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Background: This study aimed to evaluate the histological

changes occurring in rat skin with increasing age, starting from

the intrauterine period.

Methods: Thirty-two healthy female Sprague–Dawley rats

were evaluated in four groups: group 1 – intrauterine day 19,

group 2 – postpartum day 21, group 3 – postpartum day 60,

and group 4 – postpartum month 19. Skin samples from the

back, abdomen, head, and upper and lower limbs were

obtained from each subject under anesthesia. Tissue speci-

mens were evaluated statistically and morphologically for the

thicknesses of the epidermis, dermis, and basement mem-

brane; the number, height, and width of dermal papillae; and

the mast cell and pilosebaceous counts per group. The

changes in collagen/elastic fibers and glycosaminoglycans

were also assessed.

Results: Epidermal thickness was the highest in the intrauter-

ine group; it decreased in the postpartum period and increased

again in the aged group. Basal membrane thickness increased

steadily with age. The number, height, and width of dermal

papillae and dermal thickness increased up to day 60 after

birth although these decreased in the aged group. Mast cell

count also reached the maximum in the intrauterine group and

gradually decreased with age. Pilosebaceous units of the der-

mis were fewer in intrauterine specimens; they showed an

increase during the postpartum period and a decrease in the

aged group.

Conclusion: Skin specimens obtained from rats showed strik-

ing differences between the intrauterine and postpartum

groups. Moreover, the postpartum group showed considerable

intra-group differences.
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AGING IS an essential biological process of
living organisms and its pace differs mark-

edly among different species and even among
individuals of the same species (1). Changes in
human skin due to aging are a major concern
for both the pharmaceutical and the cosmetic
sectors worldwide. A considerable amount of
expenses and investments are required for the
pharmaceuticals and cosmetics intended to
delay or reverse aging.
Skin aging is characterized by certain anatom-

ical, physiological, and histological changes.
Aged skin is dry, crusted, and wrinkled.
Although these changes are a result of multiple
factors, the main reason is the progressive
impairment of skin barrier function. It is also
suggested that transepidermal water loss,
decreased epidermal lipid levels in lamellar
bodies, and decreased epidermal filaggrin in
aged skin play important roles in drying and
wrinkling (2, 3).

Many researchers have divided skin aging
into two categories: physiological aging and
photoaging. The former is a lifelong process
accompanied by certain physiological changes,
such as the shortening of telomeres (2, 3),
decreased antioxidant enzyme activity, and
decreased elastin gene expression. The latter,
also referred to as extrinsic aging, is basically
linked to sun exposure, although other factors
such as inappropriate nutrition and smoking
may contribute. It is noteworthy that
telomeres do not have a key role in extrinsic
aging (2).
Many functions of the skin decrease with

aging. Among these are the renewal of cells,
chemical cleansing, mechanical protection,
immune response, DNA repair, production of
sweat and sebum, and vitamin D production (3).
This study aims to evaluate the morphologi-

cal changes associated with physiological aging
in the skin of rats, starting from the intrauterine
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period, and to provide a preliminary foundation
on which further studies can build.

Materials and Method

This study was conducted on 32 healthy female
Sprague–Dawley rats obtained from Inonu
University Research Animal Resource and
Research Center (2010/46), Malatya, Turkey.
The animals were kept at 22 � 2°C (room tem-
perature) and 50 � 10% humidity with a 12-h
light/12-h dark cycle and were fed regular
rodent pellets and tap water.
This study was conducted on four different

age groups, each group consisting of eight rats,
as follows: Group 1: intrauterine (prenatal) day
19; group 2: postpartum (postnatal) day 21;
group 3: postpartum (postnatal) day 60; and
group 4: postpartum (postnatal) month 19.
Under ketamine/xylazine anesthesia, skin

