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Summary. Rats  both with streptozotocin and alloxan 
diabetes were used. Ketosis developed in the first days 
following the applicat ion of the diabetogenic agents, and 
also in rats  with long term diabetes in the first days  after 
the insulin previously administered daily, had been with- 
drawn. The ra ts  with more elevated blood ketone levels 
also demonstra ted str ikingly high serum urea levels, 
oliguria and a diminished food intake.  In  the groups of 
rats  which in spite of insulin deficiency revealed no or 
only mild ketonaemia,  food intake was increased, and 
marked polyur ia  as well as near to normal  serum urea 
levels were observed. Our results showed tha t  the symp- 
toms of uraemia occurred independent ly  of the nature  of 
the diabetic agent, and also of the t ime at  which these 
agents were administered.  Thus i t  can be concluded tha t  
in tha t  c a ~  acute renal insufficiency was not  due to the 
nephrotoxici ty  of the agents employed bu t  ra ther  to the 
severity of diabetic ketosis. 

La fonction rdnale dans la cdtose diabgtlque expdrimentale 
Rdsumg. Des rats  rendus diabdtiques par  applicat ion 

d 'a l loxane ou de streptozotocine ont 6td 6tudids. La  cdtose 
est apparue  dans les premiers jours aprbs l ' adminis t ra t ion 
de l 'agent  diabdtog6ne et aussi ehez les rats  ayan t  un 
diab~te depuis longtemps aprbs avoir cess6 l 'appl icat ion 
d' insuline administrde quotidionnement auparavant .  Les 
rats  ehez lesquels la cdtondmie dtai t  la plus maxquge 
prdsentaient une dl6vation f rappante  des t aux  d'urde 
s6rique, accompagnds d 'une oligurie et d 'une diminution 
de prise de nourriture.  Chez les ra ts  qui malgr6 l'insuffi- 
sance d'insuline n 'avaient  qu 'une cdton6mie mod6r6e, on 
a observ6 une consommation de nourr i ture  dlevde. Ils 
excrbtaient de grandes quantit6s d 'urine et leur teneur en 
urde sgrique 6tait  presque normale. Ces rdsultats ont  

montr6 que tes sympt6mes d'urdmie sent  apparus indd- 
pendamment  de la nature  des agents diabdtogbnes et aussi 
du temps d 'appl ieat ion de ces agents. Ainsi on peut  
conclure que l 'insuffisance r6nale aigui~ ddpend moins de 
la ndphrotoxieit6 des agents employ6s que de l ' intensit6 
de la c6tose diabdtique. 

Die Nierenfunktion bei experimenteller diabetischer 
Ketose 

Zusammenfassung. Die Untersuehungen wurden an 
alloxan- und streptozotocindiabetischen Ba t t en  durch- 
gefiihrt. Eine Ketose entwiekelte sieh in den ersten Tagen 
nach der Appl ikat ion der diabetogenen Agentien sowie 
such nach 4w6ehiger Diabetesdauer,  wenn das his dahin 
t/~glieh verabreichte Insulin entzogen wurde. Bei den 
Rat ten ,  die eine s tarke Ketong~mie aufwiesen, war such 
der Serum-Urea-Spiegel auBergewShnlich hoeh, die Tiere 
waren oligurisch und ihre Fut te raufnahme war stark ver- 
mindert .  Die Bat ten ,  bei denen t rotz  des Insulinmangels 
keine oder eine nut  milde Ketonggnie auftrat ,  zeigten eine 
erh6hte Fut tcraufnahme,  ausgepr/~gte Polyurie und nahe- 
zu normale Serumharnstoff-Werte.  Unsere Versuche 
zeigten, dab das Auftreten yon  ur~nisehen Symptomen 
yon der Ar t  der diabetogenen Substanzen und such vom 
Zeitpunkt,  zu dem diese verabreicht  wurden, unabh/~ngig 
war. So kann gesehlossen werden, dab das akute  i'qieren- 
versagen in diesem Falle weniger durch die ~Nephrotoxizi- 
t/it  der verwendeten Substanzen, sondern vielmehr durch 
die Intensi t / i t  der diabetischen Ketose bedingt  war. 

Key-words: Streptozotocin- and alloxan diabetes, 
insulin withdrawal,  ketosis and uraemia,  blood ketones, 
S C ~ t l m  u r e a .  

