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Effects of Betamethasone and Gentamicin on 
Renal Scarring Induced by Mannose-Sensitive 
E Coli Pyelonephritis in Rat  
 
 

 
Abstract 
Background: Pyelonephritis can lead to renal scar. 
 
Objective: To evaluate the effects of betamethasone in pre-
venting renal scarring in rat model of pyelonephritis.  
 
Methods: Sixty three female Sprague-Dawley rats were di-
vided into seven groups. Group A was the control. Mannose-
sensitive E coli was directly inoculated into the left kidney 
exposed under general anesthesia in groups C–G. Group B 
received normal saline. Two days after bacterial inoculation, 
groups C, E and F received gentamicin for 10 days. Be-
tamethasone was injected for three days to animals in groups 
of D, E (2 days after bacterial inoculation) and F (5 days after 
bacterial inoculation). Group G received no treatment. Eight 
weeks after bacterial inoculation, animals were sacrificed and 
the volume (amount) of renal scar was determined using the 
stereological techniques. 
 
Results: Changes in the weight and volume of the kidneys 
were not statistically significant. No scar was detected in 
group A, but all other groups including group B with intrare-
nal injections showed scarring. The volume density and abso-
lute volume of the scar in groups C–G were significantly more 
than group B (p<0.001), whereas they did not differ signifi-
cantly from each other. 
 
Conclusion: Betamethasone and/or gentamicin, when used two 
days after induction of pyelonephritis were not effective in 
preventing renal scar. 
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Introduction 
 

yelonephritis can lead to scar formation in the kidney 
that in turn may cause renal dysfunction and/or hyper-
tension. Indeed, renal scar is one of the most important 

complications of acute pyelonephritis. Although numerous clini-
cal and experimental studies have demonstrated that the rate 
of renal scarring following documented pyelonephritis can be 
diminished with appropriate antibiotic therapy, approximately 
40% of the cases will still develop renal scar.1 It is helpful to 
find an adjuvant therapy that would prevent renal scar after 
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an episode of acute pyelonephritis. One group 
of drugs with potent anti-inflammatory effects 
are glucocorticoids. These drugs down-regulate 
cell-mediated immunity by inhibiting cytokine 
release, migration of leukocytes, cell-to-cell 
signaling and the production of destructive en-
zymes.2 

Oral glucocorticoids have previously been 
used to prevent scar formation in animal models 
of pyelonephritis.2,3 To the best of our knowl-
edge, the long-acting injectable form of these 
drugs has not been tested so far. This study 
therefore was undertaken to determine the ef-
fect of intramuscular injection of betamethasone 
on prevention of scarring in an animal model of 
pyelonephritis. 
 
Materials and methods 
 
Animals 
This study included 63 female Sprague-Dawley 
rats, 6–8 weeks old, weighing between 200 and 
250g. They were maintained at room tempera-
ture on pellet rat diet with tap water available 
ad libitum. The rats were randomized into 
seven groups (A to G) each including nine 
animals. 
  
Bacteria 
Mannose-sensitive Escherichia coli (sensitive 
to gentamicin) were isolated from the urine 
sample of a patient with urinary tract infection 
and Mannose-sensitive E coli was confirmed 
by hemagglutination test. 
 
Bacterial inoculation 
The rats were anesthetized with intraperitoneal 
injection of ketamine HCL (100mg/kg) and xy-
lasine (10mg/kg). Subcostal incision under 
costal margin was made on the left side, in 
order to expose the left kidney. In groups C to 
G, using a 24 G needle, 109 colony forming 
unit of E. coli in 0.1 ml saline was directly in-
oculated into the parenchymal tissue of the left 
kidney.4 Rats in group B received normal sa-
line whereas those in group A received no in-
jection. 
 
Treatment protocols 
Group A received no treatment. Group B only 
received a volume of normal saline equal to 
treated groups. Two days after bacterial inocu-
lation groups C, E and F received gentamicin 
(3 mg/kg/day IM) for 10 days. Be-
tamethasone (0.3 mg/kg/day IM) was injected 
for three days to animals in group D and E (2 
days after bacterial inoculation) and F (5 days 
after bacterial inoculation). Group G received 
no treatment. 

