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Tetracycline antibiotics are frequently used in E. coli pyelonephrit is  in man.  
Their different derivatives have a similar antimicrobial  action in vitro, differ 
however, as regards their circulation in the organism; differences were found in 
their penetra t ion into different tissues and body  fluids as well as in the  rate and 
routes of their excretion f rom the organism. These facts m a y  exert an impor tan t  
influence on the therapeut ic  effectiveness of different tetracycline antibiotics in 
localized infections such as pyelonephritis.  More detailed data  in this respect are 
lacking. We decided therefore to obtain some information on the model of bacterial 
inf lammation of the kidneys, produced by  the most  f requent ly  pathogenet ic  
microorganism of h u m a n  pyelonephritis,  Escherichia coli. I n  the present commu- 
nication we shall pa y  a t tent ion to a comparison of the effect of chlortetracycline 
(CTC) and oxytet racycl ine  (OTC). 

Da ta  published in the li terature on these two tetracycline antibiotics suggest 
some impor tan t  differences as regards their circulation in the  organism: 

a) the kidneys excrete 70 % of the amount  of OTC administered but  only 18 % 
CTC (Kvl~I~ et al., 1; K v N r s  2). 

b) the  OTC concentrat ion in urine is m a n y  times greater than  the CTC con- 
eentration, 

c) their distr ibution in renal tissue under  physiological conditions is different 
as proved by  MXL]~K et al., (1, 2), using the fluorescence method;  CTC accumulates  
more in the renal cortex, while CTC accumulates  in the medulla. 

We tried to  test whether  the above differences between CTC and OTC in 
relation to the kidneys will be manifested in their therapeut ic  effect on the course 
of experimental  E. eoli pyelonephritis.  

Methods 
The experiments were carried out on full grown male rabbits, chinchilla strain, weighing 

2,500 to 3,500 g. The basic experimental set-up was as follows: induction of acute haemato- 
genous E. cell pyelonephritis, two weeks' administration of CTC or OTC and sacrificing of the 
animals one week after termination of treatment, with subsequent histological examination 
of the kidneys and bacteriological examination of renal tissue and urine. 

A suspension of the microorganisms in physiological saline was prepared in a 18-hour agar 
medium with the haemolytic variant of the E. cell strain, serotype 026 : B 6; every animal was 
injected with approximately 5.10 s live microorganisms. The strain used was sensitive to 
tetracycline antibiotics in concentrations of 10 gamma or more (disc-method). 
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Left-sided acute pyelonephritis was induced by the i.v. injection of the suspension to 
animals with a temporary ligature of the left ureter the passage through which was comple- 
tely renewed after removal of the ligature; this method has been used in our laboratory for 
several years ( P ~ T  et al.). 

Chlortetracycline (Aureomykoin-Spofa) was administered twice a day intravenously in 
amounts of 10 mg/kg body-weight per injection, oxytetracyeline (Oxymykoin-Spofa) twice 
a day intramuscularly in amounts of 15 mg/kg body-weight per injection. The amounts of 
antibiotic correspond to double the amount used in the treatment of young children. Different 
routes of administration were used because there exists no intramuscular CTC preparation and 
intravenous OTC preparations cannot be used for prolonged periods as they cause, as we found, 
very soon severe thrombophlebitis. Treatment was initiated either on the day when the animals 
were injected with microorganisms ("early" treatment) or two days later ("delayed" treat- 
ment). 

The animals were killed by i .v.  administration of a pentothM solution one week after 
termination of the two-week therapy. During necropsy the abdominal cavity was opened 
under sterile conditions and first of all urine for bacteriological examination was withdrawn 
from the bladder by puncture. Next  both kidneys and ureters and the urinary bladder were 
removed. The lower 2/3 of the kidneys with the ureter was subjected to histological examina- 
tion, the upper 1/3 to bacteriological examination. Urine and renal tissue were examined 
by a quantitative bacteriological dilution method (pour plate method) and the number of micro- 
organisms per ml of urine or gram of homogenised renal tissue was assessed. In  all positive 
E. coli cultures a serological reaction using the method of cover slip agglutination with 
specific anti-OB serum was made to establish the identity of the detected E. coli strain with 
that  used to produce pyelonephritis. 

