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Objective: Adequate nutrition and moisture are crucial for preventing hair loss and maintaining hair health and appearance. Hair loss
(alopecia) affects up to 50% of the population, causing significant social and psychological impacts. Despite the popularity of hair care
products and their ingredients known to be beneficial, existing methods for evaluating the absorption of these substances into hair
remain limited. This study assesses the absorption and retention of nutrients and moisture within human hair via 3D Raman
spectroscopy.

Methods: Three variables were structured for a double-arm study, involving untreated hair, water-treated hair, and hair treated with
a supplemental hair care product. Hair samples were analyzed for absorption amount, depth, and dryness at 30 min intervals using
Raman spectroscopy with 3D imaging technology.

Results: Hair treated with hair care product indicated significantly higher in absorption amount, deeper penetration, and reduced
dryness, confirmed by statistical analysis (p < 0.05). After 30 min of treatment, hair care product-treated samples maintained their
absorption parameter, amount, depth and dryness (p < 0.05). This was further validated by the 3D Raman visualization which provided
detailed spatial distribution and retention of absorbed substances within the hair fibers over time.

Conclusion: These findings demonstrate the superior absorption and retention of hair care product in hair compared to untreated and
water-treated hair, setting a new standard for evaluating hair absorption and product efficacy. Our method offers a promising tool for
future clinical research and hair care product development.
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Introduction

Maintaining healthy hair status plays a vital role in preventing various hair-related issues.' Hair loss medically referred to
as alopecia, is one of the common issues individuals encounter throughout their lifetime.” It is widely perceived that hair
loss acts as a social and psychological stress factor and adversely affects the quality of life."™ Prevalence estimates
revealed that up to 50% of the population were reported to suffer from hair loss issues.? These statistics underscore the
importance of hair loss as a major health concern among diverse populations. Among the symptoms associated with hair
loss are telogen effluvium and predominant thinning of the hair shaft in the scalp, axillary and pubic areas which
contributes to an overall reduction in hair density.'

Providing adequate nutrition to hair is one of the preventative methods for hair loss also maintaining healthy and
aesthetically pleasing hair.’>~’ Hair moisture is an important factor preserving the appearance of hair, as it prevents
breakage, enhances elasticity, and reduces split ends thereby maintaining healthy and exquisite hair.>*** The hair follicles
in the scalp are among the most metabolically active tissues in our body, making them particularly sensitive to nutrient
supply and physiological changes.” "' Therefore, ensuring appropriate hair nutrition and moisture is vital for both the
health and aesthetic quality of hair.>’”*

Consequently, there has been a growing demand for hair care products and medications that are directly applied to the
hair and designed to deliver essential nutrition and moisture absorbed to hair follicles, thereby mitigating hair shedding
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and reassuring psychologic well-being.”'?"'* Despite the availability of standardized diagnostic methods, such as the hair
pull tests and trichoscopy commonly used for assessing hair loss and scalp condition, there remains a deficiency in
methodological approaches for evaluating the absorption of hair care products within hair shafts and retaining its
efficacy.>>!°

Raman spectroscopy is a non-invasive analytical device that utilizes various light frequencies to scatter across the
spectrum, activating specific molecular vibrations and rotations within a substance.'®'® 3D Raman spectroscopy trans-
forms these molecular composition and structural changes into detailed 3D visualization, extending beyond mere
identification of molecule peaks and values.’>*' This 3D imaging technique is a versatile technology to confirm the
absorption extent and substance retention in hair fibers.

This study aims to evaluate the absorption of nutrition and moisture to the hair fiber and its efficacy retention from
hair care products via 3D Raman spectroscopy. We seek to advance the measurement of substance absorption into hair

fibers by this novel approach with 3D Raman spectroscopy.

Methods

Hair Samples

Virgin hair samples, chemically untreated, were arranged in multiple strands and affixed to polystyrene plates for this
study (Figure 1). Each hair strand was thoroughly washed with a 3% sodium dodecyl sulfate (SDS) solution (w/w),
followed by rinsing with tap water. Post-drying, the samples were dried and allowed to acclimate for 20 minutes in
a controlled environment with minimal movement and absence of UV radiation (Room Temperature (RT) 22 °C £2°C;
Relative Humidity (RH) 50% + 10%) prior to measurement.