samples from the back, abdomen, head, and
upper and lower limbs were obtained from
each subject. These samples were fixed with
10% formalin solution and were then subjected
to routine tissue processing. Each sample was
separately embedded in paraffin, and 5-lm-
thick sections were obtained. The sections were
stained with Mayer’s hematoxylin-eosin (H-E)
for the evaluation of epidermal thickness, Mas-
son’s trichrome for dermal thickness, periodic
acid-Schiff for basal membrane thickness, elastic
Van Gieson for the evaluation of elastic fibers,
toluidine blue for mast cell count, and Mowry’s
colloidal iron for the evaluation of glycosamino-
glycans (GAGs).
All tissue specimens were analyzed for the

keratin layer and other epidermal layers, ker-
atinocytes, basal membrane and underlying
papillary and reticular regions, collagen and
elastic fibers, and GAGs. Finally, the hypoder-
mis was evaluated and preplanned measure-
ments were conducted. The stained specimens
were examined and photographed under a
Leica DM LB2 microscope, and measurements
were taken using the Leica Q-Win Plus analyti-
cal system (Leica Micros Imaging Solutions Ltd,
Cambridge, UK).
For all measurements, five different sections

were evaluated per specimen. For the determi-
nation of epidermal and dermal thicknesses,
under 910 magnification, eight different areas
from all five sections were measured. Measure-
ments of the number, height, and width of the

dermal papillae were made from five different
areas under the 910 magnification. For the
basal membrane thickness, six different areas
from all five sections were measured under
9100 magnification. Mast cell counts were
obtained from 15 different areas under 9100
magnification and pilosebaceous unit counts
were obtained from five different areas under
920 magnification.

Statistical analysis
For the statistical analysis of all results, 13.0
SPSS for Windows software was used. All data
are presented as the mean � standard deviation
(SD). The Shapiro–Wilk normality test proved
that our quantitative variables did not exhibit a
normal distribution (P < 0.05). Comparison of
variables in each group with respect to time
variables was performed using the Wilcoxon
signed-rank test as a non-parametric test.
Results were regarded as statistically significant
at P < 0.05.

Results

The skin samples from the back, abdomen,
head, and upper and lower limbs obtained from
the intrauterine day 19 group showed a fairly
regular stratified squamous epithelium rich in
cells. The epidermis, consisting of five or six
rows of cells was distinguishable from the
underlying dermis and exhibited a thicker
structure compared with that in the other
groups.
In the specimens obtained from the day 21

group, the epidermis showed a four-layered
structure, as observed in all other groups, and
consisted of two or three rows of cells. The day
60 group did not show any regional differences
with respect to the epidermal layers, cell distri-
bution, and morphology. Specimens from the
month 19 group also showed two or three rows
of epithelial cells with euchromatic nuclei and
nucleoli that were positioned close together
(Figs 1–4). All measurement results are shown
in the Table 1 and Fig. 5.
Examination of the periodic acid-Schiff-

stained specimens showed that the day 19
(intrauterine) group had the thinnest basal mem-
brane, while the thickness gradually increased in
the day 21 and day 60 groups. However, the
thickest basal membrane was observed in the
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day 19 group; it was structurally quite regular
and consistent, as observed in the other groups
(Figs 6–9). All measurement results are shown
in the Table 2 and Fig. 10.
The dermis was examined using elastic Van

