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Summary. The effects of an intravenous infusion of
norepinephrine, 0.08 pg/kg.min on lipolysis (as measured
by an increase of free glycerol and nonesterified fatty
acids (NEFA)), on the blood concentration of ketone
bodies and on the serum concentrations of immunoreactive
insulin (IRI) and insulin-like activity (ILA) were studied
in normal weight and obese nondiabetics and diabetics.
Normal weight diabetics and nondiabetics showed the
same increase in lipolysis. A significantly higher rate of
lipolysis occurred in obese persons, irrespective of whether
they were diabetic or not. Even the maximum absolute
concentrations of free glycerol and NEFA during the
infusion were higher in obese persons than in insulin-
dependent diabetics, who showed the highest values before
the beginning of the infusion. — In obese subjects, the
infusion of norepinephrine according to the theoretical
normal weight was still sufficient to produce a higher rate
of lipolysis than in normal weight subjects. This probably
reflects the greater mass of adipose tigsue in obese sub-
jects. — In diabetic and nondiabetic obese persons, the
concentration of ketone bodies rose higher than in control
subjects, which is in agreement with the higher rate of
lipolysis in the obese groups. On the other hand, the nor-
mal weight insulin-dependent diabetics showed a signifi-
cantly higher increase in the concentration of ketone
bodies than the obese persons. This demonstrates that the
degree of ketonaemia in man is not exclusively determined
by the plasma level of NEFA. — The higher increase in
the p-hydroxybutyrate/acetoacetate ratio in insulin-
dependent diabetics points to a higher rate of oxidation of
fatty acids in the liver. — ILA and IRI responded in a
different way to norepinephrine infusion, demonstrating
again, that changes in ILA can, but may not always
reflect changes in immunoreactive insulin. According to
these results, changes in the rate of lipolysis and in keton-
aemia in obese diabetics are determined by the factor
““obesity”’, whereas changes in these parameters in insulin-
dependent diabetics are determined by the factor “insulin
deficiency”.

Relations entre le métabolisme de la graisse et des corps
cétoniques chez des sujets normaus, obéses et diabétiques sous
Vinfluence de la noradrénaline

Résumé. Les actions de la noradrénaline infusée par
voie intraveineuse & une dose de 0.08 pg/kg/min ont été
explorées chez des sujets obéses et de poids normal, dia-
bétiques et non. diabétiques. Les paramétres suivants ont
ét6 étudids: La lipolyse, mesurée par 'accroissement du
glycérol libre et des acides gras plasmatiques non estérifiés
(NEFA), 1'8lévation de la concentration sanguine des
corps cétoniques et les concentrations plasmatiques de
V’insuline immunoréactive (IRI) et de I'activité insulinique
{(ILA). Les sujets de poids normal, diabétiques et non dia-
bétiques ont montré le méme accroissement de la lipolyse.
— Un accroissement de la lipolyse significativement plus

* A part of this work has been presented at the “12.
Symposion der Deutschen Gesellschaft fiir Endokrinolo-
gie, Wiesbaden, Deutschland, 21.—23. 4. 1966”.

élevé a été observé chez des sujets obdses, diabétiques et
non diabétiques. Méme pendant I'infusion les concen-
trations absolues du glycérol libre et des NEFA ont été
plus élevées chez les sujets obéses que chez les diabétiques
insulino-dépendants qui présentérent les valeurs de départ:
les plus hautes. Les sujets obéses ont eu une lipolyse plus
grande méme lorsque la noradrénaline a été infusée & une
dose proportionnelle au poids normal théorique. La cause
en est probablement la plus grande quantité de tissu
adipeux des sujets obéses. — Chez les obéses diabétiques
et non-diabétiques, la concentration des corps cétoniques
était plus élevée que chez les sujets de contrdle, ce qui est
en. accord avec la lipolyse augmentée chez les obéses. Les
diabétiques de poids normal insulino-dépendants ont
présenté cependant une élévation des corps cétoniques
significativement plus forte que les obéses. — Ceci indique
que chez ’homme la cétonémie ne dépend pas seulement
des acides gras plasmatiques non estérifié$s (NEFA), —
L’accroissement plus fort du quotient g-hydroxybutyrate/
acétoacétate chez les diabétiques insulino-dépendants
suggére une oxydation plus grande des NEFA dans le foie.
ILA et IRI ont réagi d’une maniére différente & la nor-
adrénaline. Ceci démontre de nouveau qu’un changement
d’ILA peut indiquer un changement d’TRI, mais pas
nécessairemnent. — Ces donnédes suggérent que le méta-
bolisme des acides gras et des corps cétoniques du diabéti-
que obése est déterminé par 1’élément «obésités, celui du
diabétique dépendant de I'inguline par 1’élément smangue
d’insulines.

