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It has been suggested that the nephrotic 
syndrome may be considered as ‘(protein dia- 
betes,” the primary defect being loss of pro- 
tein in the urine, and other biochemical ab- 
normalities occurring as a consequence of this 
( 1 ) .  In support of this view, Drabkin and 
Marsh ( 2  ) reported decreased liver glycogen 
levels and marked hypoglycemia on fasting in 
experimental nephrosis, changes interpreted 
as evidence of decreased gluconeogenesis con- 
sequent on the proteinuria. However, these 
observations were made under conditions 
which make interpretation difficult: (a) food 
intake was not controlled, (b)  the animals 
were acutely ill and would have died within a 
few days(3). To investigate these results, a 
study has been made of carbohydrate metabo- 
lism in experimentally nephrotic animals after 
the acute stage, while on a fixed food intake. 

Materials and methods.  Adult male 
Sprague-Dawley rats weighing 380-420 g were 
used. They were fed twice daily by gavage 
with a diet providing a daily allowance of 5 5  
calories, and containing 5 7% carbohydrate, 
24% protein and 15% fat. There was free 
access to water. Animals were housed in in- 
dividual metabolism cages in a room main- 
tained at  26 zt 1 ° C  and 40 t 2% relative 

humidity. Urine was collected under toluene. 
Post-absorptive blood glucose, 24-hour urine 
glucose, glucose tolerance and insulin sensi- 
tivity were measured before and at  intervals 
after induction of nephrosis. Each animal 
thus served as its own control. Blood sugar 
measurements were made on 5 animals sub- 
jected to a 48-hour fast after 28 days of nc- 
phrosis. Since the animals had not been sub- 
jected to such a procedure during the control 
period, a new group of 6 normal rats of the 
same weight range were adapted to tube feed- 
ing and then fasted for 48 hours. Nephrosis 
was produced with anti-kidney serum by the 
method of Heymann and Lund (4).  The daily 
protein excretion was 400-700 mg. Intra- 
venous glucose tolerance tests were performed 
by injecting 1.5 g of glucose/kg body weight 
in 50% solution; tail tip blood was sampled 
5, 1 0 ,  1 5 ,  20 and 30 minutes later. A plot of 
the log of blood sugar concentration against 
time gave a straight line from which the half- 
life of the injected glucose was obtained. To 
test insulin sensitivity 0 . 1  unit of commercial 
insulin& body weight was injected intra- 
venously; blood sugar was measured at  0, 15, 
30, 45, 60, 90 and 1 5 0  minutes after injection 
and the values plotted against time. Two 
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TABLE I. Urinary Excretion of Sitrogen and Glucose iii Xephrosis. N i n t a k e 3 6 0  mg/24 hr. 

Days af te r  NTS 
Control 0-5 ti-10 11-15 16-20 21-25 26-30 

Nitrogen (mg/day) 341" 393* 385" 321 345 322 331 
Glucose " 13" 15* 14" 11 10 9 9 

* Mean values derived from 8 animals. Others are mean values derived from 5 animals. 

criteria of insulin effect were used; (a )  fall in 
blood sugar concentration a t  15 minutes 
(maximum fall almost invariably occurred a t  
this time), and (b)  area contained between 
the curve and a baseline drawn at  the level of 
initial concentration. Crinary nitrogen was 
measured daily in 3 animals for 10 days and 
in 5 animals for 30 days after the production 
of nephrosis. Chemical measurements were 
made according to the following methods: 
(a)  glucose-Somogyi modification( 5)  of the 
Xelson Method (6)  : (b)  blood urea nitrogen 
-%hales ( 7 )  : (c) nitrogen-semi-micro Kjel- 
dahl procedure: (d)  proteins-biuret pro- 
cedure using the reagent of Gornall et d. (8) ; 
(e) serum cholesterol-Zlatkis et QZ. (9) .  

Results. The results are shown in Tables 
I-IV. Some animals died or were sacrificed 
during the experiment; data obtained within 
2 days of death have not been included. 
Table I1 contains data which confirm the 
presence of the characteristic hypoprotein- 
emia and hypercholesterolemia with transient 
elevation of the blood urea concentration. 

Lrinary glucose excretion was not affected 
by the presence of nephrosis. Post-absorptive 
blood sugar concentrations showed a small 
but statistically significant fall (p  < .01) . 
The half-life of intravenously administered 
glucose rose during the early stage of nephro- 

sis. but then fell to or below control levels. 
These changes were significant a t  the 5% 
level. Similarly the fall in blood sugar pro- 
duced by insulin was increased in the early 
period of nephrosis (p<.O5) and later re- 
turned to normal. The areas under the blood 
sugar-time curve after insulin showed the 
same trends, but the changes were not signifi- 
cant a t  the 5% level. 