Gieson (EVG) and Masson’s trichrome stains.
The prenatal group had the thinnest dermis and
was relatively rich in cells. In this group, the
collagen in the extracellular matrix had the
smallest volume, was the thinnest, and had low-
est intensity staining. Elastic fibers could hardly
be observed in the intrauterine group, although
a small number of weakly stained elastic fibers
could be observed close to the hypodermis.
Mowry’s colloidal iron-stained specimens
obtained from this group showed the highest
level of GAGs. In the postpartum day 21 group,
besides being rich in cells, the fibrils were
longer and had a greater diameter than those in
the intrauterine group. The hypodermis was
also thicker and was easily distinguishable from
the overlying dermis. Although reticular fibers
could not be observed in this group, collagen
fibers were increased in both quantity and
thickness in the extracellular matrix; they
extended parallel to the dermis and the papil-
lary and reticular dermis could be easily distin-
guished. In this group, cells in the papillary
dermis were abundant, while in the reticular
dermis, there were a limited number of cells
and a larger number of fibrils. Owing to the
thinner collagen structure, the papillary dermis
was weakly stained in comparison to the reticu-
lar dermis. Upon approaching the hypodermis,
the collagen fibers became thicker and started to
form anastomoses. Elastic fibers were stained
dark black and mostly observed at the dermis
within the close vicinity of the hypodermis; they
could also be observed within the hypodermis
as fibers surrounding the adipocytes. In general,
in this group, elastic fibers were more promi-
nent than the intrauterine group and mostly
condensed in the middle of the dermis. GAGs
were stained light blue and mostly observed
between the collagen bundles in the papillary
dermis and also around the pilosebaceous units.
In the postpartum day 60 group, the dermis
appeared strikingly dense and was heavily
stained due to the abundance and thickness of
fibrils. Furthermore, among all the groups, the
thickest dermis was observed in this group. All
measurement results are shown in the Table 3
and Fig. 11.

Fig. 1. Day 19 (intrauterin) group:back skin epidermis. H&E; 940.

Fig. 2. Day 21 group upper limb skin epidermis. H&E; 940.

Fig. 3. Day 60 group head skin epidermis. Sb; Stratum basale
H&E; 940.

Fig. 4. Month 19 group abdomen skin epidermis. H&E; 940.
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Observation of the back, abdomen, and head
and limb specimens did not show any major dif-
ferences in the structure of the dermis; the

hypodermis was evident and was easily distin-
guishable from the overlying dermis. Papillary
dermis and reticular dermis were also clearly

TABLE 1. Epidermis layer thickness for all groups

Groups BACK (x � SD) ABDOMEN (x � SD) HEAD (x � SD) LOWER LIMB (x � SD) UPPER LIMB (x � SD)

Day 19 (intrauterine) 54.3 � 5.8 49.2 � 5.5 37.1 � 1.7 70.4 � 3.5 55.9 � 6.0

Day 21 16.9 � 0.7* 17.8 � 1.7* 15.3 � 0.7* 16.1 � 0.9* 16.4 � 1.8*

Day 60 21.5 � 1.4*,† 18.3 � 1.1* 16.7 � 0.8*,† 16.6 � 1.5* 17.2 � 1.1*,†

Month 19 28.0 � 2.3*,†,‡ 22.5 � 2.0*,†,‡ 21.5 � 1.5*,†,‡ 20.4 � 1.6*,†,‡ 22.4 � 2.2*,†,‡

*Significantly different from values of day 19 (intrauterine) (P < 0.05).
†Significantly different from values of day 21 (P < 0.05).
‡Significantly different from values of day 60 (P < 0.05).

Fig. 6. Day 19 (intrauterin) group basal membrane. PAS; 9100.

Fig. 7. Day 21 group basal membrane. PAS; 9100. Fig. 9. Month 19 group basal membrane. PAS; 9100.
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Fig. 5. Epidermis thickness.

Fig. 8. Day 60 group basal membrane. PAS; 9100.
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distinguishable. Dense collagen fibers extended
parallel to the dermis and exhibited slightly paler
staining in the papillary dermis. Cell content was
low in both, although the papillary dermis had
more cells than the reticular dermis. On the other

hand, the reticular dermis was richer in fibrils,
which were densely accumulated parallel to the
dermis. Elastic fibers were spread among the col-
lagen fibers and observed as thin, elongated, and
branching black fibers. Blue-stained acid

TABLE 2. Basal membrane thickness for all groups

Groups BACK (x � SD) ABDOMEN (x � SD) HEAD (x � SD) LOWER LIMB (x � SD) UPPER LIMB (x � SD)

