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The presented literature review contains data on histomorphological changes in the dermis when us-
ing isotretinoin. The systematic search was conducted for the results of scientific studies published between
January 1980 and January 2026. The analysis included original researches, clinical and morphological work,
experimental studies and review publications on morphological changes in the skin during systemic isotreti-
noin therapy. The result of the relevant search turned out to be 409 articles, of which, after the initial study,
25 articles were selected for final analysis: 19 articles were devoted to the anti-acne effect, the remaining 6
articles — to the involution of signs of photoaging against the background of the use of isotretinoin. Based
on the literature analysis, data were collected on histological changes in the skin during the systemic use of
isotretinoin from both the sebaceous glands and the dermis.

Systemic use of isotretinoin caused a number of changes in the skin, confirmed clinically and histologi-
cally. In particular, sebaceous glands were significantly reduced (up to 90%), and sebocyte differentiation was
inhibited. The structure of the glands became elongated, «cellular» with a small number of sebocytes remain-
ing in the center, on the basal plate. The amount of cytoplasm decreased by 35% compared to the size of the
nucleus. There was a noticeable decrease in the number of immature cells and there was no mitotic numbers.
The number of partially differentiated cells was very small, most of the cells were mature and full of lipid
droplets. Desmosome destruction and disruption of links between keratinized keratinocytes were recorded,
therefore, microcomedones regressed, and sebaceous filaments significantly decreased clinically. Follicular
keratinization decreased by 55-70%. The amount of sebum and bacteria in comedones decreased markedly.

In the context of the effect of isotretinoin on photoaging, the following histological changes were iden-
tified: the significant increase in epidermal thickness, the decrease in elastosis, the decrease in epidermal
p53, the straightening of the papillae of the dermis, the trophism improvement, the decrease in inflammatory
infilirate and in the degree of basophil degeneration of collagen, the increase in its density and concentration.
There was the decrease in the number and changes in elastic fibers: elastic fibers were more tangled and
fragmented before treatment, and more fibrillar and whole after treatment.

Key words: acne, isotretinoin, retinoids, skin biopsy, sebaceous glands, epidermis, sebocytes, kerati-
nocytes

INTRODUCTION

Systemic use of isotretinoin is by far the most
effective method of acne treatment [1]. Isotretinoin
(13-cis-retinoic acid) differs from other drugs for sys-
temic acne therapy in its ability to influence all major
factors in the pathogenesis of the disease, which is
a unique property. The history of the use of systemic
retinoids in the treatment of acne begins in 1909 with
the discovery of vitamin A. It was soon proved that vi-
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tamin A is necessary to maintain vision, reproductive
function, growth process, immune status and homeo-
stasis, as well as to stimulate cell differentiation [2].
In the 1940s, the effect of vitamin A on acne was first
documented, and in 1947, the first synthetic retinol
was obtained. In 1962, trans-retinoic acid (tretinoin)
was discovered. The task of reducing the toxicity of
therapeutic (effective) dosages of the first systemic
retinoids was solved together with the discovery of
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13-cis-retinoic acid (isotretinoin) in 1969, which re-
duced the therapeutic index by 2.5 times compared
with the use of fully trans-retinoic acid. The first large
clinical trial led by G. Plevig with the participation of
19 dermatological centers and 136 patients was con-
ducted in 1981. Isotretinoin itself was registered for the
treatment of severe forms of acne in the USA in 1982,
in Europe in 1983, which was a major breakthrough
in treatment and gave hope to patients against whom
medicine had been powerless until that moment [3].

The widespread use of isotretinoin in world
practice began in the 80s of the 20" century, in the
CIS countries — only since the late 90s, and in Ka-
zakhstan the first steps in the use of isotretinoin be-
gan only in the 21st century (the first isotretinoin was
registered in the territory of the Republic of Kazakh-
stan on November 25, 2016). Despite the extensive
experience of foreign colleagues and the official reg-
istration of the drug, the prescriptions were modest
and were accompanied by phobias of side effects on
the part of both patients and doctors. Fortunately, in
recent years, doctors have become much bolder and
patients more aware of systemic retinoids, which has
significantly increased the frequency of use of this
modern and effective therapy.

The aim of the study was to analyze and sys-
tematize the available data on histomorphological
changes in the epidermis, dermis and appendages
of the skin during systemic therapy with isotretinoin.

MATERIALS AND METHODS

The systematic search was conducted for the
results of scientific research in the international and
national electronic databases PubMed, Scopus, Web
of Science, Embase, Cochrane Library, eLibrary and
Google Scholar, published from January 1980 to Jan-
uary 2026. The analysis included original research,
clinical and morphological work, experimental stud-
ies, and review publications on morphological chang-
es in the skin during systemic isotretinoin therapy.
The following search queries were used: isotretinoin,
13-cis-retinoic acid, histology, biopsy, acne. The in-
clusion criteria were as follows: original articles with
data on histological examination of the skin against
the background of the use of isotretinoin. The exclu-
sion criteria were considered to be the absence of
histological data, animal studies and in vitro cultures.
The result of the relevant search turned out to be 409
articles, of which, after the initial study, 25 articles
were selected for final analysis: 19 articles were de-
voted to the anti-acne effect, the remaining 6 articles
— to the involution of signs of photoaging against the
background of the use of isotretinoin.

The object of the study was scientific publi-
cations devoted to the study of morphohistological
changes in the skin against the background of the
use of systemic isotretinoin.
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RESULTS

In 1982, J. A. Goldstein published the first
study of isotretinoin on 7 male patients, during which
he revealed noticeable histological changes in all pa-
tients in the form of changes in the structure of the
sebaceous glands: before the start of treatment, the
sebaceous glands were well developed with typical
lobules and cells of the sebaceous glands. After 16
weeks of therapy, there was the absence or marked
atrophy of the sebaceous glands. On average, the
decrease was up to 90%, and the amount of cyto-
plasm decreased by 35% compared to the size of the
nucleus. Clinically, this was expressed in the signifi-
cant decrease in sebum production (by 88.4%) [4].