In  three control groups the histological and bacteriological findings were evaluated in 
untreated rabbits three weeks after producing unilateral acute pyelonephritis, and in non- 
infected rabbits to whom for a period of two weeks CTC or OTC was administered after a 
temporary ligature of the left ureter, and finally in non-infected rabbits after ligature of the 
left ureter to whom antibiotics were not  administered. 

The characteristics of individual experimental groups can be summarized as follows: 
1. Temporary ligature of ureter + infection + "early" CTC therapy. 
2. Temporary ligature of ureter + infection + "ear ly"  OTC therapy. 
3. Temporary ligature of ureter + infection + "delayed" CTC therapy. 
4. Temporary ligature of ureter + infection + "delayed" OTC therapy. 
5. Temporary ligature of ureter + infection without therapy. 
6. Temporary ligature of ureter + therapy without infection. 
7. Temporary ligature of ureter without infection and without therapy. 

Evaluation o/ results. To render evaluation and comparison of the histological findings 
of the kidneys possible, it was essential to divide the varied histological changes into three 
groups: 

a) negative finding, 
b) focal inflammatory changes, affecting only small circumscribed portions of tissue, 
e) diffuse changes affecting the whole organ or its predominant part. 

In  addition the inflamatory changes were evaluated according to the activity of the 
process into active (predominance of leucocytes incl. focus of abscess), and inactive (post- 
inflammatory scarring). Microscopic changes caused by temporary congestion of urine during 
temporary ligature of the ureter without infection were rated as negative. 

The histological findings on the right kidney with the non-ligatured ureter were only in 
rare instances positive in animals of the infected groups, i.e. small inflammatory loci were 
found; in view of the insignificant and rare occurrence of these changes, the findings on the 
right kidney are not evaluated in the results. The bacteriological findings were also evaluated 
in the left kidney only, as on the right side in all instances - -  even in the infected groups - -  
they were negative as far as the presence of significant numbers of E. coli is concerned. 

In  the preliminary experiment in rabbits CTC and OTC concentrations in blood, urine, 
renal cortex and medulla were assessed after a single i. v. injection (CTC) or i. m. injection (OTC) 
in amounts corresponding in individual rabbits to the amount used in the experiment proper. 
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Results 

1. CTC and 0TC levels in blood, urine and kidneys following a single dose. Tables 
1 and 2 show above all t ha t  there exist differences in the CTC and OTC concentra- 
t ion of the cortex and renal medulla. CTC reaches higher concentrat ions on the 
cortex, while the  OTC concentra t ions  are higher in the medulla. There are 
also ve ry  striking differences between the CTC and OTC concentrat ion of the 
bladder  urine, the concentrat ion of OTC being much  higher than  t h a t  of CTC. 
The blood levels can be hard ly  compared in view of the different route of 
admiz~istration used. 

Table 1. Blood, urine and kidney tissue levels o/ ehlortetracycline (35 mg o/chlortetracycliue 
[Aureomykoin Spo/a] intravenous, male-rabbits 2,600--3,100 g body weight) 

Time after 
injection 

3 hrs 

Blood 

y/ml 

Urine 

y/ml 

Kidney (y/g) 