Hair Treatments

Virgin hair strands were divided into three treatment conditions for experimental analysis. No treatment, which served as
untreated regular conditioned hair strands. Water treatment, immersing the hair strands in tap water for three minutes.
Product treatment, where “Minoxell Scalp Intensive Ampoule by Labcle (Hyundai Pharm Co., Ltd., Seoul, Korea)” was
applied as a hair nutrition and moisture supplement product (SP). SP is recognized as an efficacious hair care product for
therapeutic hair loss prevention by providing nutrition and moisture to hair. An appropriate dose of ImL was uniformly
applied to the target site of the hair strands. Three conditions were organized into a double-arm study. The control group
comprised untreated hair, samples assessed immediately following water treatment, and samples evaluated 30 minutes
post-treatment. The test group comprised untreated hair, samples immediately treated with SP, and those assessed
30 minutes thereafter. To enable comparative analysis, untreated samples were included in both groups as a baseline.

Immediate 30 min
Group No Treatment Treatment Post-Treatment

o . . .
) . . .

Figure | Experimental setup for Raman spectroscopy measurement. The three plates separated for each group. (A) No treatment (B) Water/SP treatment (C) 30 min
post-treatment with Water/SP. The control group was administered water; the test group was administered with SP.
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This design allowed comparison of absorption effects from no treatment to active treatment, and between water and SP
treatments under standardized conditions.

Hair Absorption Measurement

To evaluate the extent of treatment absorption and its retention over time, measurements for each treatment were
conducted twice, with 30 min intervals between assessments. This approach aimed to determine whether the absorbed
properties remained in hair strands after 30 min for both the control group and the test group. For each treatment
condition, 20 measurements were conducted across 3 independently prepared hair strands, yielding a sample size of n =
20 per condition. The absorption properties of hair samples were assessed non-invasively in real-time using the
Nanofinder FlexG Raman Spectroscopy system (Tokyo Instrument, Tokyo, Japan).

Three key 3D Raman spectroscopy parameters were analyzed, Absorption amount (A.U., Arbitrary Units) was
quantified to assess the relative concentration of treatment absorbed into the hair. Arbitrary units are dimensionless
values derived from the Raman signal intensity, which reflects the magnitude of molecular vibrational energy changes
induced by light—matter interactions. Absorption depth (um) indicates the maximum depth of treatment penetration, with
measurements taken at intervals of 5 pm along the X-axis, up to a depth of 70 pm. Dryness (A.U., Arbitrary Units) was
evaluated by determining the relative proportion of unabsorbed or evaporated constituents, based on spectral regions
characterized by attenuated or absent vibrational activity. To evaluate intragroup differences and the retention of
treatment efficacy, the change amount in absorption parameters within the treatment group was measured, comparing
how each absorption parameter changed over time relative to the intermediate initial treatment and 30 min after the
treatment application.

All measurements are based on the principles of Raman scattering, utilizing a 785 nm laser to detect specific
wavelength regions of the Raman spectrum.'® ' The measured data were processed to generate 2D and 3D visualizations
of the absorption properties, with 3D imaging derived from the automated assembly of 2D Raman spectral data via
advanced 3D Raman imaging technology.

Statistical Analysis

The data acquired from the study were analyzed using SPSS Statistics Software ver. 29 (IBM Corporation, Armonk, NY,
USA), with results expressed as mean =+ standard deviation. The normality of the data distribution was assessed using the
Shapiro-Wilk test, yielding a p-value of p < 0.05, at a 95% confidence level.*? For statistical comparisons between the
intermediate treatment application and the measurements taken 30 minutes post-application, a parametric paired #-test
was employed. An independent parametric t-test was utilized to evaluate the statistical significance of inter-group
comparisons concerning absorption amounts and dryness, while the non-parametric Mann—Whitney U-test was employed
for assessing absorption depth.>

Results

The results of our research were derived from three treatment variables, which were organized into a control group and
a test group, receiving treatment with water and SP products, respectively. Raman spectroscopy measurements were
taken at 30 min intervals post-application. Figures 2—4 illustrate the comparison of absorption efficacy among untreated,
water-treated, and SP-treated conditions across three key parameters. Table 1 and Table 2 represent the numerically
quantified data for the measured parameters with calculated averages and standard deviations. Statistically analyzed
p-values were applied to each variable to confirm significant changes and validate the absorption efficacy and retention of
the treatments.