G. L. Peck et al. confirmed the significant re-
duction in the size of sebaceous glands and an ob-
vious inhibition of sebocyte differentiation, howev-
er, histological examination was performed in only
3 out of 33 subjects [5]. K. Dalziel, T. Kingston and
R. Marks noted that the glands became elongated
and «cellular» with a small number of sebocytes,
remaining in the center. The authors did not confirm
the theory of isotretinoin’s anti-inflammatory prop-
erties, although this effect was later proven. In the
publication by the same group of scientists 3 years
later, in addition to monitoring the size of sebocytes,
emphasis was placed on studying changes in enzy-
matic activity, but no significant changes were detect-
ed [6]. A. S. Zelickson (1986) stated that, in addition
to the decrease in the size of the sebaceous glands,
there was the noticeable decrease in the number of
immature cells and no mitotic numbers on the basal
plate during treatment with isotretinoin. The number
of partially differentiated cells was very small, most of
the cells were mature and full of lipid droplets. This
work is valuable because it considered different daily
and therefore cumulative dosages of the drug. Thus,
it was confirmed that with low daily dosages (0.1 mg/
kg), the restoration of the structure and activity of se-
bocytes occurred faster than with high dosages (1
mg/kg) [7]. There was also the perceptible decrease
in sebum and bacteria in the gums. The destruction
of desmosomes was recorded, therefore, the connec-
tion between the keratinized cells was disrupted [8].

G. Plevig investigated combination therapy
with topical tretinoin and systemic isotretinoin in dif-
ferent dosages. During the observation of morpho-
logical changes in the skin of patients with conglo-
bate and papulopustular acne (16 cases), G. Plevig
recorded the decrease in the area and circumference
of sebaceous glands by 35-58%, follicular keratini-
zation — by 55-70%, the decrease in the density of
active sebaceous glands — by 1 cm?, as well as the
complete regression of microcomedones and the sig-
nificant decrease in sebaceous filaments [9].

The search for a less toxic impact of isotreti-
noin led to the search for an answer to the question
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Table 1 — Data from publications studying the effect of isotretinoin on acne skin

patient skin

Year Number Frequency and
Authors Title of of patients time of tissue Morphological changes
issue P sampling
The significant decrease in the
Isotretinoin in size of sebaceous glands, the
the Treatment of Before decrease in sebum production
Acne. Histologic treatment. at (=88%) after 16 weeks of
Goldstein J. A. et al. Changes, Sebum 1982 7 week 16’of treatment. Partial restoration
Production, treatment of sebaceous glands 32 weeks
and Clinical after the end of therapy; classic
Observations evidence of SG atrophy under the
action of isotretinoin
The noticeable decrease in the
The effects of 3 Before size of the sebaceous glands
isotretinoin on biopsies, treatment, and the clear suppression of
Goldstein J. A. et al. follicular and 1982 33 after 6 months, | sebaceous gland differentiation:
sebaceous cell patients in during the the increase in the number of
differentiation total repeat course | peripheral sebaceous cells, which
lack typical cytoplasmic droplets
The significant decrease in the
_The eﬁec_ts of Before vqumg of sebaceous glands in
Isotretinoin on treatment, the dermis at both weeks 4 and 8
Dalziel K. et al. follicular and 1987 17 at week 4, the glands b | ;
sebaceous cell at week 8 of glands become e ongated and
differentiation treatment «cellular» with a s.malll number of
sebocytes remaining in the center
The noticeable decrease in the
number of immature cells and no
mitotic numbers. The number of
Ultrastructural partially differentiated cells was
Changes in Before, after | very small, most of the cells were
Sebaceous 20 weeks, and | mature and full of lipid droplets.
Zelickson A. S. et al. Glands. Following | 1986 15 2 months after A noticeable decrease in the
Treatment of the end of amount of sebum and bacteria
Cystic Acne with treatment was recorded in comedones.
Isotretinoin Desmosome destruction was
noted — the connection between
the keratinized cells was
disrupted
The decrease in the size (area)
ilsjc?tvrve(tjigf)?n Before and circumference of sebaceous
. h glands, the decrease in the
combined with treatment and :
Plewig G. et al. tretinoin is 2004 16 at the end of number of active sebaceous
9 . lands per 1 cm?, the complete
effective to correct the 6-month 9 . f mic d
abnormalities of therapy regression of microcomedones
acne and the S|gn|f|can_t decrease in
sebaceous filaments
Sebaceous-gland Model in
deposition of vitro from
isotretinoin after the skin Before and The concentration of isotretinoin
'Sl'sucphee;r;aT);,oSAfeffen H., topical application: | 1997 of the 16 hours after | in the sebaceous glands ranged
) an in vitro study women application from 0.17 to 1.57 ng/mg of tissue
using human facial parotid
skin zone
Isotretinoin
treatment of severe Before N
Vahlquist A. Rollman acne affects the treatment, Sel;?ﬁs&)#; %?ngﬁiﬁfg?:,ﬁ%her
O., Holland D. B. endogenous 1990 22 after 2, 4 and dihvdroretinol than the epidermis
Cunliffe W. J. concentrations 7 — 11 months y dd 1€ ep
of vitamin Ain of treatment and dermis
sebaceous glands
. The size of the sebaceous glands
Itz%rsgrna?:; Before and 8 decreased by 76% (4.17 times)
Amanda G., Nelson M., requlates distinct 2009 8 weeks after compared to the baseline level
Zhao W., Gilliland K. L. sgts of genes in the start of (P=0.009). After a week, the size
g treatment of the glands decreased by about

