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Background: Di�erent wavelengths of ultraviolet (UV) light cause skin damage

through di�erent mechanisms. Minimal erythema dose (MED) is usually used to

clinically evaluate skin sensitivity to ultraviolet radiation by inducing skin erythema

using ultraviolet B (UVB) or ultraviolet A (UVA) + UVB.

Aims: In this study, we detected changes in the blood flow at the MED

erythema caused by UVB and UVA + UVB radiation through optical coherence

tomography (OCT) to explain the role of di�erent bands of ultraviolet rays in

erythema induction.

Methods: Two MED irradiation areas on the subjects’ back were irradiated with

UVB alone or UVA + UVB (UVA: UVB = 8:1). The absolute energy of UVB remained

the same in UVB and UVA+UVB. At 24h after the irradiation, the changes in the

blood flow in the MED area were detected using OCT.

Results: Compared with the blank control, the maximum blood flow depth,

blood flow peak, and total blood flow of UVB-MED and UVA+UVB-MED were

significantly increased. Notably, the maximum blood flow depth and blood flow

peak of UVB-MED were higher than UVA+UVB-MED. There was no significant

di�erence in total blood perfusion between UVA+UVB-MED and UVB-MED. Under

the same UVB energy, the skin erythema caused by UVA + UVB was weaker than

UVB alone.

Conclusions: The analysis of local blood flow by OCT showed that the peak and

maximum depth of local blood flow caused by UVB alone were significantly higher

than UVA + UVB.

KEYWORDS

UVA, UVB, minimal erythema dose, maximum blood flow depth, total blood flow, optical
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Introduction

Ultraviolet is part of the electromagnetic spectrum with wavelengths between 100 and

400 nm, which is between visible light and x-rays (1, 2). According to the wavelength,

ultraviolet is divided into ultraviolet A (UVA) (320–400 nm), ultraviolet B (UVB)

(280–320 nm), and ultraviolet C (UVC) (100–280 nm) (3, 4). UV radiation is a mutagenic

agent, and long-term overexposure to sunlight has been linked to photoaging and the

development of skin cancer. Thus, it is considered one of the most common environmental
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factors that damage the skin’s structure and function (5, 6).

Different UV wavelengths cause skin damage through different

mechanisms (7). UVA has a strong penetration ability into the

skin through the cuticle, the epidermis, the dermis, and even

subcutaneous tissue. The UVB penetrating ability of the skin is

weak, which mainly causes damage to the epidermis and the

superficial dermis (2, 8, 9). However, as the energy produced by

ultraviolet decreases with increasing wavelength, UVB has a greater

damaging effect on the epidermis than UVA (10, 11).

Erythema is the most apparent feature of ultraviolet radiation

on the skin (12, 13, 47). It appears in the form of a visible

redness of the skin that results from an increase in the blood

volume of the superficial and deep dermal vessels for at least 6 h

after UV exposure (12). This marked dilation of blood vessels

can induce the formation of edema and the accumulation of

white blood cells as an inflammatory response. At present, several

studies have reported that ultraviolet irradiation, mainly UVB

irradiation, can cause an increase in the local blood flow (12, 14–

16, 46). Clinically, minimal erythema dose (MED) is usually used

to evaluate skin sensitivity to ultraviolet radiation. MED refers

to the minimum dose (J/m2) or the shortest time (s) in which

erythema becomes visible on the skin 24 h after irradiation (17).

While UVA is not primarily responsible for erythema, it does play

a significant role in pigmentation (11, 18, 19). Practically, both

UVA and UVB are used in tandem, not UVB alone, to induce skin

erythema. Therefore, the role of UVA in erythema induction merits

further discussion.

Optical coherence tomography (OCT) is a non-invasive

diagnostic technique with an effective scanning depth of 2mm

(20). The technique is similar to ultrasound scanning, but

OCT has a much higher resolution (<10.0 um) at the same

imaging depth because it is near-infrared (21). Dynamic OCT,

also called speckle variance OCT or optical microangiography, is

based on optical Doppler tomography, which combines Doppler

velocimetry and optical coherence tomography to measure the

movement velocity of blood cells at discrete spatial positions

in skin tissue, and can capture microvascular blood flow with

a blood flow rate as low as 20 mm/s (20, 22–24). Therefore,

dynamic OCT enables the visualization and measurement of

blood vessel morphology, providing a new perspective on skin

health, inflammation, and tumor lesions. Dynamic OCT combines

conventional OCT imaging with blood flow data to produce a

living image of skin microvessels. Significantly, dynamic optical

coherence tomography (OCT) has demonstrated its immense

value in characterizing inflammatory processes and discerning the

functional and metabolic attributes of various skin diseases (25).

