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Abstract

Vidinsk˘ B. ,  P.  Gal ,  T.  Toporcer ,  F.  Longauer ,  L.  Lenhardt ,  N.  Bobrov,  J .  Sabo:
Histological Study of the First Seven Days of Skin Wound Healing in Rats. Acta Vet. Brno 2006,
75: 197-202.

The aim of this study was to elaborate a histological model of incisional skin wound healing in
Sprague-Dawley rats. Under aseptic conditions two paravertebral full thickness skin incisions were
performed on the back of 42 anesthetized male rats. Histological sections from tissue specimens
were stained by hematoxylin and eosin, van Gieson, PAS + PSD, Mallory’s phosphotungstic
hematoxylin and azur and eosin and evaluated during the first seven days after surgery. Histological
evaluation revealed that the regeneration of injured epidermis was completed five days after
surgery. The inflammatory phase was recorded during the first three days of healing with the
culmination of this phase between day one and day two. The beginning of the proliferative phase
was dated to the first day and the peak during day five and day six. The initiation of the maturation
and remodeling phase of the healing process was observed six days after wounding. At the layer of
striated muscle, the centronucleated cells were described for the first time six days after surgery.
The wound healing process of rat skin was histologically described during the first seven days.
Results of this work can serve as an experimental model for further research using external
pharmacological and physical factors (laser light, magnetic field) by which the wound healing can
be favourably influenced.

Sprague-Dawley rats, inflammatory phase, proliferative phase, maturation in remodeling phase,
histology

Wound healing is one of the most complex biological events after birth (Gil l i tzer et al.
2001). It is a complex process of the replacement of dead tissue by a vital tissue (Rubin et
al. 1994). The response of the body to local injury begins very early in the process of
inflammation, and results in repair and regeneration. Regeneration is a replacement of
injured tissue by parenchymal cells of the same type, sometimes leaving no residual trace of
the previous injury (Kumar et al. 2003). Repair is a replacement by connective tissue,
which in its permanent state constitutes a scar (Menetrey et al. 2000). Tissues of mammals
consist of a mixture of cells that includes three types: permanently dividing - labile cells (e.
g. epithelial cells), cells that occasionally go back to the cell cycle - stabile cells (e. g.
fibroblasts, satellite cells) and non-dividing cells (e. g. striated muscle cells) (Kumar et al.
2003). The rat skin structure is, in many aspects, similar to human skin. The specific
structural characteristics may vary depending on the body region (Marcelo et al. 2003).
The skin of the dorsum of a normal rat is formed by epidermis, dermis and subcutaneous
striated muscle. The epithelial appendages are mostly hair follicles and sebaceous glands.
However, no sweat glands were observed in rats (Marcelo et al. 2003). Hair follicles can
play a role in the process of epithelization. If some hair follicles are placed in the incisional
space, they can serve as other centers of epithelization. Therefore we could study the
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healing of three different tissue types (due to ability of proliferation) - epidermis, dermis
and striated muscle.

Only the epidermis has the capability to regenerate. A wound healing of injured dermis
runs in three basic phases: inflammation, proliferation and maturation (Barbul and
Regan 1993). The phases are not strictly separated from each other, their processes freely
blend together. The healing process of injured striated muscle includes three phases: the
destruction phase, the repair phase and the remodeling phase (Menet rey et al. 2000).
During the repair and remodeling phase of muscle healing, there are two concurrent
processes that are at the same time supportive but also competitive with each other
(Järv inen et al. 2005). The first process is the differentiation of new myofibers from
satellite cells. The second one is the formation of the granulation and scar tissue, which
serve as a scaffold for regenerating myofibers. This is very similar to the healing of injured
dermis.

The most preferable models in evaluating the effects of various factors improving the
process of wound healing during the years 2000-2003 are the incisional (38.2%), excisional
(38.2%) and burns (18.8%) (Dorset t -Mart in  2004). So the aim of this work was to
elaborate a histological study of wound healing in rat skin as a basis for further research.
Wound healing needs to be understood so that the patient’s care may be optimized.

