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Abstract 

Purpose: There are different types of hair loss known as alopecia. Various methods for treating Androgenetic 

Alopecia (AGA) are being investigated in the preclinical stage using C57BL/6 mice affected by this condition. 

The purpose of the study was to evaluate the effects of Dihydrotestosterone (DHT) on the skin layers of male 

C57BL/6 mice, simulating a model of AGA using high-resolution ultrasound imaging.  

Materials and Methods: Seven-week-old male C57BL/6 mice were selected for the study. To induce AGA, three 

of the mice received intraperitoneal injections of DHT at a dosage of 1 mg per day for five consecutive days, a 

known method for provoking hair loss via androgenic pathways. High-resolution ultrasound imaging at 40 and 

75 MHz frequencies allowed detailed observation of skin layer changes due to DHT administration. Shear 

modulus and Young modulus were extracted using dynamic loading throughout ultrasonography with a 40 MHz 

frequency. Both control and AGA-affected groups were evaluated through structural imaging and were compared 

with histopathological results. Tissues were stained with Hematoxylin-Eosin (H&E) and Trichrome Mason. 

Results: Ultrasound imaging revealed that the epidermis thickness was 0.22±0.01 mm in the control group 

compared to 0.31±0.02 mm in the AGA group at 40 MHz. At 75 MHz, these measurements were 0.10±0.05 mm 

for the control group and 0.20±0.01 mm for the AGA group. The dermis thickness measurements showed 

0.30±0.02 mm in the control group and 0.70±0.04 mm in the AGA group at 40 MHz, while at 75 MHz, the 

thicknesses were 0.40±0.02 mm for the control group and 0.70±0.04 mm for the AGA group. H&E staining 

results aligned with these ultrasound findings, confirming increased epidermal and dermal thicknesses in the AGA 

group. Elasticity metrics indicated a shear modulus of 1.19±0.60 kPa for the control group and 6.70±0.33 kPa for 

the AGA group, while Young modulus demonstrated values of 6.47±0.32 kPa for the control group and 

22.69±1.13 kPa for the AGA group. Further corroboration of altered tissue elasticity was provided by Trichrome 

staining, indicating significant changes in skin structure. 

Conclusion: The administration of DHT in the C57BL/6 mice model leads to notable structural changes in skin 

layers, evidenced by an increased thickness of both the epidermis and dermis, along with diminished mechanical 

properties of skin elasticity. 

Keywords: High-Resolution Ultrasound Imaging; Androgenetic Alopecia; Skin Biomechanics; 

Dihydrotestosterone; Elastic Modulus. 
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1. Introduction  

Alopecia, commonly known as hair loss, is a 

significant dermatological condition that affects 

millions of people worldwide. One of its most 

common forms is Androgenetic Alopecia (AGA), 

which impacts nearly 50% of Caucasian men by age 

50 and a substantial number of women throughout 

their lives [1-3]. AGA is characterized by progressive 

hair thinning, primarily driven by androgenic activity, 

particularly the effects of Dihydrotestosterone (DHT) 

on susceptible hair follicles. DHT is known to shorten 

the anagen phase of the hair cycle and promote 

follicular miniaturization, both of which play crucial 

roles in the development of AGA [4, 5]. Despite being 

widespread, the underlying mechanisms of AGA are 

only partially understood, leading to ongoing research 

into its genetic and hormonal influences. Animal 

models, especially the C57BL/6 mouse strain, have 

proven invaluable in this exploration. Although this 

strain naturally lacks significant scalp hair, it provides 

a robust platform for studying hair follicle biology due 

to its well-characterized response to androgenic 

stimuli, such as DHT [6, 7]. By administering DHT to 

these mice, researchers can replicate the conditions of 

AGA, allowing for preclinical investigations into 

therapeutic approaches and the mechanisms of the 

disease [8, 9]. However, most previous studies have 

utilized traditional imaging methods such as 

histopathology, clinical photography, and various 

optical imaging techniques, which, while providing 

data on thickness and certain microscopic changes, 

have generally been unable to offer precise 

quantitative measurements of the skin’s 

biomechanical properties. Various diagnostic 

techniques, including photography, dermoscopy, 

reflective confocal microscopy, Optical Coherence 

Tomography (OCT), and high-frequency ultrasound, 

can assist in identifying skin tissue disorders [10-12]. 