Beziehungen zwischen Fett- und Ketonlkérperstoffwechsel
bei dbergewichtigen und normalgewichtigen Diabetikern
und Nichtdiabetikern unter dem Hinfluf von Noradrenalin-
Infusionen

Zusammenfassung. Die Wirkung einer intravendsen
Infusion von 0.08 pg/kg/min Noradrenalin auf die Lipo-
lyse (gemessen am Anstieg des freien Glycerins und der
unveresterten Fettsduren (NEFA)), auf die Ketonkoérper-
konzentration im Blut und die Serumkonzentration des
immunreaktiven Insulins (IRI) und der insulindhnlichen
Aktivitdt (ILA) wurden bei normalgewichtigen und iiber-
gewichtigen Diabetikern und Nichtdiabetikern unter-
sucht. — Normalgewichtige Diabetiker und Nichtdiabeti-
ker zeigten die gleiche Lipolysesteigerung. Eine signifikant
stérkere Lipolysesteigerung wurde bei den iibergewichti-
gen Gruppen, sowohl bei Diabetikern, als auch bei Nicht-
diabetikern, beobachtet. — Auch die absoluten Konzen-
trationen von freiem Glycerin und NEFA waren bei den
fettstichtigen Personen wihrend der Infusion héher als bei
den Imsulinmangeldiabetikern, die die héchsten Ausgangs-
werte aufwiesen. Bei Fettsiichtigen wurde eine stéirkere
Lipolyse auch beobachtet, wenn Noradrenalin, auf kg
theoretisches Normalgewicht dosiert, infundiert wurde.
Als Ursache wird die gréBere Fettgewebsmasse der Adi-
posen angesehen. Bei fettsiichtigen Diabetikern und
Nichtdiabetikern stieg die Ketonkérperkonzentration
entsprechend der stirkeren Lipolyse stédrker an als bei den
Kontrollen. Die normalgewichtigen Insulinmangeldiabe-
tiker zeigten jedoch einen signifikant héheren Ketonkor-
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peranstieg als die Fettsiichtigen. Dies zeigt, dal beim
Menschen die Ketondmie nicht allein von den peripheren
NEFA-Spiegeln abhéngt. Der hoéhere Anstieg des f-
Hydroxybutyrat/Acetoacetat Quotienten der Insulin-
mangeldiabetiker weist auf eine gesteigerte Fettséure-
oxydation in der Leber hin. — ILA und IRI reagierten
auf Noradrenalin in unterschiedlicher Weise. Dadurch
wird wiederum demonstriert, daf TLA-Anderungen Ande-
rungen der IRI bedeuten kénnen, aber nicht miissen. —
Nach den vorliegenden Untersuchungen scheint fiir den

Introduction

In experiments with isolated perfused livers of
alloxan-diabetic rats, which were infused intraportally
with non-esterified fatty acids (NEFA), Scow and
CuerNIck [30] as well as S6rING et al. [35, 36] did not
find differences in ketogenesis compared with livers of
nondiabetic animals. Insulin ¢» vitro had no effect on
ketogenesis of either normal or diabetic livers. Accord-
ing to these experiments, the hepatic formation of
ketone bodies depends only on the supply of fatty
acids to the liver. On the other hand, no direct correla-
tion between the concentrations of NEFA and ketone
bodies could be found ¢n vivo. In children Kaye and
Davipsox [17] saw a greater increase of ketone bodies
than of NEFA after treatment with adrenaline and
after fasting. WERK and KxowLEs [41] observed higher
blood levels of ketone bodies in diabetics than in non-
diabetics at the same NEFA concentrations during a’
fat meal regimen. BrackarD and OMoRI [4] increased
the concentrations of NEFA in normal weight and over-

Fettsdure- und Ketonkorperstoffwechsel des Altersdiabe-
tes der Faktor Ubergewicht, fir den des normalgewich-
tigen Insulinmangeldiabetikers der Faktor Insulinmangel
bestimmend zu sein.

Key-words. Norepinephrine infusion, NEFA, free gly-
cerol, lipolysis, NEF A /glycerol ratio, blood glucose, ketone
body metabolism, obesity, diabetes, g-hydroxybutyrate/
acetoacetate ratio, insulin-like activity, immmunoreactive
insulin.