Day 19 (intrauterine) 6.7 � 0.4 6.3 � 0.5 4.6 � 0.7 5.6 � 0.8 6.7 � 0.7

Day 21 9.9 � 0.9* 8.8 � 0.4* 8.4 � 0.8* 8.6 � 0.5* 8.7 � 0.9*

Day 60 13.23 � 1.2*,† 11.5 � 0.5*,† 11.9 � 0.7*,† 11.4 � 0.6*,† 11.0 � 0.5*,†

Month 19 16.9 � 0.6*,†,‡ 14.6 � 0.8*,†,‡ 14.4 � 1.6*,†,‡ 14.4 � 0.4*,†,‡ 13.3 � 0.9*,†,‡

*Significantly different from values of day 19 (intrauterine) (P < 0.05).
†Significantly different from values of day 21 (P < 0.05).
‡Significantly different from values of day 60 (P < 0.05).
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Fig. 10. Basal membrane thickness.

TABLE 3. Dermis thickness for all groups

Groups BACK (x � SD) ABDOMEN (x � SD) HEAD (x � SD) LOWER LIMB (x � SD) UPPER LIMB (x � SD)

Day 19 (intrauterine) 128.2 � 5.6 105.4 � 3.5 93.4 � 8.4 92.13 � 5.0 74.1 � 3.9

Day 21 202.9 � 7.0* 141.8 � 7.5* 124.0 � 10.7* 132.2 � 7.0* 139.9 � 8.4*

Day 60 997.1 � 127.9*,† 522.3 � 61.0*,† 537.9 � 57.3*,† 397.8 � 40.2*,† 387.7 � 52.0*,†

Month 19 879.3 � 111.5*,†,‡ 312.2 � 27.8*,†,‡ 338.9 � 49.5*,†,‡ 241.6 � 49.7*,†,‡ 229.8 � 20.4*,†,‡

*Significantly different from values of day 19 (intrauterine) (P < 0.05).
†Significantly different from values of day 21 (P < 0.05).
‡Significantly different from values of day 60 (P < 0.05).
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Fig. 11. Dermis thickness.
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mucopolysaccharides were generally present
around the pilosebaceous units, although they
were also scattered within the dermis. In the
aged group, the hypodermis was quite evident,
while the dermis was more darkly stained and
thinner than in the adult group although it pre-
sented the same structure in both groups. The
papillary dermis and reticular dermis were
clearly distinguished in this group. The papillary
dermis contained more cells and collagen fibers;
although the collagen was densely packed, these
fibers were slightly thinner and less intensely
stained than the reticular dermis. Collagen and
elastic fibers were abundant in the reticular der-
mis and formed the thickest part of the dermis. In
the postpartum month 19 group, the elastic fibers
in the dermis were observed to be irregularly dis-
tributed. GAGs in this group, as observed in
other postnatal groups, were spread around the
pilosebaceous units and in-between the collagen
bundles within the papillary dermis (Figs 12–15).
In the prenatal group, the dermal papillae,

which are projections of the dermis toward the
epidermis, were very few in number and also
quite small in thickness and height. In the post-
partum day 21 group, the number and dimen-
sions of dermal papillae were greater than those
in the prenatal group. The number and dimen-
sions of the dermal papillae were the greatest in
the postpartum day 60 group. In the aged group,
both the number and the dimensions of the der-
mal papillae decreased compared with those in
the postpartum day 21 and adult groups
(Figs 16–19). All measurement results are shown
in the Tables 4–6 and Figs 20–22.
Mast cell counts are shown in the Table 7

and Fig. 23, and pilosebaceous units counts are
shown in the Table 8 and Fig. 24.

Fig. 13. Day 21 group dermis layer. EVG; 920.

Fig. 14. Day 60 group dermis� layer. EVG; 920.

Fig. 12. Day 19 (intrauterin) group dermis layer. EVG; 920.

Fig. 15. Month 19 group dermis layer. EVG; 920.
Fig. 16. Day 19 (intrauterin) group dermis layer. Masson’s Tri-
chome; 920.
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Discussion

This study evaluated the histological structure
and changes that occur in rat skin with aging.