Materials and Methods

This experiment was approved by the Ethical Committee of the Faculty of Medicine of P.J. ·afárik University
in Ko‰ice and by the State Veterinary Administration of the Slovak Republic. Male, 5-7-month-old Sprague-
Dawley rats weighing about 450 - 550 g were used in this study. After a one-week acclimatization period 42 rats
were randomly divided into seven groups of six animals each. The animals were fed a standard laboratory diet and
had access to drinking water ad libitum. 

A combination of ketamine (40 mg·kg-1, Calypsol, Chemical Works of Richter Gedeon Ltd., Hungary), xylazine
(15 mg.kg-1, Rometar a.u.v., Spofa a.s., Czech Republic) and tramadol (5 mg·kg-1, Tramadol-K, Krka d. d., Novo
mesto, Slovenia) was intramuscularly injected to anesthetize the animals. Atropin was used as premedication (0.05
mg·kg-1 s.c., Atropin, Hoechst-Biotika s.r.o., Slovakia).

Two 3.5 cm long parallel full thickness skin incisions were performed under aseptic conditions on the left and
right side of the experimental rat spine and immediately sutured by 4 simple sutures (Chiraflon 3/0, Chirmax a.s.,
Czech Republic). The wounds were 4 cm distant from each other.

Rats were sacrificed by ether inhalation. The skin wounds were removed from the body after 24 h (group 1), 
48 h (group 2), 72 h (group 3), 96 h (group 4), 120 h (group 5), 144 h (group 6) and 168 h (group 7). The tissue
specimens were processed routinely for light microscopy (fixating, dehydrating, embedding, cutting, staining with
hematoxylin-eosin - HE, van Gieson - VG, PAS + PSD, Mallory’s phosphotungstic hematoxylin - WF and azur
and eosin - AZ).

Six animals (i.e. 12 wounds) were evaluated in each group. We were interested in the following morphological
changes - epithelization, keratinization of epidermis, presence of inflammatory cells (PMNL, tissue macrophages),
creation of fibrin network, migration and proliferation of fibroblasts, creation of new extracellular matrix - ECM
(especially new collagen fibers), neoangiogenesis and repair of damaged striated muscle (presence of
centronucleated cells). Semi-quantitative method was used for evaluation of histological sections. The microscopic
structures and changes (epithelization, PMNL, tissue macrophages, fibroblasts, neoangiogenesis, new collagen
fibers and centronucleated cells) were evaluated. The following scale was used: in epidermis (0 - thickness of cut
edges, 1 - migration of epithelial cells, 2 - bridging of the incision, 3 - complete regeneration), in dermis and striated
muscle layer (0 - absent, 1 - mild, 2 - moderate, 3 - marked). The sections were coded and blinded to the observer
performing the evaluation. Average values with standard deviations were calculated for each semi- quantitatively
evaluated histological structure and changes, respectively (Table 1).

Results

During the post-surgery period, the animals remained healthy, without clinical evidence
of infection. The microscopic observation also confirmed the aseptic conditions during the
wounding in all groups.

In group 1 the intense inflammatory reaction was dominant. On the surface, necrosis of
skin tissue was situated as a consequence of mechanical damage. The beginning of the
formation of the demarcation line (Plate V, Fig. 1-a) was observed under the tissue necrosis.
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Thus the cellular reaction of inflammatory phase was initiated. The demarcation line
consisted of polymorphonuclear leukocytes (PMNL) (1.8 ± 0.7). Macrophages
concomitantly invaded the wound area (1.2 ± 0.4). The epidermis was thickened at its cut
edges (Plate V, Fig. 1-b) as a result of mitotic activity of basal cells. The fibrin network filled
out the incisional space, which was confirmed by WF staining. This network contained
blood cells and created a scaffold for migrating fibroblasts (0.7 ± 0.7). The striated muscle
showed necrotic myofibers in the deepest part of the wound.