49%
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of why topical forms are not effective in severe forms.
The answer to it was given by T. Tschan, H. Steffen,
and A. Supersaxo in 1997 [10]. Histological exam-
ination revealed that the concentration of isotretinoin
in the sebaceous glands ranged from 0.17 to 1.57
ng/mg of tissue. Autoradiography and in vitro fluo-
rescence microscopy have shown that when applied
topically, a significant amount of isotretinoin enters the
sebaceous glands via the follicular pathway, while the
effectiveness of the ethanol gel is not inferior to that of
liposomal or mixed micellar gel. In comparison with the
data of A. Vahlquist, O. Rollman, D. B. Holland, and
W. J. Cunliffe, [11] who measured the concentration of
isotretinoin in the sebaceous glands with oral admin-
istration and obtained values of 0.28-0.44 ng/mg, de-
pending on the duration of treatment, the results were
comparable or even higher, which is at odds with the
clinical effects. The authors explain this discrepancy
by the difference in vascular clearance in the model
in vitro, nuances in the calculation of isotretinoin iso-
mers, and the fact that the distribution of isotretinoin in
the sebaceous glands remains in the lipophilic center
of the sebaceous glands during topical use and is not
transferred to basal sebocytes (target cells), which are
actively affected by systemic isotretinoin, penetrating
through the microcirculation system.

In 2009, G. Amanda, M. Nelson, W. Zhao, and
K. L. Gilliland studied the regulation of the activity of
individual groups of genes in the patient’'s skin with
isotretinoin and confirmed the change in the size of
the sebaceous glands: it decreased by 76% (4.17
times) compared with the baseline level (p=0.009).
After a week, the size of the glands decreased by
about 49% [12].

The described above data are summarized in
table 1.

The occurred changes are recorded by observ-
ing histological changes in the skin, while molecular
biology helps to understand the processes. Indeed,
despite its undeniable effectiveness in acne and seb-
orrhea, the molecular basis of the unique sebostatic
activity of this compound is still not fully understood.
Thus, in the works of R. K. Randolph and M. Simon,
the ability of dermal fibroblasts to metabolize exoge-
nous retinoic acid was proved, thereby regulating its
concentration in the skin. At the same time, fibroblasts
practically do not metabolize retinol itself, which in-
dicates a difference in the processing pathways of
different forms of retinoids. These studies mean that
there is a local mechanism in the dermis to control the
activity of retinoic acid, which can limit or modulate its
biological effects [13].

J. M. Baron, R. Heise, and W. S. Blaner ana-
lyzed the functional activity of fully trans-, 9-cis-, and
13-cis-retinoic acid and their 4-oxo metabolites in
normal human epidermal keratinocytes and dermal fi-
broblasts using gene and protein expression profiling
methods. The study showed that retinol 4-oxometab-
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olites have strong and isomer-specific regulatory ac-
tivity in relation to transcription, and do not represent
only inert end products of catabolism, as previous-
ly thought. Microarray and proteomic analysis have
identified a number of new genes and gene products
that are affected by retinol treatment of keratinocytes
or fibroblasts, including genes for enzymes that cata-
lyze the biotransformation of retinoids, corticosteroids
and antioxidants, as well as genes for structural and
transport proteins that are known to be necessary for
maintaining homeostasis. The results of the study
showed the significant decrease in the expression of
keratins 1, 10, 14 and 17, as well as matrix metal-
loproteinase-10, vascular endothelial growth factor
C, thrombospondin-1, plasminogen activator inhibi-
tor-2, cyclooxygenase-2, psoriasis-associated fatty
acid binding protein, filaggrin. Incubation of dermal
fibroblasts with retinoic acid isomers for 24 hours re-
vealed more significant changes than those observed
with NHEK, including the decrease in the activity of
p-450-dependent enzymes involved in xenobiotic/
endogenous biotransformation, including cytochrome
P450 (CYP)2D, CYP3A7, CYP4A1, corticosteroid
11b dehydrogenase, prostaglandin-endoperoxide
synthase-1, phosphatase-11 with dual specificity,
glutathione S-transferase M1, and transport pro-
teins such as solute transporter family 16 member 1
(SLC16A1) [14].

A. M. Nelson and K. L. Gillland confirmed in
vitro the previously described antiproliferative effect
of isotretinoin on human sebocytes. These authors
attributed part of this decrease to cell cycle arrest
and found sebocyte apoptosis, which was not repro-
duced by alitretinoin or tretinoin. These events were
specific to sebocytes because isotretinoin failed to in-
duce apoptosis in keratinocytes. Isotretinoin-induced
apoptosis was shown to be a mechanism that was
independent of RAR [15]. In 2009, the same group of
authors conducted a transcription analysis and found
that the lipocaine 2 gene (involved in innate immu-
nity) is among the genes whose expression is most
strongly increased by exposure to 13-cis-retinoic
acid, and also confirmed sebaceous gland apoptosis
by TUNEL staining [16].

Isotretinoin affected the expression of many
other genes, which can be roughly divided into three
categories: tumor suppressor genes, genes involved
in protein synthesis, and genes involved in the trans-
fer or binding of ions, amino acids, lipids, or retinoids.
In addition to genes, the role of dissolved substance
carrier proteins is also important in skin biology. The
study revealed the increase in the expression of
proteins of the S100 family, which regulate cell dif-
ferentiation, energy metabolism, interaction of the
cytoskeleton with the membrane, and the cell cycle.
The increased activity of S100 proteins is induced by
oxidative or inflammatory stress, which suggests that
the initial activation of S100 13-cis proteins is respon-
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Table 2 — Data from publications studying the effect of isotretinoin on the skin at the cellular, gene,
and molecular levels

