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Abstract 
In order to understand pathogenic mechanism of allergic dermatitis, it is im-
portant to find morphological changes of the internal structure of the skin by 
non-invasive imaging. Optical coherence tomography (OCT) is powerful tool 
for in vivo tomographic imaging of the internal microstructure in biological 
tissue. In this study, we prepared the animal model of genuine pig with aller-
gic dermatitis developed by chemical administration to examining their skin 
inflammation by microscopic observations with OCT images captured con-
tinuously, aiming at tracking the morphological changes in the skin structure 
induced by the chronological inflammation. As a result, epidermis thickening 
became evident as the days passed since Day 7, and the capillary vessel ex-
pansion was confirmed since Day 14; the process of inflammation develop-
ment was successfully observed. 
 
Keywords 
OCT, Allergic Dermatitis, In Vivo Observation, Thickening of Epidermis 

 

1. Introduction 

Various recent studies have suggested that every one out of three Japanese people 
has allergic conditions, and more than half of the adult population, especially 
younger adults, has developed an atopic constitution [1]. Patients with atopic 
dermatitis are estimated to consist approximately 10% of the population, yet di-
rect causes of atopic and other allergic dermatitis have mostly remained elusive 
[2] [3] [4]. The situations in many western nations and other advanced nations 
are probably the same as seen in Japan, showing a trend in yearly patient num-
ber increase, onset age decrease, and an increase in the number of various aller-
gy-causing substances [5] [6]. Therefore, non-invasive tracking of the morpho-
logical changes in the skin’s internal structure should be essential for elucidating 
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the onset mechanism of allergic dermatitis.  
The pathological tissue test is usually employed as the primary option in the 

morphological evaluation of the skin’s internal structure, while other imaging 
apparatus, such as Optical Coherence Tomography (OCT) [7], confocal micro-
scopy, and ultrasound imaging, are recently drawing attention. These imaging ap-
paratus share advantages of being non-invasive and enabling follow-ups. Among 
these, OCT is capable of capturing tomographic images of skin subepidermal 
structure at a depth of 1 to 2 mm in a high resolution of approximately 10 μm; 
its first clinical application was implemented in the ophthalmic field, followed by 
various applications in the other medical practices, including dermatology [8], 
cardiology, digestive surgery, and dentistry. More recently, high-definition OCT 
has developed with cellular resolution filling the imaging gap between confocal 
microscopy and conventional OCT [9] [10]. 

Few studies have reported cases of non-invasive observation on the inflamma-
tory process in allergic dermatitis. In this study, we prepared animal models with 
allergic dermatitis developed by chemical administration to examining their skin 
inflammation by microscopic observations with tomographic images captured 
continuously, aiming at tracking the morphological changes in the skin structure 
induced by the chronological inflammation. The results expected in this study 
would provide valuable information regarding structural/histological alteration in 
the skin during the development process of dermatitis. Here, OCT observation 
results on morphological changes in the skin during an allergic reaction and their 
daily variations since the onset date are discussed in this paper. 

2. Experimental Method 
2.1. Protocol of the Allergic Dermatitis-Inducing Model 

Four guinea pigs at 4-weeks of age (male, weights of 250 to 300 g) were used as 
the animal model. They were put under constant temperature and humidity with 
free access to solid feed and water. Figure 1 shows the procedure to prepare the 
allergic dermatitis-induced model animal [11]. First, 30 mg immunosuppressive 
agent was administered intraperitoneally, followed by the intraperitoneal ad-
ministration of the egg allergy antigen, ovalbumin (OVA), mixed with an adju-
vant. We set the date of the intraperitoneal administration as Day 0. Next, 20 mL 
of OVA was nasally administered to each model to sensitize or induce allergic 
reactions on the imaging day. The experiment was conducted on the guinea pigs, 
shaved and conditioned with depilatory cream, by intradermal injection of OVA 
and normal saline as the control, 25 mL each, on their abdomen skin. 

2.2. Measurement of Epidermis Thickness and Data Analysis 

OCT (OCM1300SS, Thorlabs Inc.), which is the imaging apparatus with 1325 
nm bandwidth and 12 μm resolution capability, was used in this study. The hand 
probe was employed in the experiment to reduce the influence of the model 
animal’s body motion. The probe was positioned upward direction, and guinea 
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Figure 1. Experimental protocol of the allergic dermatitis-induced model. 

 
pigs were put on it during the in vivo measurement; the models’ body motion 
hardly influenced the measurement process. 

