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Introduction
The human skin is probably the organ which is most of-
ten injured. Disturbance of the normal arrangement of skin
by wounding causes coordinated cellular and biochemi-
cal processes leading to wound healing. Generally, three

distinct phases of epidermal wound healing are observed:
1. inflammation, migration and proliferation, 2. repair in-
cluding formation of substances like glycosaminoglycans
and collagen and 3. the remodelling phase [1–10]. Imme-
diately after injury and clotting of the extra-vasated blood,
inflammatory cells accumulate within the wounded area.
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Abstract: The effect of calcium D-pantothenate on the migration, proliferation and protein synthesis of human
dermal fibroblasts from three different donors was investigated. The migration of cells into a wounded area was
dose-dependently stimulated by Ca D-pantothenate. The number of cells that migrated across the edge of the
wound increased from 32 ± 7 cells/ mm without Ca D-pantothenate to 76 ± 2 cells/ mm with 100 mg/ml Ca D-
pantothenate. Moreover, the mean migration distance per cell increased from 0.23 ± 0.05 mm to 0.33 ± 0.02 mm.
The mean migration speed was calculated to be 10.5 mm/hour without and 15 mm/hour with Ca D-pantothen-
ate. Cell proliferation was also dose-dependently stimulated. The final cell densities were 1.2 to 1.6-fold high-
er in cultures containing 100 mg/ml Ca D-pantothenate. The protein synthesis was modulated, since two uniden-
tified proteins were more strongly expressed in pantothenate supplemented cultures.

In conclusion, Ca D-pantothenate accelerates the wound healing process by increasing the number of mi-
grating cells, their distance and hence their speed. In addition, cell division is increased and the protein synthe-
sis changed. These results suggest that higher quantities of pantothenate are locally required to enhance wound
healing.
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Wound fluids conditioned by these cells were shown to
contain mitogenic and angiogenic activities [11–14]. Af-
ter 18–24 hours epidermal cells migrate from the sur-
rounding wound margins into the wounded area. Distal to
the wound margins an increase in epidermal mitotic ac-
tivity is observed resulting in sufficient cell divisions to
fill and approximately restore the original structure. In the
repair phase, new connective tissue fibers are formed and
deposited. The tensile strength increases continuously as
the small collagen fibrils aggregate into large collagen
fibers. The mitotic activity of fibroblasts ceases with the
beginning of collagen formation. The wounds are then
closed by wound contraction due to modified fibroblasts,
the myofibroblasts [15–17]. Finally, a re-epithelialization
of the wound is observed.

Pantothenic acid is a vitamin of the B group, which is
widely found in plants and animals. As active principle it
is part of coenzyme A and an acyl carrier protein, a con-
stituent of fatty acid synthetase [18]. Apart from being in-
volved in many other biochemical processes, it is an es-
sential cofactor in the synthesis of fatty acids and for the
co-translational and post-translational acetylation of pro-
teins, either at the amino terminal end or within the pro-
tein at the ε-amino group of lysine [19, 20]. This N-ter-
minal acetylation protects proteins from degradation. Re-
cent reports suggest that some of the pantothenate depen-
dent modifications are important for the assembly of mul-
tisubunit protein complexes of membranes and for the
transport of glycoproteins through the cisternae of the Gol-
gi apparatus [21–23].

In standardized wound healing models in animals (rats,
rabbits and guinea pigs), closure of skin wounds was
shown to be accelerated by orally administered pan-
tothenic acid or by panthenol topically applied as ointment
[24–27]. Pantothenic acid also increased skin strength and
fibroblastic content of scar tissue [28]. It is therefore pos-
sible that migration, proliferation and maturation (protein
synthesis) are affected by pantothenate, which could aug-
ment wound repair by stimulating these processes. The re-
sults reported here strongly support this hypothesis.

Materials and Methods

Calcium D-pantothenate was from F. Hoffmann-La Roche
Ltd, Basel, Switzerland. Cell culture media, trypsin/ED-
TA solution, and foetal bovine serum (FBS) were obtained
from GIBCO, Paisley, Scotland.

Cell cultures: Human dermal fibroblasts (HF) in culture
were obtained by courtesy from Dr. H. J. Müller and Mr.
Wenzel, Kinderspital Basel, Switzerland. Different iso-

lates of human dermal fibroblasts were grown from biop-
sies taken from the forearm of hospitalized children. Ex-
periments were done with cells ranging between the 5th
and 10th passages. They were cultured in RPMI-1640
medium supplemented with 10% FBS, 2 mM glutamine,
1% non-essential amino acids, 10 mM Hepes, pH 7.3, 100
U/ml penicillin, and 100 µg/ml streptomycin. For the mi-
gration and proliferation experiments, a pantothenate-free
RPMI-1640 medium was used to which Ca D-pantothen-
ate was added where indicated. FBS was extensively
dialyzed against Hank’s balanced salt solution (HBSS).

