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BLOOD KETONE RESPONSE TO NOREPINEPHRINE - INDUCED
FREE FATTY ACID IN DIABETES
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INTRODUCTION

Available evidence indicates that diabetic hyper-
ketonemia and ketosis are due to increased ketone
production by the liver and decreased ketone utili-
zation by the peripheral tissues.l'3 In turn, hepatic
ketogenesis is dependent on the quantity of Ifree
fatty acids (FFA) delivered to the liver and the
efficiency with which the liver utilizes FFA for
ketone production. Severe ketosis is rare in Japan*
despite a prevalence of diabetes comparable to that
in Western countries.® Further understanding of the
relative lack of ketosis in Japanese diabetics was
sought through determining the ability of Japanese
subjects to mobilize FFA and to form ketone bodies
from this substrate.

The ketogenic response of normal individuals to
infusions of sodium octancate, an 8 carbon fatty
acid, has been studied® as well as the ketonemic
response of normal infants. and children to epi-
nephrine-induced FFA elevations.” However, no
reports were available concerning similar studies
performed in diabetic subjects. The present inves-
tigation defines in diabetic subjects the ketonemic
response to increased FFA substrate induced by
norepinephrine infusion and delineates some of the

resultant ketone elevation.

In the analysis of these data two features of
diabetes have been given particular emphasis; obesity
and the fasting blood sugar level. Although obesity
has been associated with depressed ketone levels,®
Werk and Knowles? recently were unable to find
statistically significant differences in ketone levels
between obese and nonobese diabetics, They also
demonstrated that diabetic fasting ketone levels have
a tendency to increase with blood glucose concentr-
ations and that these elevations are often independent
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of the FFA level. Under the stress of norepinephrine
induced FFA elevations, it was anticipated that
a better assessment might be made of the influence
of obesity on blood ketone levels and of the intricate
relationship between the degree of fasting hypergly-
cemia and ketonemia.

SUBJECTS AND METHODS

Subjects were 11 nondiabetic and 41 adult-onset
diabetic patients selected from the Atomic Bomb
Casualty Commission (ABCC) clinic population and
the Hiroshima University Hospital wards.

In the clinical evaluation of each subject, particular
attention was given to age, sex, age at onset,
duration of diabetes, complications, and previous
treatment,  All diabetics were between the ages of
30 and 65; for the majority, onset of disease had
been noted in the 5th and 6th decades. Most of the
diabetics had never been treated or had not receivéd
treatment for several months. No subject received

therapy during the 48 hours prior to testing.

Skinfold measurements were taken by the same
observer on all subjects in the right midaxillary line
at the level of the xiphoid process. The skin was
picked up at 2 points sufficiently far apart in a
vertical direction to obtain a complete double layer
of skin, the thickness of which was measured by a

Lange skinfold caliper.

Weight percentiles based on tables derived from
the ABCC clinic populations in Hiroshima and
Nagasakil? were assigned to all subjects according
to age, sex, and height.

Each subject fasted overnight, and the test proce-
dure was started the next morning at approxi-
mately 7TAM. After voiding, the subject assumed the
recumbent position. A control blood specimen was
taken 15 minutes later, after which norepinephrine
in 092 saline was infused at a constant rate of 4-5
pg min. Blood specimens of 8 ml were collected in
heparin tubes by venipunctures at 15-minute inter-
vals for 90 minutes. Pulse and blood pressure were
also recorded every 15 minutes. After the last blood
specimen had been obtained, the infusion was
discontinued and the subject asked to void again.
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The collection tubes were chilled until the chemical
Aliquots for blood glucose,
blood ketone, and FFA determinations were taken

analyses were started.

immediately after the 90-minute test period. Blood
glucose, FFA, and total ketones were determined
for all 15 - minute samples. Fractional ketones
(acetoacetate and acetone, £ -hydroxybutyric acid)
were analyzed on the initial control and 30-minute

interval specimens in selected subjects.

Urine ketones were assessed semiquantitatively
by Acetest tablets, a nitroprusside reaction sensitive
mainly to acetoacetate. Blood glucose was determined
by the glucose oxidase method.!l FFA analysis was
performed by the method of Dole and Meinertz!?2
with the modification suggested by Trout, Estes,
and Friedberg!? for removal of lactic acid.

Blood ketones were delermined by a modification
of the Greenberg and Lester method employed by
Werk and co-workers.® To facilitate comprehension
of additional modifications employed for frac-
tional ketone body determinations, an abbreviated
description of the ketone analysis follows: Depending
on the glucose level, 1 or 2 ml heparinized blood
were used in preparation of protein-free filtrates,
For blood glucose concentrations below 150 mggs,
filtrates were made from 2 ml blood. For higher
glucose ~concentrations which would increase the
intensity of the final 2,4 dinitrophenylhydrazine
color reaction, only 1 ml blood was employed.
Because no subject had a blood glucose value of more
than 300 mg%, filtrate dilutions were unnecessary.
In glass stoppered tubes 2 ml of filtrate with H2504
were heated to 110-120 C. Specially constructed
metal clips prevented vapor leakage. In this step,
acetoacetate was decarboxylated to acetone.  After
cooling, a 2nd heating with potassium dichromate
resulted in  oxidation and decarboxylation of
A-hydroxybutyric acid to acetone. Anhydrous sodium
sulfite was then added to destroy the excess potas-
sium dichromate. The acetone hydrazone chromogen
formed in the next step by addition of 2,4 dinitro-
phenylhydrazine was extracted with carbon
tetrachloride.  After a series of shakings and
washings, the carbon tetrachloride layer was pipetted
into small Coleman cuvettes and read at 420 mpg in
a Coleman Jr. Spectrophotometer. The optical density
readings were compared with known acetone