Advanced imaging techniques such as OCT and 

confocal microscopy have been capable of capturing 

high-resolution details of superficial and structural 

features [13]. However, they face limitations in 

penetrating deeply into the skin layers and in 

accurately assessing biomechanical properties (such 

as shear modulus and Young modulus) [14]. In this 

regard, studies using non-invasive methods for 

evaluating skin strength and elasticity have generally 

encountered limitations related to numerical precision 

and data reproducibility [13]. High-resolution 

ultrasound imaging offers a non-invasive, radiation-

free method for real-time diagnostic assessments. Its 

growing application in skin tissue analysis enables the 

examination of both healthy and diseased skin while 

also tracking changes within the skin's layers [15-17]. 

The skin, being the outermost soft tissue of the body, 

is composed of multiple layers. High-frequency 

ultrasound imaging allows for the capture of detailed 

images of these layers [18]. The primary component is 

the epidermis, the outermost layer made of 

keratinocytes. Despite its thin structure, ranging 

between 0.02 and 0.15 mm, it serves as a strong barrier 

against various pathogens [19]. This layer also 

contains proliferative cells that actively divide and 

move upwards to replace the cells in the outer layers 

[20]. Beneath the epidermis lies the dermis, the 

thickest layer of skin, measuring between 0.6 and 3.0 

mm in humans. The dermis plays a crucial role in 

regulating body temperature and supplying blood to 

the epidermis [21]. This study seeks to expand upon 

existing knowledge by leveraging high-resolution 

ultrasound to observe the effects of DHT on the skin 

layers of male C57BL/6 mice. By closely monitoring 

alterations in both skin thickness and elasticity, we 

aim to elucidate the structural changes underlying 

AGA. 

2. Materials and Methods  

2.1. Ethics Statement 

The experiments took place at the Tarbiat Modares 

University Laboratory in Tehran, Iran. Every effort 

was made to reduce animal suffering, and the study 

adhered to the guidelines approved by the "Tarbiat 

Modares University Ethical Committee for Animal 

Research" (Code: IR.MODARES.AEC.1402.024). 

2.2. Animals 

7-week-old male C57BL/6 mice were used to create 

the androgenetic alopecia model. They were kept 

under standard animal house conditions (22–23°C, 

12–12 light-dark cycle, tap water, and standard 

laboratory diet). All experiments were performed 

according to the ARRIVE guidelines [22]. During the 

AGA induction and imaging session, the mice were 
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anesthetized [23] with a mix of Ketamine and 

Xylazine. 

2.3. AGA Model on Male C57BL/6 Mice  

DHT powder (Sigma-Aldrich Inc., USA) was 

dissolved in corn oil (Sigma-Aldrich Inc., USA) and 

injected intraperitoneally into 7-week-old male mice 

to create the androgenetic alopecia model. The 

injections were administered for 5 consecutive days. 

The hair of the mice was shaved on the fifth day of 

injection, and the hair growth process was examined. 

2.4. Tracking the Growth Process of Mice's 

Hair 

Photographs of mice in the control group and those 

with androgenetic alopecia were taken on the days 

before and after shaving (Figure 1). The growth cycle 

of mouse hair is 21 days, which is why the growth 

process of mouse hair was investigated until day 24 

after shaving. Because the injection of DHT causes 

changes in the weight of mice, hair thickness (by 

optical microscope), and length (by digital ruler) of 

mice; therefore, these factors will be investigated in 

two control groups and those under drug injection. 