To our knowledge, no previous morphological
studies evaluated the skin changes from the
beginning of the intrauterine period by con-
sidering parameters such as the thicknesses of
the epidermis and dermis, the number of
pilosebaceous units and mast cells, and the
structures of collagen, elastic fibers, and
GAGs.
Opinions differ regarding how the epidermal

thickness changes with age. Some researchers
have proposed that it does not change with age
(4), while others have proposed that it gets thin-
ner (5, 6) or thicker (7, 8). According to the
researchers who suggested that the epidermis
gets thinner with age, such thinning occurs due
to increased apoptosis toward the granular
layer, cytological atypia, and increased kera-
tinization (5, 6). On the other hand, those who
suggested that the epidermis gets thicker with
age explained that this occurs due to the irregu-
larity of the size and form of keratinocytes in
the basement and spinous layers (9) as well as
an increased surface area and decreased
desquamation (8), both of which were found to
be more prominent in skin areas exposed to
ultraviolet radiation (7, 8).
In this study, the specimens from the

intrauterine group showed the thickest epider-
mis, while the specimens from the early post-
partum group had the thinnest epidermis.
This suggests that augmented growth of the
epidermis occurs during the intrauterine per-
iod, followed by a sudden decrease postpar-
tum. On the other hand, comparison of the
postpartum specimens indicated that an
increase in epidermal thickness occurs toward
old age.
It has already been shown that the basement

membrane plays an important role in support-
ing the epidermis. Both the functional and mor-
phological integrity of the basement membrane
are essential for the healthy growth of the epi-
dermis. Basement membrane integrity affects

Fig. 17. Day 21 group dermis layer. Masson’s Trichome; 920.

Fig. 18. Day 60 group dermis� layer. Masson’s Trichome; 920.

Fig. 19. Month 19 group dermis layer. Masson’s Trichome; 910.

TABLE 4. Dermal papillae’s height

Groups BACK (x � SD) ABDOMEN (x � SD) HEAD (x � SD) LOWER LIMB (x � SD) UPPER LIMB (x � SD)

Day 19 (intrauterine) 10.27 � 1.2 9.9 � 1.4 8.7 � 1.5 9.6 � 1.7 7.3 � 1.2

Day 21 32.0 � 5.6* 20.1 � 5.7* 29.7 � 2.6* 23.9 � 3.3* 26.8 � 8.1*

Day 60 61.0 � 13.0*,† 51.0 � 8.3*,† 46.0 � 5.1*,† 43.5 � 5.6*,† 46.7 � 10.4*,†

Month 19 33.3 � 6.7*,‡ 22.0 � 5.7*,‡ 30.4 � 5.0*,‡ 30.3 � 5.9*,†,‡ 32.3 � 8.1*,‡

*Significantly different from values of day 19 (intrauterine) (P < 0.05).
†Significantly different from values of day 21 (P < 0.05).
‡Significantly different from values of day 60 (P < 0.05).
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the features and polarization of the cell type as
well as cell migration, growth, and morphogen-
esis during healing (10).
Sauerman et al. (11) observed that the

basement membrane in humans becomes thin-
ner with age. They linked this to its irregularity
and flattening of the dermo-epidermal junction.
Another study conducted in mice showed that
basement membrane thickness increases with
age, which was probably due to the increase of
collagen in the basement membrane and
decrease in total tissue turnover (12).
Our study showed an increase in basement

membrane thickness with age, which was statis-
tically significant among the postpartum
groups, which we consider to be reasonable
given the thickening of the epidermis in these
groups.