standards and expressed as pM/liter. Total blood
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ketone analyses were performed in duplicate by this
procedure. The recovery of acetoacetate in aqueous
solution or added to blood was 1009 while that of
A-hydroxybutyric acid varied from 85% to 100%.

In 18 subjects, fractional ketone bodies were
determined by a modification of the preceding
method. Aliquots from the same filtrates used for
total ketone analyses were treated identically except
for elimination of the 2nd heating with potassium
dichromate. Theoretically, this modification should
prevent 8 -hydroxybutyric acid from being converted
to acetone and contributing acetone hydrazone
chromogen. The final color intensity then should
represent only the hydrazone formed from acetone
To obtain an estimate of the
amount of A -hydroxybutyric acid, the value for

and acetoacetate.

acetone and acetoacetate was substracted from the
total ketone value. The validity of this method was
assessed in several ways. Using this modification.
determinations of acetoacetate and gG-hydroxy-
butyric acid in aqueous mixtures were within
10% of wvalues found for the same concentratisn
of individual ketones in separate solutions by the
total ketone body method. Comparison of values
obtained on aqueous solutions of acetoacetate by the
method for acetone and acetoacetate alone and that
for total ketones revealed a maximum difference
of b%. Aqueous S-hydroxybutyric acid solutions
gave negative readings when determined for
acetone and acetoacetate by the shortened method.
Using the procedure described by Greenberg and
Lester,14 direct measurements of B-hydroxybutyric
acid on several occasions were in close agreement
with calculated g-hydroxybutyric acid values
obtained with the present modification of the
total ketone body method.

RESULTS

Effect of norepinephrine on blood FF'A and ketones.

Figure 1 demonstrates the blood FFA and ketone
elevations in one diabetic subject during 90- minute
norepinephrine infusion (4-b pg/min). The total
ketone response paralleled the FFA elevation with a
15-30 minute lag, Time curves produced from mean
values to be shown later, demonstrated that the
initial lag was not always present; elevation in total
ketones usually occurred to some extent within 15
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FIGURE 1
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BLOOD FFA AND KETONE BODIES DURING NOREPINEPHRINE INFUSION
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minutes. Convincing evidence against a norepi-

nephrine effect on blood ketones dissociated from
its FFA mobilizing ability was obtained from studies
performed on 2 subjects in whom norepinephrine
Neither

of these subjects demonstrated an increase in blood

infusions failed to cause FFA elevations,

ketones.

Iractional ketone body analysis demonstrated that

the rise in total ketones was due predominantly

to a rise in G -hydroxybutyric acid. The ratio of
to acetoacetate elevation
7:1. As will

the ketone

A-hydroxybutyric  acid

b o ) in Tigure

1 was approximately

be shown later, factors which modify

response also depress this ratio.

Influence of obesity on induced hyperketonemia.

Obesity has been associated with depressed ketone
levels in fasting subjects and in those fed high fat
diets 19-17 was anticipated between

obesity in diabetic subjects and reduced blood ketone

Association

response to norepinephrine infusion.
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Although there are no completely satisfactory
methods for quantitating obesity, skinfold measure-
ments are considered a sensitive index. 18 Validity
of this measurement as an index of overweight,
though not necessarily ol obesity, was confirmed
by the fact that 10 of 12 subjects with skinfold
thicknesses in the midaxillary line>16 mm were in
the upper 5 percentiles of weight for sex, age, and
height. The other 2 subjects were in the upper
25 percentiles. The correlation between skinfold
thickness and weight percentile was equally
satisfactory at the smaller skinfold measurements,
Skinfold thickness was chosen as a variable as it
probably represents a more accurate measure of
obesity than weight percentile,

The effect of obesity on the blood ketone response
to norepinephrine-induced FFA elevation 1s shown
in Tigure 2. To eliminate as much as possible the
role of varying degrees of defective carbohydrate
utilization, only data were used from diabetic subjects
with fasting blood sugar (FBS) levels of 90-150 mg2s.
The mean FBS of the obese subjects (skinfold >16mm)
was 108%17mg% while that of the nonobese subjects
(skinfold < 14mm) was 107% 20 mggs. A significant
inverse correlation was observed between skinfold
thickness and maximal ketone elevation (Am“ ==
peak-control ketone level) during the norepinephrine
infusion (r—=-072; p<.01). An identical correlation
cocfficient was obtained when peak ketone level was
stibstituted for maximal elevation. As FFA elevations,
to be shown later in Figure 5 and Table 1, were
comparable in the obese and nonobese diabetics, this
inverse relationship between ketone response and
degree of obesity can not be attributed to varying
amounts of substrate delivery to the liver.

