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Abstract—The effects of 1 and 5 mM chlorpropamide were studied in the isolated
perfused liver from fasted rats in the absence of exogenous substrate. 1 mM chlorpro-
pamide caused a slight, but not significant, decrease in ATP content and in ATP/ADP
ratio in the liver; 5 mM chlorpropamide caused a significant decrease in ATP, total
adenine nucleotides and ATP/ADP ratio and an increase in ADP, AMP and inorganic
phosphate content.

The redox states of both cytosol and mitochondria, as measured by the lactate/
pyruvate and B-hydroxybutyrate/acetoacetate ratios, respectively, were unaffected.
However, there was a significant and dose dependent decrease in acetoacetate and p-
hydroxybutyrate content.

Livers perfused with 1 mM chlorpropamide showed a slight, but not significant,
increase in oxygen uptake; 5 mM chlorpropamide had a biphasic effect: an initial
stimulation, followed by a progressive inhibition of oxygen uptake. Ketone body
production measured in the perfusion medium was inhibited by 1 and 5§ mM chlorpro-
pamide. No influencecould beseen on ureogenesis. The measured rates of oxygen uptake
by the liver compared with the changes in oxygen uptake calculated from the reduced
ketogenesis indicate a mixed effect of chlorpropamide on the perfused liver; (1) a
decreased oxidation of endogenous triglycerides and (2) an increased oxidation of
acetyl coenzyme A through the tricarboxylic acid cycle.

The present findings suggest that chlorpropamide acts on the perfused liver as an
uncoupling agent and as an inhibitor of the hepatic triglyceride lipase. (Glycerol ester
hydrolase, EC 3.1.1.3.) Both effects could be related.

DuURING the last two decades, sulfonylureas have been widely used in the treatment of
mild maturity-onset diabetes although their mechanism of action has not been
completely elucidated. Numerous /n vivo and in vitro studies have clearly established
that these compounds stimulate insulin secretion. Nevertheless, several clinical studies
suggest that sulfonylureas also exert extrapancreatic effects since enhanced insulin
secretion does not seem to account for the effects observed during long-term treatment
with these drugs.’'? Berchtold ez al.® have recently suggested that tolbutamide might
have extrapancreatic effects even after acute administration. Several effects of sulfonyl-
ureas on rat liver have been described such as reduced ketogenesis in liver slices,*

* This work was supported by grants from the “Fonds voor Wetenschappelijk Geneeskundig
Onderzoek™.
T Aspirant, Nationaal Fonds voor Wetenschappelijk Onderzoek.

75



76 G. MANNAERTS, L. DeBeer and P. J. DE SCHEPPER

inhibition of triglyceride lipase in homogenates® and normalization of urea pro-
duction in the perfused liver of alloxan diabetic animals.® We have demonstrated the
interference of sulfonylureas with the energy metabolism of several rat tissues”® and
with oxidative phosphorylation® in isolated rat liver mitochondria. Similar effects
have been observed in brown fat cells® and pancreatic B-cells.!°-!!

In the present work, we have examined the effect of chlorpropamide on energy
metabolism, ketogenesis and urea production in the isolated perfused rat liver.

MATERTALS AND METHODS

Animals. Male Wistar rats, maintained on stock laboratory diet were used. Livers
were taken from rats weighing 150-200 g, starved 24-28 hr before use.

Operative technique. The operative technique described by Hems er al.'? was used
except that the heparin was injected into the penis just before cannulation of the portal
vein. The time lapse between portal cannulation and connection of the liver to the
perfusion apparatus was less than 4 min. General appearance of the liver and bile
production (0-075-0-1 ml/g liver/hr) were taken as indications of a successful perfusion.

Perfusion medium. The perfusion medium was essentially as described by Hems ef
al.'? and contained Krebs-Henseleit bicarbonate buffer pH 7-4, 2:6%, (w/v) bovine
serum albumin (Armour fraction V), washed fresh human red cells to a final hemo-
globin concentration of 2:5% (w/v) and | mg?%; (w/v) Ampicillin. The red cells were
omitted in the oxygen uptake studies. Albumin was dialysed for 48 hr at 4° against 100
vol. of Krebs-Henseleit buffer prior to use. Hemoglobin was determined as cyan-
methemoglobin.!?

