits and veins, wns removed.
The diaphragm was then placed in a beaker containing chilled Krebs~Ringer
solution. One worker started slicing the liver with the Stadie-Riggs
slicer while the other dissected out the adductor muscle strips. One
leg was skinned by superficially cutting the skin of the distal end of the
leg above the ankle with a small pair of scissors and then pulling the
skin off the leg. An incision was made with a scdpel over the adductor
muscle which was then dissected free of the muscles around it. Part of
the adductor muscle was then held near the leg knee joint with fine forceps
and strips separated from the intaet muscle with the back part of the
scalpel blade avoiding excessive damage to the tissue. The musele strips
obtained were approximately 15 mw. in length and less than 1 mm. in thick-
neass which size is within the limits given by Field's data for optimum
metabolie conditions (39). After cutting off and discarding the small
piece of tissue crushed by the forceps, the strips were placed in another
beaker containing 25 ml. Krsbs-Ringer phosphate solution. The three
beakers of tissues were kept ah&i&ad by surrounding them with crushed ice.
During the muscle preparations, the liver had been sliced =nd weighed
on a torsion balance and an amount as close as possible to 111 mg. put
irnto each of two Warburg flasks. The decision to use 111 mg, tissue was
adopted in order to meintain the same ratio of reagents to tissue as the
system previously used in this laboratory, the present s=mounts being one-

ninth of the former amounts.



The diaphragm and leg muscle preparations, partially dried by blotting
on a moist filter paper, were then weighed (approximstely 111 mg) and
transfered to flasks. A1l flasks were flushed with oxygen for one minute,
snd small tubes for the cemter well (COy trup) were put in place,

In order to check against the possibility of contaminating the filter
peper with acetate from the side arm by the siresam of bxygen directed into
the flask, duplicate flasks were run durlng an experiment with all reagents
rentioned but with no tissue present. Some flasks were first flushed with
oxygen and then the tube was placed in the center well while other were
flushed with the tube already in place. In no cese vere any "dounts®
recovered frop the filler paper in the center well, therefore, it was
decided that 1t is net critical if the small tube is put in before or
after flughing with axygen. 411 the flasks were then placed in the bath
st 37° C at me minute intervals, The shalddng rote wos at 140 strokes
per minute and the flasks were ailowed to egquilibrate for one-half hour
with the msnometer stoococks opsn.

After equilibration, the flasks were removed from the water bath,
the contents of the side amm were tipped into the flasks and the flasks
were replaced in the bath, After two rinutes, menometers were set at
150 (zero reading) and the stopcocks closed. Incubstion was continued
for one hour and readings of the ranometer were made at 30 and at 60
minutes. Immediately after the 60 minute reading, flasks were removed
from the bath, the stopcock opened, the flask detached fron the manometer,
and 3 drops of approximately 12 N H,50, added to the substrate to stop
the reaction and liberate the dissolved CO5 from the liquid media. The

flasks were replaced in the bath and shaken for 30 minutes, A blank



experiment was carried out to determine the optimum time for €O, absorp-
tion. Recoveries of 01“02 after 5 or 15 minutes of shaking following the
addition of Hzﬁoh were pcor as compared to the 97%¢ recoveries when a 30
minute period was allowed, A comparison of these recoveries is made in

Tabie 1 .

Table I

Recoveries of labeled €Oy from the filter paper in the center well of

15 ml, Warburg flasks.

Time after addition

of Hzggh ‘ Counts added Counts recovered % Recovered
5 minutes 1852 917 . Bb9.5
5y = 3704 773 21
15 ‘ 1852 1297 70
15 " 3706 2924, 79
30 ® 102 100 97.8
30 » 184 181 98.4
30 205 200 97.7
30 205 209 102.1

*These "counts" are expressed as: counts/minute minus background
for an infinitely thick BaCOg plate counted under a GM end window tube
at 1.94% efficiency.

A. Contents of the flask after incubation. After the 30 minute

CO2 absorption period, the manometers and flasks vere removed from the
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bath and the flasks detached. The center well tubes for 002 were lifted
out with a pair of forceps and put into 40 ml. centrifuge tubes which were
then closed with rubler caps, The grease on ﬂh@ Jjoint of the flask was
repoved with Celluwipes and the contents of the flasks poured through a
funnel fitted with a piece of very fine stainless deel mesh. The tissue
held on the mesh was washed with distilled water and then dropped into a
150 x 18 mm. screw capped culture tube contsining 5 ml. 11% aleoholic KOH
and a bolling stone. The media from the flasks was generally discarded,

B. End products studied:

1. Determination of radicactivity of CO, collected in the center

well,
a. The filter paper strip used to absorb the 002 wzs washed

with water (5) and to the Na2003 now in solution, enough carrier 332003
was added to permit plating as infinitely thick BaCO; samples (40). To
check recoveries of 002 under the exact conditions of the present Warburg
incubation technicue, a known amount of radicactive KaECQ;*was used in the
flask instead of tissue, NaQGOB solution of known aectivity was measured
into the flask, enough water to make 2.5 nl. was added, znd 0,5 ml.
13.6N H80; measured in the side arm. Flasks were allowed to equilibrate,
the contents of the side arm were tipped in, nd incubation carried out
as described above. Th& results for this experiment are given in Table I.
It is clear that a 30 minute 002 absorption period is adequate for the
collection of the COp in the center well. The experiments also demonstrate
that the total, over-all recovery of COs (and 31“02) from the substrate

of a metabolic experiment is a practical and reliasble procedure.

*Po make up this solution, BaCO3 from Oak Ridge National Laboratories of
isotopic ratio of 3.84% and S.4. = 0.0136 ue/mg was used., A weasured amount
of BalOy was acidified in a closed system and the COp liberated was trapped
in a standard WaOH solution.
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be In the final experiments reported in this thesis, the
filter paper with NaOH in the center well was omitted and 0.1 vl.of 9.5 N
NaOH solution was measured directly into the small tube with a syringe and
needle. The alkali was spread around the inside surface of the tube with
the needle so =8 to increase the area for absorption. After the experiment
was cunpleted, the small tubes were taken out of the flasks and placed in
an upright position in a beaker. As soon as possible {after the tissues
were placed in alcoholie KOH) the contents of the small iubes were washed
out with a twberculin syringe and needle as follows: ©.20 nl. of water was
added, the contents of the tube stirred with the needle and the sclution
drawn out corpletely end placed in a stainless steel cup together with a
drop of aeroscl solution. Another 0.20 ml. aligquot of water was measured
into the tube, stirred, drawn out and added to the contents of the stainless
steel cup. This sample was then counted 25 a liquid sample. Recoveries of

COp by this method gave the results shown in Table II,

Table II
% Recoveries of labeled €O, collected in NaOH solution in the center well
of Warburg flasks.

Counts added at 4.63% Countg recovered:
Flask efflciency as BaCOg as liquid®  as BaC03® % Recovery
2 1852 39.8 1870 101.0
3 1852 36.5 1715 ' 93.0
4 370k 72.6 3410 92.1
5 3704 7.2 3627 98.0
6 370k 75.2 3534 95.4
7 370k 76.2 3580 96.7
8 1852 39.9 1875 101.2

* Counts recovered expressed as licuid samples have been converted to
their equivalent infinitely thick BaCOg plates by the appropriate factors
determined in this laboratory,
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2. tGuantitative determinstion of C0s:  Amounts of Gﬁz wvere
not deterrined in all of the experiments tc be rerorted since the snount
of G@z given off by srproximstely 100 mg. tissue are so smell that it is
not practical to carry cut grawimetric determinations. To determine the
amounts of 00, produced by the three tissues studied in both normel and
disbetic anin ls, a modified procedure was adopted:s  three normal and
three diabetlc aninals were used in an experiment similar to those de-
seribed tut using the 16C nl. Warbturg flasks and approximately 1 gm. of
pooled tissuef To obtein this amount of tissue, rusele strips fron both
legs of each nimal were used, and the three diaphragms were incubated in
the game flask. With these larger amounts of tissue, the 00z collected
in the center we%l was encugh 80 that it could be determined gravipetri-
cally using carrier KaQCOB.