5.7 
2.04 
2.94 
4.5 
1.86 

32.5 
27.5 
19.5 
27.5 
82.0 

cortex Medulla 

72.0 9.0 
65.0 9.6 
52.0 11.6 
39.0 13.6 
14.8 6.8 

6 hrs 

12 hrs 

3.41 ~ 1.65 

0.465 
0.555 
0.315 
0.435 
0.360 

0.426 ~: 0.025 

0.198 
0.216 
0.165 
0.165 
0.460 

0.242 4- 0.124 

Statistical analysis of CTC levels 

33.8 4- 25.14 

20.5 
74.0 
22.0 
31.0 
44.0 

38.3 4- 22.0 

6.6 
8.8 
8.8 
6.6 

7.74-1.3 

48.6 ~ 22.71 

9.2 
5.4 
4.6 
6.5 

15.6 

8.26 4- 4.46 

1.04 
1.56 
0.78 
3.1 
3.1 

1.92 ~: 1.12 

10.1 4- 2.59 

0.98 
2.1 
1.96 
2.4 
4.6 

2.41 4- 1.34 

0.36 
0.39 
0.33 
1.1 
0.92 

0.62 4- 0.36 

)etween cortex and medulla: after 3 hrs - -  t /=  3.364 
P <  0.05, after 6 hrs - -  tl= 2.515 P >  0.05, after 12 hrs - -  t /=  2.208 P >  0.05. 

2. Histological finding in the kidneys. The results in t reated rabbits  (Table 3) 
indicate, t ha t  "ear ly"  t rea tment ,  i. e. on the day  of injection of the microorganisms 
can prevent  in approximate ly  85 % of the  animals the development  of pyelo- 
nephri t is ,  there being no difference between CTC and OTC in this respect;  
rarely encountered pyelonephri t ic  changes (ca 15 %) were only of a focal type  and 
none of the rabbi ts  died. Substant ia l ly  different results were obtained in rabbits  
where t r ea tment  was init iated two days after injection of the microorganisms. 
Only 21.9% after CTC and 31.6% after OTC t rea tment  did not  develop pyelo- 
nephrit is;  more than  50 % of the rabbi ts  developed severe diffuse in f lammatory  
changes in the  k idney with persisting ac t iv i ty  of the process. Somewhat  less 
sat isfactory were the results of histological examinat ions of kidneys f rom rabbi ts  
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Table 2. Blood, urine and kidney tissue levels of oxytetracyeline (40 mg oxytetracycline 
[Oxymykoin Spo]a] intramuscular, rabbits-male 2,600--3,100 g body weight) 

Time after 
injection 

3 hrs 

6 hrs 

10 hrs 

Blood 

r/ml 

2.8 
0.81 
1.65 
0.87 

1.53 ~ 0.93 

1.92 
3.15 
1 62 
1.44 
1.92 

2.01 =L 0.67 

3.6 
1.35 
1.62 
1.35 
0.66 

1.724- 1.11 

Urine 

y/ml 

1,400 
0,700 
2,000 
2,800 

Kidney (y/g) 

Cortex I 

r 9.4 
16.0 
16.0 

1,725 • 892 11.7 :J: 5.2 

0,790 6.4 
1,600 4.5 
1,200 12.6 
0,950 5.4 
1,000 9.0 

1,108~= 312 7 .58•  3.27 

4OO 9.O 
200 9.0 
140 18.0 
200 9.0 

70 12.6 

202 • 123 11.5 • 3.94 

Yledulla 

26.0 
22.0 
32.0 
44.0 

31 .0•  

24.0 
34.0 
34.0 
21.0 
24.0 

27 .4•  6.15 

34.0 
18.0 
84.0 
24.0 
30.0 

38.0 • 26.42 

Statistical anal, 'sis of OTC levels between cortex and medulla: after 3 hrs - -  t t=  3.059 
P <  0.05, after 6 hrs - -  t / =  4.452 P <  0.005, after 10 hrs - -  t I = t.982 (insignif.). 

Table 3. Results o/histological examinations 

Experimental group 

CTC - -  
"early" therapy 

OTC - -  
"early" therapy 

CTC - -  
"delayed" therapy 

OTC - -  
"delayed" therapy 

Controls: 
Infected animals 
without  therapy . 

Uninfected animals 
with therapy . . 

