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SUMMARY

rn in vitro metabolism of fructose and glucose and the glycerol release by adipose

tissue of normal fed, fasted-refed, acutely and chronically diabetic rats were studied and

the effects of insulin were investigated.

Glycerol release I)y adipose tissue of fasted-refed rats exceedled timat of normal fed and

diabetic rats.
In all four groups of aniummahs timat were studied, basal glycerol release was higher with

frumetose thman witim an equal concelltration of glucose in time medium.

Immsulin inhibited! glycerol release by adlipose tissue in all groups of rats with fructose

in tile mediumm. In fed rats a barely significant insulin inlmibition occurred also in time
presence of glucose, and in fasted-refed rats it was independent of whether a hexose was

present in time nle#{128}!iumimor not.
The followi�mg effects of insulin on tissue of fasted-refed rats incubated in the absence

of imexose were ol)served : Inlmibition of glycerol release wit.im a dose effect relationship be-
tweei’i it) aumli 250 1iunits insulin per nmihliliter ; partial inimibition of glycogen breakdowmm

dumriimg incul)ation ; (hinminishme(l lactic amldl l)YI�Fm\’ic acid release ammd a rise of the lactic to

l)Yt11\�ic IIC1(l ratio. Tlimese sitii�e (ffd’(ts were also exerted l�’ time aultihipolytic drug 5-metim-
ylpymazole-3-carboxylic acid!, whmich does not stimmmulate glumcose umptake.

At eoummparable rates of imexose uptake insulin d!dcreaSed! ilmcorl)oration of hexose-14C into

glvceuid!e-glycerol aum!, conversely. increased! fatty acid! synthesis. Tlmese deviatiomms of

imexose-’’( mmmetabohisnm dume to inuimmi could! be explained as sequmelae of time ammtihipolytic

(‘fld’(t. of insulin.
A hypothesis is alivallced! accord!iumg to which insulin mimigimt 1)lock time activity of hipo-

h)IOteiil hipase tO\Vamdl intracellular triglycerides wimile increasing its activity toward extra-

cellular triglycerides.

IN1Rt.)i)t’d”l’ION

Pmc\ious work fromii this laboratory (1,
2) suggests that adipose tissume may be an

important site of fructose metabolism die-

spite time absence of a specific fructose path-
way (3). Fructose is transported into adi-

pose tissue by a d!ifferent carrier mecimanism
fmoumm glucose anti i)ilosphorylation by Imexo-

kimmase is poSsil)le i)ecause virtually no lice
glucose whicll would coimmpete for pimos-

l)iioryiatioum is present intracelluharlv (2,
4-7).

Time metabolic #{128}!isposal of laI)cled fruc-

tose-11C ant! giucose-14C by adipose tissue

of fedi rats with and without insulin stimu-
latioum was very sinmilar, anti we tentatively

concluded timat insulin did not affect hexose
metabolism ill any specific way other than

by immaking immore hexose available to the
cellular enzyme machinery (2). Similar

2S()



INSULIN ON ADIPOSE TISSUE LIPOLYSIS 281

Mo!. Pharmacol. 1, 280-296 (1965)

studies Imad led Jeanrenau(i and Renold (8)
to the same conclusion. Time results of

Leonards and Landau (9) imowever sug-

gested that insulin specifically stimulated

glycogen syntimesis, fatty acid synthesis,

and time oxidation of carbon-i of fructose

to ‘4C02.
‘�Ve later Oi)selVe(i an inimibitoiy effect

of insulin on glycerol release anti glyceride

glycerol formation whmich was particularly

pronounced ant! was intlependent of hexose

in tissue of fastet!-refed rats. Timis effect
of insulin on hipolysis is analyzed in this

paper and viewet! to reinterpret new data
on time effect of insulin on glucose and

fructose metabolism of adipose tissue.

This report extends observations pre-

semmted elsewimere in prehimimmary forum ( lifi

METHODS

Some of time mimet.hods umsed have been

described elsewhere (2) . Glycerol, lactic

acid, and pyruvic acid were determined by

the enzymic nmetimods of Bergmeyer (11)

using time reagents of Biochimiea (Boelm-

ringer, Mannheim, flerimmany) . Time nmedia
were deproteini zed with sodiunm hydroxide

and zinc sulfate instead of perchioric acid.

Since it is immmpossible accurately to iueas-
ure glucose or fructose uptake wimen their

concentrati&ns in time medium are high and
the ratio of time volummme of time medium to

time anmount of tissue is unfavorable, aim
approximation of time imexose uptake was
obtainet! by adding time results of time oxi-

diation of labeled imexose-1 ‘C to 1”C02 to
timose of its incorporation into time total

lipids, the two of whicim togetimer account

for 70% or nmome of time actual imexose up-

take (2 ) . This value is sonmet.imes referred
to as “hexose umptake” in time text and in
some figures.

Total lipids were extracted accort!ing to
Folch et al. (12), and time extract w’as taken

to dryness and washed with isooctane:gla-
cial acetic acid (1:1) (13). Time fatty acit!s

were obt.ained by lmydrolysis of the total
lipids in alcoholic KOH, and incorporation

of hexose-1�C into time glyceride glycerol

fraction was calculated as the difference b)e-

tween the counts in time total hipi!s anti

those in the hydrolyzed fatty acids. Time

free fatty acid!s in time medium were cx-

tracted and titrated according to Gordon

( 14) . The dried fat-free tissue was digested
in 30% KOH, and time glycogen was pre-

cipitated! with cold ethanol and twice re-

precipitated before counting. Carrier glyco-
gen was used as a precipitating aid for time

tissues with low glycogen content, whereas
sod!il,mm’fl sulfate ��‘as used for tissue of

fasted-refed rats. In time hatter instance the
glycogen was deposited! on filter paper,
counted!, subsequently imy(lrolyzed in 1 N

HC1 at 100#{176}C for 2 lmr, antI determinedi as

glucose using glucose oxidase.
All time rat!ioactive sammmples were coummted

on aiuumlilmummmm plancimets in a windowless
flow counter (Nuclear, Chicago) . Uniformly

labeled glumcose-1’C almd fructose-14C were

pumrcimase(! froumm time Radiocimemmmical Centre
(Ammmershmaumm, England ) , and were chironmato-

guaphmicahly lmumre.