"One  m u s t  be  careful  to  d i s t inguish  be tween  the  
d i rec t  effects of a l loxan  in  an imals  a n d  the  secondary  
effects resu l t ing  f rom the  a l t e ra t ions  of t he  fl-cells and  
insul in  release.  There  have  been  m a n y  s tudies  on 
animals  made  d iabe t ic  b y  the  a d m i n i s ~ a t i o n  of a l loxan,  
b u t  such work  is no t  wi th in  our  p rov ince  inasmuch  as 
these  s econda ry  effects a re  r e l a t ed  on ly  to  insul in  
deficiency and  are  t yp i ca l  of t he  d iabe t i c  s t a t e  r a t h e r  
t h a n  the  i m m e d i a t e  ac t ions  of a l loxan . "  

These sentences wr i t t en  in a recen t  review b y  
W e b b  [16] a p p l y  expec ia l ly  to  the  so-cal led nephro-  
toxic  effect of a l loxan  fo l loMng i t s  app l ica t ion .  The  
of ten  fa ta l  u r aemia  occur ing cha rac te r i s t i ca l ly  du r ing  
the  first  four  days  af te r  a l loxan iza t ion  is gene ra l ly  
accep ted  as the  s y m p t o m  of an  acute  a n d  revers ib le  
a l loxan  poisoning  [8, 10]. I t  was even r e c o m m e n d e d  

* Presented in par t  a t  the gabresversaanmlung der 
(3sterreichischen Diabetes-Gesellsohaft, Innsbruck 1970. 

that experiments with the animals should be carried 
out only about 2 weeks after alloxan had been ad- 
ministered. Kidney damage is supposed to have dis- 
a p p e a r e d  b y  th is  t ime  since b lood urea  n i t rogen  has  
r e t u r n e d  to  no rma l  va lues  [9]. On the  o ther  hand,  
however ,  e l eva ted  b lood urea  n i t rogen  m a y  also be 
found  a f te r  p a n c r e a t e c t o m y  [4], and  in  ra t s  t r e a t e d  wi th  
ant i - insul in  serum [17]. Ear l i e r  a n d  more  recent  case 
repor t s  on d iabe t ic  pa t i en t s  [7, 11, 13] confirm the  
view [18] t h a t  acidosis in i tself  d iminishes  renal  b lood 
flow to  such an  ex t en t  t h a t  rena l  i m p a i r m e n t  resul ts .  
Thus  even wi thou t  a n y  nephro tox ie  ac t ion  u raemia  
could develop in ke to t i e  ra ts .  I n  a previous  s t u d y  we 
found  a s ignif icant  inverse  corre la t ion be tween  b lood  
pI{ and  serum urea  concen t ra t ion  (r ~- - -0 .69  ; p <0 .01)  
in  a l loxanized  ke to t i c  ra t s  [2]. I t  is difficult ,  however ,  
to  es tabl ish  a c lear-cut  d i s t inc t ion  be tween  the  p r i m a r y  
and  secondary  effects of a l loxan  in  th is  case, since 
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ketosis is present only for a few days following ad- 
ministration of alloxan. 

The present experiments were designed to s tudy 
the relationship between ketosis and nraemia in alloxan 
diabetic rats  t reated with insulin for 4 weeks. Upon 
withdrawal of insulin these rats become severely 
ketotic [14], but  as mentioned previously it  is claimed 
tha t  renal damage is repaired by  this time. Thus 
uraemia developing during tha t  period of ketosis 
cannot be a t t r ibuted to acute alloxan toxicity. We 
extended our investigations further to rats with strep- 
tozotocin-diabetes. In  spite of the fact tha t  unidenti- 
fied renal disturbances were observed in the course of 
the clinical use of the drug [12], no nephrotoxie effect 
was reported in animals with streptozotocin-diabetes. 
In  a previous s tudy we showed tha t  also following 
streptozotoein administration severe ketosis could 
develop in rats  [6]. In  the present s tudy the rats with 
streptozotocin-diabetes were examined during the 
first days of the diabetic state as well as after insulin 
t rea tment  in order to rule out, in this case too, the 
possibility of an acute nephrotoxic effect. 

