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The role of prolactin in the healing process:  
A preliminary morphological study 

G Musumeci1*, FM Trovato2, R Avola1, R Imbesi1, PC Ventimiglia3, P Castrogiovanni1

Abstract
Introduction
The authors hypothesized a possi-
ble use of prolactin as a therapeutic 
treatment of skin lesions. We investi-
gated the relationship between topic 
prolactin-treatment of skin lesions 
and wound healing process in rats. 
Materials and methods
Skin lesions were produced in both 
control and experimental rats. PRL-
treatment (100 µl of PRL 2 ng/ml in 
PBS) was performed by dripping on 
lesions of experimental rats. Control 
rats were treated with only PBS. Af-
ter 1 week, fragments of tissue from 
the bottom of lesions were obtained 
from three rats of both control and 
experimental groups. The authors 
continued the PRL-treatment to oth-
er rats until complete healing. In skin 
specimens, analysis of the ultrastruc-
tural features of cells, cellular aggre-
gates and extra-cellular matrix com-
ponents were made by transmission 
electron microscopy. In skin speci-
mens, computerized morphometry 
measurements of different cell types 
were also made. 
Results
Results showed that progression of 
the healing process was more ad-
vanced in treated rats as evidenced 
by the different percentages of dis-
tinct cell types after 1 week of PRL-
treatment. Moreover, in treated rats, 

the healing process was slightly fast-
er than that in the control ones (11–
12 days vs. 14–15 days, respectively). 
Conclusion
Results of our study supported 
the idea of a role of PRL on wound 
 healing, thanks to its effects on both 
angiogenesis and keratinocyte pro-
liferation in re-epithelialization and 
then on restoration of injured skin. 

Introduction
Wound healing of skin lesions is a 
process well known in relation to 
histological alterations, even if the 
molecular mechanisms underlying 
its regulation are still unclear. Sev-
eral growth factors and cytokines of 
the immune response are involved 
in it1, as well as macrophages pro-
ducing cytokines stimulating growth 
of new capillaries (angiogenesis), 
collagen synthesis and production 
of fibres2. Wound healing proceeds 
through a dynamic process that in-
cludes the inflammatory phase, the 
proliferative phase with generation 
of granulation tissue, the phase of re-
epithelialization and of remodelling. 
If the healing process does not occur 
regularly, this may be responsible for 
some pathological conditions such 
as ulcers or chronic injuries3,4. In the 
inflammatory phase, neutrophils and 
macrophages implement a cleaning 
action in the injury, removing cel-
lular debris, foreign bodies and any 
contaminating bacteria. Macrophages 
also stimulate migration of endotheli-
al cells and fibroblasts, thus the begin-
ning of two fundamental processes of 
wound healing: angiogenesis and 
fibroplasia. The proliferative phase 
of wound healing is characterized by 
fibroplasia, angiogenesis, epidermal 
regeneration and wound contraction.

Angiogenesis is a fundamental 
step in the proliferative phase. New 
blood vessel generation and thus 
blood flow allow restoring blood 
supply in the area of the lesion. The 
last event of the proliferative phase 
is the re-epithelialization. It results 
in the regeneration of an intact epi-
dermal layer above the new tissues. 
This process is supported by ke-
ratinocytes that move through the 
granulation tissue. When wound 
surface is covered by a monolayer of 
keratinocytes, migration stops and a 
new stratified epidermis is restored. 
The remodelling phase is character-
ized by collagen degradation and 
synthesis of new ECM components. 
The  remodelling phase depends 
mainly on the breakup/building of 
ECM; macrophages play a crucial role 
in both processes5,6.

Each stage of wound healing is 
due to paracrine effectors released 
by specific cell-types of immune sys-
tems and also to some endocrine ef-
fectors known from the literature7–9. 
Prolactin (PRL) belongs to the latter 
group and is a peptide hormone se-
creted by the anterior hypophisis. 
PRL is a hormone secreted by aci-
dophilic cells of the pituitary gland, 
and it is known for its lactogen ac-
tion on the mammary gland. It has 
specific roles in regulating both hu-
moral and cell-mediated immune 
response. In recent years, a lot of 
evidence10 indicates that several 
other tissues are able to produce 
PRL. The  discovery of a PRL extra-
pituitary  production11,12 has pro-
posed a  revaluation of this versatile 
bio-regulator, which acts systemi-
cally as a hormone, and locally as a 
cytokine13. The different isoforms 
of PRL exhibit distinct  biological 
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citrate and then they were observed 
on transmission electron microscope 
HITACHI H-600-3 (accelerating volt-
age 75 kV). Film images of sections 
were obtained. 