The eificiency of the BalOg precipitétﬁx:g procedure, in the writers

hands, was checked and the rosults are shown in Table III,

Table I1XI

wifficiency of the ﬁaCGB precipitating procedure as shown by the gravimetric

determination of different amounts of a carrier sclution of unlabeled ﬂa2603

Flask ml.carrier mg BaCO4 forvlﬂoﬁ recovery Actual % recovery

3 0.95 97 - 90
2 0.95 97 100
3 0.80 81.7 100.5
L 0.80 81.7 100,7
5 C.85 ‘ ge.8 101.5

0.85 86.8 100,2

£i%




3. Lipid frectien:. After incubation, the tissues from the
Varburg flasks were put inte screw capped culture tubes (150 x 18 wn)
with 5 ¥d. 11% KOH and 2 boiling stme. The tissues were digested for
30 minutes in 2 boiling water bath with a glass murble covering the tubes;
the glaag marbles were removed for the 1-st 5 or 10 minutes to permit
reduction of the volume in the tube to approximately 1 wl. After cooling,
15 w1, of distilled water and § vl. of 95%¢ ethsnol were added to each tube,

a. BExtractior of the nen-gapopifiable fraction: Approxi-

rately 1 rl. of distilled petreleur other (B.P. 30~ 60° ¢} were measured
‘nto each tube and the trbes placed in the Eberbach and Son, Ce. shaker
at. a rate of 280 strokes per rinute for 3 minutes. After shaking, the
tubes were placed in an upright position for a few minutes to allow cope
plate gseparation of the two golvent phases. Avproximotely half of the
petreoleum ether layer was then drawn cut vith a 10 ml. Multifit Becton
Mekinson syringe fitted with a 19 gauge. 3 inch long blunt ended spinal
puneture needle. This portion of the petroleuw ether layer was placed
in a 10 ml. volumetric flask along with a beilling stone and evaporated
on a8 steaw bath without allowing it to go to dryness. The remainder of
the petroleum ebher layer was drawn cut, added to the same volumetrie
flast and evaporsted., Two additiomsl portions of petroleuw ether of 7 ml.
eech were edded to the tubes containing tissue digest, snd the extrzetion
and evapcrations carried out in like marmer. The last additlon of petro-
levm ether was evaporated down to about 1 ml, and 3 to 4 rl. alecohol then
added to the 10 rl. volumetric flask. Heating over the stear bath was
continued until no petroleum ether could be detected by its characteristic

form of boiling and by the odor of the vapor phase. After cooling, the
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flasks were made up to volume with aleohol and after mixing, the cantents
were transferred to small dark bottles and stored until amslyzed.

b, Extraction of saporifiable fraction: After remowal of
the non-saponifiable fraction, the tubes were placed in a beaker with ice
and mode acid to congo-red ;ﬁaper with concentrated HCl. An extraction of
this fraction with 3 portions of petroleum ether was then carried out in
the same way as for the none-saponifisble f{raction.

¢. Colorimetric determination of the non-saponifiable
fractiont The non~saponifiable fraection will be referred to as cholesterol
since it is the principsl component. The colorinetric determination of
cholesterol was carried out ageording to the method of Zlatkis and Zak (41).
Aliguots of the tissue alcoholic extract (non-saponifiable fraction) con~
taining approxdmately 0.03 mg. cholestercl were measwed into colorimetric
tubes., At the same time, tubes conteining 0.05 and 0.1 mg. of cholesterol
were prepared from alcchol solut ions of standard.

The tubes were dried in a 70° C water bath with a strearn of nitrogen.
After cooling, 0.1 ml, distilled water were added to each and 1ixed
thoroughly; followed by 3 nl. glacial acetic acid. At this time, a blank
tube was set up. Two ml. of the color reagent were then carefully added
to all tubes. The color reagent conslsted of a dilution of 2 xl, of a
104 (in glacial seetic) ferric chloride solution, to 200 »l, with CP
concentrated HZSOk' The contents of the tubes were well mixed and dlowed
to cool., A brown color first appears which then changes to purple, remaine-
ing stzble for a long time. Absorbancy is measured at 560 mu against the
reagent blank,

d. Radioactivity of the non-saponifiable fraction: The

aleohol soluticns of the various fractions vere assayed as infinitely thin
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samples under a D47 Micromil end window gas flow counter at 29.65%
efficiency. 0.3 mg. of material was used as criteria for the upper limit
of an infinitely thin sample {5).

e, Gravimetric determinstion of the saponifiable fraction:
The saponifiable fraction will be referred to ns fatty acids. Five ml.
aliquots of the alcohol solution were evaporated in tared glass vials
in a 70° C water bath under a stream of nitrogen. When completely dry,
the samples were cooled, left overnizht in a dessieator and weighed,
Althcugh only some 2 mg, of material were usuwally weighed, and the glass
vials weighed as much as 7 gm, the use of the gramatic balance method of
sibstitutionary weighing allowed good acecuracy of measursment,

f. Radicactivity of the saponifiable fraction: These
deterninations were carried out the same as for the none-saponifiable
fraetion,and samples counted with the same equipment azs infinitely thin
samples, but at 27.78% efficiency.

g. Recoveries by this procedure:

(1) Blank extrasetions without tissue but with an
equivalent amount of acetate to that used in the experinents showed no
extraction of acetate by f.hia method.

(2) Digestions and extraction were also carried aut
adding a known amount of both labeled cholestercl and palmitic acid to
some fresh tissue in a tube, following the procedure described before,

with the recoveries shown in Table IV,
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Table IV

% Recoveries of radicactivity in saponifisble and non~-saponifiable fractions.

% recovery of % recovery of

fatty acid cholesterol
1. Cholesterol and palmitic acid added together 99 103.4
2. " o " ¥ = » 94 101.6
3. " " . o » " 88 99.8
kL. " ” " 4 » » 93 101.1
5. Only palmitic acid added 90 ——
6. Cholesterol and palmitic added to KOH sol. 82 100

with no tissue present

4. Liguid counting technigue: Stainless steel cups from the
Nuclear-Chicago Co., cne inch in diameter ahd 5/16 of an inch high were
used. A drop of 1% aeroscl solution was placed in the cup to aid in
wetting the surface,and 0,5 ml., of the solution to be assayed neasured
into the cup. To prevent contamination of the G-M tube,2ll plates were
covered with 33 mm, diameter disks of Mylar film (Dupont 0.25 mil Mylar)
fastened to the plate with a No.8 rubber band. Placing the rubber band
around the plate was facilitated by wrappiﬁg ittwice around a rubber stopper
of a slightly larger diameter at its ﬁapere& end to that of thg plate,
The disk of Mylar film was placed on the stopper by preséing the stopper
down firmly on the plate and at the same time rolling the rubber band
down, off the stopper, and arcund the plate. The Mylar film could thus

be easily extended over the plate, without creases, being firmly held by
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the rubber band. The cups were counted in a holder, always within 30
rinutes of setiing up the sample in crder to prevent interference from
the condensation of swall drops on the underside of the Mylar film. For
this counting, a Tracerlab TGC-2, 1.8 mg/em?, GM end window tube was
used at 0.1% efficiency. This method offered a rapid and agcurate way
of assaying licuid msterial even if efficienty’was reduced 22 tires as
campared to counting infinitely thick BaC0g samples with the scme equip-
ment ,