Blood ketone time curves during norepinephrine
infusions. Diabetics were anticipated to respond to
norepinephrine infusions with greater ketone eleva-
tion than nondiabetics. Blood ketone time curves
during infusions (Fig. 3) illustrates the response in
nondiabetics and several types of diabetics. Diabetic
subjects were grouped according to skinfold thickness
and fasting hyperglycemia. The obese diabetics were
arbitrarily selected as those with skinfold measure-
ments >16mm. All nondiabetics were nonobese (skin-
fold thickness < 14mm). Data from 4 cbese diabetics
with FBS 150-250 mg2s and 8 nonobese diabetics with-
out fasting hyperglycemia are not included in the
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FIGURE 2 CORRELATION OF SKINFOLD THICKNESS AND A ., BLOOD KETONES
DURING NOREPINEPHRINE INFUSION IN ADULT-ONSET DIABETICS*
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figure but are recorded in Table 1. Except for obese
diabetics with FBS 90-150 mg¥gs, whose response wasg
similar to that of nondiabetics, all other diabetic
groups exhibited a greater than normal ketone eleva-
The 2 groups
diabetics demonstrated notonly a higher pre- infusion

tion, of nonobese hyperglycemic
blood ketone value but also a greater increase in
ketones during the infusion. Contrary to expected
results, the nonobese diabetics with FBS 80-150 mg%s;
had an impressively greater ketone rise than those
with FBS 150-250 mg%. Skinfold thicknesses and
percentiles  of the were

weight 2 groups

comparable.

Comparison of blood FFA and ketone time curves
during norepinephrine infusions in nonobese diabetics
with mild and moderate fasting hyperglycemia. The
possibility that the paradoxical difference in ketone
response detween the mildly hyperglycemic (FBS
90-150 mg%) and the moderately hyperglycemic (FBS
150-250 mg4) diabetics be attributed to
quantitative differencesiin FFA elevations had to be
considered. In Figure 4a, blood FFA as well as blood

could
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FIGURE 3 BLOOD KETONES IN ADULT-ONSET DIABETICS DURING
NOREFPINEPHRINE INFUSION
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TABLE 1 OBSERVATIONS ON BLOOD FFA AND KETONES BEFORE AND DURING NOREPINEPHRINE INFUSION
F1 /A7 vBHENE S CBEPOMGERIBE S LU P o RO BE

Observations Bl meant SD T HHEHERE

: e Number o Fasting FFA Omax FEA Fasting & . Ketones Peak Ketones
i [.}{ Sl'l(’l*'-‘—l“b it 8 F ;H%%‘? 22 B B i S Bk RS Ketones .l Ehufh bk
=3 HEenan Mkl HEMEIRRGEE EER R RRE FEMRES R H RKEHE Il
Nondiabetics _mf% : £ M I\I'f,n"liter - s
IFBEBEE 11 TTE T 671280 838 463 187+ 59 114+ 71 305+ 74

Adult-onset diabetics
BE A MR SESEHE IR 3 0
MNonobese, normal FBS
JE R, 27 B M A 6 O 8 B0+ 7 6014108 11324740 219+ 43 2794119 498+116

Obese I'BS 90-150 mg%

R i, 2 B I HER 8 108417 7414231 11214733 179+ 31 165+ 68 344+ 55
Nonohese FBS 90150 me%

e Bl 238 I e ol Bt #EME 5 107 £20 7034101 1009 +335 3474123 6634132 1011£209
Nonohese FBS 150-250 mo%

9 I i , 2 I8 I 1 95 g R 188423 7374209 856339 360+ 95 261+123 624180
Obese FBS A

: 20 L 150-250 mg%
Wi R A i 4 204445 8494196  962+159 4514109 2204117 661+ 61




FIGURE 4 BLOOD FFA AND KETONE RESPONSE IN NONOBESE ADULT-ONSET DIABETICS
DURING NOREPINEPHRINE INFUSION
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ketone time curves are shown for hoth groups of non-
obese diabetics.  Although the FFA elevation in the
diabetics with BS 150-200 mg% was slightly lower
than that in the diabetics with FBS 90-150 mg%s, this
difference is not statistically significant.

Though unlikely, the possibility remained that the
slightly lower FFA concentrations in the diabetics
with the higher fasting blood sugar could account
for the blood
eliminate this possibility, a time curve is included

difference in ketone responsz. To
on data from5 moderately hyperglycemic diabetics
(FBS 150-250 mg%) arbitrarily selected from the
the basis of the greatest FFA
response. As shown in Figure 4b, despite a greater

original group on
FFA elevation the blood ketone response of this
selected group was substantially less than that of the
diabetics with FBS 90-150 mgdz. Linear regressions on
the 2 blood ketone time curves showed a sig
nificant difference ( 01<F<.025). This P value is partic-
ularly convincing as the comparison minimized the
difference by using data only from those diabetics
with FBS 150-260 mg% who demonstrated the
greatest FFA elevations.
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In 3 diabetics with FBS 150-260 mg% the mean ratio
of 4 -hydroxybutyric acid to acetoacetate elevation
(& ) was 3.31. For comparison, the ratio observed
in one diabetic with FBS 90-150 mg% was 7:1. As
the acetoacetate increases were comparable in the
the
in total ketone response is attributed mainly to vary-

2 groups, difference in ratio and the difference

ing @ -hydroxybutyric acid elevations.