Unifected animals 
without  therapy 
(temporary ureterM 

No. of 
anilnals 

14 

13 

32 

19 

30 

9 

Without 
inflammatory 

changes 

12~  85.7% 

11~ 84.6% 

7~- 21.9% 

6 :  31.6% 

5 =  16.7% 

9 = 100.0 % 

Focal 
flfflammatory 

changes 

2=14.3% 

2=15.4% 

7=21.9% 

3=15.8% 

2 =  6.6% 

Diffuse ] 
inflammatory Active 

changes suppuration 

0 1 ~  7.1% 

0 1 ~  7.7% 

18=56.2% 21--65.6% 

10=52.6% 11~57.9% 

23=76.7% 23~76.7% 

0 0 

No. of ani- 
mals died 
of sepsis 

0 

0 

4=12.5% 

1 =  5.3% 

8=26.7% 

ligature only) . . 9 9=100.0% 0 0 0 0 

Statistical analysis: differences in occurence of active renal suppuration between CTC or 
OTC "delayed" to infected controls without therapy not  statistically significant. 
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subjected to CTC therapy; the differences were however not statistically signi- 
ficant. The lower effectiveness of CTC is suggested also by the fact that  in this 
group four rabbits (12.5%) died of septicaemia (perinephritis and peritonitis) 
while in the group treated with OTC only one rabbit (5.3 %). As compared with 
the control group of 30 untreated rabbits, the results as regards the frequency 
and extent of inflammatory changes in the kidney of rabbits treated with CTC 
are only little more favourable and the differences arc not statistically significant. 
In all rabbits of the non-infected control groups the histological findings, as far 
as the incidence of inflammatory changes is concerned, were negative in all in- 
stances. 

3. Bacteriological changes. Bacteriological examinations of the left kidney 
after sacrificing the animals (Table 4) revealed that "early" CTC or OTC treat- 
ment was able to sterihze in all instances the renal tissue after a previous temporary 
block of the ureter. Also "delayed" OTC treatment eliminated in all animals 
microorganisms from the renal tissue. On the other hand, after "delayed" CTC 
therapy a positive bacteriological finding persisted in the renal tissue of 11 from 
a total of 32 rabbits (34.4 %); in most instances the concentration of microorgan- 
isms was high - -  above 103/g. From a total of 30 rabbits of the control group 
without treatment the kidneys were infected in 20 (66.7%). In  all animals with 
a finding of this high concentration of microorganisms in the tissue (even above 
108/g) also considerable baeteriuria with E. coli concentrations of above 104/ml 
urine were found; in one rabbit after "delayed" CTC therapy considerable bac- 
terinria was found in the absence of a positive finding in renal tissue. This case 

Table 4. Results o/bacteriological examination 

Experi- 
mental 
group 

CTC - -  

" e a r l y  ~ '  

therapy 

OTC -- 
"early" 
therapy 

CTC - -  
"delayed" 
therapy 

OTC - -  
"delayed" 
therapy 

Controls: 
Infected 
animals 
without 
therapy 

No. of 
animals 
(loo%) 

]3acteri- 
]~acteriology of renal tissue uria (above 

104/ml 
without 

negative below 10~/g above 10a/g positive 
tissue) 

| 

14=100.0% O 0 [0 

I 
13= 100.0 % 

21= 65.6% 

19=100.0% 

10=33.3% 

3 9.4% 

0 

9=30.0 % 

8=25.0% 

11=36.7% 

O 

1=3.1% 

Total 570. of 

negative positive 

14--100.0% 

13=100.0% 0 

20= 62.5% 12=37.5% 

19=100.0% 0 

I0= 33.3% 20=66.7% 

Statistical analysis: CTC- "delayed" to Controls: insignif. Comparison of CTC "de- 
layed" to other groups and Controls to other groups statistically signif. 
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mus t  be also added to the total  number  of infected animals as it suggests the 
presence of an in f lammatory  process loealised in the efferent ur inary  pa thways  
but  not  affecting the renal parenchyma.  The summarized results indicate t ha t  
the tota l  number  of rabbits  with persisting E. coli infection in the group of rabbits  
after "de layed"  CTC the rapy  is 12 from a tota l  number  of 32 (37.5 %) and in the 
un t rea ted  control group 20 from a tota l  of 30 (66.7 %). 