Guinea pig ammti-insumiin seruni was pro-
(luced simmmilarlv to i\Ioloimev and Coval

( 15) . ‘i’hme (!etaiis of the J)roce(!umme umay 1)e
fount! imm aim earlier h)uubhieation ( 16 )

Crystahlimme pouk insulin �vitlm aim activity
t)f 23.9 umnit.s/mmmg was kindly sumpj)hie(i by

i)r. .J. Schhichmtkruhi (Novo Terapeutisk

Laboratoriuumm , Copenimagen ) . 5-1\Ietimylpyr-

azole-3-carboxyhic acid (U-19425), a new

hiypoghycemmmic agent (17) synt.hmesize(i l)y

��j0h1n, Kaianmazoo, was a gift. of 1)r. G. C.
Germitseul of time Ui’mj olmn Couimpaim’v.

Time immcubation �vere cairied out iim a
“s\arbuiug ai)h)aratlms. aum(! time mne(liuulml used

timroughmout was Jrehs-ltinger i)icarl)onate

bumifer commtaiimimmg either 200 immg gelatin per
100 nml or albumin1 in a concentration of 3

or 4 g/100 n’il as sl)ecified in time legends of

time tables and figumues. 1�ach experimnent

was carried out withm poolet! epididymal

atiipose t.issi,me of 12 or immore rats as the-

scribe(! earlier (2. 16 �

Four groups of pulel)re(I Osborn-Meimdel

rats were used:
1. Normal fed rats: These rats received

A highly purified all miniin irepaumt ion, fiat-

tion 5, Lot No. 6001 of the Bi�ut spdndeditnst des

Sehweizerischen Roten Kreuuzes, Rein. which con-

tamed 20 �ieq free fatty 1(i(ls per grant and no
iimsulin-like or insulin-inhibit orv act ivitv, was

(liP.
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a ucguham T�imt’imma IhIOW tiitt. ad hih)itumlm and
w�eut� saci�i ui((’(! I �y � i((�Ih � tat ioim w’hmtum thm(iy

weighed! l)d’tW(CIl I 30 ttil(i 16) g. �I’hme weight

of t I me rats usta! f u a tm’v oume Pod)l ( lit! ilot

difler by illoil thou 15g.

2. l’astetl-uefet I u:its : Iii(�e I�ttt, ��eighi-
iumg 1met�veeim 1 60 aumd I 85 g before fastimmg,

\V(’le starved for 72-i 20 imr rumc! timemm itfed,
il.1 mmiost eXl)erilmmeilt foi’ 24 imr, �vitim a hmighm

cari)ohmvdrate-how fat. (hiet coimsisting of oat.

flakes, c3ui()ts, h)mea(!, aum(! 10 g of sucrose

ier I 00 iii! (iuinkimmg water.
3. Acutely t!iah)etic mats: Alloxan was imm-

jectet! into time tail veimm of rats weigimiimg

115-130 g after a 24-lmr fast in a tiose of

45 mmig/kg. Thereafter time rats imad free

access to foot! ; 48 hr hater, a 1O-d!ay course
of immsimhin thmerap’v with 2-4 units of insulin

Lente tinily was started!, thmring wimichm time
t.he aninmahs gaine(i weight in a nornmal

fashmiomm. Time aninmahi \vel�e killed in diabetic
ketosis 72-96 him after time last insumhin in-

jection, i.e., after 48-72 him’ of insulin tIe-
ficiency. A immornitmg 1)100(1 iumgar of 300 mmmg/

100 am! 48 hr after time last insumhin injection

amm(! a weighmt-loss of 10 g or nmore served

as criteria of acute tiiabetes.

4. ( hironicahhv (1i111)t.ti( ntts : Rats �veiglm-
iumg 170-190 g \V(l(’ ahloxanizeci imm time sanme

Immaimul(’u� Its time acutely (!imlbetiC rats. They

were umot. tueate(.i With immsuhin, however,
aIm! wert sacuificet! 120-144 1mm’ after al-

loxtum adlummiimist umit ion. lime cuitei�imt of dia-

betes \V(le a ii Id)rumiimg I )loo(! sugam ai)ove

300 ummg.“ I 00 nih 011 time tla�’ before sacrifice

and a weighmt loss of 10 g or ummore. Many
rats diN! h)eft)i(� (lie stam�t of time experiumment.

RESULTS

Glycerol Release 1n� Adipose i’issue of Fed,

Fastcd-Refeil, anti 1)iaiictic Rats and time

Effect of Insulin Thereupon.

fllvecuol release liv tissue of fasted-refed

aimiimmals was much greater thamm timat of all

d)tiieu groups of rats (Table I). Tissue of
atimtelv aim.l chiuommieahlv tliahetie rats was
immoue active thmaum tissue of mmouimmal aiminmals

(P < 0.005 anti <0.001 respectively). In
all four groups of rats ummore glycerol was

puoduce I wit Im futict ose t hmamm wit im glucose

ium time ummediimtmm.When time sanme data were

expressed pet’ fat pat! iumstead of 1em grain
tissue, time fat Pulls of fastet!-refed rats

still were time mmmost active ones. Glycerol

release Imem fat i)�t(i \V15 of ap�)roxiunately

time sammme ummagmmitum(Ie in time acumtely dial)etic

aumd in the normmmal feth aumimimals aimci somne-
whmat lower in the chronically diabetic

rats.
Immimibition of glycerol release by insulin

in time presence of glucose was higlmly sig-

nificant iim fasted-refed and barely signif-

icant in time nornmal fed rats, whereas an
insignificant st.iummuhat.ion was oI)served in
time acutely diabetic groump. Whmen fructose

�s’as time substrate, insulin inimibited glycerol

release in all 3 groups of rats timat were

studied (Table I).

Characteristics of the Lipolytic Activity of

Adipose Tissue in Fasted-Refed Rats

witho a t and with Ins nun Stimulation

Relative independence of time presence of

glucose. In 5 exl)eiiflments with I)Ooled epi-

didymal ad!ipose tissue of 72 hr fasted-24

imr refed rats, time basal glycerol release was

6.82 ± 0.49 (mean ± SE�’u1) aumd 6.83 ±

0.60 1cnmoles,/g/imr, respectively, in time ab-
sence ammd imrcscmmcc of 200 nmg glucose per

100 umml. Time glycerol release was inimibited
by 1000 �tumimits insulin per mmmlto 1.06 ± 0.14
ant! 1.53 ± 0.17 �nmoles/g�imr, respectively,
in time al)sence ammd presemmce of glucose (P

< 0.05) . In otimer experimeimt.s, insulin in-

hii)ite(I time glycerol release to between 12
aim(i 22#{231}/cof time baseline, and immimibition

regularly was less nmarket! withm glucose in
time immediummmmtitan withmouut it.