The explanation for this paradoxical variation of
blood ketone response with fasting blood glucose
levels is unknown. Careful evaluation of both groups
of diabetics failed to reveal significant differences in
terms of age, sex, previous treatment, complications,
or known duration of diabetes.

The wvariation in hyperketonemic response to nore-
pinephrine infusions as related to degree of fasting

[n Table 1, the results are presented
25

max

hyperglycemia.
somewhat differently. The
ketone values of the nonobese diabetics with FBS 90-
150 mg% were significantly greater than the corre-
sponding values in the nonobese diabetics with FBS
150-250 mg% (P< .001 and P<.01 respectively).
Also included in this table are data obtained from
nonobese diabetics

ketone and peak

infusions in without fasting
hyperglycemia. As can be seen by comparing the &mx
and peak ketones, the response of these diabetic
subjects was intermediate between that of nondiabet-
ics and that of the nonobese diabetics with FBS 90-
150 mggs. The &
greater in the diabetic subjects with FBS 150 mg%
(B-.01y and significantly less in the nondiabetic

subjects (P=.01).

a ketone value was significantly

Only one adult-onset diabetic with FBS over 250
meg?% could be studied. This subject's FBS was 288
mg% and the fasting blood ketone level was the
highest observed (1442 pM/liter).
adult-onset

The search in

Hiroshima for diabetics with fasting
hyperglycemia greater than 250 mg% suggested that
this type of diabetic is uncommon in Japan. However:
a survey of the Japanese literature from 1915 to
1957 by Goto and Muraki? uncovered 101 case reports
diabetic ketosis and coma of which 979
were associated with blood sugar levels greater

than 200 mgg;.*

of severe
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ZEWEEmMBEE & by P ARREEEOBO 20
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FIGURE 5 RELATIONSHIP BETWEEN FASTING BLOOD SUGAR AND BLOOD KETONE ELEVATION
DURING NOREPINEPHRINE INFUSION IN ADULT-ONSET, NONOBESE DIABETICS
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Il would appear, therefore, that factors responsible

for maintaining a given FBS level in nonobese

diabetics may affect the hyperketonemic response
to norepinephrine infusion in a variety of ways. The
data plotted in Figure 5 were obtained from Table
1 with the exception of the broken line representing
the response ol diabeiics with FBS over 250 mg%;.
Because of inability to study a sufficient number of
subjects with FBS at this level, this line is hypo-
thetical. ketosis be
explained, if such a response doecs not
occur. The response of nondiabetics is also included

Severe in diabetics cannot

however,

for comparison. Although increased hyperketonemia
was observed in diabetics without fasting hypergly-
cemia, greater elevations were seen in diabetics with

mild hyperglyeemia (FBS 80-150 mg%). However, as

noted previously, the response was inhibited
somewhat in subjects with FBS levels of 150-250
mg%. Although these data are inconclusive, the

association of ketosis and blood sugar values over
200 mg% in Japan suggests that diabetics with
severe fasting hyperglycemia (FBS>2560 mg% ) would
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exhibit the greatest ketone response to norepineph-
rine. This triphasic relationship between degree of
fasting hyperglycemia and blood ketone response
to norepinephrine attests to the interplay of numerous

factors in the production of diabetic hyperketonemia.

Ketonuria before and after norepinephrine infusions.
Ketonuria before and after infusions was checked

semiquantitatively by No subject
FBS 2500 mg2s exhibited positive
urine ketones on pre-infusion specimens. Following
infusion, all nonobese diabetics with FBS 90-150 mgd
and the majority of those with FBS 150-250 mgds

Acetest tablets.

with legs than

had trace positive or greater ketonuria. In contrast,
none of the nondiabetics or obese diabetics with
FBS 90-150 mg% developed ketonuria detectable by
Acelest tablets. the

(Acetest) 1is

Since nitroprusside reaction

sensitive  mainly to acetone and

possible to comment on

of A hydroxybutyric

acetoacetate, it is not

the renal excretion acid.

However, the increase in excretion of acetoacetate
that the

levels of

and acetone during infusion suggested
blood

ketone bodies might falsely portray

relatively minor elevation in

these actual
production. It has been shown that the excretion
patterns of acetoacetate
differ,

low

and #-hydroxybutyric acid
the former being excreted more readily at
blood concentrations.2® It
gsome of the disparity between blood levels of the
ketone bodies during norepinephrine infusions is

due to the differing excretion patterns.