2.5. High-Resolution Ultrasound Imaging  

Ultrasound imaging of the skin layers was 

performed utilizing high-frequency transducers at 40 

MHz (Ultrasonix Company, Richmond, Canada; with 

a resolution of 0.01 mm in both longitudinal and 

transverse directions) and 75 MHz (DUB skin scanner, 

TPM company, UK, London, with a maximum axial 

resolution of 0.021 mm). The 75 MHz transducer 

offers exceptionally high-resolution images due to its 

higher frequency, enabling researchers to observe the 

various layers of skin, such as the epidermis and 

dermis, with enhanced precision. This facilitates more 

accurate measurement of tissue changes and thin skin 

layers. In contrast, the 40 MHz transducer allows for 

greater penetration depth, essential for evaluating 

deeper skin structures. This trade-off between 

resolution and penetration depth allows researchers to 

study different skin layers according to their depth, 

providing a thorough understanding of skin 

morphology. B-mode images from the 40 MHz 

ultrasound system (depth: 1 cm, gain: 60%) were 

obtained from the left, right, and center of the skin. To 

reduce error, the thickness of the layers in each image 

was measured five times. The dimensions of the skin 

tissue layers, including the dermis and epidermis, were 

extracted using ImageJ software (a Java-based image 

processing program, version 1.52 for Windows). For 

the 75 MHz frequency imaging, a scan of the skin was 

conducted, and the thickness, density, and number of 

pixels of the skin texture were automatically assessed.  

2.6. Elasticity Measurements (Shear Modulus 

and Young Modulus) 

To assess skin elasticity, the method described by 

Estaji et al. [24] was employed. This procedure 

involves analyzing the mechanical behavior of skin 

under dermatological conditions using a force gauge 

device (Lutron Co., Taipei, Taiwan, 0.01 N), which is 

attached to the probe. This setup allows for monitoring 

and controlling the applied stress while recording 

ultrasound images. Initially, the probe with an 

impedance-matching gel was placed on the skin, and 

images were captured with no applied force, followed 

by the application of a 0.12 N force. As axial stress 

was applied to the skin, ultrasound images were 

continuously captured at 30 frames per second in AVI 

format. Under this force, the tissue is assumed to 

behave linearly per Hooke’s law. The sequential 

images, in AVI format, were then transferred to a 

computer where a MATLAB (ver. 7.10.0.499, Math 

Works Inc.) script converted them into BMP format 

frames. 

 

Figure 1. Creating an AGA model in male C57BL/6 

mice using DHT injection. The injection was 

administered intraperitoneally for 5 consecutive days, 

and after this period, the hair of the mice was shaved. 

The days on which the photographs were taken are 

displayed on the axis  (DP (starting point of DHT 

treatment), D0 (epilation day), D7 (7th day), D11(11th 

day), D15(15th day), and D19(19th day)) 
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The core methodology involves an algorithm that 

utilizes image gradients to measure the instantaneous 

displacement of skin layers. Initially, longitudinal 

markers are placed in the axial direction in the first 

image to define a search range, which helps track 

displacement over time accurately. The boundaries 

between the epidermis and dermis are manually 

marked to improve measurement precision. The 

algorithm processes each frame to determine the 

coordinates of the epidermal and dermal layers, 

allowing for the calculation of instantaneous thickness 

changes by comparing coordinate differences across 

frames. This sequential analysis enables the 

determination of thickness variations in response to 

applied stress (∆P). To quantify the mechanical 

properties, Young's modulus (E) is calculated using 

the formula (Equation 1): 

𝑌𝑜𝑢𝑛𝑔 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 =
∆𝑃
Δ𝑦
𝑦

0

 
(1) 

Where ∆y represents the change in thickness and y0 

is the initial thickness of the skin layer. This 

calculation is pivotal in understanding the material 

properties under dynamic conditions.  

For longitudinal strain assessment, a block-

matching algorithm is employed. This involves 

selecting a reference block from the initial frame and 

locating its corresponding block in subsequent frames, 

maintaining a constant block size throughout the 

analysis. Two blocks with dimensions 53×42 pixels 

are strategically placed on the dermal layer, with a 

defined separation distance (e.g., 10 pixels) to ensure 

reliable displacement measurements. The program 

analyzes sequential frames to extract maximum (x0) 

and minimum distances (x1) between the two blocks 

under applied stress (as 0.12 N). Shear strain 

calculated from the relationship (Equation 2): 

𝑆ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑎𝑖𝑛 =
∆𝑥

𝑥0
 (2) 

Where ∆x denotes the change in distance between 

the blocks. Following multiple strain measurements in 

the x-direction, the shear modulus (G) is determined 

using: 

For longitudinal strain assessment, a block-

matching algorithm is employed. This involves 

selecting a reference block from the initial frame and 

locating its corresponding block in subsequent frames, 

maintaining a constant block size throughout the 

analysis. Two blocks with dimensions 53×42 pixels 

are strategically placed on the dermal layer, with a 

defined separation distance (e.g., 10 pixels) to ensure 

reliable displacement measurements. The program 

analyzes sequential frames to extract maximum (x0) 

and minimum distances (x1) between the two blocks 

under applied stress (noted as 0.12 N). Shear modulus 

is calculated from the relationship (Equation 3): 

𝑆ℎ𝑒𝑎𝑟 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 =
∆𝑃

∆𝑥
𝑥0

 
(3) 

2.7. Histological Examinations  

In this study, skin samples from C57BL/6 mice 

were immediately fixed in 10% formalin (or 4% 

phosphate-buffered formalin) for at least 24 hours. 