Figure 2 depicts 3D mapping images of target hair strands subjected to different treatments, illustrating their
absorption of substances for both the control and test groups across the visible light spectrum (380—740 nm). The
brighter green areas signify a higher intensity of absorption, and the transition from the darker green to transparent red
region represents a gradual decrease and lower absorption. These images visually confirm the position and distribution of
active ingredients absorbed into hair samples. Untreated hair samples predominately display red and minimal green
regions, indicating little absorption (Figure 2). In contrast, both water-treated and SP-treated hair samples exhibit a wider
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Immediate 30 min
Group No Treatment Treatment Post-Treatment

Control

Test

Figure 2 3D visualization of hair absorption at immediate treatment and 30 min post-treatment in control group and test group. The three images separated for each group.
(A) No treatment (B) Water/SP treatment (C) 30 min post-treatment with Water/SP. The control group was administered water; the test group was administered with SP.

distribution of green areas compared to untreated samples. Notably, the SP-treated samples indicate relatively a greater
extent of darker green coloration, suggesting higher absorption, with only a minimal decrease in green regions 30 min
post-treatment (Figure 2). This indicates that SP treatment not only has higher absorption but also improves the retention
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Figure 3 Effect of treatment on hair absorption amount and hair absorption depth at immediate treatment and 30 min post-treatment in control group and test group, and
comparative changes over time. *Denotes significant difference at p<0.05 compared between time points by paired t-test.
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Figure 4 Effect of treatment on hair dryness at immediate and 30 min post-treatment in control and test group, and comparative changes over time. *Denotes significant
difference at p<0.05 compared between time points by paired t-test.

Clinical, Cosmetic and Investigational Dermatology 2025:18 https: 2573



Yun et al

Table | Comparative Values of Hair Absorption Amount (A.U.) and Hair Absorption Speed (um/h)
Between Control and Test Group at 30 min Intervals. Quantified Values with Calculated Mean * Standard

Deviation (X % Y), 20 Measurements for Each Value

Parameters Group Treatments Amount (A.U) Change (A) p-value
Hair absorption amount (um/h) | Control | No treatment 329647.0+6829.8
Immediate 451131.4124,109.4 | 85,761.9+32,283.2 <0.05
Treatment
30 min 365369.5+24,109.4
Post-Treatment
Test No treatment 329178.1+£7635.9
Immediate 692126.5+78,901.4 | 32,218.5+11,196.4 <0.05
Treatment
30 min 659908.0+85,311.6
Post-Treatment
Hair absorption depth (um/h) Control | No treatment 46.1£15.0
Immediate 68.4+4.0 21.617.8 <0.05
Treatment
30 min 46.7£14.2
Post-Treatment
Test No treatment 41.9+12.6
Immediate 69.8+£0.8 1.7£1.0 0.256
Treatment
30 min 68.1£1.9
Post-Treatment

Abbreviation: A.U, arbitrary unit.

Table 2 Comparative Hair Dryness (A.U.) Between Control and Test Group at 30 min Intervals.
Quantified Values with Calculated Mean * Standard Deviation (X * Y), 20 Measurements for Each

Value
Parameters Group Treatments Amount (A.U) Change (A) p-value
Hair dryness (A.U) | Control | No treatment 574288.0+6829.8
Immediate 452803.7+24,109.4 | 85,761.9+32,283.17 <0.05
Treatment
30 min 538565.6+24,109.4
Post-Treatment
Test No treatment 574756.9+7635.9
Immediate 211808.5+78,901.4 | 32,2185+%11,196.4 <0.05
Treatment
30 min 244027.0+85,311.6
Post-Treatment

Abbreviation: A.U, arbitrary unit.
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of substances over time. These 3D Raman images representations visually validate that SP treatment is more effective in
retaining absorbed substances regardless of time.