Fasting Blood FFA and Ketone Levels. Analy-
sis of the fasting FFA level { Table 1) in the
nondiabetics and the wvarious types of diabetics

with the exception of the obese moderately hyper-

glycemic  diabetics  failed to reveal significant

differences. Perhaps had the subjects been under
(1ie.

number,

truly basal conditions less apprehension)

and in greater significant differences

have been observed. The fasting FFA level
of 671 pM/liter

somewhat higher than other figures in the litera-

mizht

in the nondiabetic group was

ture. This can be attributed in part to failure

subjects belore

nondiabetic subjects who had been

to  relieve apprehension in o all
testing. In 2
apprehensive and had had high control FFA levels,

FIrA resulted
value of 572 pM/liter. A

repeat  fasting determinations in a

lower mean similar

is possible that.
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FIGURE 6 BLOOD FFA TIME CURVES IN ADULT-ONSET DIABETICS
DURING NOREPINEPHRINE INFUSION
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explanation. might be given for the slightly greater
fasting ketone levels in the nondiabetic subjects
compared to others reported in the literature.
Comparison of fasting ketone values in the nonobese
diabetic  subjects  were remarkably similar to
those recorded by Werk and Knowles in Western
subjects with the same degree of fasting hyper-
glycemia. However, as the Western figures
represent mean values of all subjects, obese and
nonobese, an absolute comparison can nol be made.

Blood FFA and Glucose Response during Nove-
pinephrine Infusions. Although “n. FFA did not
differ significantly among subject groups, the time
curve patterns observed for these groups are of some
interest. Peak FFA levels (Fig. 6) were reached at 30
minutes in nondiabetics and the majority of diabetics.
The descent, despite continued norepinephrine
infusion, has been attributed previously to the
hyperglycemia and presumptive increased re-esterifi-
cation caused by the glycogenolytic action of
norepinephrine.2! Therefore, it might be expected
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that the descent in diabetic subjects would be less
because of decreased ability to utilize glucose,
This was the case for all diabetic groups with the
exception of the nonobese diabetics with FBS 90-150
mg% who showed a FFA descent comparable to that
of the nondiabetic subjects.

The blood glucose elevations (Q.m“ =peak-control
blood glucose) are recorded in tabular form in
Figure 6. The greater blood glucose elevations in
diabetics were expected on the basis of carbohydrate
intolerance. This accentuated hyperglycemic response
is also consistent with the decreased slope of the
TFA descent in 3 of the 4.diabetic groups. The
validity of this inverse association between blood
glucose elevation and FFA descent may be seriously
questioned, however, as the nonobese mildly hyper-
glycemic subjects whose FFA descent was nondiabetic
in type, exhibited a blood glucose elevation
comparable to that of the other diabetics. A number
of other factors might influence this relationship
such as the amount of glycogen in the liver and
the lipolytic and glycogenolytic responsiveness
of the tissues to continued norepinephrine
stimulation. However, these factors can not be
evaluated adequately. A paradoxical depression
of blood glucose during norepinephrine infusions
in several diabetic subjects is also unexplained.

In addition to increasing lipolysis and glycoge-
nolysis, the norepinephrine infusions elevated
systolic  blood pressure and lowered the pulse
rate in the majority of cases. The magnitude of
these responses was not well correlated.

DISCUSSION

By common usage, ketonemia refers to the presence
of 8 -hydroxybutyric acid, acetoacetate and acetone
i blood. The degree of ketonemia is a manifes-
tation of hepatic production and extrahepatic
utilization of ketone bodies. Renal excretion of
ketones is a reflection of their individual blood
concentrations, and each ketone body has a somewhat
different excretion pattern.?® Hyperketonemia may
be caused by increased hepatic ketogenesis or
decreased ketone utilization by peripheral tissues,
The relative roles of these 2 factors in diabetic
hyperketonemia have not been definitively assessed
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in  wivo but both are probably responsible for the

increased blood ketone levels.!-3 By increasing

substrate availability (ie. fatty acid infusions or

norepinephrine-induced FFA elevations) in normal

persons and diabetic patients, ketogenesis is

increased: however, the degree of hyperketonemia

attained is partially dependent on the rate of

ketone utilization.

In the present investigation, except for obese
diabetics, all groups of diabetics demonstrated
a significantly greater ketone rise f_&mu} during

norepinephrine  infusion than did nondiabetics.
Theoretically,
an increased ketogenic response to FFA substrate.

acetyl-CoA formed by #-oxidation of

diabetics might be expected to have

In diabetics,
fatty acids does not take part in lipogenesis and
may not be metabolized in the tricarboxylic acid
in nondiabetics, Thus, in

cycle as readily as

accordance with current schemes of ketogenesis,
increased amounts of acetlyl-CoA would be utilized
for ketone hody synthesis via the g-hydroxy-3-
methy! glutaryl-CoA pathway.?®2# lHowever, il 1s
entirely possibie that the greater than normal
ketonemic response of the diabetic subjects in this
report is due to decreased peripheral utilization
of ketones rather than to accelerated ketogenesis.
Without radioisotope studies, this possibility can

not be excluded.

In vitro experimentation has produced conflicting
of diabetic animal tissues
Zapp, and

ketogenesis in liver

results on the ability

to produce ketone bodies. Stadie,

Lukens?4 observed increased
slices from depancreatized diabetic animals.