Perfusion apparatus. The perfusion apparatus is composed of an upper reservoir,
with overflow, a liver chamber and an oxygenator, all thermostated at 36° by a water-
jacket. From the upper reservoir the medium passes through a plastic mesh filter
taken from a disposable transfusion set, flows through the liver and is collected in the
oxygenator from which it is pumped back into the upper reservoir by a peristaltic
pump (Watson-Marlow MHRE 2000). The height of the reservoir is adjustable to
allow perfusion pressures between 10 and 25 cm H,O. The overflow is connected to
the oxygenator. In the perfusions with red cells the oxygenator used was essentially a
cone, on top of which the medium leaving the liver dropped and spread as a thin
film over its surface. In the hemoglobin-free perfusions a rotating disk oxygenator
was used, which provided good oxygenation at the flow rates used, the oxygen con-
centration of the medium entering the liver being 0-7 mM. The gas mixture in both
systems was 95% 0,-5% CO,, saturated with water at 36°. pH was continuously
monitored using a semi-micro combined glass electrode inserted in the medium
circuit. Flow through the liver was measured by clamping the outlet of a disposable
calibrated 10 mi syringe, inserted between liver outflow and oxygenator. In the
hemoglobin-free perfusions oxygen consumption was measured by placing a Clark
type Pt-Ag electrode before and after the liver. (Yellow Springs Instruments, model
53 Biological Oxygen Monitor.) The electrodes were calibrated against air-saturated
saline at 36°. A Bunsen coefficient of 0-023 for oxygen at 36° was used in further
calculations.'* The perfusion pressure varied between 12 and 17 cm water to give a
flow rate of 4-5 ml/min/g during perfusion with red cells. When oxygen uptake was
measured, the pressure was adjusted to give a maximal oxygen consumption by the
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liver and here the flow was always higher than 6 ml/min/g. All perfusions were
carried out at 36°,

Addition of drug. Chlorpropamide, recrystallized twice from ethanol, was prepared
as a stock solution in 1 N sodium hydroxyde and diluted appropriately with Krebs—
Henseleit buffer before addition to the perfusion medium. In the oxygen uptake
experiments the dilution was made with fresh medium and the pH was adjusted to
7-4. The drug was added through the overflow and was replaced by an equal volume
of medium in control exepriments. Uniform mixing in the apparatus was achieved
within 1 min.

Treatment of medium samples. Two ml medium samples were added to 6 ml ice-
cold HCIO, (3-39 w/v). The precipitate was removed by centrifugation in the cold at
38,000 g for 10 min. The supernatant was adjusted to pH 7 with 5M K,CO, and after
standing in the cold, the KC1O, precipitate was centrifuged off.

Treatment of liver. At the end of the perfusion the liver was rapidly disconnected and
pressed between metal clamps, previously cooled in liquid nitrogen.'® The frozen
liver was weighed and pulverized in a precooled mortar with frequent additions of
liquid N,. The powder was transferred to precooled centrifuge tubes containing frozen,
pulverized HCIO, (6 9 w/v). After mixing with a glass rod, ice-cold HCIO, (6 %, w/v)
was added to a final volume of 5 ml per gram tissue, and the mixture was immediately
homogenized with an Ultra-Turrax homogenizer. The pellet, obtained by centrifug-
ation for 10 min. at 38,000 g, was washed with 2 ml of ice-cold HCIO, (3% w/v) per g
tissue. After centrifuging, the combined supernatants were adjusted to a final volume
of 8 ml/g tissue and neutralized as described above. Part of the supernatant was
shaken for 30 sec with acid-washed Florisil (0-1 g/ml) as described by Williamson
et al.'® In some experiments a portion of the powdered liver was digested with KOH
and the glycogen isolated and hydrolysed as described by Good ef al.!”

Chemicals. Lactate, pyruvate, adenine nucleotides and all enzymes used were
obtained from Boehringer Gmbh, Mannheim, Germany. NAD*, NADH, aceto-
acetate,D-Lf-hydroxybutyrate were obtained from Sigma Chemical Company, St.
Louis, Missouri, U.S.A. Florisil (60-100 mesh) was obtained from Koch-Light
Laboratories Ltd., Colnbrook-Bucks, U.K. Anthrone was obtained from E. Merck,
A. G. Darmstadt, Germany. Chorpropamide was a gift from Pfizer Ltd., Sandwich,
U.K. Commerical Ampicillin was used. All other reagents were analytical grade.