i)ose � relationship betu’een in-

sulin concentration and inhibition of glyc-

erol release. As Fig. 1 shows, a significant

illilii)itioul of glyceuol release by adipose

tissue of fasted-uefed mats was observed! at

31 1.thmulits iim�i..ihiim i)d’1� nmillihiter. Time insulin

effect h)eeaimme near maxiummal at a concentra-
t.ioim of 250 1cimmmit.s,�immi. nile simape of time

curve was nmdeh)emmdemmt of whether glucose

was present in time nmediumimm or imot. Time

otmt.pumt of lactic acid was also suppressed

by insuhimm, i)ut. oumlv in time absence of

glucose iim time mimeliiuuln. Insumhin inhibition

of lactic acid! release vamied considerably

in nlagnitude fronm one to time otimer t.issume
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1�1G. 1. Effect of insulin on release of glycerol

‘imid lactic acid by adipose tissue of fasted-re fed

mats in the absence of glucose

Two pools of cpidhdymal adipose tissue each

from 12 rats �vere use(h. Oume group of animals

was fasted for 72 hr, the other for 144 hr, and

all animals �sere refed for 24 hr. The Krebs-

Ringer bicarbonate buffer contained 200 mg
gelatin per 100 nil and no glucose. The results
are expressed as time percentage of the value in

the absence of insulin. The means of time results

of 4 flasks and the SEM arc given.

pool, and it becamne significant at an insulin
concentration of 62 �units/ml.

Release and uptake of free fatty acids.

The release of free fatty acids by adipose

tissue of fasted!-refed rats in the absence
of glucose froimm time nmedium averaged 5%
of that expected theoretically on time basis

of a 3 : 1 Fltti() of free fatty acids to glyc-

erol (Fig. 2) . 1mmotimer experiumments, adipose
tissue of fasted-refed mats was incubated in
a nmecliuun containing I .58 1ceq lice fatty

acids per ummilhihiter and no glucose. Under

thmese colm(hitions time tissue took UI) 3.71 ±

0.29 j.teq free fatty acit!s per granm per hour
(meaum ± SE:’%I, 71 :ii�: 8) in time absence of

insumhin. Immsumhimi stinmulateti time free fatty

acit! ul)take to 6.56 ± 0.76 1teq/g/hmr (P <
0.01 ) . Time glycerol release was independent
of time commcentration of free fatty acids.

Glycerol anti fi’ce fatty acid release and

the effect of insulin thereon as a function

of the duration of the refeeding period. As

shmown in Fig. 2 basal glycerol release in-

creased to a immaxinmum between 24 and 36
hmr after time beginning of refeeding and

timereafter slowly fell off again. limsuhin
inimibition of glycerol release was most pro-
umounced w’hmen basal glycerol release was

hmigh. Time glycogen content of the tissue
determined at time end! of incubation was

not measurable in fed rats anti it was at a
nmaximuumm level after 48 hr of refeeding
fasteti rats. Time smaller time rats and the

longer time fasting period, the higimer was

time glycogen content and time glycerol re-

lease after comparable refeeding periods.

Reversibility of insulin inhibition of glyc-
erol release by the addition of anti-inst/un

serum in vitro. Glycerol release was deter-
nmined kilmeticaihy witim and without insulin

in time nmediumn and before and after anti-

insulin serum was added to the mediummm
from time side ann of time Warburg vessels

(Fig. 3 � . During the 2 hr of incubation
virtually no glycerol was released by the

tissue that was under the influence of in-
sulin. At 30 nmimmafter time addition of anti-
immsuhin serum, time tissue started again to

release glycerol at a rate similar, although
not qumite equal, to timat of time unstimulated

tissues.

Consequences of the Antilipolytic Effect of

InsUlin for the Metabolism of Uniformly
Labeled Glucose-’4C and Fructose-14C

In time exl)eriflmelmt represemmted in Fig. 4
1mexose�’’C incorl)oration into C02, total
lipids, tissume fatty acids, glyceride glycerol,

ant! glycogen were deternmined at different

rates of imexose uptake i)y tissue of fed rats.
Time imexose uptake was forced either by
increasing time fructose concentration or by
iimcubating in time presemice of 1)0th fructose

and glucose in the immediummm, or, alterna-
tively, by the addition of insulin. Hexose
incorporation into all timese nmetabolic moi-
eties lose proportionately to the imexose up-
take ammd did not appear to h)e influenced in

any specific way by immsumliim.

Time same experimental design was also
mused! to stumdv time nmetabohisin of tissue of
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� Refe eding Carbohydrate 1
Fia. 2. Glycerol am! free fatty aeni ,elt’a.�e 011(1 glycogen content of adipose tissue of fastcd-refed

rats with and without insulin stimulation as a function of the duration of rcfccding
Two groups of animaLs with a fasting period of 72 and 120 hr, respectively, were used. The tissue of

4 animaLs was pooled into 4 flasks, two of which contained insulin. The Krcbs-Ringer bicarbonate buf-

fer contained 4 g albumin per 100 ml and no glucose. The incumbation lasted 2 hr. Time nmeans of the

results of two flasks and their range are �hotted.

fasted-refed rats (Fig. 5) . Incorporation of

imexose-14C into ‘4CO�, total lipids, andi

glycogen rose in proportion to time imexose

umptake wimether insumlin was present or not.

Witim 800 rug fructose ler 100 ml in time
medium the fructose uptake was similar to

that occurring at 200 mg/100 ml together

witim insulin. In time absence of insulin immore
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A pooi of epiditivnmah tL(hul)OS( tissue of 16 rats was used. Each flask coumtained 2 ummiKrebs-Ringer
1.)i(ail)Onat(. hutIt�i with 3 g albumin per 100 ml and no glucose. Anti-insulin serum, 0.1 ml with an

iumstillfl-fldllt u:tlii.ing c:Il):m(it \� of 50 niunit s, was added! from the side arm of the \Varburg vessel 30
mnmn after tlti’ st :irt of t he inuleltmon, is in(iicated i�y the arrow. �Fo the control flasks 0.1 un! normal

guinea pig st’ruin was adled at t lie san�e tin�e. “Ihe brackets indicate time results of the two flasks.