A number of studies have employed dynamic OCT to scrutinize

the microvascular architecture and changes in blood flow within

acne lesions. These studies indicate an augmented vascular signal

proximal to comedones, as observed in the dynamic OCT en-

face view (26). Intriguingly, the vascular signal in the apparently

unaffected skin of acne patients was found to be not significantly

different from that in the skin of healthy volunteers without

acne (25).

The present study used UVB and UVA+UVB to irradiate skin

to induce erythema and then detected the changes in the blood flow

at the MED erythema caused by UVB and UVA + UVB radiation

through OCT to explore the role of two different UV lights in

causing skin erythema.

Subjects and methods

Subjects

A total of 124 subjects from Shanghai were recruited, including

55 men and 69 women aged 20–59 years, with an average age of

32.30 ± 6.06 years. The study was conducted in accordance with

the Declaration of Helsinki, approved by the ethics committee of

our institution, and registered at the Chinese Clinical Trial Registry.

According to the Fitzpatrick classification method, the skin light

classification of all the subjects was type III. We chose the back as

the test site. Subjects were required to sign an informed consent

form prior to participating in the trial. The exclusion criteria

included (1) subjects who were pregnant or breast-feeding women

or who were planning for pregnancy; (2) subjects who had eczema,

psoriasis, and so on; (3) subjects who had participated in the same

test within the last 3 months or had participated in the same test

before 3 months but the melanic marks on the test site had not

been completely removed; and (4) subjects who used products or

drugs (e.g., hydroquinones) that could affect skin color in the last

3 months.

Instruments and methods

The solar simulator

The solar simulator used was the SOLAR LIGHT’s Model

601–300 Multiport (Solar Light Co., Philadelphia, Pennsylvania).

This multiport xenon arc solar simulator (300W), equipped

with Schott WG320 and UG 11/1mm filters, emits a continuous

spectrum from 290 nm to 400 nm, similar to sunlight. UV

radiation was conducted using six optic fibers (8mm in diameter)

defined on the skin. The radiation energy delivered by the solar

simulator was measured using a PMA 2100 radiometer (Solar

Light Company).

OCT equipment

The test sites were scanned with OCT (VivoSight OCT

Scanner, MDL) over an area of 6 ∗ 6mm, a depth of 0–

2mm, and an optical resolution of <7.5µm laterally and <

5µm axially. The function setting automatically provided 60

lateral scans of 6mm length every 100µm. No preparation of

the skin surface was required, and no oil or ointment was

used with the device. The dynamic OCT images were evaluated

using Vivo tools. This software tool was specifically designed

for processing OCT image data acquired with the VivoSight

OCT scanner. It enables the extraction of valuable quantitative

microcirculation information, such as the depth of the blood

flow, peak blood flow, and total blood flow perfusion at the

test sites.
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FIGURE 1

Simplified overview of the study process. (A) Test site on subjects. (B) Study process. On the first day, the initial UV exposure (UVA + B) was

administered to the subjects’ upper back. After a period of 24h, minimal erythema dose (MED) was assessed. Subsequently, UVA + B and UVB were

separately exposed on the subjects’ backs, with the dosage of the MED set on the third port of six.

FIGURE 2

The OCT images of di�erent test areas. (A) UVB control test site. (B) UVA+B control test site. (C) UVB-induced MED test site. (D) UVA+B-induced

MED test site.

Study procedures

We chose the skin on both sides of the spine on the back

as the test and control areas; the bra indentation area was

avoided in women. The MED meter consisted of six illumination

perforations with decreasing doses. Two minimal erythema dose

(MED) irradiation areas were selected on the back and subjected

to either UVB alone or a combination of UVA and UVB (UVA:

UVB = 8:1), mirroring the same ratio present in sunlight during

daylight hours. The absolute energy of UVB was maintained
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TABLE 1 Maximum blood flow depth in the UVB and UVA+UVB-irradiated

areas (mm).

UVB UVA + UVB

Blank control UVB-MED Blank
control

UVA + UVB-MED

0.93± 0.30 1.08± 0.26∗∗∗# 0.91±

0.27

1.00± 0.26∗∗

∗∗Compared with the blank control P < 0.01, ∗∗∗P < 0.001; #Compared with UVA+UVB-

MED, P < 0.05.