Determination of metabolites. Neutralized liver extract was used for the deter-
mination of ATP,'* ADP,' AMP!® and inorganic phosphate.?® Lactate,??
pyruvate,*? B-hydroxybutyrate?® and acetoacetate?* were determined on Florisil-
treated extract. Glycogen was determined as glucose by the anthrone method.2’
Neutralized medium samples were analysed for B-hydroxybutyrate?® and aceto-
acetate;** urea was assayed by the urease method using a commercial test kit
(Boehringer Gmbh, Mannheim, Germany).

Determination of unbound drug concentration. Unbound drug concentration was
determined as described by Pedersen,?® by centrifuging at 36° dried cellophane dialysis
bags (8/32 in., Arthur H. Thomas Company, Philadelphia, Pa., U.S.A.) filled with
cell-free perfusion medium containing 1 or 5 mM chlorpropamide. Appropriate
dilutions of the ultrafiltrate were made in Krebs—Henseleit bicarbonate buffer and the
extinction read at 232-5 nm in a Zeiss PMQ I spectrophotometer. Under these con-
ditions the molar extinction coefficient of chlorpropamide was found tobe 11-1 x 103,
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Statistical methods. All values are given as arithmetical means - standard error of
the mean, unless otherwise stated. The significance of differences between means was
established by the Student r-test. The oxygen uptake experiments were treated as
paired data and tested for significance by Student’s r-test.

RESULTS

Concentration of unbound drug in the perfusion medium. The concentration of
unbound chlorpropamide in the perfusion medium was found to be 0-3 and 3:3 mM
at total concentrations of 1 and 5 mM respectively.

Effect of chlorpropamide on adenine nucleotides and inorganic phosphate. The control
values in Table 1 show that during the perfusion, without substrate, of livers from
fasted rats the concentration of adenine nucleotides remains constant after 35, 45 and
90 min of perfusion. When the perfusion medium contained 1 mM chlorpropamide
after 30 min of perfusion, ATP content and ATP/ADP ratio decreased, although not
significantly, after 15 and 60 min of perfusion with chlorpropamide. When livers were
perfused with 5 mM chlorpropamide for 90 min, ATP, total nucleotides and
ATP/ADP ratio were significantly decreased while ADP, AMP and inorganic
phosphate increased.

Effect of chlorpropamide on lactate/pyruvate and B-hydroxybutyrate/acetoacetate
ratios. The lactate/pyruvate and 8-hydroxybutyrate/acetoacetate ratios are a measure
of the redox state of the liver cytosol and mitochondria respectively.!® Table 2 shows
that chlorpropamide has little or no effect on these ratios in the perfused rat liver.
When the 7-test was applied to the lactate/pyruvate ratios of the 35 min experiments,
the difference between the means appeared significant. However, the ¢-test cannot be
applied to ratios. The data in Table 2 clearly shows that the individual components of
the ratios in the control and the sulfonylurea groups belong to the same population.
Therefore, their ratio cannot be significantly different. This was again demonstrated
when the ratios were compared by means of variance analysis and orthogonal con-
trasts. However, after perfusion with chlorpropamide the concentration of aceto-
acetate and B-hydroxybutyrate in the liver decreased in a dose dependent way.
Inhibition of ketogenesis in rat liver slices by tolbutamide, another hypoglycemic
sulfonylurea, has been reported by Boshell ef a/.* No explanation has been found for
the increase of pyruvate content of the liver after 90 min perfusion with 5 mM
chlorpropamide.

Effect of chlorpropamide on oxygen uptake. Livers of fasted rats were perfused with a
cell-free medium and without substrate as described under Materials and Methods.
Preliminary experiments (data not shown) have indicated that, after an initial
equilibration period of 12-15 min, the oxygen uptake of the perfused livers remained
constant for up to 90 min. Therefore, in the following experiments each liver was
taken as its own control (paired data), and the stabilized oxygen consumption at
minute 30 was used as control value. The effect of chlorpropamide on oxygen uptake
is presented in Table 3.