(�a ui iuim-1 4 � i Imcori)olat tI I into glycemide-
glvceuoi aimd l(�55 iimto time tissue fatty acids.
(fl\-ctm�ol aumd lactic acid ielease were conm-

p:tuatively lower. ammd time glycogemm conteimt
at time cumd of imlcumh)mmtion coummi)aratively

hmighmer Uim(lii iumsumliim stiummuiatioim timaim �vith-

out it. Newly svimtimesized glycogeum_l1C. was
between 1 �timtI 2� of time total tissue gly-

cogen ummli!(r mill comm(iitioums except. wheim time

glucose uptake rose to veiv imigim levels

uumdleu iimstmhin -t iummiulat 11)11 ( 1 5� )

(fluueose (Olmd(imtittiOuis (If 25 aumd 800
mug I 00 mmmlin t lie aiISemm(e of insulin aimd

t)f 25 mmmg‘1 00 umml in time l)mesemmee of timree

tiitIt�uuuilt immsuhiim colmcelmt uat ions were usei

iil aumothmer cxi)euinmelmt � Fig. 6� . Iumcorpora-
boum of (album- I 4 into � (‘().. total lipids,

tUlt! t issue glv(ogeml I05( imm PmoI)omtion to

time siuimm d)f timt iumeorpt)latioum of glucose-’C

intt) CO2 I dims tOtlil lipids. \\hmeum insumhimm
\\.as abstint I hm(� tis5ui(� iumcorpomatei! rela-

tivelv nmore (ari)omm-1 4 iimto time glycerit!e-

glycerol ummoiety and accordingly less into

time fatty acids timaim time tissue ummder insulin

st.iuimulation. �fotal tissue glyeogen at time

teinmination of time ilmcul)ation was consider-
ai)lv imigher uimc!er insuhium stiummulation than

ii) time Imoimstinmulatel fat i)ads. Glycogen
svmmtimesis (hmriimg immcui)ation aimmounted to

less timaum 2% of the ghycogen content and

� timerefore, too smmmahl to iimfluence sig-

umificammtly time giycogen balance.
Time results of five exl)emilmments in which

t ime fruictose immetabohisnm i)y adipose tissue
of acutely diabetic rats was studieti at 200
tug imer 100 mmmlwith itIl(i witimout insulin

mumd at 800 mg per 100 ml are summmmarized
in Fig. 7. tITlme results are pmesented as the
percentage chmange of tilt result obtained at

time low fructose coumceumtiation (200 nmg/100
immi) without. insuliim. Time latter was arbi-

tiai�ily set. at 100% aumd time percentage in-

(lease of fructose uptake on time abscissa
\\�as (omudlatel! with tiit �)eucentage change
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ADDITIONS TO MEDIUM:

GLUCOSE mg/IOOmL 200 - - 200 200

FRUCTOSE mg/IOOmL - 200 800 800

INSULIN �iU/mL - 000 - - 000
I-

GLyceroL ReLease 2.0

�imotes/g/h 1.0

�0

Lactic Acid Release �0

pmoies/g/h G5

3.0

I.0H-#{247}Gtycogen
�umotes/g/h

#{149}�t:�

25

-.�TL .0 20

H -� FA A.

-.� Gi�gL so
15

�moLes/g/h
l0

5

Hexose Uptake

Mmotes/g/h

H -#{248}C02 ..o

�imoLes/g/h

I0

5

ib 20 30

FIG. 4. Correlation of imexose u;mtakc arni hd?xose inetabo!is,,m btj adij)ose tissue of fed mats orer a

wide range of hexose uptake in the piesemmec and absence of iimsuli,m

Pooled epididyimmal adipose tissue of 12 rats was usedi. hrei)s-Riumger i)icarbonate buffer with 3 g

albumin per 100 ml was usedl. The incubatioim hasted 3 hr. As mumestimate of the hexose uptake the re-

suits of oxidation of labeled hexosc-’4C to CO� and those of in(oil)ouation into total lipids were added

together and plotted on the abscissa. Time nmeans of the results of 2 flasks are given. Time open svnmbols

denote the presence of insulin. H = hexose; TL = total lipids; FA = total tissue fatty acids; GI-gi =

glyceride ghycerol.

of various ummetabohic induces on time ordi-
nate. Oxid!ation of cari)on-14 to “CO2 in-

creaset! to time sanme extent wimetimer time
fructose uptake was forced by immcreasing
its conceimtration or, alternatively, by add-

ing insulin, whereas the response of time

tissume was different with regart! to all other

umletabohie immdices registered in Fig. 7. rfimus
insulimm significantly decreased time glycerol
and lactic acit! release and time incorj)ora-
tioim of carl)on- 14 iumt.o glyceride-glycerol,

wimereas raising time fructose conceumt.ration

to 800 nmg/100 mmmlresulted in aim increase in
all timese ummetabohic iim!ices. above time level
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ADDITIONS TO MEDiUM:

GLUCOSE mg/iOOmL 200 - 200 200

FRUCTOSE mg/iOOml 200� 800 -

INSULIN pU/mI - 1000 - - 1000
4

6
Glycerol ReLease #{149}.o

�umoles/g/h �
I.

Lactic Acid Release
,umoles/g/h a.� 2

I

Tissue Glycogen
pmotes/g 3.0

2D
H-�Glycogen 1.0

�moles/g/h ..o

La
30

20

10

IS

-#{248}�TL#{149}.o

H-FA L.A 10
-#{248}�Gl�gLU.O

,umoles/g/h 5

IS

10
H-*C02
,umoles/g/h

S

�se Uptake
pmotes/g/h

l#{224} 20 30

Fic. 5. Correlation of hexose uptake and hexose metabolism by adipose tissue of 120 hr fasted-24

hr refed rats over a wide range of glucose uptake in the presence and absence of insulin

The conditions were identical with those described in the legend for Fig. 4 with the exception that

12 fa.sted-refed rats were used. The open symbols denote time presence of insulin. Abbreviations same

as in Fig. 4.

at time low frumctose coumceimtratiomm. Fatty
mt(id! svimthesis was nmoie mimaiketily stinmu-

latd I i.)\ insulin timamm liv time hmigim frumctose

(oumcent ration.

]!((/t(, FmiS/li of Insulin Action on Lipolysis

ial)le 2 slmow� results omm the effect of

insulin on time release of lactic and pyruvic

a(i(I by adipose tissue of fasted-refed rats.
in time aI)sence of a caml)oimvduate suh)strate

imm time nmedium insulin caused a relatively
greater decrease of time pyruvic than of the
lactic acid release, whereby time ratio of

lactic to l)yruvic aciti rose significantly. At

a commmparahle glucose uptake this ratio was
significantly greater in the presence of in-

sulin timan in its absence. Wimen the glucose

concentration was raised to 200 mg/iOO ml,
insulin no longer affected the ratio of lactic

to pyruvic acid. With fructose as substrate
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ADDITIONS TO MEDIUM:

GLUCOSE m�/I00 ml 25 25 25 25 800

INSULIN �iU/mL - 50 250 1000 -

4 4 4-

i2�

Glycerol Release

�moles/g/h 80

�o

#{149}N.
�

� � #{149}_%._.. I
�

�,/�

Tissue Glycogen
pmoles/g

0.50

0.25
G-� Glycogen

�JmoLes/g/h ..o

LA
30

�

20 � \
a

10
.-�

�moles/g/h 7.5-eTL #{149}.#{176}6 -#{248}FA L.L-#{248}�Gl-gl S.D 5.0

2.5

-.