After which the samples were processed by sequential 

dehydration through ethanol series (70%, 95%, and 

100%) and cleared in xylene to remove paraffin; 

subsequently, 4–5 µm thick sections were cut from the 

paraffin blocks using a microtome and mounted onto 

adhesive slides, which were then hydrated in distilled 

water, stained with hematoxylin for 5 to 10 minutes, 

and rinsed under running water to remove excess dye. 

The slides were briefly immersed in a differentiating 

solution for a few seconds to one minute to eliminate 

over-staining, followed by a 1 to 2 minute exposure to 

a bluing agent (such as 0.2% ammonia water or an 

equivalent) to develop the desired blue hue in the 

nuclei; thereafter, the sections were counterstained 

with eosin Y for 1 to 3 minutes to highlight the 

cytoplasmic components, rinsed again to remove any 

residual stain, then dehydrated once more through 

ethanol series (70%, 95%, and 100%), cleared with 

xylene, and finally mounted with a drop of a clear 

mounting medium (e.g., DPX or Permount) under a 

cover slip to preserve the integrity of the stained tissue 

for microscopic examination. They were also stained 

with Masson’s trichrome for light microscopy and 

digital image acquisition (Olympus, CX33, Hamburg, 

Germany, magnification 100). 

2.8. Statistical Analysis 

Statistical analysis was performed using SPSS 22.0 

software (SPSS,  Inc., Chicago, IL, USA). Results are 
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reported as mean ± standard deviation  (SD). Each 

experiment was repeated at  least three times. We used 

an independent t-test to check the significant 

difference. 

3. Results  

3.1. AGA model on Male C57BL/6 Mice 

Photographs of mice in the control group and those 

with AGA were taken in the days before and after 

shaving, as shown in Figure 1, and the images are 

presented in Figure 2A. A delay in hair growth can be 

seen in mice injected with DHT. Weight control of the 

mice was done before shaving the hair of the mice, and 

also on the 7th, 11th, 15th, and 19th days after shaving 

the hair of the mice. Weight gain in mice with AGA is 

less than in the healthy group. The hair diameter and 

length of the mice in two groups of control and 

affected by AGA, were measured nineteen days after 

shaving andare shown in Figure 2B and 2C. 

The image of H&E staining of the skin of control 

and AGA mice, nineteen days after shaving, is shown 

in Figure 3. As can be seen, the number of hair follicles 

in the diseased mice has decreased, and the thickness 

of different skin layers has increased in the diseased 

mice compared to the control mice. Melanin around 

hair follicles is reduced in mice with AGA. Masson's 

trichrome image of the skin of control and AGA mice, 

nineteen days after shaving, is shown in Figure 4. As 

can be seen, there is disruption in the skin layers of 

AGA mice compared to control mice. The number of 

hair follicles in healthy mice was 101±5, while the 

number of hair follicles in mice with AGA was 45±2 

(Figure 3C). The average diameter of hair follicles in 

mice with AGA was 16.04±0.80 micrometers, while 

the average diameter of hair follicles in healthy mice 

was 31.62±1.55 micrometers (Figure 3D). The 

independent t-test showed a significant difference 

between the number of hairs in the control group and 

the alopecia group (P<0.05). 

3.2. High-Resolution Ultrasound Imaging 

High-frequency ultrasound images are shown by 

the 40 MHz and 75 MHz probes in Figure 4. As can 

be seen in these images, the epidermis, dermis, and 

subcutaneous layers are clearly visible in both images. 

 

 
(B) 

 
(C) 

Figure 2. (A) Photographic images of the two 

control and Androgenetic alopecia (AGA   ( groups 

were taken on different days (DP, D0, D7, D11, D15, 

and D19), (B): hair diameter, and  (C) hair length of 

mice in two groups of control and with AGA on 

the 19th day after shaving 
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Masson's trichrome images for the control and AGA 

groups are shown in Figure 4. 

