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'T'he authors reported that hydrolyzed glu- 
cwe cycloacetoacetate (GCA) when added to 
liver slices in presence of pyruvate and acetate 
enormously decreases formation of acetoace- 
tate( 1) and increases glycogen ( 2 ) .  Because 
thyroid feeding (reviewed by Barker ( 3 )  ) 
causes enormous rise in production of aceto- 
acetate in the liver, we attempted to find out 
the role of hydrolyzed GCA in preventing ex- 
cess of ketogenesis in liver induced by thyroid 
feeding. We also studied the effect of thioura- 
cil and the combined effect of thiouracil and 
GCA on acetoacetate formation from lower 
fatty acids in presence of liver slices. Utiliza- 
tion of acetoacetate by kidney slices in dif- 
ferlent groups of animals has also been meas- 
ured. 

In  view of relatively rapid re- 
sponse of young rats to thyroid and thiouracil 
feeding(4), male albino rats weighing 75 g to 
100 g and growing on standard diet, were 
used. The animals were divided into 6 
groups of 6 rats each and fed the following 
basal diet nd lib. for 6 weeks: 

% 7% 

M d h o d .  

\ l rh  e:1 t flonr 1 3 8a1 t 1mistiii.c 5 
Sucrose 4 9 Tcast  po\\~clcr 4 
Ca seiii 20 Marmi tc  2 
Groundnu t  oil 10  Cod liver oil .5 

Rats in Group I received basal diet and Group 
I1 basal diet plus freshly hydrolyzed GCA, 
0.8% of diet by weight. Desiccated thyroid 

* T h e  authors record their thanks to the Council 
o i  Scientific and Industrial Rcscarch i t  r :t K ~ s r a r c h  
Grant. 

(0.3% of diet by wt) was mixed in diet of 
animals in Groups I T T  and V and thiouracil 
0.3% in Groups IV and VI  as these concen- 
trations were effective(Hander,S). Rats in 
Groups V and VI received 0.8% GCA hydro- 
lyzed daily in addition to thyroid and thioura- 
cil respectively. 

Tissue $wepavation and analyticcrl methods.  
At the end of 6 weeks, animals were stunned 
by a blow on head and decapitated. Liver and 
kidneys were taken out immediately and 
placed in ice-cold saline. Tissue preparations 
were done as described by Umbreit et al.( 6) .  
Liver and kidney slices were cut with razor 
blade, suspended in conventional Warburg 
vessels containing 3 cc of Krebs' Ringer Phos- 
phate buffer of pH 7.2. The  vessels were 
gassed for 1 minute with oxygen, then incu- 
bated for 2 hrs. a t  37.5"C with constant shak- 
ing. Then acetoacetate was estimated from 
media in vessel according to manometric 
method of Edson ( 7 ) ,  Liver glycogen estima- 
tions were done by the method of Good et al. 
(8) and blood sugar by that of Hagedorn and 
Jensen(9). GCA, a crystalline product ob- 
tained by condensation of glucose with aceto- 
acetate, was prepared according to the method 
of West(l0) modified by Nath et aL( l1) .  It 
was hydrolyzed with 2N HCl for 12 min and 
extracted with ether to remove resinous ma- 
terials formed. Aqueous solution was adjusted 
to p H  7.2 by adding requisite amount of 2N 
NaOH, then fed to the animals. Total fa t  
content of liver was extracted thrice with al- 
cohol-ether mixture ( l : l ) . The extract was 
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evaporated to dryness and the remaining solid 
reextracted with petroleum ether (40-60‘ 
B.P.) .  Petroleum ether was evaporated to 
dryness and amount of dry fat calculated. ;I\t 
end of every week, rats were weighed and 
average food consumption in g day rat was 
calculated. Vrine was tested qualitatively for 
sugar and ketone bodies. 

ResuZts. Blood sugar values (Table 11) 
indicate that hydrolyzed GCA feeding to hy- 
per- and hypothyroid rats. Groups and \‘I 
( t  = 2.3 and 1.7 respectively) has a hypo- 
glycemic effect when compared to respective 
control Groups 111 and I\T.  T n  normal ratq;. 
however. it does not seem to affect blood sugar 
level significantly ( t  = 1.05 ) . 