#-.,

‘S

� v,

-

5.0
G-�CO2 #{149}.#{176}

Mmoles !g/h
2.5

.------ Glucose Uptake
,umotes/g/h

:t 2.5 � � 10.0 2.5 15.0 1.5

Fia. 6. Correkmtion of glucose uptake and glucose nietabolism by adipose tissue of 120 hr fasted-!4

hr refed rats over a wide range of glucose uptake in the presence and absence of insulin

Epididymal adipose tissue of 8 rats was pooled into 15 flasks. Time means of the results of 3 flasks

are given. The conditions were identical to those described in time legends for Figs. 4 and 5. Time opcn

symbols denote the presence of insulin. G = glucose ; other abbreviations same as in Fig. 4

insulin suppressed time release of lactic and

pyruvic acid to the same extent, leaving
their ratio unchanged.

Finally, the results of an experiment in

which the effects of insulin were compared
with those of another antihipolyt.ic drug,
5-methmylpyrazole-3-carboxyiic acid (U-

19425) , are given in Table 3. Time effects

of botim substances were qualitatively sinmi-
lar. Glycerol release was markedly imm-

hibited i)y insulin as well as by U-19425,

both of whiclm brought about a rise of time

ratio of lactic to pyruvic acid. The break-

down of tissue glycogen during incubation

was partially blocked, and the corrected
net gas exchange was higimer in time presence
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I�m(;. 7. (�(tmmtja ?SO1t of t he m ��1i ((5 (if ,)(.�it !�mt (10(1 !/t(i(OSlltq fimulose � it I rut on ott a(/tJto.�e I issue

1/tm til!)(ili.�Ol of i/(’�tf( 1i� (IU1()t 111. I�ts at � rim/i S (if fittetose t/)t(II�C

�fl P ti isi�mssa i ii .im t it es t he Is ii lit :imze llmcu(:tS � (if I I me fruit ose ti� it ike ovci Ilti I 1 1 iOVe t I tat Oi(llt1ing at

200 tic fruit O�( � � ill 100 mimI, i mmI t lit, ol lmim:mte t mc coniounmt tnt I1�t1(�Ise of t me respect mve nlet:LhOli(. in-

(lm(CS. iulmct use iii it ike ��as (011 11 ut cml fuoui� t lte lum(orI)ouat i(.)fl of fruit (.)Si-11C iumt o � i��) and total lipids.
The utstmlt �i (ii)t :1 timid at a 1111! use (.)IIii mit rat ion of 200 mug � l()0 iiml \scue set at 100� � . F’mvc 1)0015 of

tissne ftsiin 12-iG uat,m �veue asciI t(ir time il:mt:m on the Insltlmum ttItits mimI till �-iItt( films tivi ;mililmtmonal

I)��l5 fta ii Use 1)11 mfliIe:Ls d tim i I ()S( oltien I ia I mon. lIme means afli 1 I lie � I. M ate mzivetm

(I f t hm(�( a umt I I i � IOlV t 11 sal ct an((s t lUtH ill

tlt(iu ailseImcm. Assuimmiimg timat glvcogen was

t.iI( mmma�or J�tcUIsom of ht(tid a(i(i. i)ymuvit

LOll 1 a imI I (m-g1vtdIo� )hmt)sl II Ut t I. t iltil mesuilts

\\(I( t I It a he I :tmmI coummi)a ue I \vit it t lie tie-

dicase (.)f glvcogt i m dummiumg imm(ui)atidlml. Con-

sideraillv ummome glvcogemi �mms l)Iol�mm down

(!llIi mmt� i umcu I ait ion I imaum tutu l( I 1.11 ac(ouulmte( I
fom 1 IV time stint of time ai )t)ve-mmm(ntione(.!

immet a I 1(11 i tes.

DISCUSSION

ii t( l(lda�-t d) f fume fat t v a(itIs fiot mm ad!i-

I)()se tissue � govemumed I my time mate of lil)Ol-

:\sis 1111! i)� time u.ate of ueestemifieation of
timt fmt fatty acitis (18-21 I . lime latteu

(!(iIeuI(i�- on the availability of cauboimv-

(hat (i, � .e., uummier most (oIm(Iitiomms on time

uptake of glumcose fumrmmisimilmg (I-glycemo�)hos-

pimate. Givcemol release on time other Imand
itihicts time rate at. wimichm mmmoomoglycerides

ai.e im\dmT)lVZtt!. aim! siimce timis uate is sup-

I)0st�dl to be (ic etummimmed by time emmzymmmic hy-
d!I’t)l\siS of triglycerides, wimicim h)roeee(ls at

a slower rate thamm that of time ummoimoglyc-

eIi(ics t 22, 23 t . t I I( giveemol melease immay

also h)e takemm as aim ai Ii)ioximflatiofl of lii)Ol-

ysis at time level of time triglycerides. It imp-

ieams hil�lv tlmat rtesterificatioum of time di-
glveemi(Ies is tjumammtitativeiy imniimmportant

aumd that. it does not. immterfere to aimv great
extcmmt imm time asstssmmmeimt of lipolvtic actiV-

ity as ,jll(!gt(1! i.)y time glycerol melease (24)

( �iV((u(Ii uelease i)t1 guaimm (�)f tissume was

lmigimeu jim acutely (!iah)etic t hmamm iim norumal

fed i�tts I ut about eqimal wimeim time con-

si(!erai)!e simminkage of time tissue was taken

into aecouumt. aumd the results were expressed

i)tI fat l)a(l. �fimis (10(5 imot , however, Pre-
elude 11(1 fatty mitid release by time diabetic

1( iij )Ost tissue siumec it imas l)een demmmon-

sti�tt.((.I thIItt gluco�e Ui)tItke is colmsideral)ly

Iecueased at timis stage of diabetes and timat

ue1I�teIifi(.Lttioum of free fatty ack!s nmay be-
(olmme liimmitimmg (�3 ) . 1mm timis ct)mmnection it imas