In group 2 it was possible to observe that necrotic debris on the surface was almost
removed and the scab was forming (Plate V, Fig. 2-b). Mainly from the thickened edges of
epidermis, keratinocytes migrated beneath the scab (Plate V, Fig. 2-a), but never bridged the
whole incision (0.8 ± 0.5). We also recorded the reepithelization from hair follicles. The
inflammatory infiltrate persisted but the proportion of inflammatory cells was changed.
PMNL (2.2 ± 0.7) were replaced by tissue macrophages (1.7 ± 0.5). Fibroblasts were
randomly distributed near the incisional space (1.8 ± 0.5). Azur and eosin and van Gieson
stainings revealed red blood cells in the loops of new synthesized capillaries (1.2 ± 0.7). PAS
staining confirmed the synthesis of new extracellular matrix (ECM) mainly at the layer of
striated muscle. However, the specific staining for collagen fibers (VG) was not positive.
The main role in the process of degradation of necrotic myofibers had macrophages. They
were almost always present in wounds during the first week of the healing process.

The histological analysis in group 3 demonstrated the retirement of inflammatory process. The
inflammatory phase was almost completed, PMNL were only randomly dispersed near the
incisional space (1.3 ± 0.7) and the number of macrophages were maintained on the same level
as in group 2 (1.9 ± 0.7). The reepithelization rapidly continued. The incisions were completely
bridged with 3 layers of newly synthesized epithelial cells (1.8 ± 0.4). Additionally, the
differentiation process of keratinocytes was confirmed by the appearance of keratin layer (the
cells without nucleus) above the epithelial layers with nuclear cells. The formation of granulation
tissue was mainly situated on the bottom of the wounds where moderate number of fibroblasts
(2.0 ± 0.4) and increasing number of new capillaries (1.7 ± 0.5) were present (Plate V, Fig. 3-a).
The incisional space at the layer of dermis and striated muscle contained an extracellular matrix
without a significant quantity of collagen, which was verified by VG staining. The new collagen
fibers in granulation tissue were placed only in focal areas (0.6 ± 0.5).

The healing period four days after surgery was characterized by almost total regression of
the inflammatory process. This reduction was confirmed by the number of PMNL, the major
marker of acute inflammation. If those cells were present, they were found only sparsely
distributed (0.4 ± 0.7). Reepithelization showed a higher number of newly formed epithelial
layers and also the differentiation of nuclear keratinocytes to keratinized cells was
continued. At the layer of dermis fibroblasts were predominantly vertically oriented,
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Table 1. Semi-quantitative evaluation of histological changes/structures during skin wound healing in rats 
(values are presented as mean ± standard deviation)

Group Epithelization PMNL Tissue Fibroblasts Neo- New Centro-
macrophages angiogenesis collagen nucleated 

cells
1 0.0 ± 0.0 1.8 ± 0.7 1.2 ± 0.4 0.7 ± 0.7 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
2 0.8 ± 0.5 2.2 ± 0.7 1.7 ± 0.5 1.8 ± 0.5 1.2 ± 0.7 0.0 ± 0.0 0.0 ± 0.0
3 1.8 ± 0.4 1.3 ± 0.7 1.9 ± 0.7 2.0 ± 0.4 1.7 ± 0.5 0.6 ± 0.5 0.0 ± 0.0
4 2.2 ± 0.4 0.4 ± 0.7 1.4 ± 0.1 2.3 ± 0.5 2.0 ± 0.7 1.6 ± 0.5 0.0 ± 0.0
5 2.6 ± 0.5 0.2 ± 0.4 1.3 ± 0.7 2.8 ± 0.5 2.6 ± 0.5 2.2 ± 0.4 0.2 ± 0.4
6 2.8 ± 0.4 0.1 ± 0.3 1.3 ± 0.6 2.9 ± 0.3 2.9 ± 0.3 2.8 ± 0.5 0.6 ± 0.5
7 3.0 ± 0.0 0.0 ± 0.0 1.1 ± 0.3 3.0 ± 0.0 2.4 ± 0.5 3.0 ± 0.0 1.2 ± 0.4



however, in granulation tissue, between the edges of striated muscle; they did not exhibit
any organization pattern (2.3 ± 0.5) (Plate V, Fig. 4-a). The angiogenesis revealed a
considerable number of new vessels (2.0 ± 0.7). An increase in the amount of ECM was
found in PAS-stained slides. VG showed that in this period collagen fibers were in
disorganized arrangement placed as small randomly distributed fibrils (1.6 ± 0.5). At the
layer of striated muscle, the formation of granulation tissue continued simultaneously with
the processes at the layer of dermis. Still the degenerating myofibers were observed. We did
not find any centronucleated cells, which were considered as regenerating myofibers.