Methods

The clinical data of the 5 groups studied are given
in Table 1. The control subjects (C) were apparently
normal, healthy ambulatory or hospitalized men or
women. All were within 15%, of their normal weight
as calculated from the statistical tables of the Society
of Actuaries [32]. None of them showed signs of im-
paired carbohydrate tolerance when tested with a
standard 100 g oral glucose tolerance test, or had a near
relative known to be diabetic. Patients with diseases
of the liver, pancreatitis, alcoholism, nephrosis, gout
or any endocrine disorder were excluded from these
studies.

The insulin-dependent diabetic subjects (DI) were
defined by the following criteria: insulin dependency
and sensitivity, ineffectiveness of sulphonylurea drugs,
proneness to ketosis, decreased serum level of immuno-
reactive insulin, normal or subnormal weight. The
last criterion of this group — early manifestation of
the disease — was lacking in one patient. This one was

Table 1. Number, age, and percentage of normal weight in the groups studied
Group Symbol Number Age Percentage of normal
of (mean values weight
patients and range) (mean values 4 s.d.)
control group C 11 31 (23—70) 95 4 16
insulin-dependent DI 7 27 (17—64) 96 + 10
diabetic group
obese, insulin- ObD 8 52 (35—173) 141 4 23
independent
diabetie group
nonobese, insulin- NobD 5 60 (35—177) 89 + 7
independent diabetic
group _
obese nondiabetic Ob 9 31 (17—53) 178 4 33
group

weight diabetic subjects by norepinephrine and found
that the increase in the concentration of ketone bodies
was more correlated to the degree of obesity and the
range of fagting blood sugar than to the level of NEFA
concentration. Because of the discrepancy between
results in vitro and in vivo, we investigated the corre-
lation between experimentally-induced lipolysis and
blood ketone levels in normal weight and obese dia-
betics and nondiabetics. Furthermore, we tried to
discriminate the fastor diabetes from the factor obesity.

64 years old and had suffered from diabetes for 17
years. The age of the remaining 6 patients ranged from
17 to 37 years. Two patients with recently discovered
diabetes were untreated at the time of the experiment;
insulin therapy started the day after the infusion. The
known history of the others reached from 5 to 18 years.
The daily insulin dose averaged 55 units. The last dose
of insulin was given 24 h before the infusion experiment.
Obese, insulin-independent diabetics (ObD) were char-
acterized by an overweight of more than 309, lack
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of ketosis, sensitivity to sulphonylurea drugs in most
cages, normal or elevated serum insulin levels, mani-
festation of the disease after the age of 40. Four of
these patients were only on dietary treatment, two
were treated with tolbutamide, one with biguanides
and one simultaneously with tolbutamide and bigua-
nides. Oral drugs were withdrawn three days before
the experiment. Normal weight, non-kelotic diabefics
{NobD) were of the maturity-onset type. They had
never been obese. Two of them were treated with tol-
butamide, one with diet alone. T'wo of them used insulin,
Fasting values of ketone bodies in the blood were low,
and did not significantly differ from the values of the
control group. Ketonuria was completely absent.

The obese nondiabetic subjects (Ob) were more than
309, overweight. An endocrine origin of the obesity
had been excluded.

All patients were tested with the standard oral
glucose tolerance test. Three had maximum values
exceeding 160 mg9/, (198, 196, 208 mg9,), two had 2-h
values above 120 mg9, (140, 164 mg9%,) but showed
values below the fasting values after 3 h. All had nor-
mal fasting blood sugar and no glucosuria. In this
group no differences were observed with respect to the
response to norepinephrine between those with normal
and those with abnormal glucose tolerance. The dietary
restrictions were stopped at least 3 days before the
experiment.

Infusion of norepinephrine

The infusion experiments began at 8 a.m. The last
meal had been given 12—14 h earlier. Norepinephrine
was diluted in 0.99, (w/v) sodium chloride and infused
intravenously at a rate of 0.08 pg/kg min with a con-
stant infusion pump (Unita I1I, Braun-Melsungen,
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normal concentration [18]. It can be reached under
physiological circumstances during hard muscular
work [38]. Norepinephrine was infused for 90 min.
Blood samples were obtained before the infusion (at
zero-time), and every 15 min during the infusion. Blood
for the determination of NEFA, free glycerol, IRI and
ILA was allowed to clot for 2 h at room temperature,
and the serum was frozen at —20°C for later analysis.
Blood for the determination of glucose and ketone
bodies was immediately deproteinized with HCIO, and
analyzed within 12 h.

