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Introduction

Skin ageing is a complex process that is affected by internal and 
external factors. Many studies have been conducted to determine 
the key molecular mechanisms of skin ageing, as well as methods 
for objective non-invasive evaluation of this process. It has been 
shown that one of the most important markers of skin ageing, 
along with melanin, is the pigment lipofuscin (1).

Lipofuscin is a glycolipoprotein dispersed in the cytoplasm of 
the cells of all organs and tissues in the form of small yellowish-
brown clumps, usually concentrated around the nucleus. The 
protein portion of lipofuscin is represented by oxidized and cross-
linked protein chains, which are difficult for enzymes to break 
down. The formation and accumulation of lipofuscin contributes 
to oxidative stress, with a significant part of the pigment depos-
ited in the lysosomes themselves (2). It has been suggested that 
the formation of lipofuscin is a result of a decrease in lysosomal 
enzyme activity, mainly cysteine proteases, such as cathepsin B, 
H, and L (3). According to some authors, lipofuscin and lipofuscin-
like compounds should be considered a set of undigested cellular 
components formed as a result of the phagocytosis and autophagy 
processes and accumulated as endocytoplasmic granules in both 
physiological and pathological conditions (4).

The accumulation of lipofuscin in various cell types occurs dur-
ing ageing of the organism, as well as in many pathological condi-
tions; for example, in diseases associated with atrophy of organs. 
Its concentration is usually higher in non-dividing cells (e.g., neu-
rons and cells of the skeletal and cardiac muscle tissue) (1, 5). For 

example, during ageing, its accumulation is normally observed in 
the liver, as well as in cells of the central nervous system, where 
the formation of lipofuscin, lipofuscin-like lipopigments, and 
ceroids can be induced by oxidative stress or can be a response to 
certain lysosomal accumulation diseases (e.g., Batten disease or 
neuronal ceroid lipofuscinosis). The effects of a number of physi-
cal and chemical toxic factors, such as radiation, cisplatin, lead, 
and mercury, can also trigger lipofuscin formation, both in natural 
and experimentally modeled conditions. In addition, lipofuscin 
granules can be detected in a number of tumor and non-tumor 
pathological conditions: pancreatic neoplasms, non-choroidal 
melanomas, breast carcinomas, pigmented eyelid cysts, and reti-
nal degenerative diseases (4, 6).

It is known that lipofuscin has autofluorescent properties. The 
fluorescence of this compound can be observed in a wide spectral 
range, with the spectral shape and amplitude of the fluorescent 
signal depending on its variability (proteins, lipids, and carot-
enoids), the number of cross-links, and the degree of oxidation of 
these heterogeneous compounds, but mainly on the concentration 
of lipofuscin in tissues, and therefore on the degree or activity of 
cell ageing (6).

The lipofuscin fluorescence waveband overlaps with those for 
the majority of endogenous fluorophores, which fluorescence di-
agnostics is based on. Therefore, estimating the influence of lipo-
fuscin content as a marker of skin ageing on the results of LFS is an 
important consideration in developing new diagnostic methods. 
Thereby, the purpose of this study was to compare and analyze the 
results of LFS for animals belonging to different age groups.
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Methods

Animals

The study was performed on outbred white male mice, weighing 
25 to 35 grams, n = 14. The animals were kept in vivarium-standard 
conditions in 14-hour natural light at 21 to 23 °C and 50 to 65% 
humidity. They received balanced granulated feed that did not in-
clude fluorophores and they had unlimited access to water. The 
experiment was conducted in compliance with the welfare of ani-
mals used in experiments (Declaration of Helsinki, EU Directive 
86/609/EEC on the protection of animals used in experiments, 
and European Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and other Scientific Purposes [ETS 
123] Strasbourg, 1986).

The animals were divided into two groups: 6-week-old mice 
(young, n = 7) and 1-year-old mice (old, n = 7). The mouse fur was 
removed in the dorsal region (using Veet depilatory cream) 48 
hours prior to the optical measurements.

Optical methods

All optical measurements were performed using the dorsal skin of 
the ICR mice. Fluorescence spectra were measured using the mul-
tifunctional device LAKK-M (SPE Lazma, Moscow, Russia; http://
www.lazma.ru/eng/index.php), which implements LFS in vivo. 
The method is to record the fluorescence spectrum of a tissue after 
the exciting laser irradiates it at the wavelength corresponding to 
the maximum absorption by the specific fluorophore. Low-power 
continuous laser radiation (less than 10 mW) is delivered from the 
laser source to the surface of the object under study by lighting 
fibers of the fiber-optic probe. Such radiation does not damage the 
skin. The secondary radiation is delivered by the receiving fiber to 
the spectrometer. The spectrum detected is reflected on the com-
puter’s monitor in real time.