Histological sections from the five days of healing wounds showed a completely finished
reepithelization process. The thickness of epidermis was similar to intact epidermis (2.6 ±
0.5). This time period showed a typical histological picture of the proliferative phase with
expressive representation of fibroblasts and new vessels. They were mostly situated at the
layer of striated muscle in granulation tissue. The granulation tissue also consisted of ECM,
which was visualized by PAS staining as a PAS positive substance (Plate V, Fig. 5-a). The
marked presence of new collagen fibers was verified by VG staining. They were
disorganized and filled out the space between cells in granulation tissue. As compared to
earlier periods of healing, they presented the major component of ECM. A marked number
of new created vessels were seen on AZ and VG-stained slides (2.6 ± 0.5). No changes in
organization pattern of fibroblasts were recorded. Important but not significant histological
changes were observed in striated muscle layer. The centronucleated cells appeared in the
bordering areas of muscle stumps (0.2 ± 0.4). 

The microscopic observation from histological sections in groups 6 and 7 revealed similar
histopathological findings regarding the reepithelization process and amount of granulation
tissue. For these time periods remodeling and reorganization of ECM and fibroblasts was
characterized. In group 6 still vertically oriented fibroblasts were described (2.9 ± 0.3).
However, in group 7 for the first time fibroblasts significantly changed their orientation, they
were mostly parallel to the basement membrane (3.0 ± 0.0). In comparison to previous
groups (group 6 - 2.8 ± 0.5, group 7 - 3.0 ± 0.0) the red coloration of collagen fibers in VG
staining was more intense. It also revealed more bundles of collagen fibers and not only
fibers sparsely distributed. In group 7 collagen fibers exhibited more evident organization
pattern (Plate V, Fig. 7-a). We recorded mild regress in the number of new capillaries (group
6 - 2.9 ± 0.3, group 7 - 2.4 ± 0.5). This decrease could be a result of gradually continuing
remodeling phase. Centronucleated cells were situated in areas near the muscle stumps
(group 6 - 0.6 ± 0.5) and their number increased only slightly (group 7 - 1.2 ± 0.4).

In summary, after seven days of healing, all animals exhibited completely finished
reepithelization, disappearance of acute inflammatory signs, and reorganization of
granulation tissue devoid of cutaneous attachments as well as the presence of regenerating
myofibers.

Discussion

The wound healing process of rat skin was histomorphologically and chronologically
described during the first seven days. Other studies evaluated histologically only certain
time intervals, i.e. the seventh day by Menetrey et al. (2000), the fourth and seventh day
by Rasik et al. (1996), the second, fourth, seventh and fourteenth day by Whelan et al.
(2003) and the first, third, fifth, seventh and tenth day by Connolly et al. (1997) and they
observed an influence of various factors on the wound healing. Our study correlates with
other studies researching histomorphologically the wound healing process (per primam
intentionem) of the rat skin (Amadeu er al. 2003; Marcelo et al. 2003; Medrado et al.
2003; Menetrey et al. 2000; Rasik et al. 1996). The most significant morphological
changes occur during the first seven days of wound healing (Burki t t  et al. 1990) and this
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contributes to the importance of our study. During this period there is the best possibility to
influence this process by pharmacological factors - oleo-resin from Copaifera langsdorffi
(Paiva et al. 2002), allopurinol (Prada et al. 2002) or sildenafil citrate (Tao et al. 2003)
and physical factors - magnetic fields (Milgram et al. 2004) or low level laser therapy
(Stadler  et al. 2001; Gál  et al. 2005ab).

