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absorbance. HGPRT (1.5x 10 -4 IU) was then added to 
1 ml of the mixture and the reaction was followed to its 
completion at 293 nm. The reaction went to completion 
after 2 h at 37 ~ The reaction mixture without IMP was 
used as the blank. 
Results and discussion. The calibration curve for the IMP 
assay obtained by applying the procedure described above 
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Calibration curve for the enzymatic assay of IMP. The experimen- 
tal conditions were as described in the text. 
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on IMP solutions of known concentration is reported in the 
figure. The relationship between IMP concentration and 
the optical density variation at 293 nm is linear in the range 
studied. From the same series of experiments a SD of 
+_ 0.005 OD was obtained for the IMP assay. 
It is well established that HGPRT catalyzes IMP pyropho- 
sphorolysis 7,9 and that the reaction can be followed spectro- 
photometrically at 293 nm in the presence of XOD activi- 
ty 7. When, at the end of the reaction, 0.04 IU of uricase 
were added to 1 ml of the incubation mixture, a decrease in 
optical density at 293 nm to the initial absorbance value 
was observed confirming that uric acid was the chief end 
product absorbing at this wavelength. 
Human HGPRT has been studied extensively with regard 
to affinity for substrates 1~ The enzyme binds 6-oxo and 
6-thiopurines but not 6-amino compounds. HGPRT, in the 
presence of magnesium ions, also catalyzes the reaction 
between GMP and PPi to form guanine and phosphoribo- 
sylpyrophosphate. Since guanine is not a substrate for 
XOD, uric acid is not formed in the presence of GMP. 
AMP is not a substrate for HGPRT. In the presence of 
xanthine and/or hypoxanthine, the IMP assay can be 
carried out by adding HGPRT only after the purine bases 
have been completely oxidized to uric acid by XOD. 
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Sequential changes in serum glucose, triglycerides and cholesterol in aging of normal and alloxan-diabetic rats ~ 

B.M. Altura, G. Lure, P. D. M. V. Turlapaty and Bella T. Altura 

Departments of Physiology and Pathology, State University of New York, Downstate Medical Center, Brooklyn (New York 
11203, USA), 5 May 1980 

Summary. 16-week-old Wistar, alloxan diabetic rats exhibited progressive elevations in levels of serum glucose, total 
triglycerides, cholesterol and creatinine over a period of 8 weeks; hyperglycemia preceeded hyperlipidemia and hypercrea- 
tininemia and hypertriglyceridemia preceeded hypercholesteremia. Age-matched control rats failed to develop any signs of 
hyperglycemia or hypercreatininemia, but did develop both hypercholesterolemia and hypertriglyceridemia at 24 weeks of 
age. This suggests that the progressive cardiovascular derangements (e.g., atherosclerosis, hypertension) noted in ex- 
perimental diabetes mellitus and in the normal aging (and maturation) process may be brought about by distinctly 
different biochemical processes. 

There is considerable evidence, both experimental and 
clinical, that the high incidence of cardiovascular complica- 
tions of aging and diabetes mellitus are related to derange- 
ments in carbohydrate and lipid metabolism 2-8. It is not 
certain whether progressive alterations in the serum content 
of glucose, cholesterol and total triglycerides are causally 
interrelated to the progression of the cardiovascular 
derangements noted in aging and diabetes mellitus. The 
mechanism(s) responsible for the increased incidence of 
hypertension and atherosclerosis seen in animals and 
human subjects in diabetes mellitus, and on aging, are 
incompletely understood. There is clinical evidence to 
suggest that the former may be related to a progressive 
hyperlipidemia preceded by a hyperglycemia 8'9. 