Analytical methods

The determination of blood glucose was carried out
according to BereMEYER and BERNT [3]; the deter-
mination of free glycerol according to Wirraxp [42];
NEFA were measured according to DorLe and Mzr-
NERTZ [10]; f-hydroxybutyrate and acetoacetate ac-
cording to WirLiamson, Merraxsy and Kress [43]
as described previously [35]. The serum insulin-like
activity (ILA) was deftermined by a modification
(WerrzEL, ScHAEG, BopEN, and Wirrms) [40] of the
method of MarTIN, RENOLD and Dacrxais [20]. The
sera were diluted 1 : 10 and assayed in triplicates. The
immunoreactive insulin in the serum (IRI) was mea-
sured by the method of MEADE and Krrraaarp [22]
with the modifications described by MELANT et al. [23].
Crystalline pig insulin (27 I Ujmg) and ¥I-insulin
{spec. activity 150—190 mC/mg) were generous gifts
of the Farbwerke Hoechst, Frankfurt/Hoechst, Ger-
many. Enzymes and coenzymes for the determination
of glucose, glycerol, f-hydroxybutyrate and acetoace-
tate were obtained from C.F. Boehringer & Soehne,
Mannheim-Waldhof, Germany. All other chemicals
were analytical grade from E. Merck, Darmstadt,
Germany. Standard deviations (s) were calculated as

Table 2. Fasting values at the beginning of the infusion of novepinephrine (zero-time). Mean values L+ s.d. The value
indicated by an asterisk differ significantly from the conirol values

Group Free Nonesterified Total ketone  Glucose Insulin-like Immunoreac-
glycerol fatty acids bodies activity tive Insulin
pmole/l meq/1 pmole/l mg/100 ml wl /ml wU/ml

Control group 76.9 0.537 103 78.1 327 12.8

-+ 34 + 0.182 + 70 + 11.8 L 134 + 21

Insulin-dependent 95.4 0.935% 856* 254.8%* 367 —

diabetic group - 46 - 0.251 - 794 + 93.9 + 97

Obese diabetic 87.2 0.763% 158% 163.6* 405 17.4%

group -4+ 24 + 0.125 4 64 + 558 - 387 + 2.0

Nonobese 86.3 0.738 232 170.7% 285 —

diabetic group 1. 48.5 -4 0.362 - 180 4 50 1 222

Obese non- 93.7 . 0.792% 206 78.9 450 23.9%*

diabetie group + 255 -+ 0.212 4 99 4 134 4 199 4 7.3

Germany). This amount of norepinephrine should /3@ —xp

result in a steady state concentration of norepine- § = 4 1) ; p-values were calculated by the

phrine of 1.5—2.0 ug/l plasma after 5—7 min [38]. This
concentration iz about 3—5 times higher than the

parameter-free U-test of Maxx and Wartxey [19].
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Results

Fasting values before norepinephrine-infusion

The results are summarized in Table 2. The lowest
values for NEFA and free glycerol occurred in the
control group, and the highest in the insulin-dependent
diabetic group. The blood concentrations of total
ketone bodies (acetoacetate plus f-hydroxybutyrate)
were significantly (p < 0.05) elevated in the insulin-
dependent diabetics even before starting the infusion.
Compared with the control group, slight elevations
were noticed in the other groups. The correlation be-
tween NEFA and total ketone bodies (r = 0.47) in
obese diabetics corresponded well with the value of
r = 0.50, described by WrRk and Kxowwrgs [41] for
unselected diabetics. The blood concentrations of
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Fig. 1. Changes in the serum concentration of free glycerol
during an intravenous infusion of norepinephrine,
0.08 pg/kg.min
The changes are related to the values at the beginning of
the infusion, which were set as zero. C = Control group.
DI = Insulin-dependent diabetic group. ObD = Obese
diabetic group. NobD = Nonobese diabetic group. Ob =
Obese nondiabetic group

glucose were similar in both nondiabetic groups; they
were slightly elevated in obese and nonobese diabetics
and significantly (p < 0.05) elevated in insulin-de-
pendent diabetics. The ILA had not significantly
changed in insulin-dependent diabetics compared with
control subjects. In obese diabetic and nondiabetic
subjects ILA and IRI had increased, which is in
agreement with earlier reports [5, 6, 8, 12, 16, 26, 44].

