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The effect of insulin on the metabolism of 
mucopolysaccharides remains unclear. Schil- 
ler and Dorfman found that the uptake of 
14C-acetate or glucose by hyaluronic acid 
and chondroitin sulfate, as well as the uptake 
of :5su l fa te  by chondroitin sulfat: in the 
skin of alloxan diabetic rats was about one- 
third that of normals, while the effect of 
insulin in normal animals was variable and 
not too striking (1). In  contrast, Spiro found 
that the livers of alloxan diabetic rats were 
able to synthesize the glucosamine com- 
ponent of liver and serum glycoproteins at a 
normal rate, and concluded that the biosyn- 
thesis of glucosamine from glucose is not un- 
der the metabolic regulation of insulin. Fur- 
thermore, he postulated that in insulin defici- 
ency, glucose is shunted from insulin- 
dependent pathways to those that don't re- 
quire insulin, and, therefore, diabetes results 
in normal lor even increased glycoprotein syn- 
thesis (2) .  

Although it is generally agreed that sulfate 
incorporation into mucopolysaccharides is 
depressed in chronic diabetes (3-7), the re- 
sults of in vitro studies concerning the effect 
of insulin on sulfatipon are conflicting. Salmon 
and Daughaday reported that insulin in vi- 
tro causes significant stimulation of sulfate 
uptake by costal cartilage from hypophysec- 
tomized rats and from normal fasted rats, 
although it has no effect on uptake in tissues 
from growth hormone-treated hypophysecto- 
mized rats (8, 9). Wettenhall e t  aL. observed 
only marginal effects of insulin on "S-sulfate 
incorporation into growing bones in a steady- 
state culture system (10). These results sug- 
gest that insulin, like growth hormone (1 l ) ,  
might be effective in enhancing sulfation only 
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in vivo, and that insulin in vitro is without 
effect on normal tissue. 

The present investigation was undertaken 
to determine the effects of insulin on 14C- 
acetate and 35S-sulfate uptake in vitro into 
mucopolysaccharides in normal and diabetic 
tissue. Rat aortas were used for these studies 
since we had previously found that sulfation 
in this tissue is quite sensitive to changes in 
the circulating insulin (3, 12 ) . 

Materials and Methods. Male white rats 
(Institute strain) were used for all studies. A 
95 % pancreatecttomy was performed on ani- 
mals weighing 80-120 g, and the develop- 
ment of diabetes was followed by blood sugar 
levels after 7 hr of fasting. Operated animals 
were sacrificed 5-6 months postpancreatecto- 
my, when diabetes was well established, and 
were matched with control animals of the 
same age and sex. 

Aortas were excised immediately after sac- 
rifice and were placed in cold physiologic 
saline during preparation. The tissue was 
freed of adventitial fat, incised longitudinal- 
ly, and cut transversely into 0.5-cm segments. 
Aortas from normal or diabetic rats were re- 
spectively pooled, and portions of tissue were 
then distributed to previtously prepared in- 
cubation beakers. The amount of tissue used 
for the individual incubations was equivalent 
to about one half of a single rat aorta (5-15 
mg dry weight). 

The basal medium was a solution of Krebs 
phosphate buffer, pH 7.4, containing 200 
mg/lOO ml glucose. Incubations were per- 
formed in 5 ml of this medium, to which 
1000 units of penicillin, 2 mg of streptomy- 
cin, and 10 pCi of either (35S) Na2S04 or 
14C-acetate had been added. The concentra- 
tion of insulin employed was 20 pg/ml (0.54 
unitsJm1). All incubations were carried out 
for 24 hr a t  37" using air as the gas phase. 
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TABLE I. I4C-Acetate Uptake i?i T i l w  into Rat Aortic Mucopolysaccliarides." 

Group Coil di t ion c1~111/111.p Dry tissue p of difference 

A Normal aorta 182.9 & 23.5  (8) A-B = 11s 
B Normal aorta plus iiisulin 192.5 15.7 (8) A-C zz 11s 
c Diabetic aorta l(i3.7 rt_ 32.5 (8 )  A-D = <.05 
D Diabetic aorta plus insulin 142.5 ? 7.2 (8)  C-D = <. lo  

~~ ~~ ~ 

" Results expressed as niean k SEM ; glucose = 200 mg/100 1111 ; iiisuliii = 20 pg/ml; num- 
ber of observations in  parentheses. 

After incubation, the tissue was washed in 
three successive portions of 0.026 M Na2SO4 
and subsequently treated as previously de- 
scribed for isolation of the mucopolysac- 
charide fraction ( 3 ) .  Uronic acid content was 
measured with napthoresorcinol (13), and 
radioactivity was measured in a liquid- 
scintillation counter. 