Figure 3 presents the absorption amount and depth across the different treatments and the quantified changes within
the control group and test group measured over the 30 min intervals. The SP treatment exhibited a substantially greater
increase in absorption amount compared to the water treatment, with both treatments showing a significant rise relative to
the untreated hair samples (p < 0.05) (Figure 3 and Table 1). However, the control group demonstrated a marked decline
in absorption 30 min post-water treatment, whereas the test group sustained a stable absorption level, with only
a minimal decrease observed over the same intervals (p < 0.05) (Table 1). This suggests that the SP treatment effectively
maintains absorption, indicating superior retention capabilities compared to the water treatment.

In contrast to the absorption amount, there was a similar increase in absorption depth for both water and SP
treatments (Figure 3 and Table 1). A reduction in absorption depth was also observed in the water-treated samples
after 30 min, whereas the SP-treated samples maintained a deeper absorption, sustaining a consistent depth even 30 min
post-application (p < 0.05, p = 0.256) (Figure 3 and Table 1). As a result, while water-treated hair initially achieved
a depth of 70 pm resembling SP treatment, this level was not sustained, indicating that the water-treated hair dried
rapidly, with absorption depth decreasing, shifting outward. This trend is further visualized in the 3D representation in
Figure 2.

The test group with SP treatment showed significantly less change in absorption amount and depth compared to the
control group, indicating better retention across both parameters (p < 0.05, p = 0.256) (Figure 3 and Table 1). While the
control group experienced greater fluctuations over time, the test group maintained stable absorption levels, demonstrat-
ing superior efficacy in retaining the absorbed substances (p < 0.05) (Figure 3 and Table 1). This suggests that SP
treatment is more effective in preserving the absorbed amount over the measured intervals.

Dryness was highest in the untreated hair group, significantly decreasing after both water and SP treatments, indicating
increased moisture (Figure 4 and Table 2). Particularly, the SP-treated samples exhibited a greater reduction in dryness
compared to the water treatment (p < 0.05). The differences between the two groups emerged after 30 min. The dryness
level of the control group returned closer to those of the untreated group, while the test group maintained lower dryness
levels. This difference in moisture retention over the 30 min intervals was statistically significant (p <0.05). Figure 4 further
supports these findings, showing that the change in dryness for the control group was greater than that of the test group,
indicating inferior efficacy in retaining reduced dryness (Table 2).

Discussion
Our study elucidates the absorption of nutritional and moisturizing components from the supplemental hair care product
into hair fibers, along with the retention of these components within the fibers over a sustained period.

Recent studies have employed Raman spectroscopy to assess the efficacy of personal hygiene products.***> Our
research extends the application potential of this technique to the realm of hair supplement products. Both earlier studies
demonstrated the utility of Raman spectroscopy in evaluating product absorption and skin penetration of various
supplement application products, and the findings which resemble our observed outcomes. Our incorporation of 3D
Raman spectroscopy further enhances the capabilities of this analytical method, providing a more comprehensive spatial
visualization of absorption within hair fibers. Thus, this approach not only enriches the understanding of absorption
patterns but also facilitates clearer communication of the results to a broader audience.

The greater absorption amount, deeper penetration, and reduced dryness were observed with the SP treatment relative
to the water treatment with the higher retention after 30 min. These effects may be attributed to the presence of
emollients, humectants, and occlusive agents in hair care products.'**® The properties of these components to potentially
bind to hair proteins likely have contributed to their superior efficacy in these parameters, which should be subjected to
further investigation.