TABLE 2 Blood flow peak in UVB and UVA+UVB-irradiated areas (OD).

UVB UVA + UVB

Blank control UVB-MED Blank
control

UVA + UVB-MED

0.10± 0.02 0.11± 0.02∗∗∗# 0.10±

0.02

0.11± 0.01∗∗∗

∗∗∗Compared with the blank control P< 0.001, #Compared with UVA+UVB-MED, P< 0.05.

consistently between the UVB only and the combined UVA

and UVB groups. All procedures, including MED inductions,

were conducted in compliance with the methods outlined in

ISO 24444 (2019) (27). At 24 h after the end of irradiation,

the MED erythema area caused by UVA + UVB was used

as the test area, and the change in the blood flow on the

MED erythema area after UVB or UVA + UVB irradiation

was detected using OCT. This detailed process is depicted in

Figure 1. Importantly, the clinical visual scores for both UVB-

MED and UVA+UVB-MED were recorded as “+” according to

the patch test result recommendations by the International Contact

Dermatitis Research Group (ICDRG) (28). The test sites that were

not exposed to UV were set as controls. There were two control

sites: one beside the UVB exposure site and another beside the

UVA+B site. The OCT image of different test sites is shown in

Figure 2.

Statistics

Quantitative data are presented as means and standard

deviations (SD). The Kolmogorov–Smirnov normality test was

used for quantitative data to determine whether the data were

parametric or non-parametric. The paired t-test was used for

parametric data, and the Wilcoxon signed-rank test was used

for non-parametric data. The significant level was set at 0.05.

The analysis was performed using SPSS 22.0 for Windows

(IBM, USA).

Results

The maximum blood flow depth in UVB and
UVA+UVB-irradiated areas

Compared with the blank control, the maximum blood flow

depth of UVB-MED and UVA+UVB-MED was significantly

increased (P < 0.01). There was no significant difference in

TABLE 3 Total blood perfusion in UVB and UVA+UVB-irradiated areas

(a.u.).

UVB UVA + UVB

Blank control UVB-MED Blank
control

UVA + UVB-MED

0.63± 0.20 0.73± 0.18∗∗∗ 0.65±

0.18

0.69± 0.15∗∗

∗∗Compared with the blank control P < 0.01, ∗∗∗ P < 0.001.

maximum blood flow depth at the blank control in the two MED

measurement areas. Compared with the maximum blood flow

depth of UVA+UVB-MED, the maximum blood flow depth of

UVB-MED was significantly increased (P < 0.05, Table 1).

The blood flow peak in UVB and
UVA+UVB-irradiated areas

Compared with the blank control, the blood flow peak of

UVB-MED and UVA+UVB-MED was significantly increased (P <

0.001). There was no significant difference in blood flow peak at

blank control in the two MEDmeasurement areas. Compared with

the blood flow peak of UVA+UVB-MED, the blood flow peak of

UVB-MED was significantly higher (P < 0.05, Table 2).

Total blood perfusion in UVB and
UVA+UVB-irradiated areas

Compared with the blank control, the total blood perfusion

of UVB-MED and UVA+UVB-MED significantly increased (P

< 0.01). There was no significant difference in skin total blood

perfusion at blank control in the two MED measurement areas.

There was also no significant difference in skin total blood

perfusion between UVA+UVB-MED and UVB-MED (Table 3).

Discussion

While UV radiation is crucial for life, excessive exposure,

particularly to UVB, can precipitate various health concerns,

including DNA and protein structural damage and premature

skin aging (29). Acute damage from UVB irradiation can present

as sunburn, photoaging, and melanoma, each of which carries

significant health risks. Due to UVB’s high intensity and short

wavelength, it causes considerable damage to the epidermis

(30). UVB is also categorized as carcinogenic because of its

potential to induce skin cancer after prolonged exposure (31).

Erythema represents the skin’s initial inflammatory response to

UV irradiation.

Consequently, in clinical diagnosis and research, ultraviolet

lights are usually used to induce erythema, and MED is used

to carry out studies and investigate skin-related diseases. Justus

et al. proved that, in healthy subjects whose forearm skin was

irradiated with ultraviolet light with a wavelength of 270–380 mn

in a 3 cm-diameter area, the blood flow increased in a dose-

dependent manner and peaked 12 and 36 h after irradiation,
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FIGURE 3

Results of dynamic parameters analyzed by OCT. (A) Maximum depth of blood flow. (B) Blood flow peak values. (C) Total blood perfusion.