Authors Title ESL gf Material Morphological changes
: : Dermal fibroblasts metabolize
Dermal Fibroblasts Actively >0 )
Randolph R. K., . A . . exogenous retinoic acid,
Simon M. Metabo“ﬁgtFI{'\?etlt?nogl: Acid but 1988 Fibroblast culture thereby regulating its
: concentration in the skin.
The significant decrease in
the expression of keratins,
Retinoic Acid and its 4-Oxo Culture of human matrix metalloproteinase-10,
Baljon J. M., Metabolites are Functionally epidermal keratinocytes vascular endothelial grqwth
Heise R., Active in Human Skin Cells In | 209% | "(NHEK) and dermal | factor-C, thrombospondin-1,
Blaner W. S. Vitro fibroblasts plasminogen activator
inhibitor-2, cyclooxygenase-2,
psoriasis-associated fatty acid
binding protein, filaggrin.
13-cis-retinoic acid causes
Nelson A. M., . L P cell cycle arrest and apoptosis
e 13-cis-retinoic acid induces h
Gillland K. L., apoptosis and cell cycle arrest 2006 Sebocyte culture in SEB-1 sebocytes by a
Cong Z,, in human SEB-1 sebocvtes mechanism independent of
Thiboutot D. M. y RAR, which corresponds to
sebosuppression
Retinoic acid isomers
All-trans-retinoic acid enhanced proliferation At
and 13-cis-retinoic acid: low cell density, but at high
Schroeder M., pharmacokinetics and 2007 Keratinocyte culture with density, they showed an
Zouboulis C. C. biological activity in different high and low density antiproliferative effect in
cell culture models of human normal keratinocytes, and
keratinocytes stimulating effect in HaCaT
keratinocytes.
Amanda G Neutrophil gelatinase- Increased levels of lipocalin
Nelson M.. Zhao associated lipocalin mediates 2, which encodes the protein
W. Gilliland K. L 13-cis retinoic acid-induced 2008 Sebocyte culture lipocalin associated with
Zéénglein AL apoptosis of human sebaceous neutrophilic gelatinase
T gland cells (NGAL).
Amanda G., Early gene changes induced
Nelson M., by isotretinoin in the skin 7 patients before and .
Zhao W., provide clues to its mechanism | 2009 one week after the start Increas?admeif(prcragtsg%r;of S100
Gillland K. L., et of action of therapy yp )
al.
Temporal changes in gene
Amanda G. P . -

’ expression in the skin . 197 genes were significantly
gﬁlasoocvM" of patients treated with 2009 8 patlmetz‘?se;c%treerand 8 activated, 587 were
Gilliland K. L isotretinoin provide insight into significantly suppressed.

T its mechanism of action.
Lumsden K. R, Isotretinoin increases skin- : : :
Nelson A. M., surface levels of neutrophil 15 patients with acne The level of NGAL protein
; h : : : and 15 people in the increased, which triggered
Dispenza M. C., gelatinase-associated lipocalin 2011 -
Gilliland K. L., et in patients treated for severe control group (1-4-8 apoptosis in sebocytes, but
al T P acne weeks) did not directly affect P. acnes
R 27 subjects, the control | o EEEION ELORE S
Dispenza M. C Systemic isotretinoin therapy group (23 persons). innate imm)L,Jne res onsge to
WoF ertE.B. normalizes exaggerated TLR- 2012 Blood before treatment the commensal ba%terium
GiIIiIE)a\nd KL 2-mediated innate immune and at 1-4-8-20 weeks, Propionibacterium acnes b
T responses in acne patients as well as 6 months after d pi TLR-2 'S DY
the end of treatment reducing m On-ocstxepsressmn in
Agamia N. F. Effect of oral isotretinoin on the .
¢ : C 14 patients, control
Hussein O. M., nucleo-cytoplasmic distribution ’ :
Abdelmaksoud R. | of FoxO1 and FoxO3 proteins 2018 Pgrotjp (18 pers%nsf). Ftc_)th) %xgre_sst[ontyv as
E., Abdalla D. M., in sebaceous glands of uncdur?ct |og>sy iore activated by Isotretinoin.
etal. patients with acne vulgaris and after o weeks
Agamia N. F,, Isotretinoin treatment 25 patients, control
El Mulla K. F., upregulates the expression of group (15 persons). :
Alsayed N. M., p53 in the skin and sebaceous 2023 Biopsy with ";?re§§?,? Qgﬁ;iaegﬁ)éprfasﬁé%n
Ghazala R. M., glands of patients with acne immunohistochemistry, P 9
etal. vulgaris ELISA and PCR
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sible for the «acne outbreak» reaction observed in
some patients receiving oral or topical retinoids for
the treatment of acne [17].

After the initial start of apoptosis and the cell
cycle stops in the sebaceous glands, genes charac-
teristic of wound healing are expressed in the skin,
followed by significant regeneration and remodeling,
as evidenced by increased expression of extracellu-
lar matrix proteins. A total of 197 genes were signifi-
cantly activated, 587 genes were significantly sup-
pressed. Most of the genes whose activity decreased
after 8 weeks are associated with the metabolism of
steroids, cholesterol, and fatty acids, which is consis-
tent with the well-known fact that sebum production
decreases under the influence of 13-cis-retinoic acid.
The genes activated at week 8 encode structural
proteins such as collagens and fibronectin, which is
consistent with the known effect of retinoids on extra-
cellular matrix repair [18].

The level of NGAL protein in the skin of patients
taking isotretinoin increases, and this increase pre-
cedes a decrease in sebum production and the amount
of Propionibacterium acnes (P. acnes). These data in-
dicate a temporal relationship in which an increase in
NGAL triggers apoptosis in sebocytes, which leads to
a decrease in sebum production and P. acnes levels.
However, the antibacterial effect of NGAL against P,
acnes has not been confirmed. Consequently, P. acnes
decrease a second time during isotretinoin treatment
after a decrease in sebum secretion, which is a source
of nutrients for P. acnes [19].