When chlorpropamide (1 mM final concentration) was added to the medium at
minute 30 a slight but not significant increase in oxygen uptake occurred. Raising the
concentration at 2 mM at minute 50 resulted in an additional but still not significant
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TABLE 3. EFFECT OF CHLORPROPAMIDE ON OXYGEN UPTAKE BY THE PERFUSED

RAT LIVER
O,-uptake

Experimental conditions [umoles/min/g liver (wet weight)]
Control (5) 2:751 + 0-256

1 mM drug +0-051 £+ 0-068

2 mM drug +0-079 + 0109

Control (4) 2786 = 0-204

5 mM drug (stimul.)* +0-164 £ 0035t

S mM drug (inhib.)* —0:265 + 0057t

10 mM drug —0-469 + 0-022%

Rats were fasted 24-28 hr before perfusion. The livers were perfused without
substrate with a cell free medium as described in “Materials and Methods™.
The first drug dose was added at min 30. The stabilized oxygen uptake at min
30 has been used as the control value (paired data). Results are given as means
+ S.E.M. Figures in parentheses indicate number of experiments. * See text for
explanation. T P <0-05.

stimulation of oxygen consumption which lasted during the next 20 min of observ-
ation time. In another series of experiments the perfusion medium was made 5 mM
in chlorpropamide at minute 30 which resulted in a biphasic effect on oxygen uptake.
After an initial rise in oxygen consumption lasting for approximately 20 min (maximal
stimulation reported in Table 3) a progressive inhibition of oxygen uptake developed
which stabilized after about 10 min (inhibition reported in Table 3). When, at minute
75, the chlorpropamide concentration was raised to 10 mM, oxygen uptake by the
liver was further inhibited.

Effect of chlorpropamide on ketone body production. Inhibition of ketogenesis in
rat liver slices* and of triglyceride lipase in rat liver homogenates’ by tolbutamide have
been reported. No effect on ketogenesis in the isolated perfused rat liver could be
demonstrated by Willms ef al.% using glibenclamide and S&ling et al.?” using carbut-
amide. However, the data presented in Table 4 clearly show that ketone body output
by the cell-free perfused rat liver is inhibtted by chlorpropamide in a dose dependent

TABLE 4. EFFECT OF CHLORPROPAMIDE ON KETONE BODY PRODUCTION BY THE PERFUSED RAT LIVER

Sum of ketone bodies
[emoles/g liver (wet weight)]

Time (min)
0 30 60 90
Control (4) 0-00 10:24 4 1-54 22:53 X+ 625 31-92 4+ 406
1 mM drug at min
30 (4) 0-00 766 L 1-52 1371 £ 122 1898 + 1-90*
5 mM drug at min 0
“) 0-00 1-82 + 0-61% 348 L 0-43f 511 £+ 0-61%

Ketone body production was measured in the perfusate of livers perfused for 90 min with a cell
free medium. Ketones were taken as the sum of S-hydroxybutyrate and acetoacetate production.
Results are given as means -+ S.E.M. Figures in parentheses indicate number of experiments.
Significance is indicated as * P < 0-:02. 1t P < 0:01. 1 P < 0-001.
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way. The discrepancy between our results and those mentioned above could be
explained by a specific effect of chlorpropamide, not seen with other hypoglycemic
sulfonylureas. A more likely explanation is that the perfusion medium used by
Willms er al.¢ and Soling ef al.*7 contained 100 mg % glucose which is markedly anti-
ketogenic. When livers of fasted rats were perfused in our laboratory with 10 mM
lactate, no effect of chlorpropamide (1 mM) on ketogenesis could be demonstrated
(unpublished results).

Effect of chlorpropamide on urea production. As shown in Table 5, chlorpropamide
has no effect on urea production by the perfused rat liver.

TABLE 5. EFFECT OF CHLORPROPAMIDE ON UREA PRODUCTION BY THE PERFUSED RAT LIVER

Urea [moles/g liver (wet weight)]

Time (min)
0 30 60 90
Control (4) 0-:00 889 + 051 15-80 - 139 20-13 - 242
1 mM drug at min
30 4) 0-00 853 + 0-68 13:25 £ 1-26 19-98 - 1-50
5 mM drug at min
0@ 0-00 11-18 + 1-20 16:01 &+ 1:93 1809 = 143

Urea production was measured in the perfusate of the same livers as described in Table 4. Results
are given as means =+ S.E.M. Figures in parentheses indicate number of experiments.