In the collagen of the AGA group, there is 

confusion compared to the control group. 

Ultrasound imaging revealed that the epidermis 

thickness was 0.22±0.01 mm in the control group 

compared to 0.31±0.01 mm in the AGA group at 40 

MHz. At 75 MHz, these measurements were 

0.10±0.01 mm for the control group and 0.20±0.01 

mm for the AGA group. The dermis thickness 

measurements showed 0.30±0.01 mm in the control 

group and 0.70±0.03 mm in the AGA group at 40 

MHz, while at 75 MHz, the thicknesses were 

0.40±0.02 mm for the control group and 0.70±0.03 

mm for the AGA group.  

3.3. Elastic Modulus Measurements (Shear 

Modulus and Young Modulus) 

Ultrasound images taken before and after applying 

force in the control group and the AGA group are 

shown in Figure 5.  

Elasticity metrics indicated a shear modulus of 

1.19±0.05 kPa and 6.70±0.33 kPa for the control 

group and the AGA group, respectively. Young 

modulus demonstrated values of 6.47±0.32 kPa and 

22.69±1.13 kPa for the control group and the AGA 

group, respectively. 

The results of measuring various parameters, 

including hair diameter, hair length, number of hair 

follicles, hair bulb diameter, epidermal thickness, 

dermis thickness, shear modulus, and Young modulus 

in control and AGA groups, are shown in Table 1. 

4. Discussion 

This study provides significant insights into the 

structural alterations of skin layers in C57BL/6 mice 

induced by DHT to model AGA, using high-resolution 

ultrasound imaging. The results underscore the 

efficacy of ultrasound imaging as a non-invasive tool 

for monitoring changes in skin histology, particularly 

in the context of hair loss disorders such as AGA. 

In this study, C57BL/6 mice were used to create an 

AGA model. These mice were 7 weeks old, as at this 

age,mice's hairs are in the telogen phase. According to 

the study by Fu et al. [6], DHT powder was injected 

intraperitoneally for 5 consecutive days. 

To confirm the creation of the AGA disease model, 

photographic images were taken of the mice on the 

days shown in Figure 1. The results are presented in  

 
(A) 

 
(B) 

 
(C) 

 
(D) 

Figure 3. H&E staining image 19 days after hair 

shaving  (Longitudinal cut): A) skin of a control mouse, 

B) skin of a mouse with AGA, C) The number of hair 

follicles in two groups of control and AGA mice, D) The 

diameter of hair follicles in two groups of control and 

AGA mice 

0

20

40

60

80

100

120

Control AGA (1mg/Day)

N
u

m
b
er

 o
f 

H
ai

r 
F

o
li

cl
e 

/ 
v
ie

w

0

5

10

15

20

25

30

35

Control AGA (1mg/Day)

H
ai

r 
B

u
lb

 D
ia

m
et

er
 (

μ
m

)

PROOF



 S. Shurche , et al. 

FBT, Vol. 14, No. 1 (Winter 2027) XX-XX XX 
 

A
G

A
 g

ro
u
p
 

 

   
(A) (B) (C) 

C
o
n
tro

l g
ro

u
p
 

 

   
(D) (E) (F) 

Figure 4. High-frequency ultrasound images and Masson's trichrome image 19 days after hair shaving: A) 40 MHz 

frequency; B) 75 MHz frequency; C) Masson's trichrome image of the skin of a mouse for AGA group; D) 40 MHz frequency; 

E) 75 MHz frequency probe; and F) Masson's trichrome image of the skin of a mouse for the control group 
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Figure 5. Ultrasound images of the skin tissue on day 19 after epilation with a 40 MHz device: (A and C) before applying 

stress, and (B, D) after applying stress (0.12 N) of the control and the AGA groups 

Table 1. Physical and mechanical parameters were measured in the two control and Androgenetic alopecia (AGA) groups 

Groups 

Diameter 

of Hair 

(µm) 

Length of 

Hair 

(mm) 

Number of 

HairFollicles/view 

Hair Bulb 

Diameter 

(μm) 

Epidermis 

Thickness 

(mm) 

Dermis 

Thickness 

(mm) 

