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SUMMARY: Experimental diabetes induced by streptozotocin has been shown to 
decrease the level of cyclic AMP phosphodiesterase activity in rat adipose tissue. 
This reduced activity was restored with insulin. Protein activator, a small molecu- 
lar weight substance, is essential for full activity of some component phosphodies- 
terases. Herein we demonstrate a significant decrease in protein activator level 
in the 13,000 X g boiled supernatant from streptozotocin-diabetic rat adipose 
tissue. However, although a decrease in protein activator level is consistent with 
diabetic inactivation of phosphodiesterase activity, additional studies presented 
here suggest that a defect in the diabetic phosphodiesterase enzyme itself also 
contributed to the decrease of total phosphodiesterase activity. 

INTRODUCTION 

Insulin was first shown to stimulate cyclic AMP phosphodiesterase (PDE , 

EC 3.1.4. c) activity in adipose tissue in 1970 (1) . Subsequently, experimental 

streptozotocin-diabetes in rats has also been shown to be associated with decreased 

PDE activity (2) . Cheung et al (3) and Kakiuchi et al (4) have demonstrated 

that a small molecular weight, calcium-dependent, heat stable protein activator 

is essential for full activity of the calcium-sensitive form of PDE. Furthermore, 

this material appears to play a more universal role in cellular metabolism (17, 18, 19) . 

In light of this, we thought it important to measure and compare the levels of this 

protein activator in adipose tissue from streptozotocin-diabetic and normal rats. 

MATERIAL AND METHODS 

Holtzman rats were rendered diabetic by streptozotocin injections via the 
tail vein using standard doses of this drug (65mg/kg) (2) . Control animals 
were treated similarly in a sham-operative procedure by injecting normal saline. 
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Following injection the rats were maintained on standard rat chow, in metabolic 
cages, for three days during which time daily weights, urine volumes and the 
presence or absence of glucose and ketone bodies in the urine were recorded. 
At the time of sacrifice, plasma glucose and plasma immunoreactive insulin 
measurements were made (2.5) . 

The heat stable, calcium-sensitive protein activator was prepared from rat fat 
pads by homogenization, sonication, adjustment of pH to 5.9 and centrifugation at 
13,000 x g . The resultant supernatant was boiled for 5 minutes, rapidly cooled and 
centrifuged as above. This procedure was repeated. The supernatant contained 
protein activator (60 pg protein/ml) . Cyclic AMP phosphodiesterase was assayed 
by modification (6) of the method of Thompson and Appleman (7) as routinely done 
in our laboratories. The PDE activity in adipose tissue was measured in the 
100,000 x g supernatant prepared from rat fat pads as described in detail elsewhere 
(2,6,7). PDE activity was measured at high and low cyclic AMP and cyclic GMP 
substrate concentrations (low, 5 x lo-‘M; high, 5 x 10W5M) . Protein activator was 
assayed by measuring the stimulation of protein activator-deficient PDE prepared by 
DEAE cellulose column chromatography of partially purified beef heart PDE (Sigma, 
St. Louis, MO, 3,9). Protein activator activity was assayed in the absence and 
presence of added calcium (1. OmM) with or without O.lmM EGTA being present. 
Protein activator prepared from several tissues (rat brain, human RBC and rat 
and human fat) consistently produced a 4-5 fold tissue stimulation of activator- 
deficient beef heart PDE. Protein activator levels were measured at two concentra- 
tions (1: 1, 60 pg/ml and 1: 5, 12 pg/ml) to determine the optimal level of specific 
stimulation. The amount of protein activator was determined by its ability to activate 
this activator-deficient beef heart PDE (Table 2) and was expressed as relative 
activator activity/mg protein, diabetic compared to control. The total amount of 
protein activator present in the adipose tissue was also determined per wet weight 
of tissue. 

RESULTS 

Table 1 presents the clinical data pertaining to normal and diabetic animals. 

