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fractions with low mobility in all species ex- 
cept the dog. Cytochrome oxidase exhibited 
the grleatest divergence with respect to num- 
ber of bands, varying from oine in the guinea 
pig to 5 in the rabbit. Beta-glucuronidase 
activity was found in only one band in all 
species. It, along with aminopeptidase and 
cerulo~plasmin, had the most uniform migra- 
tion. Although there was solme variability in 
intensity of the various zones after both pro- 
tein aind enzyme stains among various mem- 
bers of the same species, the overall pattern 
for that species was constant. 

Summary. The occurrence and distribu- 
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tion of serum enzymes and proteins in 7 mam- 
malian species have been studied by means 
of starch gel electrophoresis and appropriate 
staining technics. Species differences were 
observed with respect to the presence, num- 
ber, mobility, and concentration of compon- 
ents exhibiting various enzymatic activities. 
Similar observations were also made with re- 
spect to bands staining for protein. 
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Comparison of “Meal Eating” and “Nibbling” on Severity of Alloxan 
Diabetes.* (26181) 

CLARENCE COHN AND DOROTHY JOSEPH 
Department of BiochPmistry,+ Medical Research Institute, Michael Reese Hospital and 

Medical Center, Chicago 

That rate of ingestion of diet plays a sig- 
nificant role in regulation of over-all body 
metabolism is suggested by the following 
data: animals fed full-spaced meals (“meal 
eaters”) demonstrate (a) increased quanti- 
ties olf body fat, (b)  decreased body protein, 
(c) altered thyroid activity and (d) changed 
tissue enzymatic activity, when compared to 
animals eating the same diet in frequent small 
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feedings (“nibblers”) ( 1).  To determine 
whether manner of eating plays a role in se- 
verity of diabetes, experiments were under- 
taken dealing with relationship of eating hab- 
its to glycosuria and nitrogen excretion in al- 
loxanized rats. Results indicate that rate of 
ingestion of diet does influence excretion of 
both substances in presence of experimental 
alloxan diabetes. 

Methods. Male Holtzman rats, received 
when approximately 100 g in weight, were 
placed on a 50% carbohydrate diet ad Mi- 
tum, and when about 130 g were given 50 
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TABLE I. Effect of Ratc of Irigestion of Dirt on Crinary Glucose aiid NPN Excretion in Al- 
loxxn Diabetic Rats. 

Ciimulative excretion” 
/------(:lue OSP- 7 C-----NPN---------\ 

Diet and days v c  % 
Rat No. of observation Ad l i b i tum F’orce frtl iricreasct Ad libitum Force fed increaset 

18% 
1448 
1928 
1781 
2120 
1608 

l ( i l 0  
‘7002 
1603 
1960 

3313 
1776 
1968 
2072 
2496 
2424 

2198 
2219 
2198 
2119 

27 
23 

2 
16 
18 
51 

23 5 6.6 

37 
11 
37 
10 

24 & 7.6 

* Thcl excretions a re  gircii in itig f o r  total No. of ( lays;  food ingested the same for  both 

t Excretion during nd l i b i t u m  periotl 
periods. 

100/Yc. 

mg/100 g body weight of alloxan (“sub-dia- 
betogenic” dose) a t  pH 4.0 subcutaneously 
( 2 ) .  One week later, animals were started 
and continued, for duration of experimental 
periods of observation. on subcutaneous in- 
jections of 2 LY protamine Zn insulin: daily. 
Experiments started 4-8 weeks after alloxa- 
nization. 

At start of periods of observation, rats 
were put into individual metabolism cages, 
their ad libitum food intake measured daily 
and their 24 hour urines collected in citric 
acid under tolluene for 6, 7 or 8 days. Ani- 
mals were then adapted to a forced feeding 
regimen with the same diet twice daily: by 
the end of 2 weeks, it was possible to force 
feed each day the same quantity of food each 
animal had previously consumed so that 
every rat  was his own control (“pair-fed” 
against itself). Crines were collected daily 
throughout. Four rats were put through the 
ad  libitum-force feeding c\.cle once, 4 rats 
were cycled twice and 2 rats cycled 3 times. 