A total of 400 2D-OCT images of 4.0 × 3.0 mm can be obtained in the single 
imaging process. We selected one in every 20 shots (0.15 mm interval) and 
measured the number of pixels of epidermis thickness at three locations in each 
selected image. As for the epidermis-dermis junction, we set the point with a 
radical inclination in the A-mode scan as the measurement standard. 

The epidermis thickness on Day 9 was compared in the OVA administered 
site and control site by t-tests. The chronological changes in epidermis thickness 
were also compared by statistical analysis, using all statistical processing with a 
significance as p = 0.05. 

3. In Vivo OCT Imaging of Abdomen Skin of the Guinea Pig 

The intradermal injection was performed on Day 9, and the images of the OVA 
administered site and the normal saline administered site were captured at the 
timing when the allergen-induced flare reaction was confirmed on the OVA ad-
ministered site. Figure 2 shows the guinea pig’s abdomen skin; (a) is the image 
immediately after the intraperitoneal administration and (b) shows the sites at 
the timing when allergic reactions were confirmed. In comparing (a) and (b), the 
flare reaction was evident at the OVA administered site, showing a swelling at 
the administered site, while little inflammation was observed at the control site, 
without any sign of swelling. Figure 3 shows the OCT image of Figure 2(b). The 
OVA administered site was indicated as (a), and the control site was indicated as 
(b). The part of epidermis and dermis were observed, and many black mottled 
sites were observed in (a). Figure 4 shows the measurement results of epidermis 
thickness, which showed a significant increase at the OVA administered site. 
The average measurement read 42.3 μm at the OVA administered site and 23.1 
μm at the control site, showing an evident thickening of the former with the 
reading of 1.8 times thicker than the latter. 

As above, epidermis thickening was confirmed at the site with allergic reac-
tions. When allergic dermatitis is induced, symptoms such as flare reaction or 
edema are commonly observed. Edemas should probably cause the epidermis 
thickening. In addition, the signal strength at the mottled sites shown in Figure 
3(a) was low, suggesting them to be peripheral vessels [10]. The frequent ap-
pearances of the mottled sites showed a correlation with an inflammatory reac-
tion, leading to the confirmation of allergic dermatitis development. 
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Figure 2. The photographic image of abdomen skin of the 
guinea pig. (a) Before an allergic reaction, (b) after showing 
an allergic reaction. OVA: the region of induced allergic 
dermatitis; Saline: control region. 

 

 
Figure 3. OCT image of abdomen skin of the guinea pig. (a) 
The region of induced allergic dermatitis, (b) control region. 
EP: epidermis; DE: dermis; SC: stratum corneum.  

 

 
Figure 4. Comparison of epidermal thickness between the 
region induced allergic dermatitis and control region. OVA 
represents the region induced allergic dermatitis, Saline 
represents control region. 

4. Daily Variations since the Onset of Allergic Dermatitis 

Daily variations since the onset of allergic dermatitis were examined thoroughly. 
Figure 5 shows the images of the guinea pigs’ abdomen skin on (a) Day 0, (b) 
Day 7, (c) Day 14, and (d) Day 28, respectively. The allergic reaction was con-
firmed since Day 7, and the degree of flare reaction showed a steady increase 
according to the days passing. Figure 6 shows the OCT image of inflammation 
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sites, namely, allergic reaction sites (a) to (d). As seen in the intracutaneous 
reaction, epidermis thickening became evident as the days passed since Day 7, 
and the capillary vessel expansion was confirmed since Day 14; the process of in-
flammation development was successfully observed. In addition, the scuffing of 
the surface skin became evident in the OCT images after Day 14. On the con-
trary, the control sites in Figure 6 did not show any sign of epidermis thickening 
nor capillary vessel expansion yet drying of the stratum corneum was observed 
since Day 14. Figure 7 shows the measurement results of epidermis thickness. 
Considering the reading at Day 0 as the reference point, the measurement results 
showed an evident epidermis thickening since Day 7, the allergic dermatitis on-
set date, and a steady increase in swelling according to the lapse of time; the 
measurement on Day 28 was twice as thick as that of the control. 

 

 
Figure 5. Images of the guinea pigs’ abdomen 
skin at (a) Day 0, (b) Day 7, (c) Day 14, and (d) 
Day 28, respectively.  