These data allow us to assess the severity of experimental diabetes induced in these 

streptozotocin-treated animals. By the third day (72 hours) , the diabetic animals 

had each lost 12 grams, whereas untreated rats had each gained 19 grams in body 

weight. In addition, the diabetic animals had increased their urinary output and 

were clinically diabetic with positive urinary glucose and acetone tests. Elevated 

plasma glucose and decreased immunoreactive insulin values (p < .05) in the diabetic 

rats further confirmed the differences between streptozotocin-treated and control 

rats. 

Table 2 illustrates our standard protein activator assay. Beef heart PDE , 

rendered protein activator-deficient by passage through a DEAE cellulose column, 
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TABLE 2 
ASSAY OF PROTEIN ACTIVATOR IN RAT ADIPOSE TISSUE 

Source of Adipose Tissue 
Activator 

*Concentration of CPM3H-Adenosine Release? Stimulation 
exogenous protein PDE Alone +Activator 
activator as ug 
protein/O.1 ml 

A. Rat (Control) 0 312 312 1.0 
6 312 438 1.4 

18 312 735 2.4 
36 312 910 2.9 
72 312 1390 4.5 

* 0.1 ml of boiled rat fat protein activator preparation contains 6 pg protein. 

i 
These experiments were run in the presence of excess Ca 

2+ 
(1,OmM) in the assay of negate the 

effects of low endogenous Ca 
2+ 

or EGTA. The assay of CAMP PDE was conducted using 5 x 10m7M 

CAMP. All values shown are the average of triplicate reaction mixtures with substraction of 

background counts. See Methods for further description of assay conditions using protein 

activator-deficient beef heart PDE (8 ug/O.l ml). 

was stimulated almost 5 fold by optimal concentrations of protein activator (72 pg/ 

0.1 ml). Effects of Ca2+ and EGTA on these PDE and protein activator preparations 

are identical to other reported work and this data is not presented here again (3,4,9) . 

Figure 1 shows the level of protein activator obtained from the 13,000 x g boiled 

supernatant of both control and diabetic rat adipose tissue on the third day. This 

figure shows that protein activator activity in adipose tissue from normal and diabetic 

rats is markedly different, 60% lower in the diabetic (p < .02) when expressed per 

mg of adipose tissue protein. These conclusions were identical when the protein 

activator level was expressed either as “total activator activity in the boiled super- 

natant” or as protein activator activity per wet weight of tissue. All of these 

experiments comparing normal and diabetic tissues were statistically significant 

at p < 0.05 for the two concentrations (1: 1 or 1: 5 dilution] of the protein activator 

shown. Data shown in Table 3 illustrates the effect of exogenous rat fat protein 

activator on control or experimental streptozotocin-diabetic adipose tissue PDE for 

rtlowll and “high” Km cyclic AMP PDE activity. This table shows that in experimental 

382 



Vol. 86, No. 2, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Figure 1 Measurement of protein activator (PA) /mg protein in adipose tissue 
from epididymal fat pads taken from normal and streptozotocin-diabetic animals. 
PA was measured in the 13,000 x g supernatant and was assayed by its ability 
to activate PDE at a c-AMP concentration of 5 X lo-‘M. Additional details of 
preparation and assay are reported under Methods. Control animal values were set 
at 100% + S .E .M. Statistical comparisons are shown, with PA from diabetic lower 
than control, P < .02. 

TABLE 3: Activity of cyclic AMP phosphodiesterase (PDE) from normal and streptozotocin-diabetic 
rat adipose tissue in the presence or absence of exogenous protein activator (PA). 

PDE Activity+ 

"LOW" Km P "High" Km P 

Control 
Alone 2.4* 

NS 34.9 
NS 

+PA 

Diabetic 
Alone 

2.5 36.7 

1.7* 
NS 30.8 

NS 

+PA 1.5 38.0 

N = 9 experimental or control values. 
t 

= as picomoles CAMP hydrolyzed 10 minutes per incubation 
vial. The concentrations of CAMP are 5 x 10m7M (low) 
and 5 x 10-5~ (high). The PDE utilized is 0.1 ml of 
the 100,000 x g supernatant and PA concentration is 
15 ug/O.l ml. in a final volume of 0.4 ml. 