Computerized morphometry 
measurements and image analysis
Other skin specimens were fixed 
in 10% neutral buffered-formalin 
(Bio-Optica, Milan, Italy), follow-
ing overnight washing; specimens 
were treated as previously de-
scribed21. After tissues were dehy-
drated, cleared and infiltrated with 
the embedding material, they were 
ready for external embedding. Dur-
ing this process the tissue samples 
were placed into the cassettes in 
the same orientation along with 
liquid hot (65°C) embedding paraf-
fin wax. Sections of 4–5 μm thick-
ness were cut from paraffin blocks 
using a rotary manual microtome 
(Leica RM2235, Milan, Italy) and 
mounted on silane-coated slides 
(Menzel-Glasser, Braunschweig, 
Germany) and stored at room tem-
perature. Slides were de-waxed in 
xylene, hydrated using graded etha-
nol, and stained for routine histo-
logical evaluation by haematoxylin 
and eosin (H&E) staining. Quanti-
tative evaluation of different types 
of cells was based on observation 
of sections of all skin samples. Ten 
sections/animals were analysed in 
stepwise manner as a series of con-
secutive fields, and counting was 
performed at 200× magnification. 
Data obtained from each observed 
slide were recorded as count of cells 
of the different cell types. These 
evaluations were  independently 
evaluated by four investigators 
(two anatomical morphologists 
and two histologists) and scored 
as a percentage of the final num-
ber of 100 cells in five categories: 
grade 1: <5% (0); grade 2: 5–10% 
(+); grade 3: 11–20% (++); grade 4: 
21–50% (+++), and grade 5: >51% 
(++++), using an image  analyser 
(Image-Pro Plus 4.5.1, Immagini & 

Experimental design
We proceeded to shave and disinfect 
the back of each animal; after anaes-
thesia by ketamine-midazolam-xy-
lazine (KMX), a full-thickness lesion 
(1.5 cm × 0.5 cm) was produced with 
a lancet. We proceeded to dressing 
with a sterile bandage. 

Rats were divided into two groups: 
control group consisting of six rats, 
and experimental group consisting of 
eight rats. PRL treatment was made   
by dripping on lesions, on alternate 
days from the second day for a total 
of seven doses, giving the control 
group 100 µl of PBS, and experimen-
tal group 100 µl of PRL 2 ng/ml in 
PBS as protocol. 

Dressing with sterile bandage was 
done after each treatment. 

After 1 week from the beginning of 
the experiment, fragments of tissue 
from the bottom of lesions were ob-
tained from three rats of both control 
and experimental groups. We contin-
ued the PRL-treatment on other rats 
until complete healing. Collection 
of biopsies was performed under 
 anaesthesia using KMX.

Transmission electron 
microscopy 
Soon after sampling, fragments of skin 
(thickness ~3 mm) were  immersed 
and fixed in Karnovsky fixative (0.1 
M phosphate buffer, paraformalde-
hyde 2%, glutaraldehyde 2.5%, H2O) 
for 3 hours at 4°C. After fixation, 
specimens were washed overnight 
in phosphate buffer 0.1M and then 
they were post-fixed in 1% OsO4 in 
phosphate buffer with addition of 
10% sucrose. Dehydration took place 
in increasing  concentration series of 
alcohol or acetone.  Embedding was 
made in Epon 812 (Sigma-Aldrich, 
Milan, Italy);  polymerization was 
made at 60°C for 12 hours20. Ul-
trathin sections of 40-50 nm were 
obtained with  ultramicrotome Leica 
EM UC7 (Leica, Milan, Italy)  using 
 diamond knives. Sections were 
placed on naked, copper grids and 
stained with uranyl acetate and lead 

properties in relation to the ability 
of activating specific signal-mole-
cules14. Therefore, the role of PRL 
on distinct phases of wound heal-
ing appears very interesting. In our 
previous studies15,16, it was shown 
that PRL receptors were present on 
macrophages, highlighting a role of 
PRL in the activation of them. There 
are evidences17, which also indi-
cate that human dermal fibroblasts 
synthesize and release PRL in vitro, 
suggesting a potential local source 
of PRL in human skin. It is believed 
that PRL expression in skin can 
probably be related to an inflamma-
tory response and may play a role 
in wound healing12,18,19. Our study 
on effects of PRL in wound heal-
ing of skin injuries in rats takes the 
cue from these considerations. We 
treated skin lesions, experimentally 
produced in rats, with PRL and then 
we made histological and ultras-
tructural analysis and morphometry 
measurements in skin biopsies col-
lected after 1 week from the begin-
ning of the experiment. The aim of 
our study was to evaluate the pos-
sible therapeutic role of PRL in the 
treatment of skin lesions.

Material and methods
The protocol of this study has been 
approved by the relevant ethical 
committee related to our institution 
in which it was performed. Animal 
care was in accordance with the Eu-
ropean Community Council Directive 
(86/609/EEC) and Italian Animal 
Protection Law (116/1992). 