4. Changes in body-weight of rabbits in the course of the experiment. The 
suppurat ive  in f l ammatory  renal process exerts negative influence on the meta-  

bolism of experimental  
Table 5. Changes in body-weight during experimental period 
(i.e. di//erenees between the original weight and the weight 

be/ore saeri/ice) 

]~xperimental group 5To. of 
rabbits 

1. CTC - - "ea r ly"  therapy . . 

2. O T C -  "early" therapy . . 

3. CTC - -  "delayed" therapy . 

4. OTC - -  "delayed" therapy . 

13 

14 

32 

19 

Controls: 

Mean 
change of 

body 
weight 

(in g) 

-- 236 

- -  173 

-- 484 

--311 

Mean % 
change of 
original 
body 

weight 

-- 7.33 
- -  6.31 

-- 14.06 

- -  9.98 

5. Infection without therapy . 30 I -- 321 I -- 11.41 

6. Therapy without infection . 9 -- 61 i -- 1.91 
7. Temporary ureteral ligature 

without therapy and without 
infection . . . . . . . .  9 -- 72 -- 2.14 

Statistically significant differences: 

3 t o 6 : t = 3 . 3 1 9  p<0.005 
3 to 7: t = 2.625 p < 0.025 

6 : t=3 .154  p < 0.005 

4 t o 7 : t = 2 . 8 8 5  p<0.01 
5 t o 6 : t = 3 . 6 8 4  p<0.01 
5 t o 7 : t = 3 . 3 6 2  p<0.005 

animals;  the weight- 
loss during the experi- 
ment  thus gives a rough 
idea on the severi ty of 
the in f l ammatory  pro- 
cess. The average weight 
changes in individual 
experimental  groups 
(Table 5) indicate t ha t  
in non-infected controls 
the body-weight  declines 
during the three weeks 
of observat ion only 
slightly, by  1.9to 2.14%. 
I n  rabbits  with "ea r ly"  
CTC or OTC t r ea tmen t  
the weight-losses are 
greater, by  6.31 to 
7.33%. The greatest  
body-weight  loss 14.06 % 
was noted in rabbits  
with "de layed"  CTC 
the rapy ;  on the other  
hand  in rabbits  with 

"de layed"  OTC the rapy  the body-weight  declined only by  9.98%. The decline 
of body-weight  in infected non- t rea ted  controls was by  11.41% lower than  after 
"de layed"  CTC therapy.  

D i s c u s s i o n  

I n  the l i terature repeatedly evidence was provided tha t  there exist differences 
between the renal cortex and medulla as regards susceptibili ty to infection, the 
medulla being less resistant, and oven a small amoun t  of microorganism produces 
an  inf lammat ion (RocHA etal . ,  Gcz~ etal . ,  1). I n  the medulla microorganisms m a y  
persist after completed the rapy  of experimental  enteroeoecal pyelonephrit is  and 
they  m a y  be the source of a subsequent exacerbat ion of an in f lammatory  process 
(Gllz]~ o t a l . ,  2). I t  m a y  be thus  assumed tha t  drugs with a greater affinity for 
the  renal medulla are more effective in the t r ea tment  of pyelonophritis than  
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drugs lacking this property. Comparison of the concentrations in the cortex and 
medulla confirmed the data of MJ~LEK et M., (1, 2) that OTC reaches higher con- 
centrations in the medulla, while CTC reaches higher levels in the cortex. 

The results of our experiments where the effectiveness of CTC and OTC in 
acute obstructive E. cell pyelonephritis was compared suggest in several respects 
a greater effect of OTC as compared with CTC. 