M. C. Dispenza et al. demonstrated the de-
crease in TLR-2 expression in monocytes and the
subsequent inflammatory response to P. acnes after
a week of isotretinoin therapy. This effect persisted
for 6 months after discontinuation of therapy, indicat-
ing that TLR-2 modulation may be associated with
the long-term therapeutic effect of isotretinoin. This
proves that isotretinoin has an immunomodulatory ef-
fect on patients [20].

N. F. Agamia et al. analyzed the distribution of
proapoptotic transcription factors FoxO1 and FoxO3
in the nuclear and cytoplasmic compartments of
human sebocytes in vivo before and during acne
treatment with isotretinoin (6 weeks after initiation of
isotretinoin therapy). The results showed a significant
increase in the nuclear-cytoplasmic ratio of nonphos-
phorylated FoxO1 and FoxO3 in the treatment of
acne with isotretinoin, which is involved in proapop-
totic signaling, caused by isotretinoin in sebocytes
and confirms the scientific hypothesis of activation of
FoxO expression under the action of isotretinoin [21].

Against the background of isotretinoin treat-
ment, the expression of the protein and the p53 gene
in the skin significantly increased. The amount of p53
expression was inversely correlated with the severi-
ty of acne and body mass index. In clinical settings,
isotretinoin stimulated the expression of p53, which
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controls many transcription factors involved in the
pathogenesis of acne vulgaris, including FoxO1, the
androgen receptor, and critical genes involved in the
induction of autophagy and apoptosis. The enhance-
ment of the p53-FoxO1 signaling pathway caused by
systemic isotretinoin administration explains the un-
derlying transcript changes that lead to suppression
of sebum production, as well as side effects associat-
ed with systemic isotretinoin therapy [22].

M. Schroeder and C. C. Zouboulis studied the
effect of retinoic acid isomers on keratinocyte prolifer-
ation at low and high densities (imitation of hyperkera-
totic diseases and age-related skin or skin exposed to
steroids). The results of the study proved that at low cell
density, retinoic acid isomers enhanced proliferation,
but at high density, they showed an antiproliferative ef-
fect in normal keratinocytes, and stimulating effect in
HaCaT keratinocytes. The absence of the effect of ret-
inoids on cell proliferation at a high seeding density of
normal keratinocytes may indicate that the normalizing
effect of retinoids in hyperkeratotic diseases such as
acne or psoriasis is most likely due to the modulation
of cell differentiation rather than their growth. On the
other hand, induced keratinocyte proliferation at low
seeding density may serve as an explanation for ac-
anthosis caused by topical application of retinoids to
age-related and steroid-damaged skin [23].

The described above data from publications
studying the effect of isotretinoin on the skin at the
cellular, gene, and molecular levels are summarized
in table 2.

The active use of isotretinoin continued, and in
addition to its sebostatic and anti-acne effects on the
skin, dermatologists observed other changes. So, in
2000, S. Maddin et al. published the study on the ef-
fect of topical isotretinoin on the signs of photoaging.
The study involved 20 dermatology centers with a to-
tal sample of 800 patients. Histological examination
was performed among 120 patients and revealed the
significant increase in the thickness of the epidermis.
There were no obvious changes in skin elastosis, der-
mis thickness, melanin content in the epidermis, fi-
broblast count, melanocyte dysplasia, or keratinocyte
atypia. At the same time, the absence of significant
histological changes in the dermis did not exclude the
possibility of remodeling of its fine structure. It is worth
noting that the clinical changes were more expressed
and manifested themselves in improving the appear-
ance of the photo-damaged skin. Significant reduction
of fine and coarse wrinkles, improvement of texture
and pronounced pigmentation were observed after 12
weeks of daily use of isotretinoin. And within 36 weeks,
the effect of the treatment was further enhanced [24].

C. L. Kalil investigated the effect of systemic
isotretinoin in the treatment of photoaging. 50 wom-
en aged 40-60 years received 20 mg of isotretinoin
3 times a week for 3 months. The decrease in the
signs of photoaging was recorded: straightening of
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Table 3 — Data from publications studying the effect of isotretinoin on skin at photoaging

study

Year Number of "o me! Morphological
. umber o and time orphologica
Authors . of Title patients of tissue changes
Issue sampling
Isotretinoin improves
pr(ijg;;z;aggzlg; 190 bioosi " Before g Re?uc;iotn oflsigns
. iopsies erapy an of photoaging,
Maddin S. et al. 2000 Rrﬁtsjﬁ!tzseg{ear 3d6c;uwti:|—(, from 800 patients after 36 thickening qf the
blind, pla;cebo- weeks epidermis
controlled trial
Straightening of
Before the papillae of the
Use of Oral e
. DA therapy, a dermis, improvement
Kalil C. L. etal. 2008 Pholtsc?at;?rt':gqll'ﬂgr]apy 30 week after the of trophism and
end reduction of collagen
degeneration
The decrease
in inflammatory
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the papillae of the dermis, improvement of trophic tis-
sue and reduction of collagen degeneration in 20 pa-
tients. The condition of 10 patients has not changed.
It should be noted that clinical improvement was not-
ed in 79.99% of the subjects. The question remains
whether a longer intake will lead to more pronounced
changes [25].

R. M. Rabello-Fonseca et al. observed 30 pa-
tients with signs of photoaging and registered the
following morphological changes against the back-
ground of oral isotretinoin intake: the decrease in in-
flammatory infilirate and the decrease in the degree
of basophilic degeneration of collagen, the decrease
in the number of elastic fibers and elastic material.
Elastic fibers were more tangled and fragmented
before treatment, and more fibrillar and whole after
treatment, and there was the significant increase in
collagen concentration [26].

E. Bagatin compared topical and systemic
retinol in the context of effects on photoaging. His-
tological analysis revealed the statistically significant
increase in epidermal thickness, the decrease in
elastosis and the decrease in epidermal p53, and the
increase in the amount of type 1 surface dermal col-
lagen in both groups. No significant differences were
found between the groups [27].