Stereological estimation of renal scarring 
After 8 weeks, all rats were anesthetized with 
ether and perfused trans-cardially with a solu-
tion of neutral buffered formaldehyde. The left 
kidney was then removed and the volume of 
each kidney was determined by immersion 
method. The kidneys were maintained in neu-
tral formaldehyde for one week. After tissue 
processing, using a microtome, each kidney 
was thoroughly cut into coronal sections. The 
tissue sections (five micrometers thickness) 
were chosen randomly with an interval of 500 
micrometers and stained with Heidenhain's 
azan. The volume density of the scar tissue 
(the fraction of the renal tissue that is occupied 
by the scar) was assessed using a point-
counting technique at a final magnification of 
×50 under the projection microscope (Visopan, 
Austria). Briefly, a collection of points superim-
posed on the projected images of the renal 
tissues. The percent of scar tissues (volume 
density) were obtained by dividing the number 
of points over the scar tissues by the total 
number of points on the reference space. Ab-
solute volume (amount) of scar tissues was 
also estimated by multiplying the volume den-
sity by the kidney volume. 
 
Statistical analysis 
Data are presented as Mean±SD. Student t 
test was used for all comparisons and P<0.05 
was considered as statistically significant. 
 
Results 
 
The kidney weight, volume, volume density 
and absolute volume of the scar in different 
groups are shown in Table 1. There were no 
statistically significant differences among groups 
regarding kidney weight and volume. No scar 
tissues were observed in group A. All other 
groups that had intra-renal injections with ei-
ther bacteria or normal saline showed scar 
tissue. The volume density and absolute vol-
ume of scar tissues of groups C–G were sig-
nificantly higher than group B (p<0.001), 
whereas they were not significantly different 
from each other. 
 
Discussion 
 
This study has used stereological methods to 
demonstrate the effects of betamethasone on 
renal scaring induced by Mannose-sensitive 
Escherichia coli in rat. Renal scar is an impor-
tant complication of acute pyelonephritis. Al-
though numerous clinical and experimental 
studies have demonstrated that the rate of re-
nal scarring, following pyelonephritis, can be 
diminished using proper antibiotics, with ap-
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proximately 40% of cases still having renal 
scars.1 Some authors have noted that renal 
scarring is attributed to the inflammation or 
suppuration that follows bacterial infection 
rather than to the bacterial growth in the kid-
ney. In this respect, different drugs have been 
tried to suppress inflammation.2-10 

The mechanism of scar formation has been 
explained by several researchers.4,11,12 It is 
shown  that the host-derived cytotoxins are 
central to the genesis of tissue suppuration 
and several authors have tried to understand 
and modify the inflammatory response.4,12 The 
role of reactive oxidants, nitric oxide and tissue 
destructive proteinases in the acute inflamma-
tory response has recently been docu-
mented.11,12 It has been demonstrated that 
even the presence of small amounts of oxi-
dants activate proteinases enzymes, and will 
significantly destroy renal tissues.11,12 Circulat-
ing proteinase inhibitors are normally present 
in high quantities and safeguard against the 
destructive potentials of these enzymes. Thus, 
in the absence of severe inflammation, any en-
zyme released from neutrophils are immedi-
ately inactivated. However, with neutrophilic 
stimulation, the aforementioned oxidants are 
released into the immediate vicinity and create 
a microenvironment capable of inactivating 
enzyme inhibitors, activate latent neutrophil-
derived enzymes, and rapidly degrade mi-
crobes, host cells and connective substra-
tum.13 The inflammatory process continues and 
extends through the renal interstitium, leading 
to a damage that ultimately results in irreversi-
ble renal scarring.2 

Glucocorticoids, through a negative effect 
on cytokine expression, can inhibit expression 
of cell surface adhesion molecules and release 
chemo-attractants, thus muting the neutrophilic 
response to inflammation.13 Glucocorticoids 
can also induce transcription of lipocortin-1, a 
protein that inhibits the production of leukotrie-
nes, which are metabolites of phospholipids 
implicated in ischemia-reperfusion injury.13 
Thus, by modulating a critical step in the initia-
tion of inflammation, glucocorticoids might be 
beneficial in the prevention of pyelonephritis-
induced renal scarring. 

In previous animal studies, oral glucocorti-
coids were used with some beneficial effects 
in preventing renal scars.2,3 In the present 
study, no significant inhibitory effects of renal 
scarring were found when betamethasone 
and/or gentamicin was administered two days 
after bacterial inoculation. The absolute 
amount of scar tissues were 0.03-0.04 ml in 
betamethasone and/or gentamicin treated rats 
and none of these drugs could prevent scar 
formation. A possible reason for the difference 
between the results of our study and those of 
others might be the route of induction of pye-
lonephritis. Glauser et al and Bille et al in-
duced ascending pattern of pyelonephritis,1,6 
whereas in this study bacteria was injected 
directly into the kidney. The other reason 
might be the initiating time of the treatment. In 
the above mentioned investigations the treat-
ment started immediately after pyelonephritis 
induction, whereas in the present study this 
was started two days after induction of pye-
lonephritis, as patients usually do not visit their 
physicians immediately after infection. 