 

 
Figure 6. OCT image of inflammation sites, 
namely, allergic reaction sites (a) to (d). 
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Figure 7. Experimental thickness between OVA and 
control (*) from Day 0 to Day 28.  

5. Discussion and Conclusions 

We have successfully performed a series of microscopic observations on the in-
flammatory process of allergic dermatitis using OCT. Epidermal swelling and 
capillary vessel expansion were observed at the inflammation sites, and epider-
mal thickness was 1.8 times as thick as that of the control. In addition, chrono-
logical observation showed allergic symptoms since Day 7, and the epidermal 
thickening became more evident according to the days passed. After Day 14, 
intradermal capillary vessels began to show evident expansion, indicating a con-
firmed inflammation. 

The amount of transepidermal water loss (TEWL) is significantly larger in pa-
tients with allergic dermatitis than the healthy subjects, whether at a lesion part 
or non-lesion part is irrelevant [12] [13]. Therefore, TWL influence was a possi-
ble reason for the roughness on the skin surface, as shown in Figure 6 being ob-
served in the control sites after Day 14. It is also possible that capturing suffi-
cient OCT images in the depth direction was challenging because the signal 
strength was weakened by the OCT light being scattered or reflected from the 
roughness of the skin surface as well as from the moisture level increase on the 
skin surface due to the fluid discharge from edema.  

In this study, OCT is powerful tool for in vivo observation of the animal mod-
el with allergic dermatitis developed by chemical administration to examining 
their skin inflammation. The results expected in this study would provide valua-
ble information regarding structural/histological alteration in the skin during 
the development process of dermatitis. 

Acknowledgements 

The author would like to thank Dr. Atsushi Obata from Shionogi & Co., Ltd. for 
the corporate support of animal experiments and Associate Professor Shigeyoshi 
Saito, Graduate School of Medicine, Osaka University for fruitful discussions of 
this research. 

 

https://doi.org/10.4236/mri.2022.111001


M. Ohmi et al. 
 

 

DOI: 10.4236/mri.2022.111001 7 Modern Research in Inflammation 
 

Ethical Concerns 

This study was conducted under approval from the ethics review board of the 
Animal Care and Use Committee for Osaka University Graduate School of 
Medicine (No. 29-02-01). 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Fukutomi, Y., Nakamura, H., Kobayashi, F., Taniguchi, M., Konno, S., Nishimura, 

M., Kawagishi, Y., Watanabe, J., Komase, Y., Akamatsu, Y., Okada, C., Tanimoto, 
Y., Tahkahashi, K., Kimura, T., Eboshida, A., Hirota, R., Ikei, J., Odajima, H., Na-
kagawa, T., Akasawa, A. and Akiyama K. (2010) Nationwide Cross-Sectional Popu-
lation-Based Study on the Prevalences of Asthma and Asthma Symptoms among 
Japanese Adults. International Archives of Allergy and Immunology, 153, 280-287.  
https://doi.org/10.1159/000314369  

[2] Furue, M., Saeki, H., Furukawa, F., Hide, M., Ohtsuki, M., Katayama, I., Sasaki, R., 
Suto, H. and Takehara, K. (2009) Guideline for Management of Atopic Dermatitis. 
Journal of Investigative Dermatology, 119, 1515-1534. (In Japanese).  

[3] Novak, N. (2009) New Insights into the Mechanism and Management of Allergic 
Diseases: Atopic Dermatitis. Allergy, 64, 265-275.  
https://doi.org/10.1111/j.1398-9995.2008.01922.x  

[4] Cork, M.J., Danby, S.G., Vasilopoulos, Y., Hadgraft, J., Lane, M.E., Moustafa, M., 
Guy, R.H., MacGowan, A.L., Tazi-Ahnini, R. and Ward, S.J. (2009) Epidermal Bar-
rier Dysfunction in Atopic Dermatitis. Journal of Investigative Dermatology, 129, 
1892-1908. https://doi.org/10.1038/jid.2009.133  

[5] Williams, H., Stewart, A., Mutius, E., Cookson, W., Anderson, H.R. and The Inter-
national Study of Asthma and Allergies in Childhood (ISAAC) Phase One and 
Three Study Groups (2008) Is Eczema Really on the Increase Worldwide? The 
Journal of Allergy and Clinical Immunology, 121, 947-954.  
https://doi.org/10.1016/j.jaci.2007.11.004 