The indentations within the dermo-epidermal
junction promote the nutritional status of the
skin (10) and protect it from mechanical effects
(7). It is generally accepted that a decrease in
the number of dermal papillae and flattening of
the dermo-epidermal indentations are specific
findings of intrinsic aging (7, 13). This is
explained by the retraction of epidermal papil-
lae as a result of microindentations of basal
cells into the dermis. A decrease in surface area,
decreased capillaries in the papillae, and
increased skin fragility impair the nutritional
status of the skin (5, 11, 14).
Our findings regarding the number, width,

and height of the dermal papillae in the post-
partum period are consistent with the literature.
As has been previously observed in other stud-
ies, all our subjects showed decreases in the

TABLE 5. Dermal papillae’s width

Groups BACK (x � SD) ABDOMEN (x � SD) HEAD (x � SD) LOWER LIMB (x � SD) UPPER LIMB (x � SD)

Day 19 (intrauterine) 12.1 � 3.5 11.9 � 1.6 11.8 � 1.6 15.2 � 3.7 10.0 � 1.5

Day 21 41.97 � 3.8* 28.5 � 6.2* 30.8 � 4.8* 25.4 � 2.6* 28.4 � 8.3*

Day 60 88.4 � 14.5*,† 54.1 � 7.8*,† 53.9 � 5.8*,† 46.4 � 4.1*,† 58.0 � 9.6*,†

Month 19 43.42 � 7.5*,‡ 30.7 � 6.1*,‡ 41.6 � 7.5*,†,‡ 35.8 � 6.3*,†,‡ 34.5 � 5.9*,‡

*Significantly different from values of day 19 (intrauterine) (P < 0.05).
†Significantly different from values of day 21 (P < 0.05).
‡Significantly different from values of day 60 (P < 0.05).

TABLE 6. Number of dermal papillaes

Groups BACK (x � SD) ABDOMEN (x � SD) HEAD (x � SD) LOWER LIMB (x � SD) UPPER LIMB (x � SD)

Day 19 (intrauterine) 1.7 � 0.5 1.4 � 0.2* 0.9 � 0.2 1.7 � 0.5 1.4 � 0.3

Day 21 5.8 � 0.9* 5.0 � 1.7* 9.1 � 2.6* 6.4 � 1.7* 4.1 � 1.3*

Day 60 6.3 � 2.2* 8.1 � 0.8*,† 7.6 � 1.4* 7.2 � 0.8* 6.3 � 2.2*

Month 19 5.0 � 0.9* 4.0 � 1.3*,‡ 4.8 � 1.1*,†,‡ 4.4 � 1.1*,†,‡ 5.0 � 07*

*Significantly different from values of day 19 (intrauterine) (P < 0.05).
†Significantly different from values of day 21 (P < 0.05).
‡Significantly different from values of day 60 (P < 0.05).
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Fig. 20. Dermal papillae’s height.
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width and height of the dermal papillae with
aging, which could be part of the natural pro-
cess of intrinsic aging.
The connective tissue of the dermis is known

to be composed of collagen, elastic fibers, and
an amorphous substance, all of which are pro-
duced by fibroblasts. According to some stud-
ies, aging is associated with an approximately
20% increase in dermal thickness. However,
while the young dermis is rich in vessels and
contains fewer cells, the aged dermis is rela-
tively poor in vessels but contains numerous
cells (2). It is suggested that the main reason for
the increase in skin thickness is elastosis, that
is, the accumulation of substances containing

abnormal elastin, which occurs as a result of
photoaging (15). On the other hand, many
researchers have found that the thickness of the
dermis decreases with age (16, 17). According
to them, while the young dermis has a well-
organized tight matrix, in aged skin, the loss of
matrix proteins occurs, which results in a disor-
ganized and loose matrix. Although skin aging
is a complex process, the decreased synthesis of
collagen, decreased collagen content, and
diminished fibroblast function can explain the
dermal atrophy and delayed wound healing in
aged skin (13).
The results of our study showed a gradual

increase in skin thickness toward adulthood in

0

10

20

30

40

50

60

70

µm

Day 19 (Intrauterine)

Day 21

Day 60

Month 19

Fig. 21. Dermal papillae’s width.
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TABLE 7. Mast cell counts

Groups BACK (x � SD) ABDOMEN (x � SD) HEAD (x � SD) LOWER LIMB (x � SD) UPPER LIMB (x � SD)