**Compared with the blank control P < 0.01, ***P < 0.001; #Compared with UVA+UVB-MED, P < 0.05.

respectively (12). Other studies have also confirmed that acute UV

exposure causes an increase in blood flow to the skin (14, 32, 33).

UVA primarily induces immediate pigment darkening (IPD) and

persistent pigment darkening (PPD), while UVB predominantly

causes delayed tanning (DT), which is often preceded by erythema.

Therefore, UVB is more erythemogenic than UVA (11, 15, 18, 19).

Although erythema is typically triggered by UVB, a combined

UVA and UVB radiation source is usually employed in practice to

induce the erythema irritation model. As such, the role of UVA in

the process of erythema induction is certainly worth discussing.

Considering the above reasons, we did not set UVA irradiation

alone in this study. In this study, skin erythema was induced using

UVA + UVB or UVB alone, and the differences in the erythema

induced by UVA+ UVB and UVB were compared under the same

UVB energy. The results showed that skin erythema caused by UVA

+ UVB was weaker than those caused by UVB alone. The analysis

of local blood flow by OCT showed that the peak and maximum

depth of local blood flow caused by UVB alone were significantly

higher than those caused by UVA+UVB. The analyzed results are

shown in Figure 3.

As a non-invasive optical technology, OCT is widely used to

detect changes in skin blood flow, including skin damage caused

by ultraviolet light. The blood flow measured by OCT depends

on the number of red blood cells in the field of vision and the

average speed of red blood cells (34). As an established and mature

microvascular assessment method, OCT enables the rapid, non-

invasive analysis of blood flow patterns in the skin, thus providing

continuous and accurate measurements (34–36). Current studies

have also demonstrated that OCT is an effective method for

detecting, locating, and quantifying changes in skin blood flow,

especially for assessing changes in microvascular blood flow (37).

Ou Qin et al. utilized OCT to evaluate changes in blood flow

following treatments with sodium lauryl sulfate and tape stripping

on the skin. They observed a notable increase in blood flow volume

in the sodium lauryl sulfate group 1 day after the intervention

compared to the distilled water group. This elevated blood flow

volume subsequently declined gradually, reverting to the levels

observed in the control group by the third-day post-intervention.

Conversely, tape stripping did not impact blood flow volume

from Day 1 to Day 3 (38). OCT is sensitive to the movement of

blood cells, thus providing complete information about the shape

of blood vessels and blood flow data that reaches the maximum

depth of the skin in the middle dermis (21, 39, 45). OCT has

a good correlation and repeatability in assessing changes in skin

blood flow (40, 41) and has the advantages of locating the dermal-

epidermal junction and quantifying the size and distribution of

blood vessels (40). In this study, OCT was used to detect the blood

flow distribution in the MED erythema area, which measured the

maximum subcutaneous depth of blood flow and calculated the

total and the peak of blood flow in the test areas. These parameters

can objectively evaluate the severity of skin erythema.

Conclusion

Although UVB is the main ultraviolet band causing skin

erythema, UVA + UVB is usually used to induce MED. Our

study found that the intensity of erythema induced by UVA +

UVB was weaker than that induced by UVB. Under the same

total amount of local subcutaneous blood perfusion, UVA + UVB

could reduce the peak value of local blood flow and cause a

shallow abnormal maximum depth of subcutaneous blood flow.

Therefore, UVA + UVB is safer in reducing the degree of skin

injury than UVB. We believe that UVA has strong penetration

and can reach the dermis, thereby activating macrophages and

plasma cells in the subcutaneous tissue to participate in the

regulation of immune response; UVA simultaneously promotes

the expression of matrix metalloproteinase on dermis fibro-cells,

reducing inflammatory cell infiltration and inflammatory response

(42). Several studies have reported that UVA exposure can confer

a degree of photoimmune protection against immunosuppression,

with the photoimmune effect being contingent on the UVA

dosage (37, 43). Reeve and his colleagues proposed that

UVA radiation is not only immunologically benign but also

generates photoproducts capable of counteracting radiation-

induced immunosuppression. They suggested that, at least in

mice, UVA radiation might exert a photoprotective effect if

administered prior to UVB exposure (43). Furthermore, UVA

radiation has been demonstrated to trigger an increase in the

expression of heme oxygenase (HO), a surge that persisted for

at least 3 days post-UVA exposure. This induction of HO can

forestall UVB-induced immunosuppression by curbing oxidative

stress (44). Our findings lend additional support to the concept

of photoimmune protection against UVB. Therefore, when using

ultraviolet light to induce skin erythema, using UVA + UVB as

the light source can reduce skin inflammation and local blood

flow peak and avoid strong skin erythema reactions, thus reducing

skin damage.