It is concluded that treatment of pyelonephri-
tis with betamethasone and/or gentamicin, two 
days after the bacterial inoculation will not pre-
vent renal scarring in rat. 
 
Acknowledgments 
 
This work was supported financially by the 
grant No. 79-1039 from Vice Chancellor for Re-
search of Shiraz University of Medical Sci-
ences. The laboratory animal research center 
of Shiraz University of Medical Sciences is ac-
knowledged for their help in this project. 
 
References 
 
1 Glauser MP, Lyons JM, Braude AI. Preven-

tion of chronic experimental pyelonephritis 
by suppression of acute suppuration. J Clin 
Invest 1978; 61: 403-7. 

2 Pohl HG, Rushton HG, Park JS, et al. Ad-
junctive oral corticosteroids reduce renal 
scarring: the piglet model of reflux and 
acute experimental pyelonephritis. J Urol 
1999; 162: 815-20. 

3 Haraoka M, Matsumoto T, Takahashi K, et 

Table 1: Data of the kidney weight (KW), volume (KV), volume density (VD) and absolute volume (AV) of the scar 
tissue  
Groups A (n=9) B (n=9) C (n=9) D (n=9) E (n=9) F (n=9) G (n=9) 
KW (g) 0.82 ± 0.10 0.83 ± 0.09 0.80 ± 0.08 0.83 ± 0.08 0.85 ± 0.14 0.83 ± 0.12 0.77 ± 0.15 
KV (ml) 0.78 ± 0.11 0.74 ± 0.06 0.76 ± 0.10 0.77 ± 0.09 0.72 ± 0.14 0.77 ± 0.08 0.64 ± 0.12 
VD (%)  0 0.28 ±  0.22* 4.33 ± 3.67 7.39 ± 6.40 4.92 ± 4.57 5.25 ± 5.62  5.60 ± 4.65 
AV (ml) 0 0.002 ± 0.001 0.03 ± 0.02 0.03 ± 0.03 0.04 ± 0.04 0.04 ± 0.04 0.03 ± 0.02 

 Values are Mean±SD   
* P< 0.001, group B vs. groups C to G 



Effects of betamethasone and gentamicin on renal scarring in rat 
 

 133 

al. Suppression of renal scarring by pred-
nisolone combined with ciprofloxacin in 
ascending pyelonephritis in rats. J Urol 
1994; 151: 1078-80. 

4 Matsumoto T, Mizunoe Y, Ogata N, et al. 
Antioxidant effect on renal scarring follow-
ing infection by mannose-sensitive-piliated 
bacteria. Nephron 1992; 60: 210-15. 

5 Roberts JA, Kaack MB, Fussell EN, Baskin 
G. Immunology of pyelonephritis. VII. Ef-
fect of allopurinol. J Urol 1986; 136: 960-3. 

6 Bille J, Glauser MP. Protection against 
chronic pyelonephritis in rats by suppres-
sion of acute suppuration: effect of colchi-
cine and neutropenia. J Infect Dis 1982; 
146: 220-6. 

7 Matsumoto T, Mizunoe Y, Sakamoto N, 
Kumazawa J. Suitability of colchicine and 
superoxide dismutase for the suppression 
of renal scarring following an infection with 
bacteria showing mannose- sensitive pili. 
Nephron 1990; 56: 130-5. 

8 Matsumoto T, Mizunoe Y, Ogata N, et al. 
Role of superoxide in renal scarring follow-
ing infection by mannose-sensitive piliated 

bacteria. Urol Res 1991; 19: 229-33. 
9 Huang A, Palmer LS, Hom D, et al. Ibupro-

fen combined with antibiotics suppresses 
renal scarring due to ascending pye-
lonephritis in rats. J Urol 1999; 162: 1396-8.  

10 Weiss SJ. Tissue destruction by neutro-
phils. N Engl J Med 1989; 320: 365-76. 

11 Pfeilschifter J, Eberhardt W, Hummel R, et 
al. Therapeutic strategies for the inhibition 
of inducible nitric oxide synthetase-
potential for a novel class of anti-
inflammatory agents. Cell Biol Int 1996; 20: 
51-8. 

12 Ginsburg I, Kohen R. Cell damage in in-
flammatory and infectious sites might in-
volve a coordinated “cross-talk” among oxi-
dants, microbial haemolysins and am-
piphiles, cationic proteins, phospholipases, 
fatty acids, proteinases, and cytokines (an 
overview). Free Rad Res 1995; 22: 489-517. 

13 Goulding NJ, and Guyre PM. Glucocorti-
coids, lipocortins and the immune response. 
Curr Opin Immuno 1993; 5: 108-13 

.

 