In experiments where CTC or OTC therapy was initiated simultaneously 
with the administration of E. eoli to the organism ("early" therapy) the differences 
between the two tetracycline antibiotics were not manifest and it proved possible 
in 85 % of the animals to prevent the development of pyelonephritis; not in a 
single ease E. cell were found in renal tissue or urine. The results provide evidence 
of the importance of early treatment. Similar favourable results in early therapy 
of enteroeoccal pyelonephritis were obtained by FISHEI~ et el., contrary to the 
nnfavourable results obtained when treatment was initiated only several days 
after the development of the infection. The differences between CTC and OTC 
became manifest only in rabbits where treatment was initiated as late as two days 
after injection of the microorganisms. At that time the microorganisms had 
already settled down and reproduced in the renal tissue and produced an acute 
suppurative inflammation and caused in most animals irreparable morphological 
changes. From the histological aspect there was no significant change in the 
extent and activity of the persisting inflammatory changes though after OTC 
treatment these changes were Jess frequent. The bacteriological examination 
of the kidneys revealed, however, marked differences between the two antibiotics; 
OTC removed the microorganisms from the renal tissue in 100% of all rabbits, 
while CTC did so only in 62.5%. The lower effectiveness of CTC is suggested 
also indirectly by the somewhat greater number of animals who died of septic- 
aemia because the suppurative inflammations spread to the peritoneum, and by 
the greater body-weight loss in the course of the experiments. 

Ore: results indicate thus that OTC is probably a more effective means in the 
treatment of E. coli pyelonephritis than CTC. 

These findings require, of course, confirmation by further experiments and 
comparison with other tetracycline antibiotics. 

Summary 
On experimental haematogenous E. coli pyelonephritis in rabbits produced by 

temporary ligature of the ureter the effect of chlortetracycline (CTC) and oxy- 
tetracycline (OTC) was compared. When the treatment was initiated "early" 
(i. e. on the day when the microorganisms were injected), the development of the 
inflammatory process could be prevented in 85 %; no marked differences were 
found between the effect of CTC and OTC. When "delayed" treatment was 
applied (i. e. two days after injection of the microorganisms) no marked inflamma- 
tory changes developed in the kidneys of 22 % of the CTC-treated rabbits and 
in 32% of the OTC-treated rabbits; after OTC therapy the renal tissue was 
always sterile, after CTC therapy positive bacteriological findings persisted in 
37,5%. 
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Beeinflussung der exper imente l len  Escher ichia  col i -Pyelonephri t is  
durch Chlortetracycl in  und 0xy te t racyc l in  

Zusammenfassung 
I n  Versuehen an K a n i n c h e n  wurde  du tch  zeitweilige L iga tu r  eines Ure te r s  und 

in t ravenSse  I n j e k t i o n  yon Eseher ichia  coli eine Pye lonephr i t i s  erzeugt  und ihre 
Beeinf lussung durch  Chlor te t racyc l in  (CTC) und  Oxyte t racye] in  (OTC) vergliehen.  
W e n n  die Behand lung  frfih e insetz te  (d.h.  am Tage der  I n j e k t i o n  der  Mikro-  
organismen) ,  konn te  m a n  die En twiek lung  des entz i indl ichen Prozesses in 85% 
ve rh inde rn ;  dabe i  wurde  ke in  auffiil l iger Unte r sch ied  zwisehen CTC uncl OTC 
gefunden.  W e n n  die Behand lung  dagegen spi i ter  e insetzte  (2 Tage  nach  I n j e k t i o n  
der  Mikroorganismen) ,  en twieke] ten  sieh keine auff~ll igen Ver~nderungen  in den  
5~ieren yon  22 % d e r m i t  CTC behande l t en  Tiere und  in 32 % der  mi t  OTC be- 
hande l t en  Tiere. Nach  CTC-Behandlung  war  das  Nierengewebe framer steril ,  nach 
OTC-Behandlung  bl ieb der  bakter ie] le  Befund  in 37,5 % posi t iv .  
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