Day 19 (intrauterine) 41.3 � 1.8 33.8 � 2.2 42.5 � 6.0 57.5 � 2.7 79.8 � 9.3

Day 21 33.87 � 1.8* 45.5 � 7.2* 28.3 � 3.3* 34.3 � 2.1* 41.2 � 4.5*

Day 60 23.6 � 3.6*,† 23.2 � 3.1*,† 24.8 � 2.3*,† 27.2 � 2.1*,† 27.0 � 1.1*,†

Month 19 19.5 � 1.8*,†,‡ 20.3 � 2.4*,†,‡ 15.6 � 1.4*,†,‡ 20.6 � 2.1*,†,‡ 21.5 � 1.8*,†,‡

*Significantly different from values of day 19 (intrauterine) (P < 0.05).
†Significantly different from values of day 21 (P < 0.05).
‡Significantly different from values of day 60 (P < 0.05).
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all tissue specimens. In addition, a statistically
significant decrease in thickness was observed
with increased aging.
In the embryo, the tissue under the epider-

mis is organized as a fiberless cell network
(17, 18), although within a couple of months
into the postpartum period, the collagen
fibers increase in size and density, and the

dermis becomes a fibrous tissue containing
dense bundles of fibrils (17). According to
some researchers, in aging skin, the amount
and thickness of collagen increase (14, 19)
and the skin shows a more compact structure
due to the diminished space between the col-
lagen fibers (5). However, some researchers
showed that aged fibroblasts display a
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Fig. 23. Number of mast cells.

TABLE 8. Pilosebaseus unit counts

Gruplar BACK (x � SD) ABDOMEN (x � SD) HEAD (x � SD) LOWER LIMB (x � SD) UPPER LIMB (x � SD)

Day 19 (intrauterine) 0.0 � 0.0 0.0 � 0.0 0.0 � 0.0 0.0 � 0.0 0.0 � 0.0

Day 21 17.8 � 2.0* 22.1 � 4.2* 19.8 � 2.9* 31.0 � 2.3* 25.8 � 6.8*

Day 60 19.6 � 4.0* 25.1 � 3.0* 23.5 � 3.0*,† 32.7 � 2.1* 30.0 � 3.4*

Month 19 13.8 � 1.5*,†,‡ 16.3 � 1.9*,†,‡ 15.6 � 1.4*,†,‡ 19.5 � 2.7*,†,‡ 19.6 � 2.6*,‡

*Significantly different from values of day 19 (intrauterine) (P < 0.05).
†Significantly different from values of day 21 (P < 0.05).
‡Significantly different from values of day 60 (P < 0.05).
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delayed response to mitotic stimuli, so the
collagen content of the skin decreases with
aging (20).
The results of our study showed that from the

intrauterine period toward adulthood, the num-
ber and thickness of collagen fibers increases; in
contrast, both parameters decrease from adult-
hood toward month 19. A delayed response of
aged fibroblasts to mitotic stimuli might be a good
explanation for these decreases in aging skin.
Studies have shown that the development of

elastic fibers continues after birth, they mature
in young adults, and they become abundant in
adults. In other words, the connective tissue of
the dermis is mainly formed during the post-
natal period (17). Studies have shown that with
aging, the number and diameter of elastic
fibers decrease in the papillary dermis, while
the opposite happens in the reticular dermis,
although the latter is accompanied by the dis-
integration of thickened elastic fibers (21). A
comparison of young and adult skin with that
of premature infants showed considerable dif-
ference in elastic fibers (19); as the space
between the elastic fibers is filled with connec-
tive tissue, it displays a more compact appear-
ance (5). In accordance with these previous
studies, our study also showed that with
aging, elastic fibers display a looser and thin-
ner structure.
In addition to collagen and elastic fibrils, the