Comparison of the effect of chlorpropamide on ketogenesis and oxygen consumption.
The rate of ketone body production by the perfused rat liver (Table 4) remained con-
stant in the control group (minute 0-90) as well as in the presence of chlorpropamide
I mM (minute 30-90) and 5 mM (minute 0-90). These rates are shown in columns 1 and
2 of Table 6 for acetoacetate and S-hydroxybutyrate production. The observed decrease
in ketogenesis could be the result of two main mechanisms. Chlorpropamide could
affect directly or indirectly ketogenesis through inhibition of triglyceride lipase
and/or fatty acid oxidation. In this case there should be a corresponding decrease in
oxygen consumption by the liver. This decrease can be calculated from the measured
decrease in ketone body production, assuming that oleate resembles the average
composition of fatty acids in the liver.?® The overall reactions used for the calculation
are:

C,sH340, + 7-5 O, — 45 acetoacetate
CsH;3,0, + 525 O, — 45 B-hydroxybutyrate

The results of these calculations are shown in Table 6, column 3. On the other hand,
chlorpropamide could decrease ketogenesis by stimulating the oxidation of acetyl
coA In the tricarboxylic acid cycle. In this case, there should be a corresponding
increase in oxygen uptake. The reactions are:

acetoacetate + 40, — 4CO, + 3H,O
B-hydroxybutyrate + 4:5 O, — 4CO, + 4H,0
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The results of these calculations are shown in Table 6, column 4. Qur experimental
data on the effect of chlorpropamide on oxygen uptake by the perfused rat liver,
presented in Table 3, are summarized in Table 6, column 5. These values lie between
the calculated values of columns 3 and 4. They suggest that in these experiments
chlorpropamide exerts a mixed effect on the perfused rat liver: an inhibition of
oxidation of fatty acids which could be a result of the described inhibition of tri-
glyceride lipase,” and a stimulation of oxidation through the tricarboxylic acid cycle
which could be the result of the uncoupling effect of sulfonylureas demonstrated by
us on isolated rat liver mitochondria.® That the changes in oxyvgen uptake brought
about by chlorpropamide result mainly from an interference with fatty acid metabol-
ism can be derived from the fact that ureogenesis was unaffected (Table 5) and that
the fasted perfused livers contained very little glycogen: 0-94 - 0-06 umoles glucose/g
wet weight (n == 7) after 30 min of perfusion.

DISCUSSION

Earlier work from this laboratory described an uncoupling effect of chlorpropamide
and tolbutamide on isolated rat liver mitochondria.®

In this work, we have attempted to study the effect of chlorpropamide on energy
metabolism under more physiological conditions and have therefore used the isolated
perfused rat liver. Although a dose of 5 mM chlorpropamide (135 mg %)) exceeds the
therapeutic dose, a concentration of | mM (27 mg %) lies well within the range of the
therapeutic blood levels. The mean level reported by Hiussler and Wicha*® is 10-20
mg % and the range is 2-5-32 mg ;. The concentration of unbound drug in our
perfusion system is 0-3 mM at a total concentration of | mM (27 mg %) and compares
well with the plasma concentration of 0-13 mM computed from the binding data of
Judis®® for human serum albumin using 20 mg % chlorpropamide as total concen-
tration. The data presented here seem to extend the uncoupling effect of chlorprop-
amide observed on isolated liver mitochondria® to the isolated perfused rat liver, The
rates of oxygen uptake measured under chlorpropamide lie between the values
calculated for the two above mentioned mechanisms of reduced ketogenesis, namely
a decreased oxidation of fatty acids or an increased oxidation of acetyl CoA through
the Krebs cycle (Table 6). This would point towards a mixed effect of chlorpropamide
on the perfused rat liver, Similar observations have been made in rat liver slices with
glibornuride, another blood sugar lowering sulfonamide.*' The inhibition of oxidation
of fatty acids could be explained by a diminished hepatic trigylceride lipase activity.
Bewsher er al.5 have described in rat liver homogenates the inhibition by tolbutamide
of a triglyceride lipase with a pH optimum of 7. The existence of several triglyceride
lipases in liver with different pH optimum has been established by Guder er a/.** An
inhibition of the p-oxidation system us such seems unlikely in view of the findings of
Hasselblatt3? that in liver slices giycodiazin (0-8 mM) does not inhibit ketogenesis
from exogenous long-chain fatty acids. In addition it is reasonable to assume that in
our perfusions with not defatted albumin, the ketones originate from endogenous
triglycerides as shown by Krebs and Hems.** An inhibition of fatty acid activation
seems to be excluded despite the significant drop in ATP content of livers perfused
with 5 mM chlorpropamide. Indeed, livers perfused with oleate by Williamson*® and
with octanoate or oleate in this laboratory (unpublished results) revealed a marked
drop in ATP content concomitant with high rates of ketogenesis.
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An increase of oxidation of acetyl CoA could be explained by a stimulation of the
Krebs cycle activity. Indeed, inhibition of triglyceride lipase should result in a lower
concentration of acyl CoA esters in the liver. This in turn might release a relative
inhibition of the mitochondrial adenine nucleotide translocase,*® lower the phos-
phorylation state of the intramitochondrial adenine nucleotides and hence stimulate
the Krebs cycle. However, earlier work from this laboratory on isolated mitochondria®
and our measurements of adenine nucleotides suggest an uncoupling effect of chlor-
propamide on the perfused liver. Under 5 mM chlorpropamide, ATP and total
nucleotide concentrations and ATP/ADP ratio are significantly lowered while ADP,
AMP and inorganic phosphate concentrations increase. Similar effects, although not
statistically significant, are already seen with | mM chlorpropamide (Table 1). That
no effect was observed on the redox state of the cytosol or the mitochondria is rather
unexpected.