5. Determination of counting efficiency for infinitely thick
Ba003 plates: A standard solution of Hagcﬂs of known aetivity (Tracerlab,
Boston, Massachusetts) was used. This standard cansisted of a 0,047
molar solution of labeled NaQCOB; its activity given as calibrated against
the Natioral Bureau of Standards ¢ib standard, waslD67 * 22 disintagfations/
second/rl, Since this 0,047 molar solution of Nap COq only had 4.98 mg.
of H32003 per l. which would precipitate only as 9.28 mg. of BaGOB, a
carrier solution of HaECGB wzs added in order to obtain infinitely thick
Baco3 plates. A set of eight tubes with different amounts of the standard
solution were plated as indicated (40). Results are shown in Tables V and

VI,



Table V

Gravimetric recovery of standard solubion of labeled NagﬁOB plus carrier

Nagﬁﬁé soiution.

Standard E&QCOB Net BaC03 Theorstical Found %

Tube mg carrier ml. irt - 48 recovered regoveyy rEOCVEYY
i 94,98 0.25 2,319 163 101.3 1CL.7
2 " 0.25 2.319 ic3 101.3 101.7
3 " 0.5 L.638 105.8 103,62 10z2.1
4 " 0.5 k638 105.9 103,62 102.2
5 & Ca75 €.957 108,2 105.94 102.3
6 " G.75 6.957 106.8 105.94 100,8
7 = 1.0 9.276 110.8 108,26 102.4
8 " 1.0 9.276 111.3 108,26 102.8

Table Vi

% Efficiency as caleulated from counting standard infinitely thick BaCOs

plates on a DET7 Micromil end window gas flow counter.

Semple % Efficiency”

R

k.82
5.26
429

1. 65

L.55
he39
*4 Efficiency was calculated as the ratio between counts recorded by this

systen and actuel disintegrations in the semple, multiplied by 100. An
average of 4,63 * 0.3 was obtained,

e -~ v P W N | ot
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6. Determination of infinite thickness corrections for EaCGB
plates: As has been previcusly rentioned, all CO, samples in these studies
vere plated as infinitely thick EaCGB plates and courted under sn end
window G tube,

The plating area for the dlsks used measured 5 amz, snd an infinitely
thiek plate of BaCOg weighed 100 wg, i.e. 20 mg. per square cw. This
figure that determines the lower limit for infinite thicknsss can be
determined as follows: It 1a possible to plate and count a very thin
coat of Ba$03 and then to inerease the nusber of layers of material with
the same BaCO4 {same speeific activity). If we then plot the re&alts it
will be seen that the counts inereased but not in a linesr manner. The
inerease tends to fall off and form s curved line. This phencmenon is due
to self-absorption in which beta radistions are besing lost by not being
able to get through the upper BaCOS layers. Eventually a point is rsached
above which no increase of counbs would occur as the weight of Baﬁﬂg is
increased, From this point on, we would obtain a line assentislly parallel
to the hordzontal axis.

Since in meny instances our carrier Na2603 gave us plates under 100 mg.
net weight of Ba603, we determined the factors that correct the plate's
activity to what it would count if the plate were infiaitely thick. To
deterwine counting corrections, we plated inereasing amomunts of a Razcos
solution of known activity., The carrier and labeled NaQCGB were calculated
80 that the specific activity was the same on all plates. T0>abtain the
curve we plotted counts against vg. per cmz but were not able to go below
2.5 mg/cmz in plate preparation. With the graph sc made, the factors for
each different weight can be determined, agsuming the point of infinite

thickness to be unity.
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Theoretically if we were able to adequately plate much smaller
arounts of BaCGB, we wauld reach the inferior end of our curve which
would be linear; this zone is the region of infinitely thin samples,
and it is the place where no self-gbsorption occurs. In this case, we
would obtain a linear response while the increases in weight were within
the lirits of infinitely thin ssmples. This is the case with our samples

of cholesterol =nd futty acids as has been meit ioned previously.

IV. RESULTS AND DISCUSSION

A definition of unit used to evaluate tracer results is necessary.
When labeled molecules are used as tracers, it is expected that these
molecules will mix homogeneously with naturally occurring molecules of
the same kind in the biological system snd will not influence the rate
of or the nature of the rection.

To determine the amount of acetate~1-Cl# that would be a tracer
level, we have used information obtained from previms determinations
in this laboratory.

In the case of acetoacetic acid an experiment on a concentration
study was designed to determine the tracer levels.

Results are reported as per cent incorporation. Per cent incorpora-
tion was calculated by dividing the tobal counta* found in 602, fatty acid

or cholestercl fractions of 111 mg. tissue, by the number of counts added,

o rer

*a1 radloassays were converted to the equivalent activity of infinitely
thick BaC03 plates counted at 4.63% efficiency.
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and multiplying by 100. Expressing results as per cent incorporation has
two main advantages. It enables the comparison of different substraﬁas
having different specific activities, and it permits cowparison with

in vitro determinations dme previcusly in this laboratory, i.e. those
experiments with 1 gm. of liver tissue., In the following presentation,
the significance of apparent differences between groups has been evaluated
statistically using the "t" test at a 0.95 canfidence level. In general,
no significance is attached to differences unless the probability value
(p) is less than 0,05,

Oxygen consumptions are given as umolex of oxygen used in 1 hour by
1 gn., of tissue (wet weight) and amounts of fatty acid and cholesterol
are reported as mg. per gram of ﬁissﬁe (wet weight).

Oxygen consumption: The oxygen consumption of the tissue was
determined to obtain an idea of the viability of ihe tissue as the experi-
went proceeded. It also provided a way of determining that the concentra-
tion of acetoacetic acld being used did not alter the respiration rate of
the tissue, The data for the oxygen consumption of normal animals is pre-
sented in Table VII. The mean for liver, 58.3 pM/hr./gm. of tissue agrees
with the value of 57 wk given by Robert lmerson (5) for slices from two

hour fasted rates.



Table VIl

Oxygen consurption of normal animals

pi/hour/gram. of tissue

Liver Lep Muscle Diaghragm

J27 59.3 21.15 30.4
JJ28 61.1 29.9 46.1
JJ294d 59.6 26.4 | 37.36
3309 56,1 26,24 48.35
JI3Ld 50.6 30,3 47.81
3332 63.5 2.2 —
Mean 58,3 26.4 12,0

S.D. + 5,45  *3,13 +7.88

S.E. +2,23 r1.28 +3.53

Range 506-63.5 2L2-30.3 304 ~48.35

For diaphragm the mean value of 42 wM/hr./ge. (or 0.9408 pl./hr./mg.)
can be corpared te a mean of 1.05 ul/hr./mg. wet weight reported by Beatty,
Peterson, Bocek and wWest (14). The leg muscle preparction shows a lower
oxygen consumption as is to be expected from the lower activity of this
muscle as compsred to the comstantly active diaphragm. The mean of 26.4
av/or. /ge. (0,5914 ui./br./mg.) is close to the value of 0.72 pl/hr./mg.
that has been reported (14).

The results on oxygen consumption for the diabetic animals are given
in Table VIII, These values are not statistically different from those of

the normal prepsrations as is made clear by the data of Table IX.