Using liver slices from alloxan-diabetic animals,

other investigators have not observed increased

ketogenesis®®  or  have noted decreased ketone

production.2%,27 Unfortunately, experimental

information assessing ketogenesis in  diabetic

patients is limited. Shreeve and Tocci2® using
Cl4 labelled acetate, have demonstrated increased
ketogenesis in 2 (FBS 362
and 664 mg%) compared with 2 middle-aged
diabetics (FBS 181 and 172 mgd) presumably with a

milder carbohydrate utilization defect® However,

juvenile diabetics

as nondiabetic subjects were not similarly studied,
it is not possible to conclude that ketogenesis is
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increased in subjects with moderate hyperglycemia.
Appropriate comparison studies between nondiabetics
and diabetics with mild carbohydrate utilization
defects might well show no difference in ketogenesis
despite fasting hyperketonemia in the diabetics.

From the data obtained in this investigation of

diabetics with mild to moderate hyperglycemia, it
is not possible to assess the relative roles of
decreased utilization and increased hepatic ketone
the accentuated

production in hyperketonemic

response to norepinephrine.

Many factors such as lipolytic hormones,29 psychic
amounts of dietary
carbohydrate,32 and exercise®? have been shown to

stress, 3% alkalosis,31  large

influence diabetic hyperketonemia. Whereas the
inverse relationship between obesity and ketonemia
has been clearly demonstrated 1n fasting subjects
and in those on high fat diets,13-17 i{ has nol been
proven previously that diabetic hyperketonemia is
Werk and
Knowles? were unable to find statistically signjf-
the blood ketone lcvcls- of
The
relation between obesity and blood ketone elevation
to norepinephrine the
diabetics studied here could not be accounted for

suppressed in obese diabetics. In fact,
icant differences in
nonobese and obese diabetics. inverse cor-

in response infusion in
by different rates of lipolysis as the FFA response
to norepinephrine was as greal in the obese as in
the nonobese. Difference in  the severity of
carbohydrate utilization defect was unlikely because
fasting hyperglycemia was comparable in both groups.
It 1s that peripheral
utilization or excretion of ketone bodies is respon-
sible

obesity as this has been shown not to be a factor in

also  unlikely increased

for the decreased blood ketone response in
the resistance to ketosis of fasting obese nondiabetic

The
these findings is that ketogenesis is depressed in

subjects. ! most acceptable explanation for

obese diabetic subjects.

The finding that nonobese diabetic subjects
with FBS 90-150 mg9% had greater blood ketone
elevations during norepinephrine infusions than
those with FBS 150-250 mg% was unexpected. The
lesser hyperketonemic response of the subjects with
FBS 150-250 mg% could not be explained by differ-
ences in FFA mobilization or degree of adiposity.
Because peripheral utilization of ketones is unlikely

to be greater in the diabetics with FBS 150-250 mgd,
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decreased ketogenesis seems the most plausible

explanation for their lesser ketonemic response.

The demonstration by Elwood, Marco, and Van
Bruggen?®27 that decreased ketogenesis in alloxan-

diabetic liver slices was due to diminished

A-hydroxybutyric acid formation may be pertinent to
In the current studies, the
blood ketone elevation

the present findings.
in response

be
A-hydroxybutyric acid.
corollary, the lesser hyperketonemic response of the
diabetics with FBS 150-250 mg#s compared with those
FBS 90-150 mg% was shown to be due to sup-

to  greater

substrate availability could accounted for

predominantly by As a

with
pressed 3 -hydroxybutyric acid levels. The similarity
study and the above

between the present in vivo

cited in vitro observation suggests by analogy that
the cause of the diminished hyperketonemic response
IFBS 150-250 mg% is also

of the diabetics with

decreased ketogenesis.

The brisk
A-hydroxybutyric acid during norepinephrine infusion
this with the
suggestion by Bressler and Wakil34 that g-hydroxy-

rise and predominant elevation of

in study 15 compatible recent

butyric acid may be formed originally and converted
possible
is formed initially and converted

into acetoacetate. However, it is also
that acetoacetate
rapidly to A-hydroxybutyric acid causing only a
Until the pathways

defined,

rise in acetoacetate.
better
as to the cause of

minimal

of ketogenesis are speculation

should be reserved decreased

ketogenesis in the seemingly more severe diabetic.

A survey of the literature failed to reveal

previous documentation of this clinical paradox.
2 reports contain data pertinent to these
findings. A
to ketone body levels by Hinkle, Conger, and Wolf30

revealed that during psychic stress diabetics with

However,
study of the relationship of stress

FBS 80-150 mg9 had as great or greater rise in
ketones as diabetics with FBS 150-250 mg%. In a
paper by Werk and Knowles? showing a correlation
between fasting blood ketone levels and TFBS in
diabetics, with
FBS 150-199 mg% were not increased above those in
the less hyperglycemic diabetics with FBS 100-149

the keton levels in patients

mgd. In fact, there was a slight though insignificant

depression of the ketone level. However, in

diabetics with FBS over 200 mg%s, the fasting ketone
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levels were markedly increased and again seemed to
correlate well with FBS values. These data are
in accord with the present demonstration of
partial inhibition of the hyperketonemic response
infusions with

to norepinephrine in diabetics

FBS 150-250 mg%.

with FBS over
250 mg% was available for study. This patient
(FBS 288 mg%) exhibited marked hyperketonemia. In
Japant as well as in the West,8 severe ketosis most
blood sugar
levels over 200 mgZ. Inhibition of blood ketone
levels seen in diabetics with FBS 150-250 mg%
would in diabetics with

Unfortunately, only one subject

commonly occurs in diabetics with

appear to be overcome

severe hyperglycemia.

