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SHORT COMMUNICATIONS 

The reversal of experimental cyclosporin A nephrotoxicity by thromboxane 
synthetase inhibition 

(Received 5 October 1992; accepted 7 January 1993) 

Abstrad-The ability of thromboxane synthetase inhibition to reverse acute cyclosporin A (&A)- 
induced nephrotoxicity in the rat was investigated. CsA administration (50 mg/kg/day p.o. for 14 days) 
to male Sprague-Dawley rats caused a significant 50% decline in creatinine clearance rates, an increase 
in N-acetyl+D-ghtcosaminidase (NAG) enzymuria and renal tubulointerstitial damage by day 14. 
These changes were associated with a 5-6-fold increase in urinary thromboxane Bz excretion (from 
pretreatment values of 28.1 f 7.9 to 122.6 + 38.9 and 165.8 f 39.0 qg/24 hr body weight on days 7 and 
14, respectively). Excretion rates of 6-keto-prostaglandin F,cu and prostaglandin E2 were, however, 
unaffected by CsA administration. Co-treatment with a thromboxane synthetase inhibitor (CGS 1297Q 
8-[3-methyl-2-(3-pyridyl)-1-indolyll-octanoic acid) from day 7 (10 mg/kg/day) normalized thromboxane 
B2 excretion, resulted in creatine clearance rates which were similar to pretreatment values on days 10 
and 14, reduced NAG enzymuria on day 10 and prevented acute proximal tubular vacuolation. 
However, the severity of chronic CsA nephrotoxicity, namely chronic tubular damage and 
microcalcification at the corticomedullary junction, was not diminished by the thromboxane synthetase 
inhibition. These results demonstrate that (i) elevated thromboxane synthesis plays an important role 
in the development of acute CsA nephrotoxicity and (ii) that different and/or additional mechanisms 
are involved in the pathogenesis of chronic nephrotoxicity. 

Acute cyclosporin A (CsA*) nephrotoxicity is characterized 
functionally as a decrease in glomerular filtration rate 
(GFR) resulting from altered renal haemodynamics, in 
particular reduced renal blood tlow and increased renal 
vascular resistance [l-3]. Although the renin-angiotensin- 
aldosterone system (RAAS), sympathetic nervous system 
and altered eicosanoid metabolism have all been implicated 
in the pathogenesis of CsA-induced nephrotoxicity the 
extent, nature and interaction of these mechanisms in this 
process remains controversial. However, there is increasing 
evidence that CsA-induced renal vasoconstriction is 
associated with increased excretion of the vasoconstrictor 
eicosanoid thromboxane A2 (TxAr) although effects on 
vasodilatory eicosanoid species are less clear [4-71. 

Previous studies from this and other laboratories have 
demonstrated that thromboxane synthetase inhibitors (TSI) 
can ameliorate CsA nephrotoxicity in experimental animals 
[8,9] and also that thromboxane receptor antagonists 
have a similar effect in experimental but not clinical 
nephrotoxicity [lo, 111. Acute CsA nephrotoxicity is 
commonly observed in clinical practice and its successful 
treatment has obvious clinical advantages. This study 
therefore investigates the additional potential for TSI to 
reverse the functional and structural consequences of CsA 
administration in the rat. 

Materials and Methodr 

Animals. Adult male Sprague-Dawley rats (initial weight 
245-3101~). obtained from Charles River Ltd (Mamate, 
U.K.) were allowed free access to food (CRM diet, Biisure 
Ltd, Cambridgeshire, U.K.) and water throughout the 
experimental period. 

* Abbreviations: CsA, cyclosporin A; GFR, glomerular 
filtration rate; CGS 12970, 8-[3-methyl-2-(-3-pyridyl)-l- 
indolyll-octanoic acid; PTV, proximal tubular vacuolation; 
CTD. chronic tubulointerstitial damaae: CA. calcification; 
CCR; creatinine clearance rates; NAG, ~kNXtyl$-D- 
ghtcosaminidase; TxBz, thromboxane Bz; PGEz, prosta- 
glandin Ez; 6-KPGFia; dketo-prostaglandin Ficr, TSI, 
thromboxane synthetase inhibitors; RAAS, renin-angio- 
tensin-aldosterone system. 