Effect of norepinephrine on blood pressure and pulse
rate

A depression of the pulse rate occurred in all groups.
The mean value of all patients fell from 72/min to
62/min during the infusion, and rose to 74/min imme-
diately after stopping the infusion. The increase of the
blood pressure was positively correlated to the blood
pressure at zero-time. Normotonic patients showed a
rise from 125/80 mmHg to 138/86 mmHg (n = 22),

hypertensive persons from 151/94 to 190/110 mmIg
{(n = 1b). These changes in blood pressure and pulse
rate began immediately after the start of the infusion
and remained unchanged throughout the whole ex-
periment.

Free glycerol and NEFA

The increase in the serum concentrations of free
glycerol and NEFA, calculated as difference from the
concentrations at zero-time, is given in Fig. 1 and 2.
In spite of different fasting values, the increase in the
concentrations of free glycerol and NEFA was in the
same range in the 3 normal weight groups during the
infusion. The 2 overweight groups (obese diabetics and
obese nondiabetics) showed a significantly higher in-
crease (p << 0.05) in the concentrations of both NEFA
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Fig. 2. Changes in the serum concentration of nonesterified
fatty acids (NEFA) during an intravenous infusion of
norepinephrine, 0.08 pg/kg.min
The changes are related to the values at the beginning of
the infusion, which were set as zero. C = Control group.
DI = Insulin-dependent diabetic group. ObD = Obese
diabetic group. NobD = Nonobese diabetic group. Ob =
Obese nondiabetic group

and glycerol, compared with the normal weight groups.
This is in accordance with recent findings of Bar.AssE
[1].

Not only the highest relative increase, but also the
highest absolute concentrations of NEFA and glycerol
occurred in the obese patients. Though the insulin-
dependent diabetics started from a higher level, they
did not reach the high absolute NEFA concentrations
seen in the obese subjects (Table 3).

Therefore another group of obese patients was
infused twice with norepinephrine, once according to
the actual weight, once according to the theoretical
normal weight (Table 4). Even with norepinephrine in-
fused according to normal weight, the obese subjects
showed a considerably higher increase in the concen-
trations of free glycerol and higher maximum values
of NEFA than normal subjects.

The fasting values for free glycerol and NEFA were
somewhat higher than in the obese group that was only
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once infused according to actual weight (Tables 3 and
4). This probably is due to the fact, that most of these
patients were already on a restricted diet and thus had
a higher basic rate of lipolysis. The maximum concen-
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very similar in both obese groups and was significantly
higher (p < 0.02) than in the control group. The con-
centration of the total ketone bodies increased maxi-
mally in the insulin-dependent group. This increase

Table 8. Serum concentrations of nonesterified foatty acids (NEF A} (megfl) during an intravenous infusion of norepine-
phrine, 0.08 pglkgmin. Mean values - s.d.

Group Time (min}
0 15 30 45 60 75 90

Control group 0.537 0.941 1.179 1.169 1.072 1.094 0,982

4 0.182 -4~ 0.369 -+ 0.352 + 0.334 + 0.241 -+ 0.276 + 0.221
Insulin-dependent 0.935 1.365 1.744 1.641 1.568 1.5877 1.518
diabetic group + 0.251 -4 0.344 4 0.589 4 0.612 -+ 0.574 -+ 0.513 + 0.534
Obese diabetic 0.763 1.454 1.864 1.821 1.861 1.776 1.543
group 4 0.125 - 0.494 + 0.494 -~ 0.520 -+ 0.451 -+ 0.44.1 + 0.350
Nonobese diabstic 0.738 1.001 1.280 1.259 1.174 1.205 1.113
group -+ 0.362 -+ 0.180 -4+ 0.248 <4 0.114 <+ 0.080 4+ 0.132 + 0.245
Obese nondiabetic 0.792 1.504 2.001 1.960 1.861 (1.729 1.681
group 4+ 0.212 - 0.548 4+ 0,471 + 0.486 + 0.439 -+ 0.406 + 0.872

Table 4. Serum concentrations of NEF A and free glycerol and blood concentration of total ketone bodies in 10 obese subjects
during snfusion of norepinephrine. Al patients were infused twice with norepinephrine: once they received 0.08 pg/kg.min
of actual weight, and once 0.08 pgfkg.min of theoretical normal weight. For definition of normal weight see “Methods”.
The infusion lasted from 0 to 90 min

Time (min) 0 15 30 45 60 - 975 a0 105 120
NEFA actual w. 1.129 1.710 1.915 1.922 1.814 1.681 1.590 1.327 1.062
(meqfl) normal w, 1.128 1.515 1.615 1.627 1.502 1.391 1.315 1.152 0.842
Free actual w. 107 278 262 242 192 178 121 88 62
glycerol