Table VIII

Oxygen consumption of diasbetic animals

ph/hour/gram of tissue

Liver Leg ¥uscle Diaphragm
DJI36dJ 60,40 23.70 L6.71

DI37Jd 64,53 18.92  5L.0

DJ38JdJ 62,04 22,70 —
 DJ3999 66,17 29.12 u1.82
DILOIT 72,71 25,14 58,24
DIL5 40,40 2408 49.17

Mean 61.1 24 LG .4
3.D. +10.7 +2,78 + 5,91
5.E. + 437 ¥ 1,14 + 2,64

ﬁ&ﬁg@ lbao}-k“' ?2.? :-8-9“" 26}?51 z&ltg““ 58’1-2!&

Table IX
Oxygen consumption of normal animals compered to diabetics
pk/hour/gram of tissue

Normal
Liver  Leg Muscle  Disphragm
Mean 58.3 26.4 42.0
8.D. X545 3313 .88
5.E, +2.23 +1.28 £3.5%
Range 50.6-63.5 21.2-30.3 0.4~ 48,35
Disbetie
¥ean 61.1 2 L9k
8.D. +10.7 +2.78 25,91
S.E. F 4,37 * 1.2 *2.64

Range 4O L= T2.7 18,9-29.1 Ll.8- 58.24

P > 0.1 > 0.1 >0.1



Data on C02 oroduetion as obtained in the "pooling experiment®
previocusly described is presented in Table X, but it is not possible

to derive useful conclusions from this limited amount of data,

Table X

ﬁﬁﬁg/hmr/ gram tissue

‘Liver Leg Muscle Diaphragm

Norzai (J46) 85 35.5 754
Diabetic {DJILS) 62.6 38.8 L9.2

Arountaz of lipid. The results for norpal animals are presented in
Table XI, Values for liver iissue agree with those oreviously rerorted
in this laborstory. Values for leg rusele and diarhrazm indicate that
the 1irid concentration of thess ticsues is lower than that of the :Liver;
If. howewer, we coraider that the nusele mass in » rat reoresents about
LO % of the body weight znd the liver only | % of the body weight,
musele tizsue appears to have an important fraction of the toebal body
cholesterol and fatty acids, The higher content of cholzsterol in the
diaphr-gm as conpored to leg nuscle per unit weight bears out Bloor's

theory (42) that a wore acti ¢ auscle hes a higher cholestersl content.
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Table XI

Lipid content of normal tissues

ng./gram wet weight of tissue

__ Liver _— Leg muscle _ Disphregm
‘Fatty acid Chol, Fatty acid Chol. Fatty acid Chol.
427 3heby 1.54 11.5 C.57 27.8 0.61
JJes — 2.02 — 0.53 20.2 0.78
293 - 1.85 24,2 0.43 2l o8 %5 |
34300 7.8 2.6 16.3 0.48 9.3 0.7
JJ31d 31.b 1.31 18.6 0.42 17.0 0,47
Jdd32d 29.9 2.29 2.9 0.49 32.7 0.72
J41 - == 11.2 0.42 39.6 0.97
Jd43d 20 2.1 20,7 0.71 23.1 1.05
JILhd 10.8 1.76 7.2 0.38 2h.5 0.89
ean 274 1.88 16.83  0.49 26.6 0.4
5.D. #10 +0,36 + 6.43 20,26 + 6,58 10,23
S.E. F 4,08 +0,127 +2.27 +0.09 +2.19  +0.076

Range 10.8-37.8 1.31-2.29 7.2-249 0.38-0771 17-39.6 0.47-1.11

The results for the lipid analysis of diabetic animals are presented
in Table XII. There is no statistical difference b tween the diabetic and
the normal values (Table XIII) which agrees with previous findings revorted
from this labor-tary (_Lp3). Values far cholesterocl in leg muscle and in
diaphragn agree well with the data of Bloor who found 0.64 and 0.91 ng.

cholesterol per gram of tissue of leg and diaphragre muscle respectively.



Table EKIT

Lipid content of disbetic tissues

rg./gram wet weight of tissue

Liver Leg nuscle Diaphragm
Fatty acid - Chol., Pabtty aeid Chol. Fatty acid Chol.

- DJ36dd 38 2.26 - .43 - 0.604
DIITII e 1.90 20.1  0.59 53.2 0.94
DJ38dd 35.9 1.98 3447 Uuh3 i 1.34
DJILOII 27.3 1.82 18.1 C.39 i5.4 G.7k
DIL2 o~ e e Gl Jhel 0.89
Kean 339 1.99 Zhe3 Q.45 3k 0.90
8.0, £5.96 40,19 + 9.1  #.08 +19.5 % 0.254
3.E. * 345 40,096 r 5.2 +0.034 + 31,27 £ G413

ﬁangé 2'? 63‘” 38 10@2“"2026 1%;1“2#0? 6439“{3659 1,{5 lg?»"’Blévnl Oi 71‘-"1 031#

Table XIIT

ipid content (mg./gm.) of normal animals as compsred to diabetics

_ Normal
Liver » Leg muscle Diaphragm
Fakty acld Chol. Fatty acid Chel. Fatty aeid Cheol,
5.D. +10 0,36 6.3 #0.26 + 6,58  +0.23

Range 10.8-37.8  1.31-2.29 7.2-24.9 0.38-0.71 17-39.6  G.47-1,11

Diabetic
MEAN 33.7 1.99 2h.3 0,45 34 .90
S.D. * 5.96 * 0.19 293 0.08 2 319.5 * G254

P
S5eE

X345 20096 + 5.2, 30,034 $11.,27 +0.113
Range 27.3-38 1182"2.26 1801"31@07 O, 39"“00 59 15 .4“‘3&-1 Oa 71-&"’1;31-}

P 70,1 0.1 70,1 >0.1 >0,1 >0.1
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Acetaieu1~clh incorporation into liver fractions. The results for
normal animals, Table 11V, show the greater part of the label to be found
in the COy fraction. This indicates that the acetale molecule is being
activated by the proper enzymes in the tissue and is thus avaiialle to
different metaboliec sequences. The symthetic activity of the liver is

shown by the incorporation of label invo fabty acid and cholesterol.

Table AIV
Liver - Normal

FPer cent incorporabtion of acetate

€Oy Fatvy acid Cholesterol

Jz27 Li 46 U3 1.67
J27 11.3 Q.17 1.12
Jd=J29 8.24 0.52 1.72
Jd=d30 Y G.14 U.51
————— ddwdiy3 17.39 0.12 1.37
Jd=dbhy 15.12 0.10 L.14
JJ31d 10.37 0.21 1.49
Jd32d 8.5 0.23 0.72
Wean 11.9 0.23 1.22
3.D. * 3.h0 r0, 2 0,41
S.E. *1.22 + 0.05 * 0.15

Range 8.5-17.39 G, 10-0.52 0.51-1.72

As compar-d to the rrsults for the diabetic animals (Table XV and XVI),

we see a decreased labeling of fatty aeid and cholesterol, It is



Liver - Dizbetis

.'.-.14.2-0

Tabls XV

Per cent incorporztion of acetate

€Oy Fatty acid Cholesterol

DJI36IT 11.33 0.008 C.016
DJ37Id 16.90 .01 G.022
DJ3&3J —— G.008 0.014
Ddhlde 17.80 0,015 0.016
DIL5 16.0 - s
DJ45 16.0 - =
Mean 15.6 0.01 0.017

3D * 2.55 +0,0043 #0,0035

S.E. * 1.4 +0.0017 10,0018
Range 11.33-17.8 0.008-0.015 0.014-0.022

Table XVI

&

Liver - Per cent incorporation of acetate
Normal animals as compared to diabetics

Vean
s » B »
Sl

Range

Fean
3.0,
8.8,

Range

CQ& thty acid Cholesterel
Norral

11.9 0.23 1.22
+ 344 F 014 * 0.4l
+ 1.38 + 0,05 + 0,15
8.5-17.39 0.10~0.52 0.51~-1.72

Diabetic

15.6 0,01 C.0L7
*2,55 0. 0043 + 0.0035

+ 1.1k 40,0017 + 0,0018

7 &l

<0.05

<0005
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important to remember that it has been shown (Table XIII) that the
quantities of cholesterol and fatiy seid per unit welsht of tissue are
the same for the normal and the disbetic group. Inpaired carbohydrate
metabolism as in diabetes or in festing decreases the r&pply of DPRH
and TFNH necegsary for the synthesis of fatty acid. This may account
for at least a part of the defective lipid synthesis shown here.