Hair follicle cells require a sufficient amount of nutrients and energy for their active metabolism, given their rapid
turnover rate.”’*® Hair nutritional deficiencies are often associated with their growth disorders.?”** Providing adequate
nutrition and moisture to hair is regarded as a prominent way to prevent hair loss and maintain healthy, aesthetically
pleasing hair.”® Despite the highly valued market demand for evaluating hair absorption and the nutrition and moisture
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deficiencies contributing to hair loss, there is a current lack of available clinical hair analysis methods. Therefore, our
approach with 3D Raman spectroscopy will bring a meaningful development in clinical studies, enabling the evaluation
of product efficacy and content absorption in hair.

Hair cuticles, the outermost layer of hair fiber act as a major path for nutrition and moisture to be absorbed into
further hair cells or spread to the scalp.”*® Their condition is also closely linked to hair luster and texture.’ 812 1 this
study, the evaluation of nutrition and moisture absorption within the length of human hair cuticles in-vivo enabled by
non-invasive Raman spectroscopy, which measures the absorption up to 70 um, corresponding to the cuticle layer.*’

Previous studies by Kourbaj et al demonstrated the use of confocal Raman spectroscopy of hair-cleansing products on
the scalp.”® Building upon this foundation, our study aims to evaluate how a hair care product enhances absorption,
penetration, and moisture retention in hair fibers, providing a novel perspective on using Raman spectroscopy between
hair care products and hair fibers. When comparing our results with this research, they observed a reduction in natural
moisturizing factors (NMFs) and stratum corneum (SC) lipids, contributing to skin dryness after repeated hair washing,
suggesting that cleansing products and water treatment can strip away essential components.”® Our study revealed that
using SP not only restored nutrition and moisture but also showed enhanced absorption and retention, suggesting its
effectiveness in the application of the hair care products after washing of hair for replenishing lost hydration and
nutritional contents.

Dryness is a newly developed parameter designed to measure the loss of a substance that does not induce specific
rotation and vibration of molecules across the hair shaft at various light spectra frequencies. Moisture from external hair
care products also plays an important role in the outer layer of hair fibers, influencing overall aesthetical hair
attributes.>®® Unlike human skin which consists of multiple layers and is subsequently absorbed into the inner layer,
the hair shaft has a relatively shallower structure in depth.’**? As a result, substances absorbed by the hair tend to
evaporate from the outer layer. This is evident in Figure 2, where the visualized absorption area decreases, and the
remaining absorbed areas shift upward, highlighting the drying process of the hair. This inclination can be measured by
calculating the evaporated amount, which can be justified as the area of inactivated molecular changes, establishing
dryness as our novel parameter.’’>* Raman spectroscopy has a wide range of application potential in diverse fields.'”'®
This parameter provides valuable insights and a methodological approach applicable to hair and other absorbents, and
evaporative materials in vivo, allowing the quantification of substance loss over time.

To assess the retention of hair absorption specifically for the selected treatments, 3D Raman spectroscopy obtained
data enabled a comparative analysis of treatment retention via measuring the remaining contents in the hair samples at
30 min intervals. This timeframe minimized the interference from subsequent reactions related to the absorbed properties
of the treatments due to additional biochemical reactions and physiological responses. Sebum production from sebaceous
glands and lipidation in scalp tissues and hair typically occur within a few hours of application.>**> In addition, the
nutrition and moisture are absorbed more deeply into hair fibers and scalp epidermis after 30 min in physiological
condition.*® Therefore, extending the measurement time beyond 30 min will distort the results by affecting the changes in
intermolecular forces observed in the Raman spectrum.

Conclusion

In conclusion, our study evaluates the absorption and retention of absorbed properties within human hair fibers from
three selected treatments, highlighting their impact on the absorption parameters of hair. Utilizing 3D Raman spectro-
scopy, we quantitatively and visually assessed the absorption of substances from three treatments in vivo. Our study
demonstrates that the SP, the hair care product is relatively more effective at absorbing and retaining their contents within
the hair fibers over time.

Raman spectroscopy, corroborated by statistical analyses, demonstrates that the SP, hair care product achieves greater
absorption amount, deeper penetration and reduced dryness compared to untreated hair and water-treated hair. Moreover,
the absorbed components remain stable in amount, depth and moisture, indicating prolonged efficacy.