Shear 

Modulus 

(kPa) 

Young 

Modulus 

(kPa) 

Control 20.00±1.00 10.00±0.50 101.00±5.05 31.62±1.58 0.22±0.01 0.30±0.01 1.19±0.05 6.47±0.32 

AGA 7.00±0.35 2.60±0.13 45.00±2.25 16.04±0.80 0.31±0.01 0.70±0.03 6.70±0.33 22.69±1.13 

 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
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Figure 2. As can be seen in the figure, a delay in hair 

growth in the mice injected with DHT, compared to 

the control group, is evident, which is consistent with 

the findings of another study [6, 25, 26]. According to 

Fu et al. [6], the maximum effect of DHT is up to 15 

days after shaving the hair in mice. Therefore, hair 

growth may be observed in some mice injected with 

DHT after the 15th day. Weighing of control and AGA 

groups was done on the days of shaving and seven 

days, eleven days, fifteen days, and nineteen days after 

shaving, and the weight gain process was normal in 

both groups. Also, the length of the hair of mice 

injected with DHT showed less growth than the 

control group.  

The H&E staining image of the two control and 

AGA groups was prepared and is shown in Figure 3. 

As seen in Figure 3, the number of hair follicles and 

the diameter of hair follicles in mice with AGA have 

decreased, while the diameter of the dermis and 

epidermis layers in these mice has increased. The 

amount of melanin around the hair follicles in mice 

with AGA showed a decrease compared to the control 

groups. Trichrome images were prepared for both 

control and AGA groups and are shown in Figure 4. In 

the trichrome images of the AGA group, it was 

observed that the collagen of the dermis layer is 

disordered, which is caused by the injection of DHT 

into this group. Based on these observations, the 

creation of an AGA model in mice has been 

confirmed. 

Epidermis, dermis, and subcutaneous layers could 

be recognized in both images obtained from 40 MHz 

and 75 MHz devices in both control and AGA groups, 

which are shown in Figure 4. According to Figure 4, 

ultrasound imaging revealed that the epidermis 

thickness was 0.22±0.01 mm in the control group 

compared to 0.31±0.02 mm in the AGA group at 40 

MHz. At 75 MHz, these measurements were 

0.062±0.003 mm for the control group and 0.08±0.01 

mm for the AGA group. The dermis thickness 

measurements showed 0.30±0.02 mm in the control 

group and 0.70±0.04 mm in the AGA group at 40 

MHz, while at 75 MHz, the thicknesses were 

0.65±0.03 mm for the control group and 0.70±0.04 

mm for the AGA group. The data show that the 

administration of DHT significantly increases the 

thickness of both the epidermis and dermis, as 

evidenced by measurements taken at 40 MHz and 75 

MHz ultrasound frequencies. This increase in 

thickness is corroborated by histological staining 

methods, including H&E and Masson's Trichrome, 

which confirm these structural changes. Such findings 

align with the known pathophysiological mechanisms 

of AGA, where DHT promotes dermal thickening and 

follicular miniaturization. These results are in 

accordance with the research findings of Fu et al. [6]. 

The results from the 40 MHz system were determined 

by the operator using ImageJ software to assess the 

area of the epidermis, dermis, and entire skin tissue. In 

contrast, measurements obtained from the 75 MHz 

system are automated. 

Interestingly, the elasticity metrics reveal 

contrasting changes, with a remarkable reduction in 

both shear and Young modulus in AGA-affected skin 

compared to controls. These findings suggest that 

DHT not only increases skin layer thickness but also 

alters the biomechanical properties of the skin, 

contributing to the overall clinical picture of AGA. 

This diminished elasticity could be attributed to the 

restructuring of dermal collagen and other 

extracellular matrix components, which are critical 

determinants of skin tensile strength. While DHT may 

stimulate the production of collagen in response to 

injury or inflammation, the quality and organization of 

this collagen can be compromised. Collagen fibers 

may become disorganized or improperly aligned, 

which negatively impacts tensile strength and 

elasticity. 