Drugs. A stock solution of CsA (Sandimmune’, Sandoz 
Ltd, Basle, Switzerland) was diluted with olive oil (Boots 
Company Ltd, Nottingham, U.K.) to a concentration of 
5Omg/mL. The TSI (CGS 12970; 8-[3-methyl-2-(-3- 
pyridyl)-l-indolyll-octanoic acid; Ciba Geigy, Horsham, 
U.K.) was suspended in 0.9% (w/v) NaCl (pH 9.5 with 
0.1 M NaOH) to give a concentration of 2 mg/mL. Drugs 
or their vehicles were administered to the conscious animal 
by gavage using a 4FG cannula. 

Protocol. Animals were randomized into three groups 
of six animals. Rats received CsA (50mg/kg) once daily 
for 14 days either alone or in combination with either the 
TSI CGS 12970 (10 mg/kg) or 0.9% (w/v) NaCI, daily from 
day 7. In addition, untreated animals or those receiving 
CsA vehicle (olive oil) with or without the addition of 
either 0.9% (w/v) NaCl or CGS 12970 from day 7 were 
also studied. Creatinine clearance rates (CCR) and urine 
N-acetyl-@-glucosaminidase (NAG) activity [measured 
pretreatment (day 0) and on days 4, 7, 10 and 141 and 
trough whole blood C&A concentrations (measured on day 
14) were estimated as described previously [8]. Urine 
thromboxane B2 (TxB,), the stable metabolite of TxAr, 
prostaglandin E2 (PGEJ and 6-keto-prostaglandin F,cu (6 
KPGF,u) concentrations were also measured both 
pretreatment (day 0) and on days 7 and 14 using specific 
monoclonal radioimmunoassay kits based on magnetic 
separation (Amersham International, Amersham, U.K.) 
The cross reactivity of the TxBr antibodies with PGEr and 
6-KPGFlo was 0.3% and 0.15%. resnectivelv. 

At the end of the experimental period animals were 
killed by cervical dislocation under ether anaesthesia and 
kidneys removed and prepared for histological examination 
as described previously [8]. Sections (5~ thick) were 
randomized and examined blind under light microscopy 
for the presence of drug-induced changes, particularly 
proximal tubular vacuolation (PTV), chronic tubulo- 
interstitial damage (CID) and calcification (CA). Each 
feature was assessed on a scale from 0 to 4, where 0 was 
no abnormality and 1, 2, 3 and 4 represented mild, 
moderate, moderatively severe and severe abnormalities, 
respectively. 

Statistics. For multiple comparisons results were 
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Table 1. The effect of CGS 12970 on experimental CsA nephrotoxocity 

Days 

Group 0 4 7 10 14 

Creatinine clearance rate (mL/hr/kg body weight) 
(1) CsA alone 362 -t 50 272 2 68 247 2 104 208 2 25-t 153 f 55t 
(2) CsA + saline from day 7 376 f 125 284284 266282 178 -t 58t 160 2 50t 
(3) CsA + TSI from day 7 317 + 64 304273 255 * 40 283 f: 54 285 rl: 54* 
NAG enzymuria (U/mm01 urinary creatinine) 
(1) CsA alone 57 + 14 124 2 41 195 * 6ot 228 + 25t 180 r 59t 
(2) CsA + saline from day 7 71+ 23 154 ” 52 175 i 55t 231+ 88t 165 r 347 
(3) CsA + TSI from day 7 78 + 18 148 i: 411 224 + 61t 131 2 18*t 124 t 43t 

Results are expressed as the mean f SD from six determinations. 
Significant differences (P < 0.05) assigned using Neuman-Keul’s test, are denoted as * for (3) vs 

(1) or (2) at each time point and as t for comparisons to pretreatment values. 
CsA was administered for 14 days at 50mg/kg body weight either alone or with the addition of 

either saline or TSI from day 7. 

compared by one-way analysis of variance with significances 
assigned using Neuman-Keul’s test. For single comparisons, 
results were compared using unpaired Student’s t-test. 