Frontiers inMedicine 05 frontiersin.org

https://doi.org/10.3389/fmed.2023.1163697
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Yang et al. 10.3389/fmed.2023.1163697

Data availability statement

The original contributions presented in the study are included

in the article/supplementary material, further inquiries can be

directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed

and approved by the Ethics Committee of Skin Disease

Hospital of Tongji University. The patients/participants

provided their written informed consent to participate in

this study.

Author contributions

G-BF and J-WY designed the experiment and wrote the

manuscript. FT, H-MK, and QL are the main members of the

experiment, they conducted the experiment, and analyzed the data.

G-BF, YZ, and Y-MT designed the experiment and edited the

manuscript. All authors contributed to the article and approved the

submitted version.

Acknowledgments

We greatly acknowledge the help of Prof. Jiu-Cun Wang and

Dr. Yan-Yun Ma, who are from the Fudan-Shanghai Dermatology

Hospital Joint Laboratory of Skin Phenomics Research. We

especially acknowledge their help volunteers in recruiting and

providing the equipment.

Conflict of interest

G-BF and QL were employed by the LVMH Perfume and

Cosmetic (Shanghai) Limited Company.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

1. Soter NA. Acute effects of ultraviolet radiation on the skin. Semin Dermatol.
(1990) 9:11–5.

2. Furukawa JY, Martinez RM, Morocho-Jacome AL, Castillo-Gomez TS, Pereda-
Contreras VJ, Rosado C, et al. Skin impacts from exposure to ultraviolet,
visible, infrared, artificial lights - a review. J Cosmet Laser Ther. (2021) 23:1–
7. doi: 10.1080/14764172.2021.1950767

3. Watson M, Holman DM, Maguire-Eisen M. Ultraviolet radiation
exposure and its impact on skin cancer risk. Semin Oncol Nurs. (2016)
32:241–54. doi: 10.1016/j.soncn.2016.05.005

4. Gromkowska-Kepka KJ, Puscion-Jakubik A, Markiewicz-Zukowska R,
Socha K. The impact of ultraviolet radiation on skin photoaging - review
of in vitro studies. J Cosmet Dermatol. (2021) 20:3427–31. doi: 10.1111/jocd.
14033

5. Wolf ST, Berry CW, Stanhewicz AE, Kenney LE, Ferguson SB, Kenney WL, et al.
Sunscreen or simulated sweat minimizes the impact of acute ultraviolet radiation on
cutaneous microvascular function in healthy humans. Exp Physiol. (2019) 104:1136–
46. doi: 10.1113/EP087688

6. Moehrle M. Outdoor sports and skin cancer. Clin Dermatol. (2008) 26:12–
5. doi: 10.1016/j.clindermatol.2007.10.001

7. Agar NS, Halliday GM, Barnetson RS, Ananthaswamy HN, Wheeler
M, Jones AM, et al. The basal layer in human squamous tumors harbors
more UVA than UVB fingerprint mutations: a role for UVA in human skin
carcinogenesis. Proc Natl Acad Sci U S A. (2004) 101:4954–9. doi: 10.1073/pnas.04011
41101

8. Battie C, Jitsukawa S, Bernerd F, Del Bino S, Marionnet C, Verschoore M, et al.
New insights in photoaging, UVA induced damage and skin types. Exp Dermatol.
(2014) 23:7–12. doi: 10.1111/exd.12388

9. Ansary TM, Hossain MR, Kamiya K, Komine M, Ohtsuki M. Inflammatory
molecules associated with ultraviolet radiation-mediated skin aging. Int J Mol Sci.
(2021) 22:974. doi: 10.3390/ijms22083974

10. Diffey BL, Farr PM, Oakley AM. Quantitative studies on UVA-
induced erythema in human skin. Br J Dermatol. (1987) 117:57–
66. doi: 10.1111/j.1365-2133.1987.tb04091.x

