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Development of pharmacological therapy of ARDS by drug repositioning
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Despite recent progress in critical care, there have been no pharmacological
modalities against acute organ injury although supportive therapeutic modalities have been
developed. Drug repositioning, which is a process of identifying new therapeutic use(s) for
old/existing/available drugs, has become a popular strategy in recent years. It is an effective
strategy in discovering or developing drug molecules with new pharmacological/therapeutic
indications. Although tin chloride is not a drug but a heavy metal toxic to humans it is known that
tin chloride induces heme oxygenase-1; a stress protein, in a kidney specific manner. We
administered tin chloride to a rat model of rhabdomyolysis-induced acute kidney injury produced by
glycerol injection and examined its effect on the kidney injury. We found that tin chloride
treatment significantly ameliorates the kidney injury by virtue of the induction of heme oxygenase-1
without any adverse effect in rats.
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Rhabdomyolysis and associated acute kidney injury (RM-AKI) is a severe disorder. However,
no definitive treatment for this disease has been established. Using a rat model of RM-AKI
induced by glycerol (Gly) injection, we previously reported that free heme, a pro-oxidant
released by myoglobin derived from rhabdomyolysis has an deleterious role in pathogenesis
of this disease by evaluating dynamic changes in the expression of next three substances;
Heme oxygenase-1 (HO-1), a rate-limiting enzyme of heme catabolism, delta-aminolevulinate
synthase (ALAS1, a heme biosynthetic enzyme), and BTB and CNC homology 1 (Bachl), an
inhibitory transcription factor of HO-1 (1). It has been reported that administration of small
amount of hemoglobin induces HO-1 and have a protective effect on RM-AKI (2). However,
the administration of hemoglobin may cause the increase in free heme, a harmful substance
to human body. On the other hand, we have reported that tin chloride (SnCl2) is a kidney
specific HO-1 inducer and has a protective effect on a rat model of AKI induced by ischemia-
reperfusion (3). Furthermore, SnCl. has been reported to induce HO-1 in free heme
independent manner (4).

The aim of the present study is to examine whether SnCl. has a protective effect on a rat
model of RM-AKI mediated through the reduction in free heme concentration in the kidney.

This study was approved by the animal use and care committee of Okayama University
Medical School. Male Sprague-Dawley rats (7 weeks old) were divided into 4 groups (n =4 in
each group); Control group (untreated), SnCl>+Gly group, Saline+Gly group, SnCl2+SnMP
(Tin mesoporphyrin; a specific inhibitor of HO) +Gly group. SnCl2+Gly group were injected
with SnClz (100 mg/100 g) subcutaneously and after 24 h injected with 50% Gly (10 ml/kg)
into bilateral hind limbs. Saline+Gly group were injected with the same amount of saline
followed by the Gly injection. SnCl2+SnMP+Gly group were additionally injected with ShMP
(2 pmol/kg) 1 h before Gly injection to SnCl2+Gly rats. Blood and kidneys were collected after
Gly injection at each timepoint (1,3,6,12,24 h). Serum BUN and Creatinine (Crea) level were
measured as indicators of renal function. Histological analysis was performed by hematoxylin
and eosin (HE) staining 24 h after Gly injection with the scoring of tubular injury. Gene
expression of HO-1 and ALAS1 was evaluated by northern blot analysis, and protein level of
HO-1 in cytosol and Bach1 in nucleus was evaluated by western blot analysis.

After 24 h of Gly injection serum, BUN and Crea levels of Saline+Gly group were significantly
increased compared with Control group. In contrast, those of SnCl:+Gly group were
significantly lower than Saline+Gly group. However, additional treatment of SnMP abolished
the beneficial effect of SnClz. (Fig. 1). Histological damage observed in Saline+Gly group was
significantly improved by SnCl. treatment whereas HO inhibition by ShMP abrogated the
improvement by SnCl: treatment. Those observation was supported by the results of tubular
injury score. (Fig. 2). HO-1 mRNA level at 6 h after the Gly injection was significantly higher
in SnCl2+Gly group than Saline+Gly group (Fig. 3). Renal ALAS1 mRNA level and renal
nuclear Bachl protein levels of Saline+Gly group were significantly lower than control group
at 3 h after Gly injection. On the other hand SnCl: treatment reversed these levels almost to
control levels. (Figs. 4 and 5).

In conclusion, these findings suggest that the administration of SnClz have a protective effect
on RM-AKI by induction of HO-1. The increase in intracellular free heme level is known to
down-regulate ALAS1 and translocate Bachl from nucleus to cytosol to activate HO-1
transcription. SnClz treatment dampened changes in ALAS1 and Bachl induced by Gly
treatment, suggesting the decrease in intracellular free heme levels. Thus, the reduction of
free heme can be implicated in the protective effect of SnCl. treatment.



Figure. 1 Serum BUN and Creatinine levels
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Statistical analysis was performed by analysis of variance followed by Tukey-Kramer multiple comparisons

Method.

*Significantly different from untreated control rats(P<0.005).
#Significantly different from rats SnCl, treated and after 24h glycerol treatment(<0.005)

Figure. 2 Histological analysis by HE staining
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Tubular injury score was graded by estimating the percentage of injured
tubules as follows: 0, areas of injured tubules < 5%; areas of injured tubules
5%-25%; 2, areas of injured tubules 26%-50%; 3, areas of injured tubules
51%-75%:4, areas of injured tubules > 75%.

Statistical analysis was performed by analysis of variance followed by
Tukey-Kramer multiple comparisons Method

*Significantly different from control(p<0.005)

#Significantly different from SnCl, group(p<0.005)

Figure. 3 HO-1 mRNA level 6 h after Gly treatment
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Statistical analysis was performed by unpaired student's t-test
*significantly different from saline group(p<0.05)



Figure 4. ALAS1 mRNA level
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Statistical analysis was performed by Analysis of variance followed by
Tukey-Kramer multiple comparison test.
* Significantly different from control and gly+SnCl, groups (p<0.05)

Figure. 5 Renal Bachl protein level in nucleus
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Statistical analysis was performed by Analysis of variance followed
by Tukey-Kramer multiple comparison test.
* Significantly different from control and SnCl, groups(p<0.05)
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