Incorporation of acetate into ruscle fractions. Table XVII con-
tzins the results of acetate incorporation for leg muscle and diaphragm
from normal rate, The data points out the ability of nuscle tissue to
activate acebtate and oxidize the greater portion of it through the TCA
eyele. Lipogerseis is reduced in muscle =g compared to liver tissue.

The muscle preparation shows an incorvoration of ascetate into €O,y
of approxinately twice that of the liver slice. Although this is not a
large difference vhen expressed as per unit of tissue weight, if one now
cusiders the percentage of muscle in the total body welsht of the rat
as conpared to the liver, the ability of muscle tissue to oxidize acetate
becores ruch rore evident.

Conparisen of the incorporation of acetate by the two muscle prepara~
tions, Even if, basicaliy, both the zdductor muscle strips and diaphragm
are skeletal muscle, they have different degrees of activity and it is
possilile that tiey differ retabolicslly, In a muscie like diasphragm
that is cemstantly active, Paul and Sperling have shown {(44) thét there
existe a greater eyclophorase activity” with a parallel increase of

mitochondrial denaity.

B B e S5 < T

%Cyclophmrase activity refers to the functional aspect of mitochondria in
containing the enzymes necessary for the reactions of the TCA cyele.
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In compering the fesults from the two muscle preparations, we find
a statistically significant preater incorporation of azcetste into the
fatty acid fraction of diéphrag;m 28 corp red to leg musele. No significant
differenee in the per ceni incorr-oraticn of acetate into the 602 and
cholesteorel fraction was demonstrated. Since both these fractions are
larger in the diaphragn, this would tend to sgree with the theory of a
more getive tricarboxylic aeid eyele in the diaphrag .

A comprrison of acetate incorvorztlion into the musel fractions of
diabetics as conpared to normols is presermted in Tables XVII and XVIII.

It is seen that the incorporation of aaeté.te into COg,fatty acid and
cholesterol is in each ‘case similar for normsl and diabeties, suggesting
that lipid synthesis in muscle was not altereﬁ by the disense.

Studies with scetoacetic acid., To carry out experiments using
labeled acetoacetic acid it wae necessary to determine the tracer level
for this substrate. |

The possibility of dilution of addﬁd label by endogenous aceteacetic
acid was also considered. Other studies in this laboratory (37) indicate

that 1 gm. of liver puts out approximstely 5 umoles of acetoacetic acid in

total amount of Ca_ units retained within this tisswe 1s small in relation

to amounts put into the media. In later work, here was found a aligz:htly
decreased output of ketone bodies for diabetic animels. In the present studies,
O.bdy pmoles acetoacetic acld have been added to amprcﬁmﬁ,tely 100 mg. kof
tissus. The media surrcunding the tissue would then haver 0.44 pmoles added
to flask + 0.5 )nnoles put out by 100 mg. tissue = 0,94 ymoiies in 3 ml, liquid

volume or 30 umoles per cent (3 mg. per cent). In the case of the muscle
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Table XVII

Normal - Per cent incorporation of acetate

Leg Muscle _ Diaphragm
GO, Fatty acid Chol. COs Fatty acid Chol.
J27 19,32 0.043 0.018 18.9 0.28 0.026
J27 2,58 0.14 0,026 20.6 0.42 0.101
JJ~J29 20,59 0.07 0.03 21.32 0.57 0.1k
JI-J30  25.86 0.13 = 0,02 27.05 142 0.03
J3=I43 22.29 0.05 0.02 | 28.65 0.38 0.06
JI-dbl 27,14 0.05 0,02 32.00 0.69 0.0k
3335 29.76 0.09 0,03 347 1.2) 0.0k
JJ32d 27.5 0.09 0.04 27.62 0.35 0.02
Mean  24.38 0.08 0.026 26.36  0.67  0.057
8.b. *3% 20,044  *0,006 * 5.62 20,43 +0.043
5.E. 1.3 $0.016 40,0021  * 1.99 +0.15  *0.015

Range  19.32-29.76 0.043-0.14 0.018~0.04 18.9-34.7 0.28-1,42 0.02-0.14

Table XVIII
Diabetics « Per Cent incnrporation of acetrte and conparison to normals
Leg Fuscle Diaphragm
€0y Fatty acid Chol. GOy Fatty acld Chol.
DJ364J 28,47 0.021 0.008 28,93 0,09 0.016
DJ37dd 24.48 0.013 0.065 " 24,65 0.117 0,013
DJ38JJ 28,13 - 0.018 0.004 25.3 0.127 0.015
DILOIS 36,00 0.04 0.007 28,87 0.120  0.013
DdL5 22,66 - - 22.42 —— —
DJL5 22,66 - —— 2242 — -
Mean 27.07 0.023 0.021  25.43 0.1135  0.0143
5.0. *5.07 +0,012 20,029 ¥ 2.56 +0.016  +0,00164
SJE.  t 2,07 +0,0059  +0.0147  + 1,05 +0.008  *+0.0008

Range  22,66-36.00 0.,013-0.04 0.004-0.065 22.42-28.93 0.09-0,127 0.013-C.016

p  >0.1 >0,1 >0.1 >0.1 0,05 >0.1



preparstions, Beatty et al. (14) reported that only negligible amounts

were formed by these tissues from both normal and disbetic animals. Thus

there is probably litile error cansed by dilution of the labeled substrate,
Concentration study. Leg nusecle strips w&ré incubsted for 1 hour

with different levels of ascetoacetic acid. In this case, the micromoles

of acetoacetic acid used in the production of CO, and in the synthesis of

fatty aclds snd cholesterol were also caleulated, Appropriaste amounts of

a non-labeled acetcacetic acid solution were added to attain the desired

suhatrate levels in the flask. The results are prescnted in Table XIX,

Table XTX
Fetabolism of acetoacetic acid by leg muscle
wg.% Amownt of acetoacetate converted to produetﬁ
seeto- b incorporation TU5 Fatty acid Cholesterol
acetie COp F.A. Chol, M ng. Pt . ke T

2 22.16 0.1k 0.024 13.14 1.34 0,083 0.0085 ©0.0L4 0,0015
2 19.6  0.11 0,034 11.62 1.19 0.063 0.0067 0.020 0.0021
L 13.73 0.14 0.037 16.28 1.66 0.166 0.0169 .04  0.00k5
IA 17.9  ©.03 0.011 21.23 2.17 0,036 0.0036 0.013 0,0013