With these points in mind, the present study was under- 
taken to determine if, under controlled experimental condi- 
tions, progressive changes in these serum parameters could 
be observed in 16-week-old rats made diabetic with alloxan 
as well as in age-matched (17, 20 and 24 weeks old) rats. A 
restricted time interval of 8 weeks was chosen in the hope 
that subtle biochemical alterations would be observed in 
early aging (i.e., maturing adult) versus diabetic animals. In 
addition, recent in vivo and in vitro experiments reveal that 
such normal aging and diabetic rats exhibit progressive 
alterations in  blood pressure, and arterial and arteriolar 
reactivity, at these time intervals 6, m, 11. 
Methods. Male Wistar strain rats, initially 16 weeks of age 
(i.e, 300-335 g), bred and housed in our laboratory were 
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Comparison of body weights and serum biochemical parameters in normal aging and alloxan-diabetic rats 
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Time after N Body weight Serum levels (mg/100 ml) 
treatment (g) Glucose Cholesterol Total Creatinine 

triglycerides 

1 Week 
Saline 12 419.8+ 33.5 122.7_+ 10.5 54.1 + 5.4 619.7+ 130 0.30+ 0.09 
Alloxan 12 417.0_+ 8.4 454.6+ 81.7 a 55.7+ 5.5 754.7+ 173 0.37+ 0.06 

4 Weeks 
Saline 10 468.1 + 23.1 123.9 + 6.02 64.5 + 3.5 786.6 + 117 0.25 + 0.05 
Alloxan 10 426.4_+ 24.2 704.8_+ 80.3 a,b 74.5_+ 8.0 1417 _+ 285 a 0.47_+ 0.05 a 

8 Weeks 
Saline 11 495.4_+ 24.7 d 120.0_+ 8.13 80.6_+ 5.0 c 1728 _+ 211 c 0.34_+ 0.05 
Alloxan 11 412.5_+ 27.7 677.8_+ 34.5 a,b 100.8_+ 8.8 a 3080 _+ 587 a,e 0.54_+ 0.05 a 

a Significantly different from saline controls (p < 0.05); b significantly different from 1-week alloxan diabetics (p < 0.05); c significantly 
different from 1- and 4-week saline controls (p <0.02); d significantly different from 1-, 4- and 8-week alloxan diabetics (p<0.01) 
e significantly different from 1- and 4-week diabetics (p <0.02). 

utilized. All animals were given standard rat chow and tap 
water ad libitum throughout the study. A group of  age- 
matched (16 weeks) animals were injected with alloxan 
monohydrate (Sigma Chemical  Co.), 150 mg/kg,  in 0.3- 
0.4 ml of  isotonic sterile saline, i.p. Another  group of  age- 
matched rats were injected with the saline vehicle (0.3- 
0.4 ml), i.p. 1, 4 and 8 weeks after the alloxan and saline 
injections, the animals were decapitated and mixed venous 
blood samples were obtained for analysis of  serum glucose, 
cholesterol, total triglycerides (free glycerol plus glycerol 
released from triglycerides), and creatinine. 
Serum glucose, cholesterol, total triglycerides, and creati- 
nine were determined on a centrifugal analyzer (Centrific 
Chem Model  400, Union  Carbide, Rye, N.Y.). Serum 
glucose was determined by the glucose oxidase method 12. 
Cholesterol and total triglycerides were determined by 
enzymatic methods TM14, while serum creatinine was deter- 
mined with an automated reaction-rate method LS. Where 
appropriate, means (_+ SE) were determined and compared 
for statistical significance by means of  a Student's t-test. 
Results. The control rats continued to gain weight, in a 
progressive manner,  over the 8 week study period (table). 
In contrast to this, the diabetic rats didn't  increase in 
weight, progressively, over the 8 week study period. Al- 
though the control rats did not exhibit any changes in 
serum glucose levels, the diabetic rats exhibited almost a 4- 
fold elevation in serum glucose 1 week after the administra- 
tion of  alloxan, and almost a 6-fold elevation 4 and 8 weeks 
after alloxan. The cholesterol levels rose 60% and 100% in 
the age-matched control and 8-week alloxan-treated rats, 
respectively. The serum total triglyceride level was elevated 
almost 300% in the 24-week-old control animals and ap- 
proximately 500% in the age-matched alloxan-treated rats. 
It should be noted that the serum total triglyceride level 
was elevated almost 230% 4 weeks after the administrat ion 
of  alloxan. Although the serum level of  creatinine did not 
change in the control animals, it became elevated progres- 
sively after the induction of  diabetes. 
Discussion. While the present results clearly show that a 
serum hyperglycemia precedes hyperl ipidemia in alloxan- 
induced experimental  diabetes mellitus, a similar series of  
metabolic  events does not  seem to take place in the early 
aging (or maturation) process, at least in male Wistar rats. 
Normal ,  male Wistar rats appear  to develop the first signs 
of  a hypercholesterolemia and hyperl ipidemia at about  the 
same time (i.e., at 24 weeks of  age), but do so in the absence 
of  any change in blood glucose or creatinine levels. A 
hypertr iglyceridemia develops (4 weeks alter alloxan) prior 
to a hypercholesterolemia (8 weeks after alloxan) in the 

