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Target audience: Researchers and clinicians who are interested in superparamagnetic iron oxide (SPIO), radiation-induced liver disease, and radiotherapy for 
hepatocellular carcinoma (HCC). 
Purpose: In radiotherapy for HCC, there is need for a novel imaging technique to verify whether irradiation is being performed exactly as planned during the treatment 
period or soon after completion of treatment because such information may help radiation oncologists finely modify a target volume or promptly assess the risks of 
recurrence and radiation-induced hepatitis. SPIO-enhanced MR imaging could be the method of choice for this purpose because Clement et al. reported that it visualized 
early changes of liver tissue by irradiation as hyper-intense (less SPIO accumulated) areas. It was likely caused by the impaired function of Kupffer cells (KCs) to 
phagocytose SPIO after irradiation. Additionally, irradiation could also impair another aspect of the function related to the decomposition and exocytosis of SPIO, and 
could delay hepatic MR signal recovery in SPIO-accumulated liver as suggested by Furuta et al [2]. In this study, we investigated T2

*-weighted MR signal changes after 
X-irradiation to previously SPIO-accumulated rat livers, and examined the relationship between hepatic MR signal and histological findings. 
Methods: The institutional animal experimental committee approved the protocol of this animal experiment. Twelve rats received 20 μmol iron/kg body weight of SPIO 
(Resovist; Bayer Shering Pharma, Osaka, Japan) followed by 0, 50 or 70 Gy X-irradiation to the right liver 4 hrs later. We obtained respiratory-gated T2*-weighted MR 
images of the liver without additional SPIO on days 0, 2, 4, and 7 using a 9.4-Tesla scanner, calculated relative intensity (RI) by dividing the signal intensity of the liver 
by that of the paraspinal muscle, and compared the differences in normalized RI (normalized to RI on day 0) at each time point using Tukey’s test. The sections of the 
liver tissues excised on day 7 were stained with hematoxylin and eosin (HE) to assess pathological changes, stained with Prussian blue to identify iron deposits, and 
stained for CD68 to identify KCs. Pearson product-moment correlation was performed to determine the relationship between RI and the number of iron deposits, and 
between RI and the number of KCs, respectively. We also investigated hepatic iron deposition of another rat that received 50 Gy irradiation without SPIO. 
Results: Signal intensity of the irradiated liver recovered slower than that of non-irradiated liver (Fig. 1). Normalized RIs of the irradiated liver lobes with 70 Gy (2.36 
± 0.22) and 50 Gy (2.37 ± 0.46) were significantly lower than those of the non-irradiated liver lobes (4.04 ± 0.28) on day 7 (p <0.05; Fig. 2). RI of the liver was 
negatively correlated with the number of iron deposits in the sinusoid (r = -0.588, p <0.01; the slope of regression line, -0.004; Fig. 3), but not correlated with the number 
of KCs. HE-stained specimens detected no abnormal finding in the irradiated areas. Negligible iron deposits were seen in the 50 Gy irradiated liver without SPIO. 
Discussion: We found that SPIO-enhanced MR imaging could demonstrate signal recovery delay in the irradiated hepatic areas by sequentially comparing T2

*-weighted 
MR images. We also found that hepatic signal intensity negatively correlated with the number of iron deposits in the liver, which was closely related to SPIO 
administration as well as hepatic irradiation. Signal recovery delay in irradiated liver areas was seen before radiation-induced hepatic tissue injury became apparent. 
Therefore, this finding could be a promising clue for early diagnosis of radiation fields. Furthermore, we contend that it could also be utilized to delineate irradiated 
margins between HCC and non-irradiated liver parenchyma as hypointense areas since the signal recovery delay has already been utilized by Mori et al. to delineate an 
ablative margin in radiofrequency ablation for HCC [3]. 
Conclusion: We demonstrated that irradiation delayed the recovery of the hepatic MR signal after SPIO administration due to excessive iron deposits. Further study is 
needed to clarify the biological mechanism of radiation-induced impairment of KC function related to decomposition and exocytosis of SPIO. 
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Fig. 1 Axial MR images of the liver. Signal 
recovery of the right side of the liver in a 70 
Gy-irradiated rat is delayed compared to that in 
a non-irradiated rat. 

Fig. 2 Normalized relative intensity of the 70 Gy-irradiated right 
liver and 50 Gy-irradiated right liver is significantly lower than 
that of the non-irradiated right liver on day 7, respectively on 
Tukey’s test (p <0.05). Data are means ± standard error (n = 4). 

Fig. 3 Relative intensity of the liver 
negatively correlates with the number of 
iron deposits (r = -0.588, p <0.01). The 
slope of the regression line is -0.004. 
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