This was further validated by the 3D imaging Raman spectroscopy technology which provided detailed spatial
visualization of the distribution of product contents of SP. This technique establishes a more comprehensive assessment
beyond the conventional wavelength analysis principle of Raman spectroscopy. Our findings and methodology not solely
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provide the potential for future clinical research opportunities but also set a new standard for evaluating the absorption of
human hair and the efficacy of hair care products.
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informed consent prior to inclusion in the research. The IRB approval number for this study is
SCRC 24 IRB_HDO0013 _0077.

Acknowledgments

This research was conducted in collaboration with the Sunjin Clinical Research Center, the R&D Center of Sunjin Beauty
Science Co., Ltd., and the Bioinnotis R&D Center at Hyundai Pharm Co., Ltd. We would like to extend our appreciation
to Dr. Seongho Lee and President Sang Joon Lee for their research support.

Author Contributions

All authors made a significant contribution to the work reported, whether in the conception, study design, execution,
acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising, or critically reviewing
the article; gave final approval of the version to be published; have agreed on the journal to which the article has been
submitted; and agree to be accountable for all aspects of the work.

Funding

No financial support was provided for the conduct of this study.

Disclosure
The authors declare no conflict of interest in this research.

References

. Rushton DH. Nutritional factors and hair loss. Clin Exp Dermatol. 2002;27(5):396—404. doi:10.1046/j.1365-2230.2002.01076.x
. Mounsey AL, Reed SW. Diagnosing and treating hair loss. Am Fam Physician. 2009;80(4):356-362.
. Phillips TG, Slomiany WP, Allison R. Hair loss: common causes and treatment. Am Fam Physician. 2017;96(6):371-378.
. Springer K, Brown M, Stulberg DL. Common hair loss disorders. Am Fam Physician. 2003;68(1):93-102.
. Zamani N, Nur, Jafri AA, Abdullah SS, Azlin E. The Effects of Temperature, Ph and Moisture Exposure on Human Hair. In:Intelligent
Manufacturing and Mechatronics. Singapore: Springer Singapore:2021;1171-1183.
. Vala GS, Kapadiya PK. Medicinal benefits of coconut oil. /nt J Life Sci Res. 2014;2(4):124-126.
7. Kesika P, Sivamaruthi BS, Thangaleela S, Bharathi M, Chaiyasut C. Role and mechanisms of phytochemicals in hair growth and health.
Pharmaceuticals. 2023;16(2):206. doi:10.3390/ph16020206
8. Lee Y, Kim YD, Hyun HJ, Pi L, Jin X, Lee WS. Hair shaft damage from heat and drying time of hair dryer. Annals Dermatol. 2011;23(4):455.
doi:10.5021/ad.2011.23.4.455
9. Park KH, Kim J, Oh B, Lee E, Hwang-Bo J, Ha J. Evaluation of factors triggering sensitive scalp in Korean adult women. Skin Res Technol.
2019;25:862-866. doi:10.1111/srt.12747
10. Saint-Martory C, Roguedas-Contios AM, Sibaud V, Degouy A, Schmitt AM, Misery L. Sensitive skin is not limited to the face. Brit J Dermatol.
2007;2007:071106220718006. doi:10.1111/j.1365-2133.2007.08280.x
11. Ma L, Guichard A, Humbert P, et al. Evaluation of the severity and triggering factors of sensitive scalp in Chinese females. J Cosmet Dermatol.
2015;15(3):219-225. doi:10.1111/jocd.12203
12. Park KH, Kim HJ, Oh B, Lee E, Ha J. Assessment of hair surface roughness using quantitative image analysis. Skin Res Technol. 2017;24(1):80-84.
doi:10.1111/srt.12393
13.Li L, Yang S, Chen T, Han L, Lian G. Investigation of pH effect on cationic solute binding to keratin and partition to hair. /nt J Cosmet Sci. 2017;40
(1):93-102. doi:10.1111/ics.12441
14. Chew YL, Sang SH, Akuwoah GA, Liew KB. Garcinia mangostana pericarp extracts and a-mangostin in hair care: an insight into their potential as
functional ingredients and the biological properties. Nat Prod J. 2023;13(7). doi:10.2174/2210315513666221220092948
15. Rudnicka L, Rakowska A, Kurzeja M, Olszewska M. Hair Shafts in Trichoscopy. Dermatol Clin. 2013;31(4):695-708. doi:10.1016/].
det.2013.06.007
16. Dos Santos L, Téllez CA, Sousa MA, et al. In vivo confocal Raman spectroscopy and molecular dynamics analysis of penetration of retinyl acetate
into stratum corneum. Spectrochimica Acta Part A. 2017;174:279-285. doi:10.1016/j.s2a.2016.11.042