Chan and Fain® have described an uncoupling effect of tolbutamide on rat brown
fat cells comparable to the effect of carbonyl cyanide m-chlorophenyl hydrazone
(m-Cl CCP), a typical uncoupler of oxidative phosphorylation. Tolbutamide (1-85 mM)
as well as m-C1 CCP (0-5 mg %) inhibited lipolysis without significantly affecting the
total ATP content of the cells.®” This is what occurs when the rat liver is perfused with
I mM chlorpropamide (Tables 1 and 4). Fain and Loken?® have described a similar
inhibition of lipolysis in brown fat cells by valinomycin, another uncoupler of
oxidative phosphorylation. These authors suggest that the uncouplers could interfere
with the energy-dependent steps in the activation of triglyceride lipase. This could
also be the case for the hepatic triglyceride lipase, although Bewsher® reported a
direct inhibition of the enzyme by tolbutamide in rat liver homogenates. However,
the concentration of tolbutamide used by this author is not stated. Our results support
the hypothesis of an interference of uncouplers with the energy-dependent activation
of triglyceride lipase. Indeed, the initial stimulation of oxygen uptake by the liver in
the presence of 5 mM chlorpropamide (Table 3) suggests that uncoupling of oxidative
phosphorylation precedes the maximal effect on triglyceride lipase, which would then
be responsible for the later inhibition of oxygen consumption.

Another possibility is that both effects occur simultaneously and independently
and that the initial stimulation of oxygen uptake results from an accelerated oxidation
of the preformed acyl coA esters in the liver. However, this seems unlikely since after
30 min perfusion under similar conditions Williamson er /.3° found that the
liver contains only 86 nmoles fatty acyl coA esters/g dry weight which gives 21
nmoles/g wet weight, assuming that the liver contains 759, water. Using our rate of
ketogenesis, 71 nmoles of acyl coA esters would be used per min per g liver (wet
weight) for ketone body production alone.

Although a concentration of 5 mM chlorpropamide exceeds the therapeutic blood
levels, a concentration of I mM chlorpropamide, which lies within the range of
therapeutic plasma levels,?® has similar although less pronounced effects. Whether
or not the hepatic antiketogenic effect of the sulfonylureas is involved in their
therapeutic action is still a matter of debate (for review see Ref. 40). Indeed, an
inhibition of the hepatic triglyceride lipase activity could hardly reduce ketogenesis
in patients, since ketogenesis in vivo seems to be dependent on the free fatty acid
supply to the liver. However, one must keep in mind that several workers described
an antilipolytic action of sulfonylureas on white adipose tissue.*!~*3 The stimulation
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of acetyl CoA oxidation through the Krebs cycle, as suggested by us, seems too small
to account for a significant reduction of ketogenesis under a continuous supply of
free fatty acids in vivo. It has still to be established to what extent an increased Krebs
cycle activity could stimulate carbohydrate oxidation in the liver. Furthermore an
alteration of hepatic lipid metabolism, especially of hepatic triglyceride metabolism,
could have profound implications in view of the recent findings of the University
Group Diabetes Program .**

We conclude from this work that, in the perfused rat liver, chlorpropamide acts as
an uncoupler of oxidative phosphorylation and inhibits ketogenesis probably through
inhibition of the triglyceride lipase. Both effects could well be related.
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