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Gadoterate, a macrocyclic MRI contrast agent, does not induce nephrogenic systemic fibrosis in a rat model of renal failure
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Introduction: MRI contrast agents contain the toxic, paramagnetic, rare earth element gadolinium in a chelated form which is rapidly eliminated from the body by glomerular filtration. Nephrogenic systemic fibrosis (NSF) is a condition attributed to gadolinium toxicity following the administration of gadolinium-based contrast agents (GBCA). Clinical studies show the only immutable epidemiological feature of human NSF to be renal insufficiency. Chemically, the gadolinium in GBCA maybe attached to either linear or macrocyclic chelates. The macrocyclic conformation produces a more stable chelate, less able to release the gadolinium ion (Idee et al 2006). In the present study, the effect of gadoterate, a macrocyclic chelate has been compared to gadodiamide, a linear chelate in a rat model of NSF with reduced renal function.
Methods: Male Wistar rats (250-350g) were subjected to 5/6 subtotal nephrectomy (SNx) under isoflurane anaesthesia by a 2-step technique. Gadoterate (Dotarem() or gadodiamide (Omniscan() were injected intravenously, 2.5 mmol/kg/day for 5 consecutive days. Animals were sacrificed 4 weeks later. Tissue gadolinium was determined by inductively couple mass spectrometry. Total skin cellularity was quantified by a blinded observer. Immunohistochemistry was undertaken for markers of fibrocytes (CD34), fibroblasts (FSP-1), myofibroblasts (α-smooth muscle actin, α-SMA) and collagen synthesis (prolyl-4-hydroxylase, P4H). 
Results: Reduced renal mass was associated with a 4-fold increase in serum creatinine (30 ± 0.8 vs. 117 ± 11 μmol/L) and large fall in creatinine clearance (2.46 ± 0.39 vs. 0.61 ± 0.1 ml/min, p<0.01), a measure of the glomerular filtration rate. Gadoterate had no effect on total skin cellularity (796 ± 214 vs. 869 ± 152 cells/mm2, NS). In marked contrast, gadodiamide produced a 4-fold increase in total skin cellularity (735 ± 214 vs. 3092 ± 976 cells/mm2, p<0.02) and, unlike gadoterate, was accompanied by increased immunostain for CD34, FSP-1, prolyl-4-hydroxylase and α-smooth muscle actin. Gadoterate was associated with lower tissue gadolinium retention than gadodiamide particularly in the skin (43 ± 6 vs. 842 ± 236 nmol/g, p<0.01), but also in bone (60 ± 9 vs. 380 ± 66 nmol/g, p<0.002) and liver (442 ± 112 vs. 969 ±  128 nmol/g, p<0.02). No significant difference was observed in the gadolinium content of the kidney (2501 ± 41 vs. 3561 ± 724 nmol/g, NS).
Conclusion: Gadoterate, a macrocyclic chelate, had no effect on skin cellularity in rats with renal impairment and was associated with a lower retention of gadolinium in tissues, especially in the skin. In contrast, marked skin changes and gadolinium retention were induced by gadodiamide, a linear chelate and the GBCA most closely associated with the development of NSF in patients with renal failure.  
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