
Liver fructose bisphosphatase concentration and activity in alIaxan induced 
diabetes 



Short communication5 99 

gains of 15,10 and 32 per cent respectively. Because insulin 
did not reverse the abnormal intracellular enzyme situation. 
four normal rabbits were injected with 2 units of the hor- 
mone daily for 5 days. One hour after the last injection the 
animals were killed and their livers were analyzed. The 
results were indistinguishable from those of group 1 (con- 
trols) (Table 1). Thus, insulin was not responsible for the 
increase in enzyme mass and the decrease in specific 
activity. 

Good control of diabetes, as reflected in normal plasma 
glucose concentration, was difficult to achieve in rabbits 
given unrestricted access to food. For example, at sacrifice 
mean postprandial plasma glucose for group 6 animals was 
409 mg/dl 2 91. However, it was only 156 mgidl t 57 for 
group 5 animals and 204 t 60 for group 7. It was 186 ? 27 
for control rabbits and 559 t 79 for the untreated diabetics. 

Analysis of the non-denaturing polyacrylamide slab gels. 
in which fructose bisphosphatase had been visualized spe- 
cifically through activity staining, revealed no difference 
in the size of the fructose bisphosphatase from the liver 
extract of normal animals compared to that from diabetic 
or treated-diabetic animals. 

Taunton et al. [7] showed that fructose bisphosphataae 
activity in rats is subject to rapid changes after hormone 
administration. The enzyme is known also to be inhibited 
by substrate [8] and by reaction with pyridoxal phosphate 
[9], ATP and ADP [lo], and AMP. Inhibition by ATP or 
GDP may have been due to heavy metal ion contamination 
of those preparations [ll]. Recently, evidence has been 
presented which indicates that there is an interaction 
between fructose bisphosphatase and fructose bisphosphate 
aldolase (121. Such an interaction might be expected to 
influence reaction rates. The enzyme has been shown to 
be activated in vitro by long chain fatty acids [ 131. Because 
rapid activation and inactivation phenomena may occur by 
covalent modification [14], it is uncertain that activity 
measurements directly reflect intracellular enzyme protein 
concentration in all cases or that direct proportionality 
exists between activity and concentration. We have 
addressed this issue by the applicarion of a specific radio- 
immunoassay that measures the enzyme concentration 
directly and thereby provides an investigative dimension 
that was not available previously. 

In the alloxan diabetic rabbit, the concentration of 
enzyme increased and continued to do so despite prolonged 
treatment with doses of insulin (Table I) that not onlv 
prevented certain death of untreated animals but evell 
resulted in weight gain. Our presentation of data in terms 
of total nmoles of enzyme and total units of activity per 
liver makes it unequivocal that net increases had occurred, 
Concentration data alone, the form in which activity data 
is usually provided, would not unequivocally establish that 
a net change occurred. We have confirmed the conclusion 
of Weber et al. [15] that an increase in assayable activity 
in units per 10’ liver cells means an increase in enzyme 
concentrations. However, our data differ. In our experi- 
ments, treatment with insulin during the acute phase of 
diabetes did not reverse the increase in enzyme activity as 
it did in the case of the rat experiments by Weber er (I/. 
[15]. In addition, with our assays we were able to dem- 
onstrate that, as treatment proceeded, there was a disparity 
between total enzyme activity and total enzyme content, 
i.e. activity did not keep pace with enzyme content. Therc- 
fore, with treatment over l&IS days the specific activity 
of the enzyme decreased significantly below the control 
value. The liver cells may have been synthesizing a lorm 
of the enzyme that was less active than the enzyme of 
control animals, which could not be deduced from activity 
measurements alone. Direct evidence that these poa5ible 
activity differences between normal and diabetic fructose 
bisphosphatase are due to specific molecular differences is 
being sought by comparing carefully characterized. purified 
enzyme preparations from normal and insulin-treated dia- 
betic animals. 

We considered the possibility that alloxan itself may have 
caused changes in FBPase concentration and specific 
activity. However, two rabbits did not develop diabetes 
after administration of alloxan. and enzyme activity and 
concentration remained normal. In addition. we have 
shown before that alloxan does not induce liver uvruvate 
kinase [ 161. glycerol-3-phosphate dehvdrogenase’iunpub- 
lished observation). or skeletal or cardiac muscle ohosaho- 
fructokinase [ 171, & pyruvate kinase [IS]. Alloxan’diadetes 
did cause a decrease in the specific activity of liver pyruvate 
kinase, but insulin therapy quickly returned it to normal. 
Liver pyruvate kinase had a specific activity of 12.7 units; 
nmole 2 1.0 (nine animals) in the chow fed animal. The 
value decreased to 9.6? 1.5 (eight anaimals) in the 
untreated diabetic (P < 0.005) but was restored to 11.5 + 
1.8 (four animals) after insulin replacement therapy [lh]. 
Thus, adequate response of the liver to insulin was estab- 
lished, at least with respect to pyruvate kinase. The same 
groups of animals were used in both the pyruvatc kinase 
and FBPase studies. 

Although it appears unlikely that alloxan itsell was re- 
sponsible for the changes in FBPase. this possibility cannot 
be ruled out at this time. An attempt to use streptozotocin 
to induce diabetes in rabbits was unsuccessful in our hands. 

We cannot claim that perfect diabetes control was 
achieved by our insulin administration protocol; multiple 
daily plasma and urine glucose analyses are not possible 
with rabbits. The administration of single daily doses of 
insulin, larger than those reported here. was noted to cause 
hypoglycemia and death in some instances. In contrast. 
with the dose of lente insulin that we used there were never 
any clinical signs of hypoglycemia. The rabbits had access 
to food constantly. Lente insulin injections were given each 
morning; the time of maximum insulin action could be 
expected to coincide with the daytime feeding habit of the 
rabbit. The likelihood of prolonged periods of hypogly- 
cemia was remote. 

Normally, newly secreted insulin enter5 the portal sys- 
tem, and the liver is the first organ to receive the hormone, 
usually in massive amounts. Insulin injected subcutaneously 
enters the general circulation, so the liver cannot be the 
preferred recipient organ. Of course. it continue5 to receive 
glucagon directly. Our inability to deliver replacement 
insulin into the portal system may account for failure of 
the hepatocyte to normalize its internal enzyme-milieu 
promptly. Perhaps the achievement of meticulous control 
of diabetes by multiple daily injections of short-acting 
insulin would have restored the liver FBPasc concentration 
to normal quickly. Nevertheless. it was unexpected that an 
amount of daily injected insulin, sufficient to permit weight 
gain and to restore liver pyruvate kinase activitv to normal, 
was not sufficient to decrease the conccntraiion of liver 
enzyme. 

In summary, fructose bisphosphatase (nmoles) was meas- 
ured in rabbit livers by a specific radioimmunoassay method 
in control. alloxan-diabetic, and insulin-treated diabetic 
rabbits. Enzyme activity measurements were also made. 
In acutely diabetic animals, enzyme content and activity 
per liver increased equally (2-fold) over control values. 
Paradoxically, after 10 days of daily insulin therapy. suf- 
ficient to restore general good health and to allow weight 
gain, enzyme content per liver increased 9.fold. while 
activity increased only 4-fold over non-diabetic controls. 
The specific activity decreased from 2.6 units/nmole of 
enzyme in control animals to 1.5. Thus. large amounts of 
a less active, cross-reacting form(s) of the enzvme 
appeared, despite insulin therapy. Even 2 weeks of insulin 
therapy did not ensure a ret&n to normal of enzvme 
concentration and specific activity. A possible direct effect 
of alloxan on the liver is discussed. 
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