B. S. Bravo studied 20 patients with signs of
photoaging using systemic isotretinoin at the dosage
of 20 mg/day 3 days a week. In 65% of patients, there
was the change in the distribution and thickness of
elastic fibers, which can be interpreted as the im-
provement in skin condition. The increase in collagen
density was recorded in 60% of patients from 51.2
to 57.4% (p=0.004). By the end of the 12-week fol-
low-up period, collagen density decreased to 54.7%
(p=0.050). The density of elastic fibers increased from
26.5 to 31.3% (p=0.02), and decreased to 27.5% by
the end of the 12-week follow-up period [28].

In 1988, J. S. Weiss, C. N. Ellis, and J. T. Head-
ington conducted the study on the impact of topical treti-
noin on photoaging symptoms and found the following
changes. The mean thickness of the epidermis rose
by 273%, while the mean thickness of the granular lay-
er in patients using tretinoin increased by 118%. The
count of mitotic figures in seven adjacent high-power
fields was notably higher on the skin of patients treated
with tretinoin. The stratum corneum appeared denser
and more uniform, with an enhanced appearance of
the shiny layer, reduced hypertrophy and hyperplasia
of melanocytes, and less severe epidermal atypia and
dysplasia compared to before therapy. The papillary
layer of the dermis exhibited wider vascular lumens
relative to biopsies from untreated areas. However, the
thickness of the papillary layer of the dermis did not
show a significant increase [29].

Data on morphological changes in the skin
during photoaging with the use of isotretinoin are
shown in Table 3.
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DISCUSSION

Observations of morphological changes in tis-
sues are very scarce: the number of studies is small,
and the samples average 20-30 subjects. Perhaps
this is due to the high injury rate during the sampling
of the material for the study, followed by the forma-
tion of a skin defect, which is especially difficult for
patients with acne. Another factor that reduces the
need for histological data is that only observation
(with the naked eye) and photo documentation are
sufficient to verify the effectiveness of therapy. Never-
theless, research in this direction continues. Howev-
er, the format has changed in recent years. Scientists
are moving from classical histological observations,
which were carried out in the 1970-2000s, to the in
vitro cell biology stage on cultures of sebocytes, ke-
ratinocytes and immune cells (1990-2010), and in the
last decade they have been actively moving to the
genomic and transcriptomic stage. Modern discover-
ies and opportunities allow switching to the molecular
level, while it is worth noting that the work is mainly
carried out outside the human body, in in vitro con-
ditions. This is very important for understanding the
therapeutic mechanisms of isotretinoin. However, the
issue of variability of daily and cumulative dosages in
different population groups, long-term morphological
changes years after completion of treatment, correla-
tion of different dosages and duration of morphologi-
cal changes in tissues remains equally important.

CONCLUSION

The use of isotretinoin systemically causes a
number of changes in the skin, confirmed clinically and
histologically. In particular, sebaceous glands are sig-
nificantly reduced (up to 90%), and sebocyte differenti-
ation is inhibited. The structure of the glands becomes
elongated, «cellular» with a small number of sebo-
cytes remaining in the center, on the basal plate. The
amount of cytoplasm decreases by 35% compared to
the size of the nucleus, there was the noticeable de-
crease in the number of immature cells and there was
no mitotic numbers. The number of partially differenti-
ated cells was very small; most of the cells were ma-
ture and full of lipid droplets. Desmosome destruction
and disruption of communication between keratinized
keratinocytes were recorded, therefore, microcomedo-
nes regressed, and sebaceous filaments significantly
decreased. Follicular keratinization decreased by 55-
70%. The amount of sebum and bacteria in comedo-
nes decreased markedly. It has been confirmed that
when using low daily dosages (0.1 mg/kg), the resto-
ration of the structure and activity of sebocytes after
the end of treatment occurs faster than when using
high dosages (1 mg/kg).

The following histological changes were identi-
fied in the context of the effect on photo-aging: the sig-
nificant increase in the thickness of the epidermis, the
decrease in elastosis, the decrease in epidermal p53,
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straightening of the papillae of the dermis, improve-
ment of trophism, less inflammatory infiltrate and the
decrease in the degree of basophil degeneration of
collagen, an increase in its density and concentration.
There was the decrease in the number and changes
in elastic fibers: elastic fibers were more tangled and
fragmented before treatment, and more fibrillar and
whole after treatment.

Histological changes in the skin when using
systemic isotretinoin are a clear and indicative criteri-
on of the effectiveness of therapy. Given the tenden-
cy to increase cumulative dosages in recent years,
monitoring histological changes in vivo against the
background of isotretinoin use is a promising and
necessary vector for drug research in particular and
acne therapy in general.
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TMMCTOJIONMYECKASA OUEHKA BITMAHUA CUCTEMHOIO UI3BOTPETUHOUHA HA KOXY
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°HAO «KaparaHOouHckmini MeguumHckuin yHuBepcuteT» (100008, Pecnybnvka KasaxctaH, r. Kaparanga, yn.
[orons, 40; e-mail: info@gmu.kz)

3KI'M «MHoronpodunbHas 6onbHuua um. npod. X. XK. MakaxkaHosa» (100008, Pecnybnuka KasaxcTaH, T.
KaparaHga, yn. MykaHoBa, 5/3; e-mail: mbmak@maqajanov.kz)

4Kl «O6nactHasa getckas knuHudeckas 6onbHuua» (100024, Pecnybnvka KasaxctaH, r. KaparaHga, np-T
LLlaxTepos, 83; e-mail: kgp_odkb@mail.ru)

*Kcenna OmutpueBHa BecnnemsaHHaa — HAO «KaparaHguHCKuiA MeauMuMHCKUIA yHMBepcuteTy»; 100008,
Pecnyb6nuka KasaxctaH, r. KaparaHga, yn. l'orons, 40; e-mail: e-mail: xenia.besplemyannaya@mail.ru