* = Diabetic different from control for "low" Km PDE (P c.02). 
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diabetes the diabetic rats had a slightly decreased level of Yowls Km PDE activity in 

their adipose tissue (p < .02, for all experiments) . Furthermore, the addition of 

exogenous protein activator did not restimulate these values to normal levels of 

PDE activity (p=ns) . Similar data was obtained when this experiment was done 

using 5 X 10e7M and 5 X 10v5M cyclic GMP as the substrate for the activatable PDE 

(data not shown) . 

DISCUSSION 

Senft et al (10) originally reported the effect of insulin and experimental 

diabetes on cyclic AMP PDE activity. A number of investigators including Hepp 

and co-workers (11,12) observed little or no effect of insulin on PDE activity in 

adipose tissue. However, in 1970 Loten and Sneyd reported the specific stimula- 

tory effect of insulin on the lflowl’ Km membrane-bound PDE (1) . This work has 

been substantiated by the work of Thompson, Little 6 Williams (13) , Manganiello 

and Vaughan (14) , Zinman and Hollenberg (15) and others. In 1975, Solomon and 

co-workers demonstrated that in experimental diabetes there was a reduced level 

of PDE activity in adipose tissue (2) . This effect of experimental diabetes was 

specific in that there was a decrease only of “low” Km CAMP PDE activity and the 

effect of the diabetes on this PDE activity was reversed by incubation with insulin. 

The present work continues and extends these investigations elucidating the probable 

mechanisms involved in the insulin effect on PDE in diabetes. Herein we demonstrate 

a decrease in the levels of protein activator in adipose tissue from diabetic animals. 

This decrease was noted on the third day after the animals have been rendered 

diabetic through the use of streptozotocin. Expression of the data as activator 

activity per milligram of protein or as total activator activity assured us that this 

decrease was real and not related merely to a nonspecific decrease in the cellular 
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content of protein secondary to decreased protein synthesis that may occur in 

experimental diabetes (16) . Whether or not these changes can be detected in 

naturally occurring animal models for diabetes or in humans with diabetes is 

presently under investigation. 

Data shown in Table 3 indicated that the decrease in PDE activity detected 

in the 100,000 x g supernatant from diabetic rat adipose tissue was not obviously a 

direct result of decreased levels of endogenous protein activator. The additions of 

exogenous protein activator to the 100,000 x g supernatant of adipose tissue from 

diabetic rats did not restore the decreased PDE activity to near normal levels. 

Several explanations for this combination of decreased PDE activity and decreased 

protein activator levels in tissues from diabetic animals may be plausible. The 

protein activator may have become associated with another calcium-binding protein 

such as adenylate cyclase (17,18) or a calcium-magnesium dependent ATP-ase (19) 

or there was a decreased synthesis of protein activator. Alternatively, the protein 

activator may be avidly bound to a calcium-dependent PDE which itself has 

a decreased total level of activity. Protein activator may also be bound to specific 

subcellular components. Streptozotocin-induced diabetes may produce a shift of 

protein activator within the compartments of the cell, making it “less” available (20) 

Regardless of the mechanisms involved, one would have to postulate two defects, 

1) a decrease in protein activator level and 2) a specific decrease in the activity 

of the PDE enzyme itself, to explain our data. A combination of both these factors 

might be essential for the decrease in PDE observed in experimental diabetes. 

Hence, despite the clear decrease in protein activator levels seen in diabetic rat 

adipose tissue, no totally unifying hypothesis can be drawn at this point. Additional 

experimental work will clearly have to be done to define the contribution of each 

component to the overall decrease in PDE activity. 
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