Carcass lipids ( 1 2  ) and liver glycogen 
are very low in hyperthyroid animals( 13. 
14) but feeding of hydrolyzed GCA to 
Group Y causes a significant increase in 
liver glycogen as compared to Groups 111. 
I\’ Kr 1-1. Beneficial effect of GCA on glyco- 
genesis in liver and diaphragm has alreadjr 
been reported ( 2  ) . Feeding of hydrolyzed 
GCA to normal animals (Group T T )  increases 
total fats in liver to some extent as compared 
with normal (Group T ) .  

Gross enlargement of liver and kidney in 

hyper thyroid animals agrees with observa- 
tions of other workers( 15,16) and hydro- 
lyzed GCA feeding to these rats (Group V )  
prevents such enlargement. Hypertrophy of 
kidney in hypothyroid rats is also prevented 
by feeding hydrolyzed GCA (Group VI)  . 

’Table 111 indicates oxygen consumption 
and acetoacetate production by the liver slices 
from different groups. Tha t  general metabol- 
ism is accelerated considerably in hyperthy- 
roid animals has already been shown(3). In- 
creased oxygen consumption and acetoacetate 
production in Group 111 confirm these find- 
ings. Tn this group, liver produces large 
amounts of acetoacetate though there is some 
increase in utilization by kidney slices (Table 
I V ) .  Acetoacetate produced in Group I1 is 
significantly less than that in normal rats 
(Group I )  and hydrolyzed GCA feeding pre- 
vents excess of ketogenesis by liver slices as 
seen by comparing results of Groups I11 and 
IT. Endogenous acetoacetate production in 
kidney is high in hypothyroid rats as observed 
hy Alookerjea and Sadhu( 17) .  Lower rate of 
osygen consumption and acetoacetate produc- 
t ion i n  liver of hypothyroid rats indicates 
slowing of metabolism. Ctilization of aceto- 
acetate by kidney slices of animals fed thy- 
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1ZL)i; 111. Oxj-geii Il‘ptake a i d  h cetoacetate Protluctioii I,y l i v e r  Slices f rom UiEereiit 
Groups of Aiiirrials. 

Acetoacetate proclucetl in  
xpl/lOO mg of liver slices: 

wet wt, in 2 hr 
Oxygei~ uptake i n  pl/l(10 riig 
wet wt of liver slices in  2 h r  

so. of No Butyr:rte, Acetate, KO Butyrate, hce ta t r ,  
Group aiiiiiials substrate .017n1 .08ar subst rat (A .0 I 7 h f  .08M 

Vornial li 230 & 12  354 & 15 276 20 15 2 6 85 1 10 60 t 1.3 
TIyclrolyzcd GC’A fed f i  240 5 15 365 +- 17 265 t 79 12  2 7 81 11 38 k 13 
Thyroid fed 5 2 8 0 5 1 2  4 0 0 & 2 0  3 3 8 t  18 6 5 + 1 5  2 4 0 2 1 6  2 8 0 ~ 2 . 5  
Tbioiiracil fed  6 1 5 3 t  10 2 5 1 t  15 190 & 1 2  30 t l l  4 6 2  12 33 A li 
Thyroid + Iiyv<li.o- (i 209 2 15 386 & 20 283 & 2 1  29 -+ 7 102 rf: 20 67 -+ 1 I 

Thioixracil + hydro- 6 158 2 11 190 t 10 162 t 9 6 - +  4 4 6 +  5 1 5 ~  ti 
lpzecl G(’A 

lyzctl GCA 

Krebs’ Ringer phosphate buffer plI 7 . 2  ; incubation temp. 37.S”C ; oxpgrii a s  gas p1i:ns~. 
* CO, in p1 procluceil a f t e r  dccarbosylation of acetoacetate with aniline eitratc. 

roid and thiouracil respectively along with 
hydrolyzed GCA (Groups V and 111) is con- 
siderably increased. 

Traces of sugar and ketone bodies were 
found in urine of animals after feeding thy- 
roid for 3 weeks (Group 111). Urine of other 
groups was free from sugar and ketone bodies. 