Results 

The a~inistration of CsA (5Omg/kg) for 14 days 
resulted in weight loss (l-2 g/day) which was similar in all 
three treatment groups. Normal weight gain (2-4g/day) 
was observed in untreated animals and those receiving 
either drug vehicles or CGS 12970. Consequently, body 
weight was increased by l&15% in untreated and vehicle- 
treated animal groups and decreased by R&15% in all 
three CsA treatment groups over the experimental period. 
In addition, no significant changes in renai function, NAG 
enzymuriaor urinary prostaglandin excretion were observed 
over the experimental period in the untreated and vehicle 
treatment groups (results not shown). 

CsA administration resulted in a progressive decline in 
CCR over the experimental period (Table 1). By day 14, 
CCR had decreased by around 40% in animals treated 
with CsA either alone or in combination with saline from 
day 7. A progressive increase in NAG e~ymuria, maximal 
on day 10 was also noted in these treatment groups. 
Treatment with CGS 12970 from day 7 prevented any 
further decrease in CCR resulting in clearances similar to 
pretreatment values on days 10 and 14. A similar, but more 
striking, effect of TSI on NAG enzymuria was also noted. 
By day 10, urine NAG activity was significantly lower than 
the values obtained previously on day 7 (P < 0.05) and 
also compared with the values demonstrated by the other 
CsA treatment groups (both P < 0.05). 

Although CsA treatment was without significant effect 
on the urinary excretion of either 6-KPGF,a or PGE*, a 
5-6.fold increase in TxB2 excretion was observed by day 
14 in animals receiving CsA either alone or in combination 
with saline from day 7 (Table 2). Co-treatment with CGS 
12970 from day 7, ,without effect on either 6-KPGF,o or 
PGE2 excretion, reduced TxBr excretion from 112.6 + 56.3 
to 37.8 2 13.4 ng/24 hr by day 14 (P < 0.05). 

Trough whole blood CsA concentrations were similar in 
all CsA treatment groups on day 14 with values ranging 
from 4.5 c 0.5 to 5.5 2 0.6Irp/mL. 

The kidneys of animals treated with CsA either alone 
for 14 days or in combination with saline from day 7 
onwards demonstrated a similar severity of CA, CID and 
PTV (Table 3). Varying degrees of CTD and CA affecting 
the nroximal convoluted tubule (Sl and S2) and the 
corti~medullary junction, respectively, were noted in all 
CsA-treated groups. CA occurred initially as minute calcific 
deposits which gradually formed larger masses. CID was 
most often evident at the surface of the kidney as small 

wedge-shaped foci of tubular atrophy and dilatation with 
secondary interstitial fibrosis associated with a focal 
lymphoid infiltrate. In the most severely damaged kidneys 
these foci of CTD extended deeply into the cortex causing 
radial scars. Whereas virtually all animals showed some 
CID, CA was a more variable feature of CsA treatment. 
PTV, observed in around 50% of deep cortical (S3) tubules, 
consisted of multiple vacuoles within the epithelium but in 
the absence of lethal cell damage. Although a similar 
severity of both CID and CA were observed in animals 
co-treated with CGS 12970, no PTV was observed. 

Discussion 

The results of this study which clearly demonstrate that 
thedevelopmentof acuteCsAnephrotoxicity,characterized 
functionallv bv reduced CCR and increased NAG 
enzymuria -and structurally by a tubulopathy, is associated 
with increased urinary excretion of TxBz confirms previous 
results from this and other laboratories [4-71. The 
observation though that TxBz excretion reached a plateau 
before reductions in GFR were observed also suggests that 
additional factors are involved in the development of CsA 
nephrotoxicity [l]. However, the results do demonstrate 
that TSI can prevent further deterioration in renal function 
and reverse the PTV observed following CsA administration 
in the presence of consistent CsA concentrations. Other 
structural correlates of CsA nephrotoxicity, namely those 
of CTD including microcalcification, basophilia and tubular 
dilatation were not, however, reduced by CGS 12970 
administration from day 7 cordinning other reports [4,12] 
that the chronic nephrotoxicity is not reversible. These 
results also demonstrate that while elevated thromboxane 
synthesis plays an important role in the development of 
acute CsA nephrotoxicity, different and/or additional 
mechanisms are involved in the pathogenesis of chronic 
nephrotoxicity. 