S N S R

N

Clinical, Cosmetic and Investigational Dermatology 2025:18 https: 2577


https://doi.org/10.1046/j.1365-2230.2002.01076.x
https://doi.org/10.3390/ph16020206
https://doi.org/10.5021/ad.2011.23.4.455
https://doi.org/10.1111/srt.12747
https://doi.org/10.1111/j.1365-2133.2007.08280.x
https://doi.org/10.1111/jocd.12203
https://doi.org/10.1111/srt.12393
https://doi.org/10.1111/ics.12441
https://doi.org/10.2174/2210315513666221220092948
https://doi.org/10.1016/j.det.2013.06.007
https://doi.org/10.1016/j.det.2013.06.007
https://doi.org/10.1016/j.saa.2016.11.042

Yun et al

20.

21.

22.

23.

24.

25.

26.
217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

. Xu F, Zhu J, Zhang Z, et al. In vivo evaluation of the skin penetration and efficacy of ceramide nanomulsions by confocal Raman spectroscopy.

J Raman Spectroscopy. 2023;54(12):1408—1415. doi:10.1002/jrs.6610

. Caspers PJ, Lucassen GW, Wolthuis R, Bruining HA, Puppels GJ. In vitro andin vivo Raman spectroscopy of human skin. Biospectroscopy. 1998;4

(S5):S31-839.

. Smith R, Wright KL, Ashton L. Raman spectroscopy: an evolving technique for live cell studies. Analyst. 2016;141(12):3590-3600. doi:10.1039/
c6an00152a
Liu H, Yang L, Liu J. Three-dimensional SERS hot spots for chemical sensing: towards developing a practical analyzer. Trends Anal Chem.
2016;80:364-372. doi:10.1016/j.trac.2015.08.012
Hu W, Xia L, Hu Y, Li G. Recent progress on three-dimensional substrates for surface-enhanced Raman spectroscopic analysis. Microchem J.
2022;172:106908. doi:10.1016/j.microc.2021.106908
Kim S, Lee J, Park M, et al. Technique for analyzing the transfer of colored cosmetics onto face masks. Skin Res Technol. 2021;27(6):1043—1048.
doi:10.1111/srt.13056
Park KH, Kim HJ, Oh B, Seo M, Lee E, Ha J. Evaluation of human electroencephalogram change for sensory effects of fragrance. Skin Res
Technol. 2019;25:526-531. doi:10.1111/srt.12682
Matsumoto Y, Mochimaru N, Yasuda H, et al. In vivo analysis of the stratum corneum of Japanese neonates and infants using confocal Raman
spectroscopy: a pilot study. Skin Res Technol. 2023;29(1). doi:10.1111/srt.13276
De Tollenaere M, Meunier M, Lapierre L, et al. High molecular weight hyaluronic acid vectorised with clay provides long-term hydration and
reduces skin brightness. Skin Res Technol. 2024;30(4). doi:10.1111/srt.13672Ghaith
Finner AM. Nutrition and Hair. Dermatol Clin. 2013;31(1):167-172. doi:10.1016/j.det.2012.08.015
Vingler P, Gautier B, Dalko M, et al. 6-O glucose linoleate supports in vitro human hair growth and lipid synthesis. Int J Cosmet Sci. 2007;29
(2):85-95. doi:10.1111/j.1467-2494.2007.00356.x
Driskell I, Oeztuerk-Winder F, Humphreys P, Frye M. Genetically induced cell death in bulge stem cells reveals their redundancy for hair and
epidermal regeneration. Stem Cells. 2015;33(3):988-998. doi:10.1002/stem.1910
Lademann J, Patzelt A, Schanzer S, et al. Decontamination of the skin with absorbing materials. Skin Pharmacol Physiol. 2010;24(2):87-92.
doi:10.1159/000322305
Formanek F, De Wilde Y, Luengo GS, Querleux B. Investigation of dyed human hair fibres using apertureless near-field scanning optical
microscopy. J Microsc. 2006;224(2):197-202. doi:10.1111/j.1365-2818.2006.01685.x
Xu D, Ji J, Xiang P, Yan H, Duan G, Shen M. Time course of estazolam in single-strand hair based on micro-segmental analysis after controlled
oral administration. Front Chem. 2022;10. doi:10.3389/fchem.2022.996857
Kamata T, Shima N, Miki A, et al. High spatial-resolution matrix-assisted laser desorption/ionization-ion trap-time-of-flight tandem mass
spectrometry imaging for depicting longitudinal and transverse distribution of drugs incorporated into hair. Anal Chem. 2020;92(8):5821-5829.
DOI:10.1021/acs.analchem.9b05401
Gabarra Almeida Leite M, Maia Campos PM. Correlations between sebaceous glands activity and porphyrins in the oily skin and hair and
immediate effects of dermocosmetic formulations. J Cosmet Dermatol. 2020;19(11):3100-3106. doi:10.1111/jocd.13370
Nagasawa T, Suzuki H, Koyama M, Sato T, Kawamura K, Yamaguchi Y. Development of a novel penetration-enhancing agent for hair products.