2h L.58 0,06 0.018 32.59 3.33 0.427 0.0436 0,128 00,0131
L Le6 0,22 0.014 60.01 5.06 2.87 Q.24h2 G.183 0,015,
%lx 102

This experiment showed a mass effect in the response to the 24 and L4 ng. %
doses in that a lorger number cf’ymsles of substrobe were converbted to the
products measured. The level of approximately 1.5 ng.% used in the subse-

oquent experimental work plus the equivelent of 1.5 mg.i produced by the
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liver gives = Lotal of 3 nmg. ¥, vhioh is within limits of the true

trscer level, amounts produced by muscle being considerably less than 1.5 mg.Z(14).
in additional experirent gave values that agreed with the resulis

of the 24 rg., £ level. In this experisent, dlarhrage end leg nagcl#

strips from a noriel rt and froe a disbebtis ret were incuboted lor two

hours in a syster with 22 mg. & of sgetoncetic acid. The speeific activity

was unitized 4o thelevel of that used in the previmg ¢ necentration study

at the 24 mg.” level, Resulis are given as per cent incorpor tion per

heup,
__Leg ¥uscle Dianbr: g
Glg Fatty acid Chclestercl ﬁ)z Fatty aecld Cholesterol
Horral Sedy 0,025 0. 006 ii,08 C.G5% ¢, 012
Diabetie  1.67 0.01 0. 004 5,05 0,015 0.008

Utiligation of acetoacetate by liver, leg adduztor nusele strips
and diaphragm, Xﬁlhhﬁ early lltersture concerned witn the met bolism of
agetoncetic secid, the liver was describec as Lﬁiﬁc’rasgaﬁs?bla for pro-
duetion but not for the uiilizaticn of this material. After acetoscetate
is formed in the liver it can ihﬁﬂ be added to the cireculation. Jeinhouse
(45) sugrested there wisht be o slirht sctivatlon mechanism for acetoscetic
aeid in the dver, Tadblas X and XX1 present results ‘or the per cent
incer-oration of acetoacetic aecid into Clp, fatty scld and cholesterol of
1iver slices fror normal and dlabetic rats. From these results, we cbserve
sore incorrorstion into all three fraction of bolb prepsrstions. \ctiwatloen
of agetoacetate in liver by the secinyl Cod trarsferase mechanisw seens
unlikely since this enzywre is not consldered tu be pressnt in iiver, The
pechanism for setivetion mould seem to be through a specific B-keto

acid activating ensyme present in smail amounts 1n lhe liver.



Liver - Normal-Per cent incorporaticn of acetoacctate
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Table XX

CUy Fatty acid Cholesterol
JJ28 1.06 0.17 .34
JJ28 1l.22 G.16 Cel2
JJ-d29 1.7 0.12 0.73
JJ~d30 132 0.06 0.18
Jd=Jh3 1.88 0.05 0.37
JJ=d bl 2.85 c.o2 0. 49
JJ31d 1.43 0.21 1.01
JJd324 1.5 0.05 O.41
Mean 1.62 ¢.11 Q.49
S.D. + 0.56 + 0,07 *0.27
S.E. * 0.2 + 0,024 > 0.{395
Range 1,06-2,85 0,05-0.21 0.18-1,01
Table XXI
Liver ~ Diabetic~ Per cent incorporation of acetoacetate
€Oy Fatty acid Cholesterol
DJ36Jd 2,01 0.03 0.012
DJ3TdJ 2,09 0.019 0.013
DJ38J4J 1.91 0.02 0.011
DILOII 2.16 0.007 0.013
Vean 2;@@3 C.0L9 0.0123
5.0, + 0,108 *+ 0.009 * 0,001
5.E. * 0.054 * 0,0045 * 0.0005
Hanée 1.91-2,16 0. 007-C.03 0.011~0,013
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Incorvoration of label inteo the fatty acids and cholestercl fractions
is significantl, decreas d in the diabetic anirels, Table XXII shows the

conparicon of the normal and diabetic groups.

Table XXIX

Liver -~ Per cent incorporation of acetoacelate

Norwals as conrpsred to disbetics

Normal
€Oy Fatty acid Cholesterol
Mean 1.62 0.11 0.49
3.D. * 0.56 * 0.07 + 0.27
5ok * 0.2 + 0,024 * 0.095

Disbetie
Mean 2,043 0.019 0.0123
S.D. + 0.108 * 0,009 * 0.001
S.E, + 0,05k + 0,0045 + 0,0005

R&n ge 1 » 91"‘2 L 16 0 - QQ’?“'G » 03 0 3 011“0 » 013

p >0.1 <0.05 <0.0125

Comparing these results to those obtained on the incorvoration of
agetate into liver fractions (Table XIV) it is seen that less acetoacetate
is utilized than acetate, A lower activsbion of acetoacetate by the liver
cells may well be the czuse of this decrease. The possibility of some of
the acetoacetate being broken down to acetate and then being incerporated

as such has been considered. It would seem that if this were the case,
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there should be a proportional incorporati n {rom acetoacetate inte all
three fractions of the di-betic jroup, Actually, there was a greater
decrease in the c:nversion of labeled acetoaceﬁate to (31"02 than there
was in its canversion to lipid.

Utilization of ketone bodies by muscle tissue, Nuscl tissue is
known to be able to metabolize ketone bodies, obtaining energy by this
mechanism. It was previcusly believed that this primary energy providing
function of muscle, axidation, excluded the possibility for synthesis of
lipide by this tissue. It h;m now been shown that muscle can incorporate
a labeled precursor into fatly acid and cholesterocl although to a lesser
degree than the incorporation into C0,. leinhouse {46) has also shown
that there exists some degradation of fatty acids in muscle although this
is also a "weak" reaction, Table XAIIT presents the results for ketone
body utilization by the leg muscle and diaphragn preparation from normal
rots, Table XXIV shows the utilization of acetwacetic acid by the diabetic
muscle preparations. The diabetic muscle preparations appear to metabolize
acetoacetic acid to alesser extentthan the norpal preparations as evidenced
by the p values on Table XXIV,

Comparison of both normal muscle preparations shows a significantly
greater incorporation from acetoacetate into the fatiy acid fraction of
diaphragr as corprred to leg muscle. The €O, and cholestercl fractions
show no significant & fferences, This same effect waws apparent v@th
ascetate as substrate.

Comparison of Tables XVII on acetate to XXIII on acetoacetate show,
as 1s to be expected, that the grester part of the label is to be found in

the €09 fraction. There is also a significant greater incorporation of



Table X{III

Normals - Per cent incorporation of acetoacetate

Leg Muscle Diaphre gm

Co, Fatty acid Chol. €0y Fatty acid Chel,

Ji28 1o b8 0.1 0.03 16.9 0.27 0.0
JJ28 14.37 0.09 0.02 17,79 0.33 0.17
Ji-929  1h.5 0.05 0.05 15.2 0.47 0.03
JJ-330 9.27 0.08 0.01 19.1 0.50 0.0
J3-3k3 9.35 0.06 0.03  16.27 0.1k 0.03
JI-dbh  17.29 0.05 0.05 22.15 0.29  0.09
JJ31J 19.67 0.10 0.03 26,45 0.50 0.03
3332d 17,01 0.10 0.0k 14,73 0.30 0.02
Mean 14,57 0.08 0.033 18.57 0.35 0.056
S.B.  * 3.55 +0.017 001+ 3.19 £0,129  *0,051
S.B. % 1,25 +0,006 +0,005 # L1 +0.046  +0,018

Range 9.35-19.67 €.05-0.10 0.01-0,05 14.73=26.45 0.14=0.50 0,02-0.17

Takle XXIV

Diabetics ~ Per cent iﬁcerp&r&tiﬂn of agetoacetate and compariscn to normals

Leg Muscle Diaphragm

C0p Fatty acid  Chel. COq Fatty acid  Chol.