for 4 weeks beginning immediately after the induction 
of diabetes. They received daily 4 units of Zinc- 
Protamin-Insulin (a gift from Novo Indust ry  A/S 
Copenhagen) subcutaneously, and where necessary, the 
daily doses were raised to 8 units. On the last day of 
insulin t rea tment  the rats were put  in metabolic cages 
for 24 h; body weight, food intake and urine volume 
were checked and serum urea was determined. After 
cessation of insulin t rea tment  all the rats showed 
ketonuria, lost weight and some of them died. Blood 
sugar was determined 48 hours after the last insulin 
injection. On the 3rd or 4th day of insulin deprivation 
the rats were again put  in metabolic cages and the 
above examinations, and also determination of blood 
ketone concentration, were carried out. According to 
the degree of ketonaemia the results obtained in this 
experiment were divided into two groups: a) rats with 
ketone body concentration under 30 mg%,  and b) rats 
with ketone body concentrations above 30 rag%. The 
results of Experiment  2 are given in table 2. All the 
values are presented as mean-V standard errors of 
m e a n .  

Materials and Methods Results 

Male rats  of a Wistar strain weighin 200--300 g, 
maintained on Taco (Tagger, Graz) laboratory chow, 
were used. Alloxan-monohydrate (Loba-Chemie) was 
dissolved in 0.9% saline, final concentration 12%, and 
injected subcutaneously in a dose of 180 mg/kg body 
weight. Strcptozotocin (a gift from Upjohn Co., 
Kalamazoo, ~[ichigan) was dissolved in citrate buffer 
pI~I 4.5 in a concentration of 65 mg/ml;  and a dose of 
65 mg/kg body weight were injected into a tail vein. 
Glycosuria was evaluated by  Tes-Tape (Lilly) and 
ketonuria b y  Acetest tablets (Ames). Only rats which 
exhibited a 4-~ urine test  for acetone were considered 
to be ketotic, and animals with trace amounts of 
ketone bodies were excluded from the experiments. 
Blood was obtained from the orbital sinus. Blood sugar 
was determined by  the glucose oxidase technique, 
urea in serum by  the method of Fawcet t  and Scott [5] 
using "l~erckotest" reagents. Ketone bodies were 
measured in whole blood according to the method of 
Bessman and Anderson [3]. 

In  the first experiment the blood sugar was deter- 
mined 48 hours after the administration of the dia- 
betogenie agents. On the 3rd or 4th day of the diabetic 
state the rats  were put  in metabolic cages for 24 h with 
free access to chow pellets and water. At the end of the 
24-hour period, body weight and urine volume were 
checked, remaining food weighed and serum urea and 
blood ketone body levels were determined. Both the 
alloxanized and the streptozotocin-diabetic rats were 
divided into two groups: a) those without ketonuria 
and b) those with ketonuria. The results of this ex- 
periment are presented in table 1. 

In  Experiment  2 the rats were t reated with insulin 

Exp. 1. As shown in table 1 both in alloxan- and 
streptozotocin-diabctes the rats  with ketonuria showed, 
apar t  from the higher blood ketone levels, also mar- 
kedly higher serum urea concentrations than  those 
without ketonuria (p ~ 0.01). The output  of urine and 
the food intake in the ketotie rats was low in compari- 
son with tha t  found in the nonketotic animals. This 
picture, well known in ketotic, alloxanized rats, has 
to our knowledge not yet  been reported in rats with 
streptozotocin diabetes. The only significant differ- 
ence between the two diabetes models in our experi- 
ment  was a lower blood sugar observed in the rats  
with streptozotocin diabetes (p ---- 0.05). 

Exp. 2. I t  can be seen from table 2 tha t  although 
food intake and urine volume were normal under 
insulin t reatment ,  somewhat elevated serum urea 
levels were found in those rats which later became 
severely ketotie upon insulin withdrawal. The serum 
urea levels in these rats, however, increased 4- and 
5-fold without any  increase of the urine excretion when 
insulin was discontinued, thus demonstrating the effect 
of insulin deficiency and severe ketosis on the develop- 
ment  of uraemia. In  the groups of rats which had a low- 
er mean concentration of ketone bodies in the blood after 
insulin withdrawal, near to normal levels of serum urea 
and marked polyuria were observed. Some difference 
could be observed between the alloxanized- and strepto- 
zotocin-diabetic rats in the volume of urine excreted 
under insulin treatment,  but  the response to insulin 
withdrawal has been closely similar in both groups. 
Some rats were examined on two consecutive days 
after insulin withdrawal, and in table 3 we present the 
detailed data of one ketotic ra t  from both the alloxan- 
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and  the  s treptozotocin-diabetes  groups. I t  can be seen 
t h a t  elevat ion of the  concentra t ions  of blood ketone 
and  serum urea, associated with a marked  weight loss, 
oliguria and  decreased food intake,  developed in  the 

The histological examinat ions  of the kidneys of 
rats  with uraemia  revealed cloudy swelling and  a fine 
vacuol izat ion of the t ubu la r  cells, and  also the pres- 
ence of pro te in  casts in  some of the t ubu la r  lumina .  