Thus,
to hormonally-induced FFA elevations

the hyperketonemia response of diabetics
may be
influenced in various ways by factors associated
with the FBS levels.
increasing fasting hyperglycemia seen in Figure ~5
undoubtedly results from

different factors. The first
comparing nondiabetics,
and diabetics with FBS 90-150 mg9% is certainly

The triphasic response with

an interplay of many
increase in response
diabetics with normal FBS,
the increased

expected. Whatever the cause of

response {decreased  utilization or increased
production of ketones) logically it should be more
hyperglycemic diabetics if
hyperglycemia at all reflects the carbo-
The
in diabetics with moderate hyperglycemia (FBS 150-
250 mg%) has already been discussed with the

pronounced in the

fasting

hydrate utilization defect. lesser response

suggestion that it is due to decreased ketogenesis.
The second peak in ketone response may be attributed,
at least in part, to increased ketogenesis. This

is supported by the in vivo studies of Shreeve and

Tocci?® showing that diabetics with severe hyper-

glycemia incorporated more C14 labelled acetate

into ketone bodies than did the less severely

hyperglycemic diabetics.

In diabetics with carbohydrate utilization defects
of increasing degree, it would be a rather unusual
physiologic sequence for hepatic ketone production
before rising again.

to increase, then decrease,

However, because of the complexity of ketogenesis,
this sequence is entirely possible. An alternative

hypothesis would be to attribute the hyperketonemia

18

WTZEREE A b R L WL, 2R MR A
CoOHBEBEENTwESIcBbhi, o s 0ERE
ZERERF MBS A7 150 — 250 mg% OHERF A B IZ BT S

INTEEF 7 Y ERNRS T 387 b ELE
RIGOEFMREONSRORRE—B LTV 5.

FHIZLT, coRBCHBE Tz EAATE L
250mg% Ll B MHHE A A T A8 MEILED 1AL
Thol. ZOBH (ZWEIFMPEE S 288 ng%) 11&
Lwild s b ofhffEE R LA, Bk LELEC H A
ChEWTLHEELY b=V ADFEE LA E 20 meg%
DEomiiz AT oiREEZETHD. BT, &
PEnS MAHAEL 150 — 260 mg% IR A H IR 5 A M
g bR ORE L, TR T2 H T AR
BERHEIFVTRRERETHE Y EEHRA,

CTHERBREO R LT v ERIE SRR & -
SZTF SR b AR ILAE B NG 1 2 BSA IR 0 o P
OHLAFIcEIN B L HEFZTT S, K5 CEER
BIMEERE DRI L > T3 2DEBIIRIEAE 5 h
AMIBEHVE L ELDE-LHTOMAERO S
ThHa. FMENBZ T EHEBMEEEPER L
IR B 5 & P ZERE S MUREGE A790 — 150 mg % O #l bR
WABEIIBFTARMORICHE» B 6 N5 2 & (1

\uﬁ}]ﬁ:é‘h LZAThHhSE. RIBHEEOREREL LA
THA5 s (FhryFARoERL s L 3EEDH
my, m%hﬁM%ﬁ#ﬁmﬁmﬂﬂhﬁ BLd 5
EOThE, EIMBERRBEEE CEVTHHIC
BZOMEIEE - LHETELIETHS. HHFEEDM
A AE ( ZENERR MBS A7 150 — 250 mg% ) &4 5 # K
WREBECHEOTREIEA XV 200 T IEHTE oM
NTH P VREROBDICERT S 2 2R LA
rhvhREBLIEE20HEA0REIE, PR E
L oo tas s, e L
+ 2 4@ & LT Shreeve ¥ L tfF Tocei *® O EENM
TR, BELBOMES AT AMRFEELE, B

@Mt R R F Ic kT Ly £ {0 CH B
BEERIE A o b o RRIZBN T 2 Z AR BENTYL 5.