DJI36JJ 14,04 0,04, 0.008 18.21 0,086 0,035
DJ374d 10.56 0.034 0.013 9.6 0,088 0.009

DJ38JJ 8,82 0.025 0.008 17.34 0.086 0.01
DJILOII 4.8 0,008 0.002 7.3 0.032 0.005
ean 9.56 0.028 0.008 13.11 .073  0.015
S.0.  3.84 +0.0153 *G.002 + 5,48 +0.0274  #0.0137
S.E. rl.,92 30.0077 +0.001 * 2.7 +0,0137  +0.0069

Raﬂge L‘- . 8""‘1[& . 0!&» O . OQB-Q.GM 0 L3 982“0 » 013 7 L] 3"18 » 21 O QOBE"QQ 086 O. 005"'0. {)35

p 20,05 >0.05 & 05 > 005 <.025 > 0.1
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acetate into COp as compared to acetoacetate. Bobh mubstrates have to

be activated tc their respective Cod derivativesbefore they can enter
any metobolic pathwa, . In the case of acetoacetate this is done by the
succinyl=CoA transferase reaction yielding acetoacetyl CoA which may then
break down to two acetyl CoA molecules. These steps before the formation
of the acetyl proup might sccount for the decrease in incorporation from

acetoacetate,

V. CONCLUSIONS

Using an in vitro technicue, liver tissue has been cowpsred with two
skeletal muscle preparations, strips frow an adductor leg muscle and
diaphragm, in respect to the utilization of acetate and acetoacetate,

Liver slices appear to mé'babolize acetzte wore easily than they do
acetoadetate. Although a definite reason for this difference cannot be
given, it may well be that the zactivation of acetoacetate is the rate
limiting step. It is of imbefest that the difference in degree o meta-
bolism was greater for the formation of €Oy than it wss far the synthesis
of lipid.

Acetoacetlic acid would seem to be activated to acetoacet.yl-'-ﬂoﬁ by
liver tissue, but this resction is not thought to be quantitatively
significant. As far as is known, such activation through CoA is required
for any subsequent reaction. After activation the acetmeetyl-CoA can
be thiolytically cleaved to two molecules of acetyl-CoA. It is oﬁly in
this later form that acetoacetate carbon can enter the COp forming
reactions of the Krebs cycle., Both fatty acids and cholesterol can, |

however, be formed from the acetyl-CoA as well as from the acetoacetyl-CoA.
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It is poseibly because of this fuct that there is found proportionally
more CLb aetivity in the lipids than in the Gﬁz as one cowpares the
petabolism of the iwe compounds.

A gomparison of liver and rusele tiﬁsué, with either ncetate or
scetoncatats zs substrotes, reveals that muscle has a greater oxidative
capseity thon does liver, but liver has the grester llpid synthesis
eapacity. This cunparison is true on a unit tissue weight basis but ie
not true when caleulated for the total orgsn weight. Certainly the liver
tissue can produes lipid of » higher specific activity when presented
with a labeled substrate, but the muscle tissue can be resvonsible for a
considerable part of the total lipid formed in the body.

These present studics agree with previous studies fror this labors-
tory in that a defect in hepatic lipid synthesis is shown to be present
in the disbetic preperation. Use of acetoacetite as substmite extends

" the previous studies n»nd indlestes that the disbetic liver slice prepera-
tion also has a defect in acetoacetate utilisation., This finding is in
agreenent with the current concept regarding the irportsnce of DFAH and
TPEH as electron or hydrogen donors in lipld synthesis.

The rusele prepsrations frow disbetic animals show essenbislly
sirilsr metabulisy of acetate as conpared to the control group, with
acetoncetate there is a decrensed response of the labetic as conpared
to the noreal animels. Dlaphragm alsc shows a significant decrsase in
incorporation of labeled carbon fror acetoscetate into its fubily ascid
fraootion, It appeare that dilaphrage i= pore gclive in {sity acid
gynthesis than is leg ruscle, thus supporting the theory that a more

functionally sctive puscle 1s proportionally wore metabolicelly active,
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These results correspond with uptzke studies for similar preparations
previously reported by Beatty et al. (14).

Since no glucose was used in the incubating media, it can be assumed
that the normal preparations are already at a low level of synthetic
activity, and for this reason there might eppear to be no apparent further
reduction of activity in the dlabetic tissues., This situation perhaps
is nearer te true bioclogical conditions than it appesrs to be since it
has been postulated by Kipnis and Cori (47, L8) that "under steady state
conditions (without specific treatment) neither the fed, the fasted, nor

the diabetic animals contain free glucose inside the muscle cell.”



Vi. SUNMARY

1} &n in vitro technicue has been described for liver snd skeletal
puscle incubation, Tiesues from control and dobetic rats hove been used
to cospire the retabolise of lnbeled scetate and acetoacetate at tracer
levels,

2) The liver a vears to rotsbolize acelate nore readily than it
doss acetoscetate. This misght be dve to 2 decressed sctivation of aceto-
agetate by liver gells as compared to their activation of acetate.

3} The liver shows considersble activity for lipid synthesis from
seetate,

4) The musels preparations show some Jdegree of lipogenesis taking
place, but 2leo a very high oxidative metaboliss. Thie response agrees
with the anstomienl znd phyo ological function of mmacle and its need
for energy rroduetion.

§) In the diabetic state the liver shows decreszed lipopgenesis
from both seetats and acetoacetate although this decrease is not propor-
tional in the two substrates,

6) Under the experimental procedure followed in this work, the
diabstic musele preparmtims react with no significant Jdifference as
copp yed to the conlrol group, when acetate is the substrate., Aceto-

acetate utilization appeats to be decreased in the diabetic state.



1.

2.

3.

9.

10,

11.

iz.

13.

14,

i5.

- 86 -

BIBLIOGRAPHY

West, E. 8., and W, R, Todd. Textbook of Biochemistry, 2nd Ed. The
Maemillan Co., New York, 1955, pp. 522-523.

Chaikoff, I. L. and 5, Soskin., The utilization of acetoacetic acid by
normal znd diabetic dogs before and after eviseeration. Am, J. Physiel,,
87: 58, 1928«1929.

Campbell, J. and C. H. Best., Physiologic aspects of ketosis. Netabolism,
5¢ 95, 1956.

Richardson, H. B,, E. Shorr =nd R, O, Loebel. Tissue metabolism.
J. Biol, Chem., 86: 551, 1930,

Ewmerson, R. J. Lipogenesis in the Rat Liver Slice. A thesis presented
to the Department of Biochemistry and the Graduate Division of the

_University of Oregon Medical School, June, 1957.

Urey, L. B, Developmental Anatomy. W. B. Saunders Co,, Philadelphia,
1956, pa m6' :

Engelhardt, V. 4, Adenosine triphosphatase properties of nyosin.
Advences in Enzymol., 6: 147, 1946. ]

Sgent-Gyorgyl, A. Chemistry of LKuscular Contraction. Academic FPress,

Huxley, H. E. The double array of filaments in cross-striated muscle.
J . BiﬁphyS » Bit}chﬁm. Cytolq F) 3: 631"61&6, 1957 .