diabetic rats. With such findings, it seems doubtful  that one 
could link the elevation of  blood pressure or development  
of  atherosclerosis, seen in rats early in aging 6'16 or made  
alloxan diabetic 1~ to a similar series of  metabol ic  events. 
It would also appear from our findings that the atherogene- 
sis that is observed in al loxan-diabetic rats ~s'19 may be more 
dependent  upon the blood total triglyceride level than the 
blood cholesterol level, since the former becomes elevated 
prior to the latter. 
Since serum glucose is elevated early after alloxan, as one 
would expect from the literature 2~ and prior to an 
alteration in the assayed blood lipid components,  such data 
would support the hypothesis promulgated previously by 
numerous workers 5's,9 that the hyperglycemia somehow 
acts as a trigger to set in mot ion the other metabolic  and 
cardiovascular derangements  observed in both clinical and 
experimental  forms of  diabetes mellitus. 
The findings of  a progressive rise in the serum creatinine 
after alloxan administration, but no such change in the 
control age-matched rats, is suggestive of  a developing 
nephropathy in the advancing alloxan-diabetes mellitus 
syndrome. Such data might  indicate that pathological alter- 
ations in renal function may play an important  role in the 
al loxan-induced hypertension found in the diabetic rat. In 
this context, it has been reported that the renin-angiotensin 
system is altered in alloxan diabetic rats4; activation of  the 
latter system could play an important  role in both the 
elevation o f  blood pressure and the progressive athero- 
sclerosis found in the syndrome. 
Using non-enzymatic  methods,  Carlson et al. 22 reported, 
previously, that the amount  of  cholesterol and triglycerides 
in the plasma of  male Sprague-Dawley rats rose sharply 
sometime between 4 and 9 months of  age; no further 
elevation was noted in these parameters in rats 18 months  
of  age. If  similar results were to be found for other  strains 
of  rats (e.g., Wistar 's used here), such data could indicate 
that the early changes seen in plasma cholesterol and 
triglycerides, noted here and elsewhere 22, are related to a 
maturat ion phenomenon  rather than an aging phenome-  
non. In any event, the dissociation of  serum biochemical  
parameters in the aging, matured  adult rats versus diabetic 
rats reported herein could prove useful in the elucidation of  
the sequential  biochemical  processes which give rise to the 
cardiovascular alterations found in normal  aging and 
diabetes mellitus. In view of  these findings, it would be of  
interest to determine if similar serum biochemical  changes 
are associated with the developing,  as yet unexplained,  
chronic hypertension recently shown to be induced by the 
diabetogenic agent, streptozotocin, in rats 23. 
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Proteolytic capacity in mouse  cardiac muscle following strenuous exercise ~ 
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Summary. Proteolytic capacity in mouse cardiac muscle was analyzed 1, 3, and 6 days after exhaustive intermittent or 
submaximal prolonged running. No significant changes were recorded in the activities of  acid or alkaline proteases, 
fl-glucuronidase or trypsin inhibitor. Similarly, no changes were found in the rates of  acid or neutral autolysis. 