B npegcrtaBneHHom 0630pe cobpaHbl AaHHbIE O TMCTOMOPOMOrMYECKUX W3MEHEHWSIX OepMbl Ha
doHe NpUMEeHeHUs M3oTpeTMHOMHAa. [MpoBedeH CUCTEMATU3MPOBAHHBLIA MOWCK Hay4vHbIX MyOnukauvnm B
nepuop ¢ sHBapsa 1980 no saHBapb 2026 r. B aHanu3 BkNoYanucb opuUrMHanbHble UccnegoBaHusl, KINMHUKO-
Mopcponornyeckme paboTbl, 3KCNEpPUMEHTaNbHbIE UCCNEeAoBaHMs U 0630pHbIe Mybrvkaumm, NOCBSLLEHHbIE
MOPPONOTMYECKMM M3MEHEHUAM KOXW MPU CUCTEMHOW TepanuuM U30TPETUHOMHOM. PeneBaHTHbIA MOWCK
Bblaan 409 crtatbu, Nocrne NepBUYHOIO M3yYeHUs] AN UTOFOBOrO aHanm3bl Oblio oTobpaHo 25 ctaten, 19
N3 KOTOPbIX HampaBMeHbl Ha U3y4YeHue aHTu-akHe addpekTa u ewe 6 Habmwganu MHBOMOLMIO NPU3HAKOB
doTocTapeHusi Ha PoHe MPUMEHEHUSA U30TPETMHOMHA. Ha oCHOBaHWMM aHanu3a nuTepaTtypbl CObpaHbl AaHHbIE
O MCTONMOMMYECKNX N3MEHEHNAX KOXM HA POHE MPUMEHEHUS CUCTEMHOIO M30TPETMHOUHA KaK CO CTOPOHBI
carnbHbIX >ernes, Tak 1 CO CTOPOHbI AepMbl. [laHHble ynopsiAoveHbl 1 0popMITIEHbl B €4MHYI0 Tabnuuy.

lMpuMeHeHne N30TPETUHOMHA CUCTEMHO BbI3bIBAET LENbIN PS4 U3MEHEHWUI B KOXE, NOATBEPXKAEHHbIX
KNMHMYECKN U TUCTOMNOrMyeckn. B yacTHoCTW, camnbHble Xernesbl 3HauuMTenbHo pegyuupytotes (4o 90 %),
npoucxoout uHrmbuposaHve auddepeHumauun cebountoB. CTPYKTypa Xenes CTaHOBUTCHA YANMHEHHOMW,
«SYEencTony» C¢ HebomnbLUMM KOnM4ecTBOM ceboLMTOB, OCTalWUXCA B LEHTPe, Ha 6asanbHOW MAacTUHKE.
KonunyecTBo LmTONna3mbl MO CPaBHEHMIO C pa3Mepamu sapa ymeHbluaeTcs Ha 35 %, Habntogaetcs 3ameTHoe
YMEHbLUEHNE KONMYeCTBa He3penbiX KAEeTOK M HUKAKUX MUTOTUYEeCKUX umdpp. KonmnmyectBo YacTU4HO
anddepeHUNpPOBaHHbIX KNETOK O4EHb Marnoe, a GoMnbLIMHCTBO KIETOK 3penble 1 MOMHbIe NIMMUAHBIX Kanenkb.
Bbino 3acdukcnpoBaHo paspyLlUueHne 4eCMOCOM, HapyLLUEHNE CBA3M MeXOy OPOroBEBLUMMU KepaTMHoLUTamu,
cnepoBaTernbHO, MYKPOKOMEOOHbI pEFPECCMPOBArM, a CanbHbIe HATU 3HAYUTENBHO YMEHbLUIAMMCh KITMHUYECKU.
donnukynapHas kepaTuHmMsaumst cHuaunacb Ha 55-70 %. B komegoHax 3aMeTHO YMEHbLLANOCh KONMYECTBO
KOXXHOTO carna u 6aktepui.

B KoHTeKcTe BNusHUSA Ha poTocTapeHme Obinm BbISIBNEHbI CeayoLMe rTMCTONOrMYecKMe N3MEHEHUS:
3HaAYUTENbHOE YBEMMYEHWE TOMWUHbBI ANMAEPMUCA, YMEHbLUEHME 3MacTo3a, CHDKEHWE 3annaepMaribHOro
p53, BbINpsIMIIEHNE COCOYKOB AEPMbI, YryYLLIEHNEe TPOMUKN, YMEHbLUEHME BOCNaNUTENbHOro NHUNsTpara
N CHWXeHne cTeneHn 6a3ounbHON gereHepaummn KonnareHa, yBenmyeHme ero ninoTHOCTU Y KOHLEHTpaLuK.
YMEHbLUEHNE KONMUYeCTBa M U3MEHEHUS] 3NaCTUYHbIX BOMOKOH: 3MacTUYeckue BOJOKHA A0 NeYeHus Obinm
Bonee cnyTaHHbIMU 1 PparMEHTUPOBAHHbIMU, Nocne — 6onee GUBPUNNSPHBIMU U LENbHLIMU.