Discussion. Results indicate acceleration 
of metabolic process in hyperthyroid and re- 
duction in hypothyroid rats as previously de- 
scribed (3) .  Polyphagia and inhibition of gain 
in weight in hyperthyroidism, is known( 18) 
so also the effect of thiouracil i.e., lower meta- 
bolic rate and retardation of growth as de- 
scribed by i4stwood et  al .  ( 19.20). Higher 
rates of acetoacetate production, its utilization 
and oxygen consumption found in hyperthy- 
roid rats can be attributed to increase in me- 
tabolism, while the reverse is true of hypo- 
thyroidism. However, increased rate of en- 
dogenous acetoacetate production by kidney 
slices of hypothyroid animals, also observed 
by iJIookerjea et al .  ( 17) ,  cannot be explained 

satisfactorily . 
The significant effect of hydrolyzed GCA in 

preventing ketogenesis and accelerating aceto- 
acetate utilization by kidney slices in differ- 
ent groups is evident from our results. 

Ketogenesis is intimately related to lipo- 
genesis and glycolysis. Thus Lyon et al .  ( 2  1) 
showed that ketogenesis is inversely propor- 
tional to long chain fatty acid synthesis. 

Liver slices in presence of hydrolyzed GCA 
synthesized fat from acetate a t  a higher rate 
than in control i.c., without hydrolyzed GCA 
(unpublished observation). Thus, there is 
every possibility of hydrolyzed GCA acting to 
divert the acetyl-CoA, towards lipid synthesis, 
thereby reducing amount available for its 
condensation to form acetoacetate. 

Summary. Feeding of hydrolyzed glucose 
cycloacetoacetate (GCA) promotes growth in 
normal animals and prevents excess of aceto- 
acetate production by liver slices in normal as 
well as hyperthyroid rats. Tt accelerates 
acetoacetate utilization by kidney slices in 



normal as well as in hyper- and hypothyroid 
rats. Higher percentage of liver glycogen and 
lower blood sugar was found in animals fed 
with hydrolyzed GCA, as compared to their 
appropriate controls. 
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t Jrinary Excretion of Acid Mucopolysaccharides by Rabbits Injected with 
Chelating Agents and with Chondroitin Sulfate.*t (25596) 
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Of recent years there has been interest in 
treatment of scleroderma by chelation (1-4).  
‘The therapeutic efficacy of this approach is 
yet to be established. However the possibility 
of connective tissue being changed by chela- 
tors is intriguing. The  present pilot study was 
undertaken in rabbits prior to studying hu- 
mans to see if a change in excretion of acid 
iaucopolysaccharides in urine could be de- 
tec ted following administration of chela t ing 
agents. Bryant, Leder and Stetten( 5)  have 
shown quantitation of urinary acid mucopoly- 
saccharides to be a potentially rewarding ap- 
proach to reflection of experimental alteration 
of connective tissue in rabbits. as demon- 
strated by their data on urinary levels follow- 
ing injection of papain intravenously. Their 
observations convey the implicit assumption 

*This  work was supported by grants from Nat. 
Inst. of Arthritis aiid Metab. Dis., U.S.P.H.S., and 
Am. Heart Assn. 

that proteolytic enzyme as administered could 
affect connective tissue extravascularly and 
that chondroitin sulfate presumably released 
from protein binding in situ could then pass 
intravascularly to the kidneys where i t  could 
be excreted a t  least in part in the urine. In  
the present study it is shown that chondroitin 
sulfate+ injected in large amounts intrave- 
nously into rabbits resulted in excretion of a 
sinall proportion but nonetheless a large 
amount of chondroitin sulfate in urine. When 
chelators: were administered extravascularly 
to rabbits, a transient and frequently mild rise 
in urinary excretion of acid mucopolysaccha- 
rides was noted; time of onset and degree and 

t Commercial chondroitin sulfate (General Ric- 
chemicals) of cartilaginous source, containing 15 to 
2 0 %  protein. 

$ Disodium EDTA, with and without calcium 
furnished kindly as Endratc by Abbott Research 
I,ahs., North Chicago, Ill. 