11. Sklar LR, Almutawa F, Lim HW, Hamzavi I. Effects of ultraviolet radiation,
visible light, infrared radiation on erythema and pigmentation: a review. Photochem
Photobiol Sci. (2013) 12:54–64. doi: 10.1039/c2pp25152c

12. Benrath J, Gillardon F, Zimmermann M. Differential time courses of skin blood
flow and hyperalgesia in the human sunburn reaction following ultraviolet irradiation
of the skin. Eur J Pain. (2001) 5:155–67. doi: 10.1053/eujp.2001.0229

13. Wang Z, Lu F, Li X, Guo Y, Li J, He L, et al. Chinese women with melasma exhibit
a low minimal erythema dose to both UVA and UVB. Photodermatol Photoimmunol
Photomed. (2022) 38:38–43. doi: 10.1111/phpp.12713

14. Yano K, Kadoya K, Kajiya K, Hong YK, Detmar M. Ultraviolet B irradiation of
human skin induces an angiogenic switch that is mediated by upregulation of vascular
endothelial growth factor and by downregulation of thrombospondin-1. Br J Dermatol.
(2005) 152:115–21. doi: 10.1111/j.1365-2133.2005.06368.x

15. Nigsmann H. Erythema and pigmentation. Photodermatol Photoimmunol
Photomed. (2002) 18:75–81. doi: 10.1034/j.1600-0781.2002.180204.x

16. Styner MA, Angelini ED, Madooei A, Abdlaty RM, Doerwald-Munoz L,
Hayward J, et al. Hyperspectral image processing for detection and grading of skin
erythema.Med. Imag. (2017) 1013322.

17. Egbuim TC, Onyeuwaoma ND, Okere BI, Ezenwugo MH, Chukwudi AO,
Uhiene GO, et al. Erythemal UV radiation across Nigeria: where do we stand?Heliyon.
(2022) 8:e10158. doi: 10.1016/j.heliyon.2022.e10158

18. Welti M, Ramelyte E, Dummer R, Imhof L. Evaluation of the minimal erythema
dose for UVB and UVA in context of skin phototype and nature of photodermatosis.
Photodermatol Photoimmunol Photomed. (2020) 36:200–7. doi: 10.1111/phpp.12537

19. Ravnbak MH, Wulf HC. Pigmentation after single and multiple UV-
exposures depending on UV-spectrum. Arch Dermatol Res. (2007) 299:25–
32. doi: 10.1007/s00403-006-0728-3

20. Themstrup L, Welzel J, Ciardo S, Kaestle R, Ulrich M, Holmes J, et al. Validation
of Dynamic optical coherence tomography for non-invasive, in vivo microcirculation
imaging of the skin.Microvasc Res. (2016) 107:97–105. doi: 10.1016/j.mvr.2016.05.004

21. Holmes J, Schuh S, Bowling FL, Mani R, Welzel J. Dynamic optical coherence
tomography is a new technique for imaging skin around lower extremity wounds. Int J
Low ExtremWounds. (2019) 18:65–74. doi: 10.1177/1534734618821015

22. Adrian Mariampillai BAS, Eduardo H, Moriyama M, Nigel R, Victor XD.
Speckle variance detection of microvasculature using swept-source optical coherence
tomography. Opt Lett. (2008) 33:1530–2. doi: 10.1364/OL.33.001530

23. Olsen J, Gaetti G, Grandahl K, Jemec GBE. Optical coherence tomography
quantifying photo aging: skin microvasculature depth, epidermal thickness and UV
exposure. Arch Dermatol Res. (2022) 314:469–76. doi: 10.1007/s00403-021-02245-8

Frontiers inMedicine 06 frontiersin.org

https://doi.org/10.3389/fmed.2023.1163697
https://doi.org/10.1080/14764172.2021.1950767
https://doi.org/10.1016/j.soncn.2016.05.005
https://doi.org/10.1111/jocd.14033
https://doi.org/10.1113/EP087688
https://doi.org/10.1016/j.clindermatol.2007.10.001
https://doi.org/10.1073/pnas.0401141101
https://doi.org/10.1111/exd.12388
https://doi.org/10.3390/ijms22083974
https://doi.org/10.1111/j.1365-2133.1987.tb04091.x
https://doi.org/10.1039/c2pp25152c
https://doi.org/10.1053/eujp.2001.0229
https://doi.org/10.1111/phpp.12713
https://doi.org/10.1111/j.1365-2133.2005.06368.x
https://doi.org/10.1034/j.1600-0781.2002.180204.x
https://doi.org/10.1016/j.heliyon.2022.e10158
https://doi.org/10.1111/phpp.12537
https://doi.org/10.1007/s00403-006-0728-3
https://doi.org/10.1016/j.mvr.2016.05.004
https://doi.org/10.1177/1534734618821015
https://doi.org/10.1364/OL.33.001530
https://doi.org/10.1007/s00403-021-02245-8
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Yang et al. 10.3389/fmed.2023.1163697