Of particular interest is the observation that inhibition 
ofTxA,synthesisfromday7onwardsessentiallynormalized 
TxB, excretion by day 14 and was as effective with respect 
to both functional and structural parameters as the effect 
of co-administration of the inhibitor for the entire 
experimental period as observed in a previous study [8]. 
The ability of TSI to reverse the functional toxicity 
associated with chronic CsA treatment has also been 
demonstrated [4]. Xn this study rats were treated with CsA 
at 40 mefke 48 hr for 7 weeks: UK-38,485 was administered 
during The-final week resulting in a significant increase in 
GFR associated with reduced TxB, excretion. 

The effect of CsA on the excretion of vasodilator 
prostaglandin species, however, remains unclear. While 
this study failed to demonstrate any significant effect of 
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Table 2. The effect of CsA alone or in combination with CGS 12970 on urine prostaglandin 
excretion 

Days 

Group 0 

Urine TxB2 excretion (qg/24 hr) 
(1) GSA alone 28.1 ” 7.9 
(2) CsA f saline from day 7 33.1 rt 15.1 
(3) CsA + TSI from day 7 22.3 f 8.6 
Urine 6-KPGF,, excretion (qg/24 hr) 
(1) CsA alone 25.2 f 12.2 
(2) CsA + saline from day 7 29.5 -t 11.5 
(3) CsA + TSI from day 7 31.2 2 13.7 
Urine PGE, excretion (qg/24 hr) 
(1) CsA alone 105.8 2 49.7 
(2) CsA + saline from day 7 131.1 + 35.3 
(3) CsA + TSI from day 7 100.5 r 59.0 

7 14 

122.6 * 38.9t 165.8 + 39.0t 
150.1 + 31.5t 184.9 f 46.7t 
112.6 rt 56.37 37.8 f 13.4’ 

19.4 +: 12.7 18.6 + 14.1 
31.5 + 9.4 21.8 2 15.4 
36.2 ? 19.4 26.5 f 17.3 

81.2 r?I 32.8 90.6 f 33.3 
106.5 2 34.2 111.4 + 45.4 
101.8 2 32.8 74.9 2 24.9 

Results are expressed as the mean f SD from six determinations. 
Significant differences (P < O.OS), assigned using Neuman-Keul’s test, are denoted as * 

for (3) vs (1) or (2) on day 14 and as t for all ~rnpa~ns to pretreatment values. 
CsA was administered for 14 days at 50mg/kg body weight either alone or with the 

addition of either saline or TSI from day 7. 
Prostaglan~n excretion was measured over a 16-18 hr period. 

Table 3. Mo~hologic~ indices of CsA nephrotoxicity 

Treatment Group PTV CTD CA 

CsA alone 2.4 2 1.5 2.0 r 0.8 1.5 c 1.2 
CsA + saline from day 7 1.8 f 1.7 2.2 f 0.8 1.2 k 1.0 
CsA + TSI from day 7 o+o 1.9 t 1.3 0.9 t 0.8 

Results are expressed as the mean + SD from six animals. 
CsA was administered for 14 days at 50 mg/kg body weight either aione or with 

the addition of either saline or TSI from day 7. 
Each feature was assessed on a scale from 0 to 4, where 0 was no abnormality 

and 1. 2. 3 and 4 represented mild. moderate, moderatively severe and severe 
abnormalities, respeciively. 
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CsA on the excretion of either PGE2 or 6-KPGF,a; similar 
findings to those obtained by Perico et al. [4], increased 
excretion rates of the latter have also been noted [5-71 and 
both reduced [5] and increased excretion [7] of PGEl have 
been observed. 

In the present study prevention of further CsA-induced 
renal dysfunction by TSI was associated with normalization 
of TxBz excretion. While this suggests that TSI improves 
GFR by preventing TxA2 constriction at the afferent 
arteriole 1131, the accumulation of prostaglandin endo- 
peroxides potentially capable of metabolism to vasodilatory 
products [14] cannot be excluded. 
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