Knrouesbie criosa: akHe; U30TPETUHOWUH; peTUHOMAbI; BUONCUSA KOXW; carnbHble Xenesbl; aNMaepMuc;
cebounTbl; KepaTMHOLUNTbI

Meouyuna u sxonoeus, 2026, 3 53



O030pbI JIMTEpPATYPbI

J1. M. Cmabaesa™, K. [l. becninemsHHas? P. XK. Hbiebi3baeesa’, O. B. 30u®, M. K. NaHosa*
XYWENIK UBOTPETUHOWUHHbIH TEPIFE 9CEPIH T’MCTONOMMANbIK BAFANAY

1«O6nbICTLIK KNUHKKanbIK aypyxaHa» KMK (100000, KasakcTtaH Pecny6nuvkacel, KaparaHapl K., Epybaes k-ci,
43; e-mail: okb@okbkar.kz)

2«KaparaHabl MmeavumHanbik yHuBepcuTeTi» KeAK (100008, KasakctaH Pecny6nukachkl, KaparaHabl K., Foronb
K-ci, 40; e-mail: info@gmu.kz)

3«Mpodpeccop X. XK. MakaxaHoB aTblHAarbl kenbeninai aypyxaHackl» KMK (100008, KasakctaH Pecnybnukacs,
KaparaHgbl K., MykaHoB k-ci, 5/3; e-mail: mbmak@maqajanov.kz)

4«O06nbICTbIK Gananap knuHuKanblk aypyxaHacbl» KMK (100024, KasakctaH Pecnybnukachl, KaparaHapl K.,
LLlaxTepor gaHf., 83; e-mail: kgp_odkb@mail.ru)

*KceHna OmutpueBHa BecnnemsiHHasa — «KaparaHgobl MeguumHanblk yHuBepcuteTi» KeAK; 100008,
KasakctaH Pecnybnukacsl, KaparaHabl k., Foronb k-ci, 40; e-mail: xenia.besplemyannaya@mail.ru

¥cCbiHbIFaH 94ebu Lwony W30TPETMHOWHAI KOongaHy KesiHge gepmagarbl rMCToMOpdonornsinbIK
esrepictep Typanbl aepektepai kamtuabl. XKyreni isgey 1980 Xbinfbl KaHTapaaH 2026 Xbiifbl KaHTapra
OEWNiH XapusinaHfFaH FbinbIMy 3epTTeynep HaTuXKenepi OorbIHLA Xyprisingi. Tangayra xXynenik U3oTpeTUHOMH
Tepanuschl kesiHge Tepigeri MopdonornanbIK e3repictepre apHanfFaH TYMHYCKa 3epTTeynep, KIUHUKanbIK-
MOPMONOrNANbIK XKYMbICTap, 9KCNEPUMEHTTIK 3epTTeynep >KaHe Wony Makananap eHrisingi. lagey
HoTWXeciHae 409 makana aHbiKTangbl, onapAblH ilWiHeH GacTankbl ipikTeyoeH KewiH COHFbl TangayfFa 25
Makarna anbliHabl: onapabiH 19-eyi 6e3eyke Kapcbl acepre, KanfaH 6-eyi — M30TPETUHOMH KondaHy asdcbiHOa
doTokapTato GenrinepiHii Kepi 4amybiHa apHanabl. ©0ebueTtepai Tangay HerisiHae XXynenik M3oTPeTUHOMHAI
KongaHy kesiHgoe maw 6e3gepi MeH fepma TapanbiHaH Tepigeri ’McTonorvsanblK e3repictep Typanbl AepekTep
XUHaKTangbl.

XKyrenik n3oTpeTUHOMHAI KongaHy Tepige KIMHMKarbIK XeHe MMCTONOMMAnbIK TYpFbiAaH O9NenaeHreH
GipkaTap easrepicTepre okenei. Atan awTkaHga, Mam Gesgepi antapnbiktam kiwipenai (90%-ra genin),
an cebountTepaiH avddepeHumaumsicel Texenedi. besgepaiH KypbibiMbl  CO3bINbIHKBI, «KacyLluanbiky
cvnartka ne donbin, oprackiHaa 6asanbabl NNacTMHaga opHanackaH asgaraH cebounTTep faHa caktanagpl.
Lintonnasma meniiepi SA4po kernemiMeH canbicTbipraHga 35%-fa asasgbl. XKeTinmereH >xacylwanap caHbl
ankplH Temenaengi, mutosgap Oarkanmanabl. KapTbinam guddepeHuMsinaHFaH xacywanap eTe as,
XacylianapablH, Kenwiniri >XeTinreH >XoHe nunug TaMmuwblinapbiMeH Tonbl Gonagbl. [Jecmocomanapabii
Oy3binybl XXoHE KepaTMHOEHIEeH KepaTUHOLMTTEP apacbiHaarbl bannaHbIicTapablH ancipeyi Tipkeneai, CoOHbIH
HaTMXXeCiHOEe MUKPOKOMEAOHAAP perpeccusiFa ylwbipansl, an Man xinwenepi KnuHukanbslk TYpFblgaH arikpiH
aszasagbl. Ponnukynapnblk kepatuHudauusa 55-70%-ra TemeHaengi. KomegoHaapaarbl Tepi wen mavbl MeH
OakTepusanap Mernwepi anTapnbikTani asasgbi.

M30TpeTMHOMHHIH (boToKapTatoFa acepi TypFbICbIHAH KEMNeCi MMCTONOMMANbIK e3repicTep aHblKTangpl:
ANUAEPMUC KanbIHObIFbIHBIK €43Yip apTybl, 9NacTo3ablH, a3atobl, anungepmanbabl P53 AeHreniHiH, TomeHaeyi,
OepMaHbIH eMi3iKLLenepiHiH TericTenyi, TpogrKaHbIH XXakcapybl, KaObIHY MHUNBTPATBIHLIH XX8HE KOMNMnareHHiH
6asodmnbai fereHepaumsa OPEXKECiHIH a3atobl, OHbIH ThifbI3AbIFbl MEH KOHLIEHTPaLMACBIHbIH apTybl. COHbIMEH
KaTap, anacTukanblk TanwblKTapdblH, CaHbl a3aribin, KypbifbiMbl ©3repai: eMre AeviH orap LaTtackaH XeHe
dbparmeHTTENrEH Bonca, eMHEH KeniH HeFyprbiM onbpunnapbl XKeHe TyTac Kynre KenreH.

Kinm ce3dep: 6e3ey; M3OTPETUHOMWH; peTvHouAaTap; Tepi buoncuscel; Manm 6e3gepi; anuaepmuc;
cebounTTep; kepaTuHoLMTTEP
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