{pmole/l) normal w. 122 244 232 162 127 156 102 72 80
Total ketone  actual w. 394 666 1013 1221 1388 1807 1741 1607 1410
bodies _

{wmole/l) normal w. 466 703 952 1178 1279 1368 1422 1433 1299

trations of NEFA reached during the infusion of nore-
pinephrine according to actual weight, showed no
difference between the two groups of obese patients.
In all groups a decline in the concentrations of free
glycerol and NEFA became visible already during the
infusion of norepinephrine. This decline started be-
tween the 30th and 60th min, whereas the norepine-
phrine effects on the circulatory system remained un-
changed.

When blood was taken 30 min after stopping the
infusion, the concentrations of NEFA and free glycerol
had fallen to or below the gtarting value (Table 4).

The fasting value of the molar ratio NEFA/free
glycerol did not significantly differ among the 5 groups
studied {Table 5). During the norepinephrine-infusion,
we obgerved an increase of this ratio in all groups. The
highest increase, up to 15, occurred inthe obese diabetics.

Total ketone bodies

In all groups a distinet inerease was already
measyrable after 15 min (Fig. 3). The increase was

Table 5. Molar ratic NEF 4 [free glycerol during an iniro-
verous infusion of norepinepbrine, 0.08 uglkgmin for

90 minutes
Group Time (min)

0 30 60 90
Control group 8.0 9,6 9.3 11.3

4+ 32 4 27 4+ 2.7 4 64

Insulin-dependent 12.0 13.9 11.9 14.1
diabetic group 4 7.3 4+ 5.1 4 3.3 L 6.7
Obese diabetic 9.6 7.9 9.5 11.0
group 4+ 3.8 4 1.8 4+ 25 + 4.1
Nonobese diabetic | 6.6 8.9 9.4 9.3
group 4+ 14 + 28 £+ 28 4 2.7
Obese nondiabetic 8.1 10.4 10.7 14.9
group 4+ 2.0 4+ 38 4 24 4 63

was independent of the concentration at zero-time, and
rather similar in all individuals of this group. In con-
trast to the changes in the concentrations of NEFA
and free glycerol, the concentration of ketone bodies
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rose during the whole experiment, with some flattening
of the curve after about 60 min in the nondiabetic and
in the obese and nonobese diabetic group.
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Fig. 3. Changes in the blood concentration of total ketone
bodies (f-hydroxybutyrate and acetoacetate) during an
intravenous infusion of norepinephrine, 0.08 pg/kg.min.
The changes are related to the values at the beginning of
the infusion, which were set as zero. C = Control group.
DI = Insulin-dependent diabetic group. ObD = Obese
diabetic group. NobD = Nonobese diabetic group. Ob ==
Obese nondiabetic group.

B-Hydroxybutyrate|acetoacetate ratio

The g-hydroxybutyrate/acetoacetate ratio increas-
ed in all groups during the infusion of norepinephrine
(Table 6). In all groups, this increase exceeded the in-
crease in the control group. The insulin-dependent
diabetics showed the highest ratio at zero-time, and
the greatest increase during the infusion of norepine-
phrine,
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during the infusion of norepinephrine, but a general
correlation between the fasting blood glucose values
and the increase in ketone body concentrations could
not be found.

Compared with the control group, higher fasting
concentrations of NEFA in the other groups were
associated with higher concentrations of blood ketone
bodies. A comparison of the maximum increases in
both parameters on an equimolar basis reveals, that
the insulin-dependent diabetics did not only reach the
highest absolute concentrations of ketone bodies, but
showed also the highest increase in the concentration
of ketone bodies in relation to the rise in the concen-
tration of NEFA. The ratio NEFA-increase (meq/l)/
ketone body increase (mmole/l) was 1 : 2.08 in insulin-
dependent diabetics compared with 1:0.27 in the
control group, 1: 0.47 in obese and nonobese diabetics
and 1:0.52 in obese nondiabetics.

One might argue that the NEFA concentration in
the insulin-dependent diabetics was already highest
at the beginning of the experiment, and thus an addi-
tional increase in the NEFA concentration would lead
to a more pronounced increase in ketone body forma-
tion in this group. We therefore compared the plani-
metric areas limited by the curves of the absolute con-
centrations of NEFA and of the total ketone bodies.
The corresponding ratios were 1:1.22 in the insulin-
dependent group, 1:0.23 in the control group. The
other groups ranged between 1 : 0.27 and 1 : 0.45. Thus
insulin-dependent diabetics showed the greatest in-
crease of blood ketone bodies in relation to the serum
concentrations of NEFA. This increase exceeded by
far the increase seen in obese patients (nondiabetic and
diabetic) in spite of the fact that the obese patients
reached significantly higher absolute concentrations
of NEFA (Table 3).