To excite the fluorescence, the wavelength λe = 535 nm was 
used, which made it possible to estimate the fluorescence inten-
sity of the lipofuscin.

To quantify the fluorescence spectrum, the tissue fluorophore 
content indices η(λf)λe were calculated using formula (7):

where If(λf) is the fluorescence signal intensity at fluorescence 
wavelength λf (λf = 580–590 nm for lipofuscin) and Ie(λe) is the re-
corded intensity of the laser radiation back-scattered by the tissue 
at wavelength λe, reduced by the factor of β (β ≈ 10^3). The fluo-
rescence spectra were measured and the η(λf)λe were calculated 
for five regions of the skin. Furthermore, η(λf)λe were averaged for 
each animal. LFS measurements and data processing took 15 to 20 
minutes per mouse.

Statistical analysis

The statistical analysis was carried out in Microsoft Excel 2016. 
The hypothesis for the difference between the two groups was 
tested by comparison of the arithmetic means and the construc-
tion of 95% confidence intervals for them.

Results

The results of the lipofuscin endogenous fluorescence study 
showed an increase in the tissue content index η(λf)λe in the group 
of old mice (1 year) in comparison with the group of young mice (6 
weeks). The differences between the groups were statistically sig-
nificant for η(λf)λe (p < 0.005) (Fig. 1).

Discussion

Analysis of lipofuscin fluorescence intensity can be used in diag-
nosing age-related retinal changes, which is confirmed by the ex-
perimental and clinical data (8). In addition, some literature has 
shown the potential of using LFS to estimate skin age (9). Soroka 
et al. (10) performed fluorescent analysis of human keratinocyte 
suspensions and found a significant increase in fluorescence 
intensity at 620 nm (λe = 480 nm) wavelengths in senescent cell 
cultures compared to younger cultures. This phenomenon of lipo-
fuscin accumulation corresponded to the results of electron mi-
croscopy, confirming the accumulation of dense opaque material 
localized in the lysosome-like vacuoles in ageing keratinocytes 
(10). In a clinical study by Moskvin et al. (11), which included 40 
women 20 to 55 years old, there was a 28% increase in the fluores-
cence contrast ratio of lipofuscin in the skin of women from an 
older age group (1.23 ± 0.08) compared with this ratio in young 
women (0.89 ± 0.11).

Porphyrin is well known to be fluorescent in the red wavelength 
range with maximum wavelengths of about 640 and 710 nm. In-
terestingly, the majority of endogenous fluorophores (NADH, fla-
vins, vitamin A, fatty acids, etc.) fluoresce in the blue-green and 
yellow spectral regions, which makes it difficult to identify them 
(6). From this point of view, as a rule porphyrin fluorescence is 
clearly distinguishable. However, lipofuscin fluoresces in almost 
the entirely visible wavelength range and therefore contributes 
to the resulting fluorescence spectrum. As a rule, in a certain 
wavelength range, the fluorescence of a single fluorophore is in-
vestigated, and the contributions of others are neglected. Figure 
2 shows an example of the recorded autofluorescence spectrum 
of the skin of the mice in the young and old age groups. In the 
skin of the old mice (1 year) the peaks overlap, whereas the con-
tribution of lipofuscin fluorescence to the second peak cannot be 
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Figure 1 | Tissue lipofuscin content indices η(λf)λe, λe = 535 nm, λf = 580–590 
nm.
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neglected. In addition, many parameters of biological tissue affect 
the shape of the registered peak of lipofuscin fluorescence, and 
therefore subtracting this peak from the resulting spectrum is a 

completely non-trivial task. Thus, the significant fluorescence of 
lipofuscin observed in the senescent group might interfere with 
the assessment of the dynamics of metabolic, inflammatory, and 
hypoxic processes by LFS. In particular, this may affect the results 
of the dynamic optical observation of inflammation and hypoxia 
in the development of skin fibrosis (12).

Fluorescence spectroscopy is a convenient method for assess-
ing lipofuscin deposits in tissues, and it can be used to assess skin 
ageing. Our studies have confirmed previously obtained informa-
tion that the accumulation of lipofuscin in the skin increases with 
age. In addition, it is important to make an adjustment for the 
age of the experimental animal when using LFS in long-term ex-
periments to analyze the fluorescence of other endogenous fluoro-
phores, which are indicators of inflammation and hypoxia.
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Figure 2 | Examples of registered spectra of young and old mouse skin.