TEREARE BT RAMCH I AR E O G 06
- TR D 7 b BRI R AR 53, RIZED
HoTHUERTA2E v EHEPWIEFEL2ZN N
THEI. Ly»L, yrrvERSFEETCHII BT
DIEFARVL T2 ZEHE(TRTHE. &I 12D



of mildly hyperglycemic diabetics (FBS 90-150 mgés)
to decreased body
Although the moderately hyperglycemic diabetics
(FBS 150-250 mg9) probably have
greater peripheral

ketone utilization  alone.

the same or

defect 1n ketone utilization,

impaired ketogenesis could account for their

lesser ketonemic response. Finally, in severely

hyperglycemic persons (FBS>250 mg%)unimpeded
might be expected when
becomes

ketogenesis
the metabolic defect
greatly

occurs  as
severe enough to
and perhaps tricar-
Further in

lipogenesis
activity.
with radioisotopes is
to distinguish between these alternate schemes.

inhibit

boxylic acid cycle Vivo

experimentation necessary

No correlation was noted among the various
parameters of norepinephrine response. Although
FFA elevation was essential for the hyper-

ketonemic response of subjects to norepinephrine

infusion, the blood ketone levels seem more

sensitive to the degree of obesily and FBS levels
than to the magnitude of the FIA elevations.
&« FFA, and

Vary

Pulse, 4 blood

independently of one

blood pressure,
glucose  seemed (o
was anticipated from the differential
latter 2

norepinephrine

another as

responses observed in  the functions

when analogues  of have been

injected into man.3?
The

minutes

FFA levels
of norepinephrine

after the first 30
infusion in man has

decline in

been attributed to the hyperglycemia and presumptive
re-esterification induced by this hormone.?! With
the exception of nonobese subjects with FBS 90-
150 mg% the decline in FFA concentration in the
diabetics was less sharp than in the nondiabetics.
It is

impaired

tempting to explain this on the basis of
due to
This

the slow descent of the

re-esterification decreased

carbohydrate utilization. would involve a

similar explanation for
FIFA time curve and the increased hyperglycemic
response seen in diabetics. However, the normal
FFA descent in nonobese diabetics with FBS 90-150
mg % despite a hyperglycemic response comparable
to other diabetics, does not fit this
The diabetics

response  to

hypothesis.
with the greatest hyperketonemic
the

most impressive fall in FFA after peak levels had

norepinephrine also exhibited

for this association
should be

been reached. No explanation

can be given, but 2  possibilities
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the inter-
that
livers of these mildly hyperglycemic diabetics are

excluded because of their bearing on
pretation of results. The possibility the
extracting more FFA from the blood and converting
them into ketones is unlikely.

that the hepatic uptake of FFA under a

Animal experiments
have shown
conditions including diabetes is a
concentration in the portal blood. 38-38

also lacking for a feedback mechanism

variety of
function of
Evidence is
in which hyperketonemia inhibits further lipolysis.
The high FFA levels in diabetic ketosis would
mitigate against this hypothesis.

The original impetus for this investigation was

interest  in  relative  infrequency of diabetic

ketosis in Japan. Fasting ketone values in the
present nonobese Japanese subjects and in Western
diabetics reported by Werk and Knowles® are roughly
comparable for the same degree of fasting hyper-
glycemia. However, absolute comparison can not be
made as the figures for the Western diabetics
represent pooled values from obese and nonobese
subjects. A partial explanation for the relative
lack of ketosis in Japan may be the suspected. but
unproven infrequency of severe fasting hyperglycemia
since severe Ketosis depends on factors associated
fasting  hyperglycemia over 250 mg%.
Although suitable statistics are difficult to find
for comparison, FBS are suspected to be lower in
Japanese diabetics than in Western diabetics. 29
Difficulty in finding subjects with hyperglycemia

250 mg9% would be consistent with this im-

with

over
pression, but some Japanese clinics have reported ag
many as 6% and 9% of their untreated patients
having FBS over 300 mgg.40,4!

defect in
the
environmental,

If the
Japanese
this,
remains

carbohydrate  utilization

diabetics is indeed mild, reason
genetic  or
to be proven. High carbohydrate diets

have been associated with improved carbohydrate

for whether

diabeticsd2 42  as  well as in
addition,

reduce diabetic

tolerance In

nondiabetice.43  In these -diets have
ketonemia and
ketonuria.32:42 It is conceivable that the
(300-500g daily) consumed in
better

also

been shown to
high
carbohyrate diet
for carbohydrate

the infrequent

responsible
FBS)
of Kketosis.

Japan 1s

tolerance (lower and

gccurrence
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SUMMARY

During 90 - minute norepinephrine infusions,
blood free fatty acid and ketone responses of
Japanese nondiabetic and diabetic subjects were
determined. Nonobese diabetic subjects with and
without fasting hyperglycemia  demonstrated
significantly  greater blood ketone elevations

than nonbiabetics.

An inverse correlation between obesity and blood
kelone response to norepinephrine was chserved in
diabetics. This correlation could not be attributed
to varying degrees of fasting hyperglycemia or

free fatty acid elevation.

Nonobese diabetics with mild fasting hyperglycemia
(90-150 mgo)
increase in blood ketones than nonobese diabetics

exhibited an unexpected greater

with moderate fasting hyperglycemia (150-250 mg%)
Differences in free fatty acid elevations were not.

responsible for this apparent paradox.

The magnitude of the hyperketonemic response,

though dependent on free fatty acid elevation,
secemed more sensitive to the degree of obesity and
the fasting blood glucose level. Fractional
ketone body measurements attributed the blood
ketone elevations predominantly to g-hydroxy-
butyric acid increases.
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