Table 1. The effect of the application of alloxan or streptozotocin on the blood glucose, ketone body and serum urea concentra- 
tions, urine volume and food intake 

Group Ketonuria No Glucose Total ketone Serum urea 
of rats rag/100 ml Acetone mg / 100 ml 

m g / i 0 0  ml 

Urine volume Food intake 
ml /24  h g/24 h 

Alloxan none 8 417 4- 25 
diabetes 4--~4-~- 9 4304-16 c 

Streptozotocin none 9 3234-24 
diabetes -~- - t - - t -  10 3254-19 c 

114- 2.2 574-10 634-11 174-1 

674-10.0b 1874-39 a 124- 2b 44-0.4b 

104- 1.2 394- 5 80:j:15 1 8 •  

484- 6.0 b 178~:33 b 214- 3 b 54-1 b 

Statistical evaluation: rats with ketonuria versus rats without ketonuria. 
a p <  0.01 
b p < 0.001 
c No significance 

Table 2. The effect of insulin withdrawal on the blood glucose, ketone body and serum urea concentrations, urine volume and 
food intake in insulin-treated alloxan or streptozotocin diabetes 

Group No Glucose Acetone Serum urea Urine volume Food intake 
of rag/100 ml mg/100 ml mg/100 ml ml/24 h g/24 h 
rats after insulin withdrawal insulin withdrawal insulin withdrawal insulin withdrawal 

before after before after before after 

Alloxan a + 5 4074-29 184-1 474- 9 414- 2 b 1 9 - 4 - 3  1094-13 a 324-1 23-4-2 b 
diabetes b 6 4044-16 614-7 634-12 228~:46 a 144-1 194- 8 b 274-1 7 J : l  a 

Strepto- a + 4 3634-50 184-1 424- 3 584-10 b 9 •  115• a 354-3 30-4-8 b 
zotocin 
diabetes b 5 3884-38 694-8 504- 1 254=t=28 ~ 94-1 13• 3 b 324-2 5-t-1 a 

+ Both the alloxan and streptozotocin diabetic rats were divided on the basis of blood ketone body concentration 
after insulin withdrawal into two groups: a) rats with blood acetone levels under 30 mg % and b) rats with blood 
acetone levels above 30 mg %. 
Statistical evaluation: before insulin withdrawal versus after insulin withdrawal. 

a p < 0.01 
b No significance 

Table 3. The effect of insulin withdrawal on body weight, food intake, urine volume, serum urea and blood ketone body 
concentration in one aUoxanized- and one streptozotocin-diabetic rat 

Insulin-treated alloxan-diabetie rat  No 1 

Last day of After insulin withdrawal 
insulin 
t reatment  3rd day 4th day 

Insulin-treated streptozotocin-diabetic 
rat No 4 
Last day of After insulin withdrawal 
insulin 
t reatment  3rd day 4th day 

Body weight 
g 340 320 300 

Food intake 
g/24 h 29 14 6 

Urine volume 
ml/24 h 10 60 12 

Blood total  ketone 
Acetone rag/100 ml --  25 82 

Serum urea 
rag/100 ml 36 40 252 

410 320 310 

36 6 2 

9 37 3 

- 3 0  4 8  

50 82 293 

rats  which previously did no t  exhibi t  pathological 
findings. Blood sugar levels are no t  recorded in  table 3, 
since blood glucose was no t  de termined on the same 
days as urea and  ketone body concentrat ions.  