24. Sigsgaard V, Themstrup L, Theut Riis P, Olsen J, Jemec GB. In vivomeasurements
of blood vessels’ distribution in non-melanoma skin cancer by dynamic optical
coherence tomography - a new quantitative measure? Skin Res Technol. (2018) 24:123–
8. doi: 10.1111/srt.12399

25. Manfredini M, Liberati S, Ciardo S, Bonzano L, Guanti M, Chester J, et al.
Microscopic and functional changes observed with dynamic optical coherence
tomography for severe refractory atopic dermatitis treated with dupilumab. Skin Res
Technol. (2020) 26:779–87. doi: 10.1111/srt.12868

26. Alma A, Sticchi A, Chello C, Guida S, Farnetani F, Chester J, et al. Dermoscopy,
reflectance confocal microscopy and optical coherence tomography features of acne: a
systematic review. J Clin Med. (2022) 11:783. doi: 10.3390/jcm11071783

27. ISO. Cosmetics — Sun Protection Test Methods — In Vivo Determination of the
Sun Protection Factor (SPF). ISO/TC 217 Cosmetics. (2019).

28. Li Y, Li L. Contact dermatitis: classifications and management. Clin Rev Allergy
Immunol. (2021) 61:245–81. doi: 10.1007/s12016-021-08875-0

29. Hossain MR, Ansary TM, Komine M, Ohtsuki M. Diversified stimuli-
induced inflammatory pathways cause skin pigmentation. Int J Mol Sci. (2021)
22:970. doi: 10.3390/ijms22083970

30. Fang Y, Chen L, Wang X, Li X, Xiong W, Zhang X, et al. UVB irradiation
differential regulate miRNAs expression in skin photoaging. An Bras Dermatol. (2022)
97:458–66. doi: 10.1016/j.abd.2022.01.003

31. Ma L, Huang M, Sun G, Lin Y, Lu D, Wu B, et al. Puerariae lobatae radix
protects against UVB-induced skin aging via antagonism of REV-ERBalpha in mice.
Front Pharmacol. (2022) 13:1088294. doi: 10.3389/fphar.2022.1088294

32. Bielenberg DR, Bucana CD, Sanchez R, Donawho CK, Kripke ML, Fidler IJ,
et al. Molecular regulation of UVB-induced cutaneous angiogenesis. J Invest Dermatol.
(1998) 111:864–72. doi: 10.1046/j.1523-1747.1998.00378.x

33. Kim MS, Kim YK, Eun HC, Cho KH, Chung JH. All-trans retinoic acid
antagonizes UV-induced VEGF production and angiogenesis via the inhibition of
ERK activation in human skin keratinocytes. J Invest Dermatol. (2006) 126:2697–
706. doi: 10.1038/sj.jid.5700463

34. Farr PM, Diffey BL. The vascular response of human skin to ultraviolet radiation.
Photochem Photobiol. (1986) 44:501–7. doi: 10.1111/j.1751-1097.1986.tb04699.x

35. Young AR, Guy RH, Maibach HI. Laser Doppler velocimetry to quantify UV-
B induced increase in human skin blood flow. Photochem Photobiol. (1985) 42:385–
90. doi: 10.1111/j.1751-1097.1985.tb01585.x

36. Warren JB, Loi RK, Coughlan ML. Involvement of nitric oxide synthase in the
delayed vasodilator response to ultraviolet light irradiation of rat skin in vivo. Br J
Pharmacol. (1993) 109:802–6. doi: 10.1111/j.1476-5381.1993.tb13645.x

37. Salminen A, Kaarniranta K, Kauppinen A. Photoaging: UV radiation-
induced inflammation and immunosuppression accelerate the aging process
in the skin. Inflamm Res. (2022) 71:817–31. doi: 10.1007/s00011-022-0
1598-8

38. Qin O, Tan Y, Jiang W, Fu Q, Xu Y, Jiang C, et al. Non-invasive assessment of
changes and repair dynamics post irritant intervention in skin barrier. Int J Clin Exp
Med. (2018) 11:4490–9.