Put)\t�(l imsefui to coruelate glycerol release
�m�ithm glimeose umptake. �1hme ummt)lar ratios of

glvteuol melease to glucose uptake were

fouummd to average 0.52 witim a �EM of ±0.03
ium norimmal feti, 1.38 ± 0.18 iim acutely dia-
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TABLE 2

Effect of insulin on the release of lactic and pyruric acid by adipose tissue offasted-refed rats in time absence and

presence of glucose or fructose

Krebs-Ringer bicarbotmate buffer containing 200 mg gelatin per l0() ml served as incubation nmedi;im. Each

figure represents the mean of the results obtained in several experinments. The SEM is also given. n is equal

to the number of incubations, and a divided by 2 is equal to the nmummber of experiments with different tissue

pools. The variations of lactic and pyruvic acid release and of time ratio of time two fronm pool to pool were

considerable. however, time changes due to insulin were quite consistent, and they were used for statistical

analysis.

Lactic acid Pyruvic acid
release release Ratio Per cent change

Additions to (pmohes/ (jzmoles/ lactic:pyruvic of ratio iim pres-

medium n pad/imr) pad/hr) acid ence of insulin P

No glucose 12 0.364 ± 0.039 0.061 ± 0.008 6.50 ± 0.39 - -

No glucose + insulin 12 0.228 ± 0.031 0.017 ± 0.003 15.49 ± 2.09 +127.1 ± 26.7 <0.0005

1000 �iU/ml

Glucose800mg/l0O 6 0.705 ± 0.105 0.145 ± 0.055 6.57 ± 1.79 - -

ml
Giucose25mg/100 6 0.407 ± 0.068 0.056 ± 0.025 11.50 ± 3.87 +65.6 ± 13.6 <0.005

ml + insulin

1000 �U/ml

Glucose 200 mg/100 2 0.226 0.028 8.07 - -

ml

Glucose200mg/100 2 0.310 0.036 8.61 +7.0 -

ml + insulin

1000 MU/mi

Fructose 800 mg/100 6 0.603 ± 0.055 0.()65 ± 0.0064 9.57 ± 0.63 - -

ml

Fructose 200 mg/100 6 0 . 398 ± 0 . 037 0 . 050 ± 0 . 010 8 . 80 ± 1 . 09 - -

ml

Fructose 200 mg/100 8 0.245 ± 0.025 0.026 ± 0.003 9.53 ± 0.42 -1.8 ± 1.8 N.s.

ml + insulin
1000 MU/mi

betic, an(i 2.81 ± 0.45 in chronically dia-

betic rats (5).

Bally et at. (13) have demonstrated that
lipolysis in adipose tissue under glucagon

or ACTH stinmulation and in time absence of
glucose is a self-limiting process wimichi may

be partially reactivated! by time adldition of
glucose to time mediummm and umore commm�)letely

and rapidly by time addition of glucose pius
insulin. It appears timat unt!er these circum-
stances glucose anti insulin t!id! furnisim a

substrate or coenzymmme necessary for time

lipolytic enzymes to be fully active. Under
such conditions time glycerol release would

of course no loumger reflect time potential
activity of the hipolytic enzynmes.

Time differences of basal glycerol release

conditioned by time hexose whicim were oh)-
served in time experinments reported in Table

1 nmigimt also be interpreted in time higimt of

time different availability of a hipolytic sub-

strate or coenzymmme. The spontaneous hipol-

ysis of time tissues was in eacim instance

greater witim fructose timan witim glucose as

a substrate, whereas time glycerol release

under insulin stimmmulation was not signif-
icantly differeimt.. Time knowledge about time

nature of time hipohytic Irocesses iim a(.iil)oe

tissue, hmowever, is too scarce at time present

tinme to 1)erlmmit army furtimer fruitful (us-

cussion.

As simown imm Ii�ig. 3 glyceuol release l)y
adipose tissime of fastet!-refed rats commtain-
ing large aimmouumts of readily available
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TABLE 3
Comparison of the effects of insulin and of another antiipolytic agent, 5-methylpyrazole-3-carboxy& acid, on the

metabolism of adipose tis8ne offasted-refed rats in the absence of glucose

Epididymal adipose tissue of 14 rats was pooled into 14 flasks containing 2.5 ml Krebs-Ringer bicarbonate
buffer with 1.5 g albumin per 100 ml and no glucose. Initial tissue giycogen was determined in two flasks

before incubation. The results of time net gas exchange were corrected for acid production during incubation

(16). Each figure represents the mean of the results of a quadruphicate incubation with the standard devia-
ti(Ifl. Iii the ease of time initial glycogen the range is given. Time incubation lasted 2 hr.

Additions to me dium

III

Paranieter

I
None

II
Insulin,

10()0 MU/mi

5-Methylpyrazole-

3-carboxyhic acid,
l0� M

P values

I � II I *-o III

-
II +-� III

1 Iimit.ial glycogeim - 175.4 ± 3.9 - - - -

(,.�rnoles/g)

2 Finalghycogen 91.() ± 6.9 105.3 ± 2.6 112.5 ± 7.4 <0.01 <0.01 <0.15

Cuummoles/g)
3 (iverol release 33.25 ± 3.20 4.67 ± 0.31 3.79 ± o.oS <0.001 <0.001 <0.005

(j.anoles/g)

#{149}1L:iitic acid release 8.26 ± 0.67 6.44 ± 0. 17 6. .59 ± 0.39 <0.005 <0.005 <0.3()

(�mtnoles/g)

5 Pvriivic acid release 1 .01 ± (1. 16 0.22 ± 0.07 0.36 ± 1)05 <0.001 <0.001 <0.01

(�nmo1es/g)

Ii Ratio iactic:pyrmmvic S.42 ± 2.04 24.20 ± 1 65 l8.S() ± 3.82 <0.001 <0.()05 <0.05

a(id

�7 Shill (If 3, 4, :timd 5 42.52 ± 3.21 1 1 .33 ± 1)46 10.74 ± t).2I) <0.001 <0.001 <0.10

52 )< (1 - 2) - 7 126.3 128.9 115.1 - - -

.mlflol(5 3-C-units

9 Corrected net gas ex- 4.6 ± 35.6 93.0 ± 24.0 77.4 ± 52.1 <0.01 <0.05 <0.35

(imatmge (�.mi/g)

a This term denotes time 3-carbon fragments arising from time breakdown of glycogen (initial minus final

glycogen tinmes two) wimicii arc not. accounted for by the formation of a-glycerophosphate, lactic acid, and

pyruvic acid (sum of values ito lines 3, 4, and 5).

emmdogenous substrate, i.e., glycogen, pro-

t.(ie(i((! imm a liimear fasimion (luring several

hiouts of in viti.o incubation in time absence

of glucose. We t.imerefore tb imot feel timat

time above-nmemmtioned mmmeeimammisimmof time self-
limmmitatiomm of glycerol release thmmough a

simortage of hipolytic sul)strate or coenzynme

i)l�t�5 any role as a factor controlling lipol-
ysis hmy a(hii)ose tissue of fasted-refed rats,
whmieim will i.me tliscussed fortimwitim.