Breeding and housing of animals
We used 14 adult healthy female 
Wistar rats (Charles River Labora-
tories, Wilmington, MA, USA), with 
an average body weight of 200±40 
g. Rats were individually housed in 
polycarbonate cages during the en-
tire stabling period and were housed 
at steady temperatures (20-23°C) 
and humidity, with free access to wa-
ter and food and photoperiod of 12 
hours light/dark. 
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Figure 1: Control rat dermis in transmission electron microscopy. Top left: 
basal layer of epidermal epithelium (E), below which, it is possible to observe 
discrete deposits of fibrin (F) in the extracellular matrix and a moderate number 
of activated macrophages (M). Scale bar = 1.66 μm.

Computer, Milan, Italy). Digital pic-
tures were taken using the Zeiss Ax-
ioplan light microscope (Carl Zeiss, 
Oberkochen,  Germany) and photo-
graphed with a Canon digital cam-
era (Power Shot G5 Canon, Tokyo, 
Japan). Evaluations were assumed 
to be correct if values were not sig-
nificantly different. In the case of 
disputes concerning the interpreta-
tion, the case was revised to reach a 
unanimous agreement.

Statistical analysis
Statistical analysis was performed 
using SPSS software (SPSS® release 
16.0, IBM, Chicago, IL, USA). Data 
were tested for normality with the 
Kolmogorov−Smirnov test. All varia-
bles were normally distributed. Com-
parisons between two means were 
tested with Student’s t test, whilst 
comparison between more than two 
groups was tested using analysis of 
variance (ANOVA) and Bonferroni’s 
test. p-values of less than 0.001 were 
considered statistically  significant. 
Data are presented as mean ± SEM. 

Results 
Transmission electron 
microscopy 
Analysis of the ultrastructural fea-
tures of cells, cellular aggregates and 
also of ECM components was made. 
In electron microscopy, control rat 
dermis showed an evident epidermal 
basal layer, an underlying moderate 
fibrin deposition and some activated 
macrophages (Figure 1). In contrast, 
the dermis of treated animal lesions 
detected, in electron microscopy, the 
presence of differentiating mono-
cytes into macrophages, activated 
macrophages rich in lysosomes and 
the stroma had several collagen fi-
bres (Figures 2 and 3). In the stro-
ma of the dermis, new vessels were 
detected. Their endothelium had a 
well-developed vesicular apparatus; 
collagen fibres were evident near 
the vessels; cytoplasmic fractions of 
 leucocytes could be detected in the 
capillary lumen (Figure 4).

Computerized morphometry 
measurements and image analysis
All histological specimens appeared 
with abundant granulation tissue 
(data not shown), and the process 
of wound healing was completed at 
14-15 days from the beginning of 
experiment in control rats, and at 11-
12 days in treated rats. 

Quantitative evaluation of different 
types of cells was made. Percentages 
of epithelial cells were similar in con-
trol (3.3 ± 0.75; 0) and treated (2.5 ± 
0.75; 0) rats (p not quite significant). 

Neutrophils were more present (22.1 
± 0.54; ++++) in control rats than 
in treated ones (13.1 ± 0.83; +++)  
(p < 0.001; significant). In treated 
rats, percentages of monocytes (22.6 
± 0.70; ++++), macrophages (28.3 ± 
1.01; ++++) and fibroblasts (29.1 ± 
1.04; ++++) were greater when com-
pared with respectively monocytes 
(20.6 ± 0.89; +++), macrophage (19.8 
± 0.75; +++) and fibroblasts (24.6 ± 
1.02; +++) of control rats. In all these 
comparisons, p < 0.001 is significant. 
In relation to lymphocytes, their 
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Figure 2: PRL-treated rat dermis in transmission electron microscopy. Stroma 
shows several systems of collagen fibres (C) both in cross-section (on the right) 
and oblique section (on the left). A monocyte (Mo) differentiating in macrophage 
is evident. Scale bar = 1.66 μm.

 percentages were greater in control 
rats (9.6 ± 0.81; ++) than in treated 
rats (4.4 ± 0.91; +) (p < 0.001; signifi-
cant). Quantitative evaluation of per-
centages of different cell types was 
illustrated in Figure 5.

Discussion
Wound healing is an extremely com-
plex process involving many dif-
ferent cell types, growth factors, 
cytokines and ECM components1. 
Macrophages influence the  healing 
process in different manners, 

 depending on the microenvironment 
in which they act5,22. Initially they are 
important for removal of dead cells 
and debris. Subsequently they affect 
the healing process by production 
of collagen, angiogenesis and re-
epithelialization23,24. Macrophages 
induce angiogenesis in the lesion, 
mainly by the release of TGF-α and 
vascular endothelial growth factor 
(VEGF).