Xitrogen excretion was increased during 
the first 10 days of nephrosis but then re- 
turned to control levels. 

The response of nephrotic animals to a 48- 
hour fast was essentially the same as that of 
control animals. 

Discussion. Evidence indicating abnormal 
carbohydrate metabolism in nephrosis is of 
2 types: (a) Drabkin and Marsh(2) con- 
cluded on the basis of low liver glycogen levels 
and fasting hypoglycemia, that there was a 
decrease in gluconeogenesis in experimental 
nephrosis of rats, and (b) Gottfried, Stein- 
man and Kramer(l0) found flat oral glucose 
tolerance curves in nephrotic children. The 
animal studies, however, were obtained during 
early, fulminating nephrosis not comparable 
to the chronic disease of humans. The results 
of Gottfried et al. in children might be taken 
to indicate an increased rate of glucose utili- 
zation, but alterations in rate of glucose ab- 

TABLE 11. Changes in Blood and Serum Constituents i n  Nephrosis. 

Days after KTS inj. 
Constituent Control 0-1 0 11-20 21-30 31-40 

Blood sugar 
(mg/100 ml) 

Serum proteins 
(g/100 ml) 

Serum cholesterol 
(mg/lOO ml) 

Blood urca nitrogen 
(uig/lOO ml) 

107 -C 5.2 102 3. 4.1 100 3- 5.5 
(10) (5) (4) 

( 7 )  (4) (2) 

( 7 )  (4) (2) 

(8) (4) 

5 . 5 2  .22 5.6.t .22 5.5 

320 e 6 8  547 k 1 8 8  403 

18.3+_ 2.5 14.2-e 1.6 

Values are for  mean and stand. error of mean. 
Figures in  parentheses indicate No. of animals from which values obtained. 
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TABLE 111. Effect of Nephrosis on Tests of Carbohydrate Metabolism. 

Days after NTS 
Criterion Control 6-12 26 

Fall  in  blood sugar 15 min. after insulin 38 2 5.2 49 ? 6 38.4 -L 7.9 

Area under blood sugar-time curve following 828 -t 187 1054 2 241 842 313 

Control 5 14 29 

(mg/100 ml) (11) (11) (5) 

insulin (arbitrary units) (11) (W (5) 

Half-life of blood sugar following intrav. inj. 18.7 1.2 25.6 f 2.4 15 2 1.5 13 t 1.2 
of glucose (min.) (9) (7) ( 5 )  ( 5 )  

Values shown are mean -t- stand. error of mean. 
Figures in  parentheses indicate No. of animals from which da ta  derived. 

sorption can as readily explain the facts. Fur- 
thermore, when hypertension and azotemia 
are present, oral glucose tests may show high 
prolonged curves similar to those of mild dia- 
betes( l l ) .  Thus the evidence of a specific 
alteration in carbohydrate metabolism is not 
strong. 

In our work, the animals had moderately 
severe nephrosis but were not moribund; they 
were studied early in the course of the dis- 
ease, and again at  a later date when their ill- 
ness corresponded to chronic nephrosis with- 
out azotemia in humans. 

In the first 4-7 days of nephrosis, Drabkin 
and Marsh observed a fall in blood sugar 
levels and in hepatic glycogen ( 2  ) . At a com- 
parable period in the present work, a decrease 
in post-absorptive glycemia was noted, to- 
gether with an increased responsiveness to in- 
sulin and a decrease in glucose tolerance. 
None of these changes was marked and the 
latter 2 parameters soon returned to normal. 

TABLE IV. Effects of Fasting in Experimental 
Nephrosis. 

Fast day 1 Fas t  day 2 
Seph-  Neph- 

Control rotic Control rotic 

Nitrogeii rxcre- 160 172 148 132 

Blood sugar” 69 82 64 68 
tioii (mg/daF j 

(mg/100 ml j 

(yo of mean ex- 
cretion of pre- 
ceding 5 days) 

tive) ( g )  

* Blootl taken on following morning. 
Each figure represents mean value for 5 animals. 

Protein excretion 64 49 

W t  loss (cuinula- 10 8 21 18 

Hypoglycemia was not seen in the post- 
absorptive state at any time during the course 
of the disease or after a 48-hour fast carried 
out when the disease was “stabilized.” This 
would indicate a normal capacity for gluco- 
n eogenesis. 