Time elevated glycerol release of tissue of

fasted-refeti rats also reported by Jungas

aumd Ball (25) is sornewimat surprising since

timese aniimmals absorb large amounts of

carboimydrate. eximibit an elevated blood
sugar. and umo longer appear to be in need
(If stored elmergy. In fact, under time in vitro

conditions used in our studies and in agree-

imment with otimer investigators (21, 26) tis-
sue of fasted!-refed rats may take up con-
siderable quantities of free fatty acids fronm

time me!iunm despite the absence of glucose.

Timerefore time Imigh rate of spontaneous

hi�)OlysiS of timis tissue in vitro might not

reflect its true pimysiological significance in

time wimole organisnm. It is cOnCeivai)le that
time emmzyme responsible for time elevated
hii)OlVsiS ill viti�o nmigimt be rnaimmhy con-
cerimed �vitim time hydrolysis of seruumm lipids

in time intact organism. Timus it has been

tienmonstrated timat the activity of adipose

tissue lipoprotein lipase is low during fast-

immg ant! in time diabetic state and imigh in
fed and fasted-refed rats (27-31), and it
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is believed that this enzynme is responsible
for time hmydrolysis of serum lipids, enimanc-

ing their uptake by the tissue in time form
of fatty acids (32, 33) . Lipoprotein lipase

activity toward exogenous lipids and its
release fronm time tissue is increased by in-

cubation of adipose tissue with glucose and
insulin, whereas in our experiments endog-

enous lipolysis was inimibited by insulin. If

these results are to be brouglmt together,

one is led to speculate that insulin migimt
cause a reorientation of this enzyme at time

cell surface in such a way timat iipoprotein
lipase would now attack triglycerides at

time outer surface of the cell membrane.
Since time adipose tissue of fasted-refed rats

is under insulin stimulation in time intact

organism at all tinmes and in contrast to
our in vitro conditions, time pimysiological
function of this enzyme migimt indeed be

the 5�)hitting of time serum triglycerides

ratimer timan of time endogenous triglycerides.
The location of this enzyme on or near the

cell membrane is supported by our finding
that insulin inimibition of glycerol release
is readily reversed by anti-insulin serum.

Time adipose tissue hipase, which is stimu-

lated by epinephrine and the other lipolytic
hormones and time activity of which is high

in fasting and diabetic animals [for refer-

ences see reviews by Holienberg (34) and
Vaugiman and Steinberg (23) J does not ap-

pear to play an important role in these
antilipolytic effects of insulin, since inhibi-

tion of lipolysis was least pronounced in
tissue of diabetic rats. According to Jungas

and Ball (35) and Bally et at. (13), insulin

partially inhibits the basal glycerol release

of fed rats both in the presence and absence
of glucose, but may imave an opposite effect
when the same tissue is stimulated by epi-
nepimrine or otimer iipolytic hormones. A
glucose-independent antilipolytic effect of
insulin in normal fed rats, an effect nmuch

less marked than time one observed in

fasted-refed rats (10, 25), has been de-

scribed by several investigators (35-38).

A significant inimihjition of glycerol re-

lease by adipose tissue of fasted-refed rats

was ol)served at an insulin concentration

as low as 10 1.tunits/nmi. and inhmibition be-

canme near nmaximai at 250 1.tunits/ml. Timus

time dose-response relationisimil) closely re-

sembles timat wimicim we and otimers have

obtained witim glucose ul)take, net gas cx-
change and otlmer nmetai)ohic indices of in-

suhin action in comnparable experimemmts with
fed rats (16). Insulin-induced inhibition of
glycerol release was readily reversii)le wimen

anti-insulin serum was added to the me-
(Iiummm, again in analogy to time prompt
reversibility by anti-insulin serum of the
insulin effects on net gas exchange as an

index of glucose transport (16).

Tissue of fasted-refed rats seems to drain
on its glycogen to reesterify time free fatty

acids, and time loss of glycogen during incu-
bation am�)iy accounted for time lactic and
pyruvic acid released l)lus time a-glycero-

pimospimate required to replace all time glyc-
erol released into time medium. Insulin par-
tially inimibited time glyeogen breakdown

(10, 25). A ratimer large ammmount of glyco-

gen whicim was degraded during ineui)ation

could not be accounted for by these metab-
ohites. Time positive net gas excimange of time

tissue indicated timat net formation of fatty

acids occurred presumably from glycogen
since no otimer readily available source of

carbohydrate was present (25) . It appears
likely that time substrate for respiration was

mostly glycogen, and that fatty acids were

used only to a minor extent.

Insulin influenced the ratio of lactic to

pyruvic acid only when no or little carbo-
imydrate was taken up from time medium. It
is conceivable that at high rates of hipolysis

and reesterification time reduction of dihy-
droxyacetone-phosphate to a-glycerophos-

pimate may determmmine the availability of
NADH in the cell to some extent. At
higim glucose and fructose concentrations in

time nmethum insulin did not induce a sig-
nificant increase of this ratio, possibly be-
cause the above-mentioned process became
quantitatively less important in determin-
ing time redox potential at these imigh rates

of carbon flow.