Celt edema, mitochondrial  changes and disintegration of  
myofibrillar structure are among the indications of  ischem- 
ic myocardial or skeletal muscle injuries 2-4. Similar ultra- 
structural phenomena  are found in both muscle types after 
exhaustive exercise 5-7. Ischemic damage may be reversible, 
or irreversible leading to cell necrosis. Some skeletal muscle 
fibres are necrotized both by exhaustive intermittent 8 and 
by submaximat prolonged running 9, but physical stress does 
not cause lethal lesions in the cardiac muscle of  healthy 
animals 5,10. 
A common sign of  sublethal cell injuries are alterations in 
the lysosomal system, e.g. increased autophagic degrada- 

11  8,12 tion . In skeletal muscle, the post-exercise,  or post- 
ischemia 13 lysosomal acid hydrolytic capacity of  surviving 
fibres is strongly increased 3-7 days after the exercise, 
suggesting sublethal cell injuries. The aim of the present 
study was to determine whether similar changes in the 
cellular digestive mechanisms also occur in cardiac muscle. 

Methods, 4-month-old N M R I  mice were made to run to 
exhaustion on a motordriven treadmill  by the intermittent 
running schedule described earlier 8. In the submaximal 
prolonged running the mice ran for 9 h on the treadmill  
with 6 ~ uphill tracks at a speed of  13.5 m/min .  The  mice 
were killed 1, 3, and 6 days after the exercise. The activities 

12 14 12 of acid protease , alkaline protease , fl-giucuronidase , 
15 16 t7 and trypsin inhibitor and the rates of  acid and neutral 

autolysis were analyzed. 
Results and discussion. Acid hydrolase activities increase in 
reversibly injured skeletal muscle fibres after exhaustive 

8 13 exercise or ischemia . It has been suggested that this 
response reflects subcellular regenerative processes in mus- 
cle fibres 12. However,  in mouse cardiac muscle strenuous 
exercise did not affect the estimates of  acid hydrolytic 
capacity (table). Only a small (p < 0.05) increase in acid 
protease activity in cardiac muscle was recorded after 
exhaustive running. However,  the acid hydrolytic capacity 

Estimates of proteolytic capacity in mouse cardiac muscle 1, 3 and 6 days after intermittent exhaustive or submaximal prolonged running 

Variables Intermittent exhaustive exercise Submaximal prolonged exercise 
Controls 1 day 3 days 6 days 1 day 3 days 6 days 
(n = 14) (n = 9) (n = 10) (n= 9) (n = 8) (n= 11) (n = 9) 

Acid autolysis 148 + 5 150 + 6 148 + 6 138 _ 4 154 ___ 7 151 + 5 144 + 6 
Acid protease 1110+ 35 1180+ 60 1240+ 35* 1110+ 30 1160 + 64 1180 + 39 1080 + 40 
fl-Glucuronidase 11.9+0.3 12.8+ 1.7 11.4+0.3 12.0+0.6 11.7+0.7 12.9+0.7 13.1+ 1.2 
Neutral autolysis 5.8 + 0.3 6.0+ 0.3 6.0+ 0.4 5.6 + 0.3 5.8 + 0.3 6.2 + 0.2 5.4 + 0.4 
Alkaline protease 17.4+ 0.7 15.6+ 0.4 17.8+ 0.8 16.6+ 0.9 15.4+ 0.6 17.2+ 0.6 17.2+ 0.8 
Trypsin inhibitor 13.2+0.9 12.9+0.9 14.6+0.9 13.0+0.5 13.1+0.9 14.2+0.6 12.3+0.8 
Malate dehydrogenase 744+ 15 742+20 725+ 19 742+__ 18 742+ 18 753+ 19 726+24 
Protein content 182+ 2 182_+ 4 186+ 2 183 +2 186+ 2 187-+ 2 182-+ 3 

Activities (means+SE) are expressed as pmoles/min/mg fresh muscle, except malate dehydrogenase activity (nmoles/min/mg fresh 
muscle) and trypsin inhibitor activity (AE x 103/min/mg fraction protein). Protein content is given as ~tg/mg. * p < 0.05. 