Willcie, D, R. Facts and theories about smscle. Progr. in Biophys.
Bi@phygn Ch@m., l&: 288—322, 195&-

Weber, H, H. and H, Portzehl. The transference of the muscle energy
in the contractidn cycle. Progr. in Biophys. Biophys. Chem., 4t
60-107, 1954.

Greene, E, C, Anatomy of the Hat. 'Trans, Am. Phil. Soe., Vol. XXVII,
1935.

Testut, L. and 4, Latarjet. Traite d'Anatorie Humaine. G. Doin and
Cie, 1948.

Beatty, C. H., R. D, Peterson, R. K. Bocek, and E. S, West, Aceto-
acetate and glucose uptake by diaphragm and skeletal muscle from control
and diabetic rats. J. Biol., Chem., 234: 11, 1959.

Green, D, E, Fatty acid oxidations and synthesis in a system of soluble
enzymes, in Biochewical Problems of Lipids, Popjak, G. and E. LeBreton,
Eds., Interscience Publishers, Inec,, New York, 1956, p. 233.



16,

17.

18,

19.

20.

22.

23,

2h.
25.

26,

27-

28,

29.

30.

- 57 -

Jones, ¥. E., F. Lipmann, H, Hilz and F. Lynen. On the enzymatic
mechanism of coengyme-A acetylation with adenosine triphosphate and
acetate., J. Am, Chem. Soc,, 75: 3285, 1953.

Jones, M. E., S. Black, R, ¥, Flynn, and P, Lipmann., Acetyl Coenzyme-A
synthesis through pyrophosphoryl split of adencsine triphosphate.
Biochin. Biophys, Acta, 128 141, 1953.

Berg, P. Acyl adenylates: An enzymatic mechanism of ascetate activation.
J. Biol. Chem., 222: 991, 1956.

Green, D, £, Fatty acid oxidation in soluble systems of animal ti.sues.
Biol, Rev., 29: 330, 1954.

Renold, A. E., J. Ashmore, #=nd A, B, Hastings. Regulation of carbo-
hydrate metabolism in iscl-ted tissues., Vitamins and Hormones, 1l

139, 1956.

Symposium: Chenristry and Functions of Ceoenzyme-i, Federation Proc.,
12: 694, 1953.

Stern, J. R., ¥, J. Coon, and A, del Campillo. Enzymatie breakdown
and synthesis of acetoscetate, Hature, 171: 28, 1953,

Green, D. E., D. S5, Goldman, S. Mii, and H. Beinert. The acetcacetate
activation and cleavage enzgyme system. J. Biecl, Chem., 202: 137, 1953.

Lipmann, F. Acetyl phosphate. Advances in E zymol., 6: 231, 1946.

Lynen, F., U. Henning, C. Bublitz, B. Sorbo and L. Kroplin-Rueff., Der
chemische mechanismus der acetessigsaurebildung in der leber. Biochem. Z.,

Lipmann, F, Considerstions of the role of coenzyme-A in some phases of
fat metabolism. Fat Metabolism, Synposium on Clin. and Biochem, Aspects
of Fat Utilization in Health and Disease. Edited by Viector A. Najjar.
The Johns Hopkins Press, Baltiwore, 1954.

Beinert, H., D. E. Green, P. Hele, U, Hofframn-Ostenhof, F. Lynen,
S. Ochoa, G. Popjak, and R. Ruyssen. Nomencleture of enzymes of fatty
acids in metabolism, Science, 124: 614, 1956,

Levine, R. and ¥. S. Goldstein. On the mechanism of action of insulin.
Recent Progr. in Hormone Research, 1l: 343, 1955.

Park, C. R., J. Bornstein and R. L. Post. In vitro effect of insulin on
free glucose content of rat diaphragm. Am. J. Physiol., 182: 12, 1955.

Park, C. R., L. H, Johnson, J, H, ¥Wright, and H. Batsel. Effect of
insulin on transport of several hexoses and pentoses into cells of
ruscle and brain. Am. J. Physiol., 191: 13, 1957.



31.

33.

34.

35.

36,

37.

39.

40.

1;.10

45.

- 58 «

Glock, G. E,, P, Mclean and J. K. Whitehead. Pathways of glucose
catabolism in rat liver in zlloxan disbetes and hyperthyroidism.
Biochem. J., 63¢ 520, 1956,

Brady, R. O., A, Mamoon, and E. R. Stadtnen. The effects of citrate
and coenzyme A on fztiy acid metabolism, J, Biecl, Chem., 222: 795~

Langdon, R. G. The reaquirement of TPN in fatty acid synthesis,
J. Am, Chem. Soc., 77s 5190, 1955,

Cockburn, R, M, snd J, T. Van Bruggen, Acetate wetzsbolism in vivo:
Effect of refeeding. 4J. Biol. Chem., 234: 431, 1959.

Somogyi, M. Determination of bloed sugar. J. Biol., Chem., 160t 61,
69-73, 19L45. -

Umbreit, W. W., R. H. Burris, and J. F, Stauffer, Manometric Techniques.
Burgess Publishing Co,, Minneapolis, 1957.

Flwood, J. C., Thiol acyls znd acetate metebolism., A thesis presented
to the Department of Biochemistry and the Gradvate Division of the
University of Oregon Medical School, June, 1958,

Krebs, H. A., K. Henseleit, and J. Eggleston, Metubolism of aceto-
acetate. Bilochem, J., 39: 408, 1945,

Fiald; J, Respirstion of tissue slices. Methods in Med. Research, 1:
289, 1948,

Hutchens, T, 7., C. X, Glaizamb, W. J. Cathey, and J. T, Van Bruggen.
Technigues in the use of C1% as a tracer. II. Preparation of BalOj
plates by centrifugation, Nucleonies, 7: 38-48, 1950,

Zlatkis, A., A. J. Boyle and B, Zak. A new rethod for the direct
determination of serum cholesterol. J. Lab. Clin. Med., 41t 486-492,
1953.

Bloor, W. R. Irheritance effect of exercise on the phespholipid snd
cholesterol content of muscle, J. Biol. Chem., 1323 77, 1940.

Wong, R. K. L. Lipid synthesis and turnover in the diabetic rat.
A thesis presented to the Department of Bilochemistry and the Graduate

Division of the University of Oregon FMedical School, June, 1958,

Pavl, ¥, H, and E, Sperling. Cyeclophorase system. XAIII, Correlation
of qyclophorase activity and mitochondrial density in atri3ted muscle.
Proc., Soc. E«per. Biol, Med,, 791 352, 1952.

Weinhouse, S. and R. H. Millington. A study of ascetoacetate turnover
in ret liver slices in vitro., J. Biol. Chem., 193: 1, 1951.



hé,

L7,

48,

- 59 -

Weinhouse, §., R. H., Millington, and M. E, Volk. Oxidation of
Isotople palmitic in animal tissues. J. Biol. Chem., 185: 191, 1950.

Kipnis, D. M., E. Helmreich, and C. F. Cori. Studies of tissue
permeability. IV. The distribution of glucose between plasma and
ruscle. J. Biol, Chem,, 234t 105, 1959.

Kipnis, D, ¥, and C, F. Cori, Studies of tissue permeability. V. The
penetration end phosphorylation of 2-deoxyglucose in the rat diaphragm.
J. Biol, Chem., 23]&3 171, 1959-



ACKNOWLEDGEMENTS,

The author wishes to express sincere appreciation to: Dr. J.T.
Van Bruggen for his interest, helpful eriticism, suggestions,
and patience throughout the development of this project; to Mr.
JoC. Elwood and Miss Jean Seott for their advice and technical
asgistance, and to Miss Mary Lou Zurcher for her typing of thie

thesis,