Are thmere any reflections of tlmese anti-
hipolytic effects of insulin on glucose and

fructose metabolism? In earlier studies (2,

5) ammd in agreement with �Jeanrenaud antI
Renold (8� , we failed to note any differ-
ence between time nmetabolic disposal of
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glucose and fructose wimether timeir uptake
was forced by increasing time hexose con-

centrations in time mediummm or by adding
insulin. Timis view was contested by Fain
(7), imowever, who denmonstrated timat com-

paratively less fructose was incorporated
into glyceride-glycerol under insulin stimu-

lation, an effect confirnmed in our experi-

ments with fasted-refed rats. Furthermore,
Leonards and Landau (9) showed that in-

sulin selectively stimulated glycogen syn-
thesis, oxidation of fructose-1-14C to 14co2,
and fatty acid synthesis from fructose. The
interpretation of timeir data is, however,

open to criticism since a correlation of the

metabolic indices with total fructose uptake

was not attempted. Such a correlation, how-
ever, is indispensable, since time percentage

of fructose and glucose incorporated into
each of these metabolic moieties clearly

depends on the magnitude of the hexose

uptake (5, 39).
The arguments of Leonards and Landau

(9) have again been taken up in this study.
Figure 4 shows an experiment with adipose

tissue of normal fed rats in which the van-

ations of hexose-14C metabolism from 10 to
37 �tmoles/g/hr were brought about by

cimanging the hexose concentrations in the
medium or by adding insulin. The incorpo-

ration of hexose-14C into C02, total lipids,

fatty acids, and glycogen was proportional

to the imexose uptake whether insulin was

present or not.
For comparison the same experiment was

carried out with tissue of fasted-refed rats
(Fig. 5) . Whereas incorporation of hexose-
1�C into glycogen, C02, and total lipids

was not specifically affected by insulin,
incorporation into glyceride glycerol was
relatively smaller with insulin than at the

same rate of hexose metabolism in the ab-
sence of insulin.

These specific insulin effects were also
observed with glucose as a substrate. Fig-

une 6 shows a strict proportionality between

the hexose uptake and hexose-14C incorpo-
ration into C02, total lipids, and glycogen,

whereas less 14C was incorporated into
glyceride glycerol and conmpanatively more

into the fatty acids under the influence of
insulin than in its absence.

Insulin decreases time availability of
carbohydrate for tissue metabolisnm since
it partially blocks glycogenolysis (10, 25).

It also reduces dilution of hexose-”C by
unlabeled carbon from glycogen. Timis com-

plex situation may be compared with an-
other one, in which fructose-U-14C served

as a substrate with and without unlabeled
glucose in time medium (2). Despite time fact

timat glucose carbon diluted fructose-14C,

fatty acid synthesis from labeled fructose
was actually increased by glucose. This
phenomenon is best explained by the fact
that the absolute and relative increase of

fatty acid synthesis from carbohydrate due

to a rise of the hexose uptake exceeds that

of a-glycerophosphate synthesis manyfold
and more than compensates for the dilution

of 1�C by unlabeled carbon. If inhibition of
glycogenolysis were time primary effect of

insulin, fructose-U-1’C would, above all, be

used to replace glycogen for the reestenifica-

tion of free fatty acids. Since this is clearly
not the case, the obvious explanation for
the specific insulin effects on the metabolic

distribution of hexose-14C in adipose tissue
of fasted-refed rats is that of a primary
inhibition of lipolysis diminishing the re-

quirement for a-glycerophosphate.

In this respect it must be borne in mind

that insulin stimulated the fatty acid syn-
thesis from hexose over and above the level

expected in time absence of insulin at com-
parable rates of hexose uptake only in those

tissues in which it inhibited lipoiysis, i.e., in

all four groups of rats with fructose in the
medium, but only in fed and in fasted-refed

rats with glucose as a substrate.
The concept of a primary inhibition of

lipolysis is also supported by findings on

adipose tissue of acutely diabetic rats. Here,
the effects of insulin on fructose-U-’4C

metabolism were qualitatively the same al-

though glycogen was not present in detect-
able quantities (Fig. 7).

The stilmmuhation of fatty acid synthesis

above that expected solely on the basis of

an increased hexose uptake may also be
interpreted as a sequence of the primary
antilipolytic insulin effect for two more
reasons. Under the influence of insulin, less
dihydroxyacetone-phosphate is reduced to
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a-glycerophosphate resulting in a rise of the
intracellular ratio of NADH to NAD#{247}

which is reflected by an increase of the ratio

of lactic to pyruvic acid in time medium.
Furthermore, insulin probably decreases the

concentration of intracellular free fatty
acids. Both conditions favor fatty acid syn-

thesis. In this respect it is of interest that
5-methylpyrazole-3-carboxylic acid, which

inhibits lipolysis of adipose tissue of fasted-

refed rats to approximately time same degree

as insulin without increasing hexose trans-
port, shares with insulin all its other effects.
Thus, it inlmibited glycogen breakdown and

led to a rise of the lactic to pyruvic acid
ratio. Lately we have also observed that

this drug inhibited glyceride glycerol syn-
thesis from fructose-’4C and stimulated

fatty acid synthesis in the same way as in-
sulin (unpubiisimed observation).

It is now generally agreed that insulin
exerts several effects on adipose tissue

which are not secondary to increased glu-
cose transport. Beigelman and Hoilander

(40, 41 ) imave established a dose-response
relationship between the increase of adipose

tissue resting membrane potential and in-
sulin concentrations of 1-1000 �units/ml,

an effect that is not influenced by glucose
and timat is readily reversible by time in vitro

addition of anti-insulin serum. Stimulation
of leucine uptake and metabolism in adipose

tissue was reported by Goodman (42) , and
increased incorporation of labeled histidine-

14c into adipose tissue protein was reported
by Krahl (43) , both insulin effects being

independent of glucose.
All timese insulin effects deserve a great

deal of attention since timeir pursuit may

yield time secret of time nmecimanism of insulin
action. They do not, imowever, seem to play

a role nearly as inmportant for time energy
metabolism of time whole organism as time
insulin-induced acceleration of glucose

transport. Were it not for the recent report
of Zierler and Rabinowitz (44) , who

demonstrated that insulin injected intra-

arterially in man decreased the release of

free fatty acids from adipose tissue of the

forearm at small doses of insulin that did
not detectably increase glucose uptake, we
would not even imave thought it opportune

to discuss a possible physiologic role of the

direct antihipolytic action of insulin that is

not mediated timnough increased reesterifi-
cation of free fatty acids. Thmese authors

tentatively postulated thmat less insulin

nmighmt i)e necessary to alter the fixed charge
of the nmenmbrane, making it inmpermeable
for cimarged nmolecules such as free fatty
acids, than to increase its permeability to
uncharged molecules such as glucose. Our

results may not fit into this hypothesis,
since even non insulin-stimulated tissue of

fasted-refed animals releasing large quan-
tities of glycerol did not give off, but rather

took up, free fatty acids from the medium.
Nevertheless, they demonstrate that human

adipose tissue in vito nmay respond to in-
sulin in a way similar to adipose tissue of

fasted-refed rats both with increased re-
estenification of free fatty acids and with a

direct inhibition of time lipolytic processes,

an effect well worthy of further investiga-

tion.
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