39. Ulrich M, Themstrup L, De Carvalho D, Ciardo N, Holmes S, Whitehead
J, et al. Dynamic optical coherence tomography of skin blood vessels - proposed
terminology and practical guidelines. J Eur Acad Dermatol Venereol. (2018) 32:152–
5. doi: 10.1111/jdv.14508

40. Zugaj D, Chenet A, Petit L, Vaglio J, Pascual T, Piketty C, et al. A novel
image processing workflow for the in vivo quantification of skin microvasculature
using dynamic optical coherence tomography. Skin Res Technol. (2018) 24:396–
406. doi: 10.1111/srt.12442

41. Themstrup L, Ciardo S, Manfredi M, Ulrich M, Pellacani G, Welzel J, et al. In
vivo, micro-morphological vascular changes induced by topical brimonidine studied
by Dynamic optical coherence tomography. J Eur Acad Dermatol Venereol. (2016)
30:974–9. doi: 10.1111/jdv.13596

42. Alcantara GP, Esposito ACC, Olivatti TOF, Yoshida MM, Miot HA.
Evaluation of ex vivo melanogenic response to UVB, UVA, visible light in
facial melasma and unaffected adjacent skin. An Bras Dermatol. (2020) 95:684–
90. doi: 10.1016/j.abd.2020.02.015

43. Reeve VE, Tyrrell RM. Heme oxygenase induction mediates
the photoimmunoprotective activity of UVA radiation in the mouse.
Proc Natl Acad Sci U S A. (1999) 96:9317–21. doi: 10.1073/pnas.96.1
6.9317

44. Chen S, Wang X, Nisar MF, Lin M, Zhong JL. Heme oxygenases:
cellular multifunctional and protective molecules against UV-induced oxidative
stress. Oxid Med Cell Longev. (2019) 2019:5416728. doi: 10.1155/2019/54
16728

45. Schuh S, Holmes J, Ulrich M, Themstrup L, Jemec GBE, Carvalho D, et al.
Imaging blood vessel morphology in skin: dynamic optical coherence tomography
as a novel potential diagnostic tool in dermatology. Dermatol Ther. (2017) 7:187–
202. doi: 10.1007/s13555-017-0175-4

46. Cox BLD, Farr PM. The relationship between chronological age and the
erythemal response to ultraviolet B radiation. Br J. Dermatol. (1992) 126:315–
9. doi: 10.1111/j.1365-2133.1992.tb00671.x

47. Abdlaty R, Fang Q. Skin erythema assessment techniques. Clin Dermatol.
(2021) 39:591–604.

Frontiers inMedicine 07 frontiersin.org

https://doi.org/10.3389/fmed.2023.1163697
https://doi.org/10.1111/srt.12399
https://doi.org/10.1111/srt.12868
https://doi.org/10.3390/jcm11071783
https://doi.org/10.1007/s12016-021-08875-0
https://doi.org/10.3390/ijms22083970
https://doi.org/10.1016/j.abd.2022.01.003
https://doi.org/10.3389/fphar.2022.1088294
https://doi.org/10.1046/j.1523-1747.1998.00378.x
https://doi.org/10.1038/sj.jid.5700463
https://doi.org/10.1111/j.1751-1097.1986.tb04699.x
https://doi.org/10.1111/j.1751-1097.1985.tb01585.x
https://doi.org/10.1111/j.1476-5381.1993.tb13645.x
https://doi.org/10.1007/s00011-022-01598-8
https://doi.org/10.1111/jdv.14508
https://doi.org/10.1111/srt.12442
https://doi.org/10.1111/jdv.13596
https://doi.org/10.1016/j.abd.2020.02.015
https://doi.org/10.1073/pnas.96.16.9317
https://doi.org/10.1155/2019/5416728
https://doi.org/10.1007/s13555-017-0175-4
https://doi.org/10.1111/j.1365-2133.1992.tb00671.x
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	The role and safety of UVA and UVB in UV-induced skin erythema
	Introduction
	Subjects and methods
	Subjects

	Instruments and methods
	The solar simulator
	OCT equipment
	Study procedures 
	Statistics

	Results
	The maximum blood flow depth in UVB and UVA+UVB-irradiated areas
	The blood flow peak in UVB and UVA+UVB-irradiated areas
	Total blood perfusion in UVB and UVA+UVB-irradiated areas

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


