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Observation of Autism Model Rat Brain by Phase-Contrast X-Ray 
CT
Prenatal exposure to the antiepileptic drug valproic acid increases the risk of having offspring with an autism spectrum 
disorder. The phase-contrast X-ray imaging technique based on crystal X-ray interferometry enables the observation of 
fine differences in density within biological soft tissues like the brain without contrast agents. We report here the advan-
tage of this technique in visualizing detailed morphological changes in the brains of a valproic acid-induced rat model of 
autism. Our results suggest that phase-contrast X-ray CT could reveal important information about the neurobiological 
basis of autism spectrum disorder.

Autism spectrum disorder (ASD) is a complex neu-
rodevelopmental disorder characterized by difficulties 
with social communication and social interaction and 
repetitive patterns of behavior. Prenatal exposure to the 
antiepileptic drug valproic acid (VPA) is one of the risk 
factors for the development of ASD [1]. Recently, many 
researchers have studied ASD using a rodent model of 
autism, created by exposing rat fetuses to VPA on day 
12.5 of gestation [2]. The noninvasive imaging tech-
nique plays an important role in gaining insights into 
changes in the brain morphology of ASD. The conven-
tional absorption X-ray imaging technique cannot depict 
the internal structure of the brain without using contrast 
agents due to small differences in absorption within the 
soft tissues of the brain. Phase-contrast X-ray imag-

ing is a new imaging method that offers approximately 
1000 times higher sensitivity than the conventional 
imaging technique. The method can clearly depict mor-
phological changes of soft biological samples such as 
the brain [3-6]. In this work, we investigated the advan-
tage of the phase-contrast X-ray imaging technique for 
detailed visualization of morphological changes in the 
brains of a VPA-induced rat model of autism.

Autism rat offspring were created by exposing preg-
nant Sprague Dawley rats to VPA (600 mg/kg i.p.) on 
the 12.5th day of gestation (VPA group). Normal control 
rats were given normal saline under the same conditions 
(control group). Brains from 6 VPA and 3 control rats 
at 13 weeks old were used in this study. Brains were 
extracted under anesthesia and fixed with 10% formalin 

for imaging. A two-crystal X-ray interferometer-based 
phase-contrast X-ray imaging system [7] was used.
An X-ray camera with a 2560×2100-pixel sensor of 
pixel size 6.5×6.5 μm2 was used to detect interference 
patterns. The data were acquired with monochromatic 
X-rays of photon energy (17.8 keV). The CT image was 
reconstructed by a filtered back-projection method. The 
density of the hippocampal dentate gyrus on phase-
contrast X-ray images was calculated by reflective 
index, which was determined directly from phase shift 
information [8].

After the phase-contrast CT imaging, the brains 
were embedded in paraffin. Then, 3 mm-thick sections 
were cut in the coronal plane. Hematoxylin-eosin (H&E) 
staining was carried out to examine the abnormal his-
topathological structures. The stained sections were 
imaged using an optical microscope (Olympus FSX100; 
Olympus, Tokyo, Japan). The animal experimental pro-
tocol was approved by the Ethics Committee of the Ani-
mal Care and Experimentation Council of the National 
Institute for Environmental Studies, Japan.

Phase-contrast X-ray CT images of VPA rat brain 
and control rat brain are shown in Fig. 1. Phase-contrast 
X-ray CT demonstrated excellent tissue conspicuity and 
was able to reveal the detailed anatomical structures of 
the rat brain, including the cortex, corpus callosum, hip-
pocampus, and lateral ventricle depending on the differ-
ent densities. Especially, a high density was observed 
in the hippocampal dentate gyrus of VPA rat brain 
compared to that of the control rat brain. The results of 
quantitative analyses showed that the absolute density 
values of the hippocampal dentate gyrus in the VPA 
and control rat brain were 1.0478 ± 0.0004 g/cm3 and 
1.0384 ± 0.0004 g/cm3, respectively. Thus, the absolute 
density of the hippocampal dentate gyrus of VPA rats 
was higher than that of the control rats by 9.4 mg/cm3. 
Increased density might be caused by various neurode-
generative processes in the hippocampal dentate gyrus. 
This is considered to be associated with the etiology 
of ASD in prenatal exposure of VPA because the hip-
pocampus is an important region for memory function. 

In addition, mild to moderate expansion of the lateral 
ventricle, an associated finding of ASD, was found in 
VPA rats. H&E staining also revealed increased cell 
proliferation in the hippocampal dentate gyrus of VPA 
rats compared to that of the control rats (Fig. 2). This 
finding was consistent with increased density in the hip-
pocampal dentate gyrus of VPA rats on phase-contrast 
CT imaging.

Our findings indicate that phase-contrast X-ray CT 
clearly depicted minute histopathological changes in the 
hippocampal dentate gyrus. Thus, phase-contrast X-ray 
CT can depict the autistic neuronal morphology in detail, 
and will be a useful tool for various developmental neu-
rotoxicity research.

Figure 1: Phase-contrast X-ray CT image of rat brains; Axial image (A: VPA, B: Control), Sagittal image (C: VPA, D: Control); a: cortex, 
b: corpus callosum, c: hippocampus, LV: lateral ventricle, DG: dentate gyrus

Figure 2: Dentate gyrus region of hippocampus (×40) (H&E staining); A: VPA, B: Control. Cell number and density are increased in VPA rats.

REFERENCES
[1] R. L. Bromley, G. E. Mawer, M. Briggs, C. Cheyne, 

J. Clayton-Smith, M. García-Fiñana, R. Kneen, S. B. Lucas, 
R. Shallcross, G. A. Baker, Liverpool and Manchester 
Neurodevelopment Group, J. Neurol. Neurosurg Psychiatry 
84, 637 (2013).

[2] T. -T. Win-Shwe, N. C. Nway, M. Imai, T. -T. Lwin, O. Mar and  
H. Watanabe, J.Toxicol.Sci. 43, 631 (2018).

[3] A. Momose and J. Fukuda, Med Phys. 22, 375 (1995).
[4] T. Takeda, A. Momose, K. Hirano, S. Haraoka, T. Watanabe 

and  Y. Itai, Radiology. 214, 298 (2000).
[5] T. -T. -Lwi, A. Yoneyama, M. Imai, H. Maruyama, 

K. Hyodo and T. Takeda, Acta Radiol Open. ecollection 
2058460118806657 (2018).

[6] T. -T. -Lwin, A. Yoneyama, H. Maruyama and T. Takeda, 
Technol Cancer Res Treat. 20, 1 (2021).

[7] A. Yoneyama, A. Nambu, K. Ueda, S. Yamada, S. Takeya, 
K. Hyodo and T. Takeda, J. Physics Conference Series 425, 
192007 (2013).

[8] A. Yoneyama, S. Yamada and T. Takeda, ”Fine Biomedical 
Imaging Using X-Ray Phase-Sensitive Technique“ in 
Advanced Biomedical Engineering, edited by G. D. Gargiulo 
and A. McEwan (Intech Open Limited, London, 2011). Chap 7.

BEAMLINE
BL-14C

T. -T.  Lwin 1,  A.  Yoneyama 2, 3,  T.  -T.  Win-Shwe 4, 
H. Maruyama1 and K. Hyodo3 (1 Kitasato Univ., 2SAGA Light 
Source, 3KEK-IMSS-PF,  4Natl Inst Environ Studies)