However, necrosis of t ubu la r  epi thel ium was no t  
observed. Essent ia l ly  similar findings were seen in  all 
the rats  which developed uraemia,  i.e. in  rats  with 
Mloxan- and  streptozotocin-diabetes following the 
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application of the diabetogenic substances as well as 
4 weeks later after insulin withdrawal. The character- 
istic findings in two rats with streptozotocin-induced 
diabetes are shown in Fig. 1 (3 days after streptozoto- 
cin application) and Fig. 2 (3 days after insulin with- 
drawal). 

name]y streptozotoeJn, the same t3rpe of renM failure 
appeared in the first week after its application and 
also following the withdrawal of insulin. Up to date 
only glycogen deposition in the renal tubules has been 
reported in animals with long-term streptozotoein 
diabetes [1]. 

Fig. 1. A rat 3 days after streptozotocin application. Blood sugar before death 337 rag/100 ml, acetone 45 mg/100 ml 
and serum urea 220 mg/100 ml. Kidney, fixation with formalin; haematoxylin and eosin; x 1370. Vaeuolation (v) of 

the tubular epithelium and protein casts (p) in the tubular lumina 

Fig. 2. A rat 31 days after streptozot, ocin application, treated with insulin for 28 days. Blood sugar before death 
332 mg/100 ml, acetone 56 mg/100 ml and serum urea 284 rag/100 ml 

Kidney, handling and histological findings as in Fig. 1 

Di~scussion 

I t  is clear from our results that  acute renal impair- 
ment  in alloxan-diabetic rats as characterized by  
anuria and elevated serum urea levels is rather  inde- 
pendent of an i~mnediate action of Mloxan. The above 
symptoms, at t r ibuted to renal toxici ty since alloxan 
has been used as a diabetogenic agent, could be induced 
even 4 weeks after alloxan application by stopping the 
injection of insulin previously given. Furthermore,  it 
is noteworthy tha t  by  using a different substance, 

We have at  the present no explanation for the 
finding tha t  those rats which developed severe ketosis 
and uraemia following insulin withdrawal, showed 
moderately elevated average urea levels even while 
they  were still being maintained on insulin. This 
finding m a y  indicate a permanent  though mild kidney 
damage, but  also tha t  insulin dosage was inadequate 
for some rats by  the end of the insulin t reatment .  
Despite the somewhat elevated initial concentration 
of serum urea, the increase after insulin withdrawal 
remains striking; and i t  is shown in table 3 tha t  urae- 
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mia  deve loped  in t he  a l loxanized  r a t  which h a d  no 
e leva ted  concent ra t ion  of serum urea dur ing  the  
insul in t r e a tmen t .  

I n  the i r  recent ,  ex tens ive  histologieM s t u d y  Vargas  
et al. [15] found  severe k i d n e y  lesions mos t l y  in  t he  
chronic s t a t e  of a l loxan diabetes ,  and  a l though  con- 
f irming a l loxan  ~ x i e i t y  t h e y  also emphas ized  t h a t  
there  are  different  t ypes  of renal  changes in the  course 
of th is  expe r imen ta l  d iabetes .  

On the  basis  of our  presen~ s tudy ,  i t  cannot, be  
concluded t h a t  a l loxan  or s t rep tozotoe in  has  no 
nephro tox ic  effects a t  all. I Iowever ,  the  closely uni-  
form p a t t e r n  in bo th  a l loxan-  and  strel~tozotoein-dia- 
betes,  and  the  deve lopmen t  of u raemia  p r o m p t l y  
following insul in  wi thd rawa l  four  weeks af te r  t he  dia-  
betogenic  agents  h a d  been  adminis te red ,  p e r m i t  a 
d is t inc t ion  be tween  toxic  i n j u r y  and  a rena l  fai lure due 
to  acute  and  severe d iabe tes  in  th is  case. I n  view of the  
general  usefulness of the  two models  of exper imen ta l  
d iabetes ,  we feel ~hat  such a d i s t inc t ion  is necessary.  

The  his tological  examina t i on  of t he  k idneys  (to be 
publ i shed  in de ta i l  elsewhere t also showed t h a t  in- 
dependen t ly  of t he  t ime  a t  which the  d iabetogenic  
substances  have  been admin i s t e red  the  morphologica l  
a l t e ra t ions  in r a t s  w i th  u r aemia  were the  same. No 
evidence of a. d i rec t  toxic  damage  was found.  I~ is 
n o t e w o r t h y  t h a t  t he  changes in t he  k i d n e y  fol lowing 
s t rep tozotoe in  app l i ca t ion  were fa i r ly  s imilar  to  those  
t h a t  have  been descr ibed in ear i ier  s tudies  on a l loxan  
diabetes .  
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