Results. The addition of insulin (20 
pg/ml) to a simple buffer medium containing 
200 mg/100 ml glucose had no effect on 
14C-acetate uptake by aortas from normal 
rats. Aortas from diabetic rats, incubated 
with glucose but in the absence of insulin, 
showed normal 14C-acetate uptake; the addi- 
tion of insulin to the incubation medium sig- 
nificantly decreased lT-acetate uptake into 
mucopolysaccharides in diabetic aortas (Ta- 
ble I) .  

Insulin in vitro did not influence 35S- 

sulfate uptake or incorporation in aortas from 
normal rats. While diabetic aortas showed 
normal values for sulfate uptake in vitro in 
the basal glucose-con taining medium, the ad- 
dition of insulin produced a significant stimu- 
lation of sulfate uptake and incorporation 
(Tables TI and 111). 

Discussion. The normal l4C-acetate uptake 
in vitro seem in diabetes indicates that the 
synthesis of glucose-derived moieties of mu- 
copolysaccharides is insulin independent, and 
that the general depression of carbohydrate 
metabolism that occurs in diabetes does not 
affect the synthesis of these substances. Since 
the addition of insulin depressed uptake to 
below normal values in diabetic aortas, it 
would appear that under these conditions, the 
labeled precursor is shunted to insulin- 
dependent pathways. The absence of effect of 
insulin on 14C-acetate uptake into mucopoly- 

TABLE I T .  Y3-Xulf ate Vptake in Pitro into Aortic Mucopol~saccharicles." 

Group Condition cpn/lng Dry tissue p of difference 
~~~ ~ 

A Normal aorta 76.9 k 11.3 (1 1) A-E = ns 
E Normal aorta plus insulin 75.6 f 17.4 (113) A-C = n s  
C Diabetic aorta 98.1 +- 20.4 (11) A-D = <.05 
D Diabetic aorta plus insulin 137.6 k 28.8 (11) C-D = <.lo 

a Results expressed as mean S E M ;  glucose z 400 mg/100 ml; insulin = 20 @g/inl; 24-hr 
incubation ; nuniher of observations in  parentheses. 

TARLE 111. Specific Activity of Y3-Sulf:ite Tncorporattvl in I'ilro into Rat Aortic Mucopolysac- 
cliarides." 

Group Condition cp111/~g Uronic acid p of diff ereiice 

A-R = ns A Norinal aorta, 4.93 * 2.06 (11) 
E Normal aorta plus insulin 4.72 2 1.50 (11) A-C = 11s 

C Diabetic aorta 4.43 0.82 (10) A-D = < . O l  
D Diabetic aorta plus insulin 8.10 2.42 (11) C-D = < . O l  

~ ~~ ~ ~~ 

a Results expressed as mean SEM; conditions as in Table 11; number of observations in 
parentheses. 
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saccharides in normal aortas supports the 
idea that insulin does not influence uronic 
acid or hexosamine synthesis in a specific 
manner. t 

The finding that insulin stimulated the in- 
corporation of 35S-sulfate into mucopolysac- 
charides of diabetic aortas suggests that it is 
more specifically involved in the process of 
sulfation of these substances. The fact that 
insulin added in vitro had no effect on 35S- 
sulfate incorporation in normal aortas lends 
support to the hypothesis that there is a 
complex interrelationship between various 
factors governing sulfate metabolism in the 
normal animal, and that one of the involved 
factors will exert a more significant effect in 
the absence of another, Growth hormone is 
known to profoundly influence sulfate meta- 
bolism ( 14-1 6), and many interactions be- 
tween insulin and growth hormones in vivo 
have been described ( 17, 18). In  a previous 
communication, we reported that either pan- 
createctomy or hypophysectpomy produced a 
pattern of aortic sulfate uptake in vivo that 
was characterized by a peak at  4 hr after 
injection, and that this finding disappeared in 
hypophysectomized-pancreatectomized ani- 
mals ( 1 2 ) .  We suggested that insulin and 
growth hormone might act at a similar meta- 
bolic site concerned with sulfation in vascular 
connective tissue, and in the absence of one 
hormone the action of the other produces a 
pattern of excessive sulfation. The present 
results help explain some of the discrepancies 
between the results of Salmon and Daugha- 
day and those of Wettenhall et al. 
when interpreted from the point of view that 
only in the absence of one of these hormones 
will the other significantly stimulate sulfac- 
tion. Aortas fpom diabetic animals, removed 
from the in vivo environment in which both 
insulin and growth hormone are deficient 
(the secretion of the latter may be depressed 
by chronic hyperglycemia) , can thus respond 
in vitro to insulin stimulation of sulfation. 

Summary. Insulin in vitro failed to stimu- 

late the uptake of 14C-acetate or 35S-sulfate 
into aortic mucopolysaccharides of normal 
animals. Aortas from diabetic animals showed 
normal 14C-acetate uptake which was de- 
creased by the addition of insulin, and a 
normal 35S-sulfate uptake, which was signifi- 
cantly increased by insulin added in vitro. 
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