Table 6. Molar ratio B-hydroxybutyrate/acetoacetate during an intravenous infusion of norepinephrine, 0.08 ug/kg.min
Jor 90 min. Mean values + s.d. The values indicated by an asterisk differ significantly from the control values

Group Time (min)
0 15 30 45 60 75 90

Control group 1.66 1.94 2.21 1.69 2.21 2.32 2.26

4+ 1.2 - 1.8 -+ 1.57 4+ 2.0 -+ 1.47 -4 1.57 + 1.3
Insulin-dependent 3.51%* 4.15% 5.07% 4.86% 4.57% 4.68* 4.91*
diabetic group + 0.8 + 1.2 + 1.0 4 1.16 4 1.16 1 1.5 + 1.5
Obese diabetic 2.64 2.94 2.67* 3.91% 3.63% 3.89* 3.96%
group + 1.0 + 1.47 4 1.2 -+ 0.7 4- 0.66 + 0.8 + 1.1
Nonobese diabetic 3.4% 3.72 3.66 3.52 3.62 3.48 3.55
group + 1.5 + 1.0 + 0.7 4+ 0.9 4+ 0.97 + 0.7 + 0.76
Obese nondiabetic 3.06% 2.91 3.63% 4.19% 3.72% 4.20% 3.81%*
group =+ 0.7 -+ 0.7 -+ 0.9 + 0.8 4 0.8 + 1.4 + 1.5

Relationship between the concentrations of blood glu- Glucose

cose, NEFA and ketone bodies

The insulin-dependent diabetic group showed the
highest fasting blood sugar concentrations and a maxi-
mal increase in the coneentration of ketone bodies

Diabetologia, Vol. 5

The concentration of blood glucose rose markedly
in the insulin-dependent diabetics (p << 0.05 versus
controls), but only slightly in the other groups without
significant differences between the groups (Fig. 4).
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Serum ILA and serum IRI

"The ILA rose in all groups with a maximum value
at 60 minutes (Fig. 5). The highest increase occurred
in the obese diabetic group, the lowest in the nonobese
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Fig. 4. Changes in the blood concentration of glucose
during an intravenous infusion of norepinephrine,
: ‘ 0.08 pg/kg.min ;
The changes are related to the values at the beginning of
the infusion, which were set as zero. C = Control group.
DI = Insulin-dependent diabetic group. ObD = Obese
diabetic group. NobD == Nonobese diabetic group. Ob =
Obese nondiabetic group

LA (ui/mb
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Fig. 8. Changes in the sermmn concentration of insulin-like
activity (ILA) during an intravenous infusion of norepi-
nephrine, 0.08 pg/kg.min
The changes are related to the values at the beginning of
the infusion, which were set as zero. ¢ = Control group.
DI = Insulin-dependent diabetic group. ObD = OQObese
diabetic group. NobD == Nonobese diabetic group. Ob =
Obese nondiabetic group

Diabetologia

diabetic group. From the 60th to the 90th min, ILA
decreased, thus paralleling the decline in lipolysis al-
ready described. The IRI did not change significantly
in the control group, but increased significantly in the
obese diabetic group (p < 0.05), and even more pro-
nounced in the obese nondiabetic group after 80 min
{p < 0.025) {Table 7). The different time course in the
serum concentrations of ILA and TRI again demon-
strates that these two parameters represent different
biological materials.

Discusston

Differences tn lipolysis

The higher rate of lipolysis in obese subjects pro-
bably does not result from an enhanced sensitivity to
norepinephrine, but from the fact that in our experi-
ments norepinephrine was given per kg body weight.
The greater increase in NEFA and free glycerol ob-
served in the overweight subjects may be due to their
greater mass of adipose tissue. This greater response to
norepinephrine was found in obese persons even when
they received norepinephrine in amounts calculated
from their normal instead from their actual weight
{Table 4).