amorphous substance is another component of
the dermis. GAGs, which determine the structure
of the amorphous substance, also show changes
with aging. Specifically, it has been shown that
GAGs decrease after birth and during infancy,
this decrease then stops until middle age, but
once more starts decreasing toward old age (14,
19, 22). In our study, the results for the skin spec-
imens stained with Mowry’s colloidal iron that
were obtained from the back, abdomen, head,
arm, and leg were in accordance with the find-
ings of the aforementioned studies.
The dermis has its own arterial supply and

venous drainage (2, 10). Studies have shown
that the intensity of dermal vessels also
changes with age: young dermis is poor in cells
and rich in vessels, while aged skin has rela-
tively few cells and vessels (2). We observed
very few vessels in the close vicinity of the
hypodermis in samples from various skin areas
obtained from the intrauterine group. In the
postpartum period, the number of vessels

increased and they were most abundant and
thick in the day 60 group. However, vessel
density and caliber decreased in the month 19
group. These results are in agreement with
those of previous studies.
Another important element of the dermis is

the mast cells. These cells respond to chemical,
physical, and mechanical stimuli by secreting
biologically active products and participate in
inflammatory conditions (10). Few studies have
dealt with changes in the physical, functional,
and quantitative properties of mast cells with
aging. Previous studies have shown both an
increase (23) and a decrease (24) in the number
of mast cells with aging. The day 19 group in
our study showed the highest number of mast
cells, although their number gradually
decreased in the postpartum groups.
Pilosebaceous units are located in the dermis

and consist of errector pili muscle, hair follicles,
and the sebaceous gland complex (10).
Although few studies have focused on piloseba-
ceous units, some studies have suggested that
age-related changes also occur in these units.
According to some studies, secretion from the
sebaceous glands is high in newborns, although
it diminishes within a couple of weeks and
remains low during childhood. The level of
secretion again increases during puberty.
Finally, without any quantitative increase, the
glands display hyperplasia toward menopause
and in the elderly although sebum secretion
does not increase. Therefore, secretion does not
parallel the size of these glands in the elderly
(25). However, the results of another study did
not prove any age-related changes in piloseba-
ceous units (14).
In our study, pilosebaceous units were virtu-

ally absent from the specimens obtained from
the intrauterine month 19 group. However,
there were copious amounts of developing hair
follicles. In the postpartum day 21 group, we
observed numerous pilosebaceous units in the
dermis and even more in the reticular dermis.
The quantity of pilosebaceous units peaked in
the day 60 group, while there was a consider-
able decrease in the elderly group. These find-
ings are in agreement with the literature.
It is noteworthy that during the intrauterine

period, although the epidermis is significantly
thick, the basal lamina is relatively thin, the
dermal papillae are flat and relatively few, the
pilosebaceous units are virtually absent, and the
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dermis is at its thinnest. While no studies have
specifically focused on this, it was observed in
rat skin that keratinization starts within the last
2 days of the intrauterine period, enabling the
supply of nutrition to the skin through diffu-
sion until birth (18). Besides this, the fetal skin
is well protected against any mechanical trauma
from the external environment, which explains
why the basal lamina, dermal papillae, and
dermis do not fully develop until the postnatal
period.
When we compared the postpartum speci-

mens, we observed that the epidermis thickness
increased gradually and peaked in the oldest
(month 19) group, which also had the thickest
basal lamina. On the other hand, the largest
and most abundant papillae, as well as the
thickest dermis, were observed in the adult
group. This suggests that in comparison to the
dermis, epidermal nutrition is to a greater
extent provided through the basal membrane.
Our observations suggest that the increased

thickness of the epidermis with aging might be
due to decreased renewal, structural impair-
ment of keratinocytes, and increased surface
area.
In conclusion, the results of this study

showed that the thicknesses of the epidermis,
dermis, and basal lamina of rats change with
aging. In addition, aging rats exhibit flattening
at the dermo-epidermal junction and changes in
the composition of collagen, elastic fibers, and
GAGs, finally resulting in quantitative changes
in pilosebaceous units, vessels, and mast cells.
We believe that these findings in rats might be
helpful for understanding the skin changes dur-
ing aging and may provide a foundation for
further studies on skin aging.
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