The healing process of the three different tissue types (due to ability of proliferation) was
studied. The complete regeneration of the rat epidermis was finished on the fifth day after
the surgery, which is comparable to humans (Kumar et al. 2003). The acute inflammatory
phase in rats was described in our study during the first three days of healing. In comparison
with humans the process of rat inflammation is faster (Gil l i tzer et al. 2001; Kumar et al.
2003). The peak of the proliferative phase in rats in our study was observed between the fifth
and sixth day. In comparison with humans, this process is faster but comparable (Barbul
and Regan 1993; Kumar et al. 2003). In our study the maturation and remodeling phase
in rats started on the sixth day. In humans, this phase starts on the seventh day of wound
healing (Barbul  et al. 1993; Kumar et al. 2003; Rubin et al. 1994). The centronucleated
muscle cells were considered as regenerating myofibers. The significant number of these
cells was present on day seven of healing. The number of myofibers correlates with results
of a study researching influence of the growth factors on gastrocnemius muscle healing in
rats (Menetrey et al. 2000) and also it is in accordance with the human muscle healing
(Kumar et al. 2003). However, the centronucleated cells were not described during the rat
skin wound healing.

In conclusion, the healing of the epidermis, dermis and striated muscle in rats is faster, however,
comparable to the healing of human skin and striated muscle. At the present time there is no
research paper about rat skin wound healing that assesses all layers of rat skin. Therefore, results
of this work can serve as an experimental model for further research using external factors by
which the wound healing can be favourably influenced.

Histologická ‰túdia prv˘ch siedmich dní hojenia koÏn˘ch rán u potkanov

Cieºom na‰ej práce bolo vypracovaÈ incizionálny koÏn˘ model hojenia rán u potkanov
Sprague-Dawley. Za aseptick˘ch podmienok boli na chrbte 42 anestetizovan˘ch potkanov
vykonané dve paravertebrálne koÏné incízie. Histologické rezy zo vzoriek koÏe boli farbené
nasledovn˘mi farbeniami: hematoxylín eozín, van Gieson, PAS + PSD, Malloryho
fosfowolfrámov˘ hematoxylín a azúr a eozín. Vyhodnocované boli poãas prv˘ch siedmich
dní hojenia. Histologické vy‰etrenie ukázalo, Ïe regenerácia epidermis bola ukonãená päÈ
dní po operácii. Zápalová fáza bola zaznamenaná poãas prv˘ch troch dní hojenia
s kulmináciou medzi prv˘m a druh˘m dÀom. Zaãiatok proliferaãnej fázy bol datovan˘ do
obdobia prvého dÀa s vrcholom medzi piatym a ‰iestym dÀom. Zaãiatok maturaãnej
a remodelaãnej fázy hojenia bol pozorovan˘ na ‰iesty deÀ po operácii. Proces hojenia koÏnej
rany u potkana bol histologicky popísan˘ poãas prv˘ch siedmych dní hojenia. V˘sledky
tejto práce môÏu slúÏiÈ ako experimentálny model pre ìal‰í v˘skum zaoberajúci sa vplyvom
vonkaj‰ích farmakologick˘ch a fyzikálnych faktorov (laserové svetlo, magnetické polia),
ktoré by mohli pozitívne ovplyvniÈ proces hojenia.
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Plate V
Vidinsk˘ B. et al.: Histological Study  ... pp. 197-202

Fig. 1. Skin wound after 24 hours of healing
(hematoxylin-eosin staining, × 200). The line of
demarcation (a). Thickened edges of epidermis (b).

Fig. 3. Skin wound after 72 hours of healing (azur
and eosin staining, × 400). New capillaries (a).

Fig. 5. Skin wound after 120 hours of healing (PAS
staining, × 100). Great amount of new ECM (a).

Fig. 2. Skin wound after 48 hours of healing
(hematoxylin-eosin staining, × 100). Migration of
epithelial cells (a). Scab forming (b).

Fig. 4. Skin wound after 96 hours of healing
(hematoxylin-eosin, × 400). Fibroblasts longitu-
dinally to the incision (a).

Fig. 6. Skin wound after 144 hours of healing (van
Gieson, × 200). Collagen fibers bridged the
incision (a). 

Fig. 7. Skin wound after 168 hours of healing (van
Gieson, × 200). Increase of granulation tissue
capillaries (a).