Naito et al. [27] investigated the effect of DHT 

injection on C57BL/6 mice. When DHT was 

administered to Wild-Type (WT) mice, a considerable 

delay in hair regrowth was observed, with it taking 

significantly longer to reach full regrowth compared 

to untreated controls. This showcases the potent 

inhibitory effect of DHT on hair follicles in mice that 

possess functioning androgen receptors. The study 

showed that the androgen receptor knockout) ARKO 

(mice, which lack functional androgen receptors had 

longer hair than WT mice. Specifically, the mean hair 

length for ARKO mice was 7.23 ± 0.51 mm, compared 

to 6.22 ± 0.45 mm for WT mice. This difference in 

hair length is likely due to the prolonged anagen phase 

(the active growth phase of hair) in ARKO mice, as 

these mice were not subjected to the inhibitory effects 

of DHT via androgen receptors. 
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Fu et al. [6] tested different methods of inducing 

AGA in C57BL/6 male mice. According to their study, 

the most effective method of DHT is intraperitoneal 

injection. They used different concentrations of DHT, 

and the most effective concentration was 1 mg per day 

for 5 days. In their study, the injection of the DHT drug 

into C57BL/6 mice increased the thickness of the 

epidermis and dermis layers. The increase in the 

thickness of the epidermis and dermis layers is due to 

inflammation. Additionally, the number of hair 

follicles in mice with AGA decreased. Melanin around 

the hair follicles is reduced in mice injected with DHT. 

The diameter and length of the hairs of mice under 

injection AGA showed a decrease compared to the 

healthy group. The study indicates that DHT treatment 

increases the expression of inflammatory cytokines 

such as TGF-β2, DKK1, and IL-6. These factors can 

contribute to fibroblast dysfunction and alter collagen 

synthesis, leading to weaker tissue architecture. 

Elevated TGF-β2, in particular, can induce fibrosis but 

can also lead to changes that weaken the mechanical 

properties of the skin due to improper collagen cross-

linking. 

High-resolution ultrasound, OCT, and confocal 

microscopy each offer unique strengths and 

limitations for skin imaging [14]. Ultrasound uses 

high-frequency sound waves to visualize deeper skin 

layers but provides lower resolution compared to 

optical methods [15]. In contrast, OCT employs near-

infrared light to deliver high-axial resolution images 

of superficial structures, typically capturing details 

within the epidermis and upper dermis, albeit with 

limited penetration depth [13]. Confocal microscopy, 

meanwhile, achieves near-cellular resolution ideal for 

diagnosing skin anomalies non-invasively, but it is 

restricted to imaging only the most superficial layers. 

Thus, the choice among these techniques depends on 

the specific clinical or research requirements-whether 

deeper tissue evaluation or detailed surface imaging is 

needed [28]. 

The implications of these findings are particularly 

relevant for developing therapeutic strategies that 

target skin structural integrity and elasticity in AGA. 

The ability to non-invasively track changes in skin 

properties in real-time using high-resolution 

ultrasound could aid in the evaluation of potential 

treatments aimed at mitigating the effects of DHT-

induced alterations. Furthermore, the study reinforces 

the role of the C57BL/6 mice model in understanding 

the complexities of AGA, which can be leveraged for 

testing novel pharmaceuticals or other interventions 

aimed at combating hair loss. It is recommended that 

future studies investigate the effects of different 

dosages of DHT on skin structure and elasticity. In 

future studies, we will use this model for treatment 

with biological factors and biostimulation. While this 

study provides a robust evaluation of skin changes in 

an AGA model, several limitations must be 

acknowledged. The limitations of this study are the 

small sample size and the lack of generalizability of 

the findings to other animal models and humans. 

Additionally, while ultrasound imaging provides 

detailed structural information, it does not elucidate 

cellular or molecular changes. Therefore, future 

studies should aim to integrate other imaging 

techniques or molecular assays to provide a more 

comprehensive understanding of AGA 

pathophysiology.  

Moreover, further research should investigate the 

dynamic nature of these changes over time, 

understanding how early intervention might reverse or 

mitigate these structural changes. Lastly, exploring the 

impacts of different dosages or other androgenic 

compounds could provide a broader perspective on 

how male pattern baldness can be effectively 

addressed in clinical settings. 

5. Conclusion 

In conclusion, the study successfully harnesses 

high-resolution ultrasound imaging to reveal 

important insights into the structural and elastic 

changes in skin tissue associated with AGA. These 

findings lay a foundation for future research aimed at 

improving the diagnosis and treatment of hair loss 

conditions using advanced imaging technologies. 
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