VEGF is one of the most impor-
tant proangiogenic mediators. It 
is secreted by different cell-types 

in  response to several growth 
 factors25,26; from our recent  studies, it 
seems that VEGF is also produced by 
macrophages stimulated by PRL15,16. 
PRL-receptor (PRL-R) is widely 
 expressed in several and distinct tis-
sues, and it was identified in human 
skin too27,28. Several recent studies 
suggest that PRL contributes to a 
wide variety of cutaneous processes, 
both physiological and pathologi-
cal12. In wound healing that requires 
appropriate responses by fibroblasts 
and endothelial cells, it was shown 
that these cells express PRL-R12,29, so 
the cutaneous vascular system could 
provide new important details in 
relation to PRL-induction on angio-
genesis. The presence of PRL-R on 
 endothelial cells also suggests a di-
rect action of PRL on angiogenesis, in 
addition to that mediated by growth 
factors such as VEGF. Furthermore, 
dermis fibroblasts, necessary for 
the maintenance and remodelling 
of ECM of skin during wound heal-
ing, produce PRL in vitro18. Human 
skin is, therefore, both the source 
and target of PRL. Recent studies 
suggest that intracutaneous PRL-ex-
pression seems to follow the central 
neuroendocrine regulation30,31, and 
that PRL regulates keratin expres-
sion in human skin and that it has an 
influence on human epithelial stem 
cells19. It could be possible that ke-
ratinocytes, expressing PRL-R and 
proliferating in response to PRL in 
vitro27, are the potential target cells 
of PRL produced by fibroblasts, and 
this PRL-production may represent 
a time signal for keratinocyte pro-
liferation necessary for  restoration 
of epidermis during re-epithelializa-
tion, in which intact skin regenerates 
over the newly formed tissues. Once 
again macrophages and then PRL are 
involved; in fact, stimulation of der-
mal fibroblasts and the resulting ke-
ratinocyte proliferation is supported 
by cytokines9, produced also by mac-
rophages activated by PRL15,16. In our 
previous studies we investigated on 
PRL role in activating macrophages 
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Figure 3: PRL-treated rat dermis in transmission electron microscopy. A 
monocyte (Mo) differentiating in macrophage, an activated macrophage (M) 
with several lysosomes (L) is evident; collagen fibres (C) are evident in the 
oedematous stroma. Scale bar = 1.25 μm.

to evaluate a possible PRL induction 
in  angiogenesis15,16. These studies 
showed that treatment of cultured 
monocytes/macrophages with PRL 
results in an increased expression of 
HO-1 and a release of VEGF by these 
cells, that is, macrophage activation. 
Involvement of PRL in macrophage 
activation provides evidence of co-
operation between components of 
the immune system and endocrine 
system in the induction of angio-
genesis. In addition, our previous 
results also indicated that activa-
tion of macrophages by PRL did not 
require the co-presence of other 

cytokines, suggesting that PRL is a 
sufficient signal to induce events 
related to macrophage activation; 
our results showed that PRL really 
modulates and controls the angio-
genic functions of macrophages16. 
Moreover, the presence of PRL-R 
on macrophages32 further supports 
that PRL is involved in the control of 
monocytes/macrophage functions, 
with regard to the production of 
VEGF, which in turn acts on endothe-
lial cells, and then on angiogenesis, 
confirming the claims in our previ-
ous studies15,16. In the present study, 
we made a comparative analysis of 

morphometry measurements and ul-
trastructure of cutaneous biopsies in 
control rats versus PRL-treated rats. 

Our results showed a progres-
sion of the healing process more ad-
vanced in treated rats compared with 
controls, as evidenced by the higher 
percentages of differentiating mono-
cytes, macrophages and fibroblasts 
as compared with control rats, and 
by a more evident presence of colla-
gen fibres and newly formed capillar-
ies, consequences of the healing pro-
cess. Neutrophils and lymphocytes, 
on the other hand were present in 
lower percentages in the samples of 
treated rats as compared with con-
trol rats, probably in relation to the 
overcoming of the inflammatory 
phase in which debris and contami-
nating bacteria were removed. 

Conclusion
Our results support the idea of a role 
of PRL on wound healing, thanks to 
its effects on both  angiogenesis and 
keratinocyte proliferation in re-epi-
thelialization and then on restoration 
of injured skin. Moreover, in treated 
animals, the healing process was 
slightly faster than that in the control 
ones.

However, further studies are re-
quired to better establish optimal 
dosages of PRL for a more effec-
tive action on the treatment of skin 
 lesions.
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Figure 4: PRL-treated rat dermis in transmission electron microscopy. 
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