J Cosmet Dermatological Sci Appl. 2013;03(01):129—-134. doi:10.4236/jcdsa.2013.31020

Piérard-Franchimont C, Piérard GE. Hair weathering and hair capacitance mapping: a pilot study. J Cosmet Dermatol. 2012;11(3):179-182.
doi:10.1111/j.1473-2165.2012.00620.x

Kourbaj, Bielfeldt S, Kruse I, Wilhelm KP. Confocal Raman spectroscopy is suitable to assess hair cleansing-derived skin dryness on human scalp.
Skin Res Technol. 2022;28(4):577-581. doi:10.1111/srt.13157

Dovepress
Taylor & Francis Group

Clinical, Cosmetic and Investigational Dermatology

Publish your work in this journal

Clinical, Cosmetic and Investigational Dermatology is an international, peer-reviewed, open access, online journal that focuses on the latest
clinical and experimental research in all aspects of skin disease and cosmetic interventions. This journal is indexed on CAS. The manuscript
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/clinical-cosmetic-and-investigational-dermatology-journal

. Clinical, Cosmetic and Investigational Dermatology 2025:18
2578 B X in 3


https://doi.org/10.1002/jrs.6610
https://doi.org/10.1039/c6an00152a
https://doi.org/10.1039/c6an00152a
https://doi.org/10.1016/j.trac.2015.08.012
https://doi.org/10.1016/j.microc.2021.106908
https://doi.org/10.1111/srt.13056
https://doi.org/10.1111/srt.12682
https://doi.org/10.1111/srt.13276
https://doi.org/10.1111/srt.13672Ghaith
https://doi.org/10.1016/j.det.2012.08.015
https://doi.org/10.1111/j.1467-2494.2007.00356.x
https://doi.org/10.1002/stem.1910
https://doi.org/10.1159/000322305
https://doi.org/10.1111/j.1365-2818.2006.01685.x
https://doi.org/10.3389/fchem.2022.996857
https://doi.org/10.1021/acs.analchem.9b05401
https://doi.org/10.1111/jocd.13370
https://doi.org/10.4236/jcdsa.2013.31020
https://doi.org/10.1111/j.1473-2165.2012.00620.x
https://doi.org/10.1111/srt.13157
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Hair Samples
	Hair Treatments
	Hair Absorption Measurement
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Ethical Statement
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