NEFA|[free giycerol ratio

Jauwgw [15] found a ratio of 10 in eontrol subjects
and a significantly lower ratio of 7.3 in obese non-
diabetics. An increased ratio as & result of catechol-
amine stimulation was also seen by MUzLER and Evaxs
[24]. The higher ratio means that either more NEFA
molecules than glycerol molecules are released from
adipose tissue or that glycerol is more quickly removed
from the plasma than NEFA, or a combination of both.
The first explanation seems to be possible; an im-
complete hydrolysis of triglycerides has indeed been
described by WapstrOM [39] and by Scow et al. [31],
and recently Gorix and SHAFRIR [11] have brought
evidence for a rate-limiting role of monoglyceride lipase
in intact adipose tissue. Bub to us it seems more prob-
able that the high NEFA/glycerol ratio reflects mainly

Table 7. Serum immunoreactive insulin (IRI) during an intravenous infusion of norepinephrine, 0.08 pglkgamin for
90 man. Mean values - s8.d.

Group Time (min)

0 30 ‘ 60 90 P
Contrgl 12.8 4+ 2.1 13.8 + 2.0 12.9 4+ 1.7 14.0 + 2.0 n.s.
g%b:&eeéiab%ms 17.4 + 2.0 17.9 4 1.9 17.1 + 2.6 21.1 4- 34 < 0.05
gbe:egx))mndiabeties 23.9 - 7.3 26.2 - 5.1 298 4 7.9 36.1 & 11.9 < 0.025
n ==

& The p-values were calculated for the difference between the mean values at zero-time and after 80 min.
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a shorter half life of serum glycerol [29, 25] compared
with that of serum NEFA [14].

Decrease of NEFA and free glycerol towards the end
of the infusion

A decrease of NEFA and glycerol already during
the infusion of catecholamines was reported by Dz-
1.OoRME [9] in dogs, Br.AckARD and OMORI [4] and SAND-
HOFER et al. [28] in man, but could not be found in
dogs by Caruson {7]. ‘

Since the concentrations of NEFA and free glycerol
decreased simultaneously, one can assume this de-
crease to be the result of a diminished lipolysis.

Inhibition of lipolysis by insulin may be partly
responsible in the obese nondiabetics, who showed a
coincidence of a marked fall in glycerol and a rise in
IRI at 60 min and 90 min. But it is unlikely that insulin
is of any importance in the insulin-dependent diabetics,
who showed about the same decline of NEFA and
glycerol as normal subjects. Therefore the main reason
seems to be the feedback inhibition of lipolysis by an
increasing concentration of NEFA within the adipose
tissue cell (RopBELL [27], BALLY et al. [2]).

Relationship between the concentrations of NEFA
and ketone bodies

The higher rise in the concentration of ketone
bodies in relation to the increase in the concentration
of NEFA in insulin-dependent diabetics is not compa-
tible with the findings obtained in experiments with
isolated, perfused livers of normal and diabetic rats
[30, 35, 36]. It can be due to either an enhanced oxida-
tion of fatty acids by the liver or a decreased peripheral
utilization of ketone bodies in human diabetics. The
greater increase of the g-hydroxybutyrate/acetoacetate
ratio in the blood of insulin-dependent diabetics during
infusion of norepinephrine could point to an increased
oxidation of fatty acids. Recent balance studies of
Mayes and Fruurs [21] have brought some evidence
that the increased oxidation of fatty acids in the dia-
betic liver might result mainly from an impaired
esterification of fatty acids, thus allowing relatively
more fatty acids to be oxidized. This does not exclude
the possibility that in insulin-dependent diabetics an
additional defect in peripheral ketone body utilization
contributes to the greater increase in the concentra-
tion of ketone bodies. The importance of the utilization
of glucose for the peripheral utilization of ketone bodies
has been demonstrated recently (Scow and CHERNICK
[30], Sorine, GarLErp, CREUTZFELDT [33]). There is
sufficient evidence that this carbohydrate-dependent
utilization of ketone bodies occurs in the adipose tissue
(Séuna [34], Hawson and Zreomix [13], Sorniwne,
Zaaurey, Wittus and CrEurzreLDT [37]). All three
normal weight groups showed about the same increase
in the serum concentration of NEFA, whereas the
concentrations of ketone bodies rose according to the

severity of diabetes mellitus. Thus the degree of ketosis
in normal weight diabetics seems to be determined
mainly by the factor “insulin deficiency”.

In the overweight groups, however, the concen-
trations of NEFA increased significantly more than
in the normal weight groups; but there was no signi-
ficant difference between diabetics and nondiabetics
in the increase of ketone bodies. Apparently, in insulin-
independent, overweight diabetics, abnormalities in
lipid metabolism have to be related mainly to the
factor “obesity”.
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