[6] Boguniewicz, M. and Leung, D.Y.M. (2010) Recent Insights into Atopic Dermatitis 
and Implications for Management of Infectious Complications. The Journal of Al-
lergy and Clinical Immunology, 125, 4-13. https://doi.org/10.1016/j.jaci.2009.11.027 

[7] Huang, D., Swanson, E.A., Lin, C.P., Schuman, J.S., Stinson, W.G., Chang, W., Hee, 
M.R., Flotte, T., Gregory, K., Puliafito, C.A. and Fujimoto, J.G. (1991) Optical Co-
herence Tomography. Science, 254, 1178-1181.  
https://doi.org/10.1126/science.1957169 

[8] Gambichler, T., Moussa, G., Sand, M., Sand, D., Altmeyer, P. and Hoffmann, K. 
(2005) Applications of Optical Coherence Tomography in Dermatology. Journal of 
Dermatological Science, 40, 85-94. https://doi.org/10.1016/j.jdermsci.2005.07.006 

[9] Boone, M., Norrenberg, S., Jemec, G. and Del Marmol, V. (2013) High-Definition 
Optical Coherence Tomography: Adapted Algorithmic Method for Pattern Analysis 
of Inflammatory Skin Diseases: A Pilot Study. Archives of Dermatological Research, 
305, 283-297. https://doi.org/10.1007/s00403-012-1311-8 

[10] Marneffe, A., Suppa, M., Miyamoto, M., Del Marmol, V. and Boone, M. (2016) Va-

https://doi.org/10.4236/mri.2022.111001
https://doi.org/10.1159/000314369
https://doi.org/10.1111/j.1398-9995.2008.01922.x
https://doi.org/10.1038/jid.2009.133
https://doi.org/10.1016/j.jaci.2007.11.004
https://doi.org/10.1016/j.jaci.2009.11.027
https://doi.org/10.1126/science.1957169
https://doi.org/10.1016/j.jdermsci.2005.07.006
https://doi.org/10.1007/s00403-012-1311-8


M. Ohmi et al. 
 

 

DOI: 10.4236/mri.2022.111001 8 Modern Research in Inflammation 
 

lidation of a Diagnostic Algorithm for the Discrimination of Actinic Keratosis from 
Normal Skin and Squamous Cell Carcinoma by Means of High-Definition Optical 
Coherence Tomography. Experimental Dermatology, 25, 684-687.  
https://doi.org/10.1111/exd.13036 

[11] Takahashi, G., Tanaka, H., Higuchi, N., Ikeda, M., Inagaki, N. and Shichijo, M. 
(2012) The Potential Role of Prostaglandin D2 in Nasal Congestion Observed in a 
Guinea Pig Model of Allergic Rhinitis. International Archives of Allergy and Im-
munology, 158, 359-368. https://doi.org/10.1159/000334555 

[12] Jensen, J.M., Fölster-Holst, R., Baranowsky, A., Schunck, M., Winoto-Morbach, S., 
Neumann, C., Schütze, S. and Proksch, E. (2004) Impaired Sphingomyelinase Ac-
tivity and Epidermal Differentiation in Atopic Dermatitis. Journal of Investigative 
Dermatology, 122, 1423-1432. https://doi.org/10.1111/j.0022-202X.2004.22621.x 

[13] Proksch, E., Fölster-Holst, R. and Jensen, J.M. (2006) Skin Barrier Function, Epi-
dermal Proliferation and Differentiation in Eczema. Journal of Dermatological Science, 
43, 159-169. https://doi.org/10.1016/j.jdermsci.2006.06.003 

 
 
 

https://doi.org/10.4236/mri.2022.111001
https://doi.org/10.1111/exd.13036
https://doi.org/10.1159/000334555
https://doi.org/10.1111/j.0022-202X.2004.22621.x
https://doi.org/10.1016/j.jdermsci.2006.06.003

	In Vivo Observation of Allergic Dermatitis of the Genuine Pig by Optical Coherence Tomography
	Abstract
	Keywords
	1. Introduction
	2. Experimental Method
	2.1. Protocol of the Allergic Dermatitis-Inducing Model
	2.2. Measurement of Epidermis Thickness and Data Analysis

	3. In Vivo OCT Imaging of Abdomen Skin of the Guinea Pig
	4. Daily Variations since the Onset of Allergic Dermatitis
	5. Discussion and Conclusions
	Acknowledgements
	Ethical Concerns
	Conflicts of Interest
	References