$ Generously supplied by Dr. W. R. Kirtley, Eli 
Lilly Co. 

Two of the cycles were accomplished with a 
moderate (50%) carbohydrate diet and one 
with a high ( 7  1 %) carbohydrate diet. Prepa- 
ration and composition of diets were de- 
scribed previously( 3,4). Urinary glucose de- 
terminations were accomplished by the meth- 
od of Nelson ( 5 )  , urinary NPN evaluated ac- 
cording to Conway ( 6 ) .  The results are given 
as total urinary excretions during number of 
days of study. 

Results and discussion. When animals 
were force fed twice daily the same quantities 
of diet they had eaten previously ad  libitum, 
excretions of glucose and NPN were signifi- 
cantly greater than excretions measured un- 
der nibbling conditions. These findings were 
true not only for the total period but for each 
comparative day. The increase in glycosuria 
varied between 13% and 662%, averaging 
2 15 %. NPN excretions increased by an  aver- 
age of 23 c/c (Table I) .  A greater loss of glu- 
cose and nitrogen occurred during the force- 
feeding period, irrespective of whether dia- 
betes was “poorly” or “well” controlled dur- 
ing nibbling period. 
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The increased glycosuria observed with 
force feeding could have resulted from either 
greater postprandial hyperglycemia attendant 
on this manner of feeding or from a relatively 
more marked insulin deficiency. I t  is con- 
ceivable that, with the decreased rate of pro- 
tein synthesis that accompanies the meal eat- 
ing regimen, synthesis of the protein hormone 
insulin might be affected likewise. The ef- 
fects of forced feeding on nitrogen metabol- 
ism might be attributed to (a)  a rate-limited 
ability of the body to handle ingested protein 
or (b :I increased gluconeogenesis. I t  has 
been observed( 1) that “pair-feeding“ rats in 
a limited time period (giving the amount of 
diet consumed by other animals over a 24 
hour period) results in a decreased ability tcr 
store body protein. The data of Wu and Wu 
(7)  in the human suggest that this finding 
results from a limitation in quantity of pro- 
tein the organism can handle in a given time 
period. Also, a possible cause for the in- 
creased NPN excretion seen with forced feed- 
ing is accelerated gluconeogenesis, secondary 
ta the increased glycosuria. However, both 
our data and those of Wu and Wu favor rate- 
limitation as the cause for the greater nitro- 
gen excretion that accompanies forced feed- 
ing. 

Animals were recycled through the two 
feeding patterns to exclude the exacerbations 
and remissions that characterize alloxan dia- 
betes@) as being responsible for our findings. 
Constant insulin dosage was suboptimal in or- 
der to compare glycosuria under the condi- 
tions of both ad libitum and forced feeding. 

The implications of our findings with re- 
spect to man appear obvious. Increased fre- 
quency of feedings is now used in therapy of 
complications of diabetes. During treatment 
of dia,betic acidosis, glucose when given is 

administered intravenously in small constant 
dosage. When “brittle” diabetics are in need 
of control or a diabetic patient is faced with 
complications making regulation difficult, 
feedings every 6 hours have been given (9,lO). 
Our results suggest that in therapy of human 
diabetics, the use olf more frequent meals 
might lead to1 better control and to reduction 
in insulin dosage needed. 

The food intake and urinary 
excretion of glucose and NPN were measured 
daily in alloxan diabetic rats under the con- 
ditions of free access to food. The animals 
were then adapted to force feeding and fed 
in this manner twice daily the same quantity 
of diet they had consumed ad libitum. Insu- 
lin dosage was kept constant throughout. Un- 
der conditions of forced feeding, glycosuria 
increased by 21570 and NPN excretion by 
23 %. These findings were reproducible when 
animals were recycled 2 or 3 times, demon- 
strating that eating patterns, not ebb and flow 
of severity of diabetes, were responsible for 
the findings. 

Summary. 
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