The proteinuria in these animals, though 
high, accounted for only 2-3 calories/day, and 
after the first 5-10 days did not disturb the 
nitrogen balance. It is unlikely that such a 
small energy loss would disturb the homeo- 
stasis sufficiently to cause a significant de- 
crease in gluconeogenesis or an increase in 
mobilization of depot fat great enough to pro- 
duce hyperlipemia, as suggested by the con- 
cept of “protein diabetes.’’ 

Sztmmary. Urinary glucose, blood glucose, 
insulin sensitivity and glucose tolerance were 
measured in experimentally nephrotic rats. 
In the early stage of nephrosis there was a 
slight fall in blood sugar concentration, a de- 
crease in glucose tolerance and a decrease in 
insulin sensitivity. The latter 2 parameters 
later returned to normal. The response of 
nephrotic rats to fasting was essentially the 
same as that of normal rats. The grosser as- 
pects of carbohydrate metabolism appear to 
be normal in experimental nephrosis. 
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Multiplication of Foot and Mouth Disease Virus in Adult Kidney, and 
Embryonic Lung and Heart  Bovine Tissue Cultures. (23333) 
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(Introduced by J. F. Enders) 

Aniiiiul Virzts Ilepaut ment, Irtstil7rl o Bacl eriologico de  Chik ,  Santiago 

The multiplication of foot and mouth dis- 
ease virus in tissue culture has been recently 
described by Seller ( 1 ) , Bachrach ( 2  ) . and 
Jlazzaracchio ( 3 )  by using cultures of both 
bovine and pig kidney cells. The relatively 
large scale of virus production obtained with 
these methods seems to prove that tissue cul- 
ture technics are, presently. the most promis- 
ing way for mass production of virus and a 
useful technic for the general assay of its ac- 
tivity. In our laboratory. we have succeeded 
in multiplying our 3 types of f .  and m. virus. 
by using cultures of adult bovine kidney cells. 
and foetal bovine lung and heart tissues. 

Methods. At the beginning we used the 
Dulbecco and I’ogt method modified by 
I’oungner(4), in slant tubes. After the work 
by Bodian(3) we started the setting up of 
Roux flasks of trypsinized cells with the ad- 
vantage that its massive proliferation has also 
been used as source of cells for slant tubes. 
The cultures of bovine foetal lung and heart 
tissues have been made by planting minced tis- 
sue in plasma clot in Rous flasks. A good 
outgrowth of cells is obtained after 5 to 6 
days in stationary incubation a t  37°C. The 
nutrient medium for both types of cultures 
consisted in bicarbonated Hanks solution. 
with 0.5% lactalbumin hydrolysate. 2Or/( 
horse serum and the usual antibiotics. Pre- 
viously we had used the Enders’ medium, but 
we changed due to our difficulties in obtain- 
ing regularly the cow amniotic fluid. The 
virus used has been our 3 types stock strains 

of f. and m. virus. For the first virus inocu- 
lation, suspensions of cattle epithelium of 
fresh bovine passages were inoculated in the 
tubes. After 2 hours standing a t  37°C the 
fluid was removed, and fresh nutrient medium 
was added. Ten passages were made of the 
3 types of virus by using as inoculum a lCY3 
virus dilution, before performing a T.C. titra- 
tion of its activity. 

Two of the types of virus used 
gave the characteristic cytopathogenic pic- 
ture a t  first passage. One strain of the 0 type 
required 2 blind passages before any cyto- 
pathogenic activity was detected. Virus was 
harvested in all cases a t  18-20 hours after in- 
oculation, and stored a t  -2joC, in aliquot 
parts with 10% peptone saline. 

The virus multiplied in bovine kidney cells 
was titrated a t  the 10th passage in slant tubes 
of the same origin. Titres obtained showed 
that a definite multiplication has occurred in 
the cultures, as shown by titres of lF.5; 
10-G.5; 1 W 5  and 10-6*5 ID/ml, for the strains 
C. C?: A and 0 respectively. 

The kidney cell cultures are now being 
used for typing field strains of virus and for 
titrations of guinea pig and bovine antisera. 

Infected fluid from tissue culture has been 
used for the hyperimmunization of rabbits 
according to the method described by Ramos 
Alvarez and Sabin(6) and Freund and 
Thompson ( 7 ) .  

In the bovine foetal lung and heart tissue 
culture the same types of viruses have been 

Results. 