Cell migration: The effects of Ca D-pantothenate on the
migration of cells into the wound was studied using the
method described by Bürk [29]. Two to 3 × 104 cells were
seeded into 35 mm Petri dishes (Falcon 3001 F, Becton
Dickinson, Oxnard, CA, USA) in 2.5 ml of medium. Af-
ter confluent cell layers had formed, cells were kept for
24 hours in Ca pantothenate-free medium containing 2.5%
FBS. Using a razor blade, wounds of an approximate size
of 2 × 1 cm were made by scraping cells off the dish. Medi-
um with detached cells was removed by aspiration and
wounded cell layers were washed once with 3 ml of HBSS.
Then, 2.5 ml of D-pantothenate-free medium, 2.5% FBS
containing either 12.5, 25, 50 or 100 µg/ml (2.6 × 10–6–2.1
× 10–5 M) Ca D-pantothenate, respectively, were added
and dishes were incubated for 22 hours at 37 °C in a hu-
midified 5% CO2/95% air atmosphere. Control cultures
were kept without Ca D-pantothenate. Cells were fixed
and stained with 1.5 ml of Leishman’s eosin-methylene
blue (1.5 g/l methanol, Merck AG, Darmstadt, Germany)
for 10 min at room temperature and then diluted with 3.5
ml of water. After 45 min, dishes were rinsed thoroughly
in tap water and dried. The number of cells crossing the
starting line was counted using a computer-assisted mor-
phometric system (IBM AT03) with a graphic tablet com-
bined with a light microscope connected to a video sys-
tem. The system was driven by the DIASYS 2 software
packet (H. Meier, DataLab, Thörigen, Switzerland). Cells
invading the wound from the starting line were counted at
a total length of 9 mm per plate in five different areas of
1.8 mm. In addition, the distance of migration from the
starting line was determined. The results are given as
means of four plates per point.

Cell proliferation: Cells were seeded at densities of 5 ×
103 HF/ml per well into multiwell tissue culture plates (24
well tissue culture cluster 3524, Costar, Cambridge, MA,
USA) and grown with Ca D-pantothenate at different con-
centrations as indicated in Figure 4. Controls were done
without Ca D-pantothenate. Cell numbers were measured
after washing the cells three times with 1 ml of HBSS fol-
lowed by incubation with 0.5 ml trypsin/EDTA solution
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for 15 min at 37 °C. The detached cells were fixed in 0.5
ml of 1% formaldehyde, 0.145 M NaCl, 3.4 mM EDTA,
dispersed by vigorous pipetting and counted using a Coul-
ter counter (Coulter Electronics, Ltd., Harpenden, Eng-
land).

Protein synthesis: Approximately 5 × 104 cells/ml per
well were cultured in medium containing 10% FBS with-
out or with 100 µg/ml Ca D-pantothenate for 24 hours.
They were then incubated for 24 hours in methionine-free
medium containing 1% FBS and 50 µCi/ml of [35S]me-
thionine (spec. act. 1400 Ci/ mmol, The Radioactive Cen-
tre, Amersham, England) without or with 100 µg/ml Ca
D-pantothenate. Cell supernatants were centrifuged for 10
min at 12 000 × g and forced through 0.45 µm filters. Elec-
trophoresis of proteins was carried out using 15% SDS
polyacrylamide gels [30]. Radioactivity of single bands in
the gels was scanned using a phosphorImager 400B (Mol-
ecular Dynamics).

Results

Morphology: Cell layers of confluent human dermal fi-
broblasts grown in presence of Ca D-pantothenate showed
the typical elongated, spindle-shaped form. They were ori-
entated in parallel arrays. Cells in the early logarithmic
growth phase were morphologically very similar, irre-
spective of the concentration of Ca D-pantothenate in the
medium. In absence of Ca D-pantothenate, however, the
morphology of some cells changed in densely populated
cultures. A substantial proportion of these cells had a larg-
er surface area and seemed to form a single-layered cell
sheet. These cells did not grow in a predominant direction
(Fig. 1).

Cell migration: Dermal fibroblasts at the edge of the
wound separated from the confluent cell layers and mi-
grated as individual cells rather than in clusters in the di-
rection of the microgrooves (Fig. 2). When increasing quan-
tities of Ca D-pantothenate were added to the culture medi-
um of wounded cell layers, the number of cells migrating
across the edge of the wound increased within 22 hours
from 32 ± 7.1 cells/mm without Ca D-pantothenate to 76
± 2.4 cells/mm (–× ± SEM, n = 4) in the presence of 100
µg/ml of Ca D-pantothenate (Fig. 3A). Furthermore, not
only the number of migrating cells but also the mean mi-
gration distance per cell increased from 0.23 ± 0.05 mm to
0.33 ± 0.02 mm (–× ± SEM, n = 4) (Fig. 3B). From these da-
ta, the mean migration speed was calculated to be 10.5
µm/hour without and 15 µm/hour with Ca D-pantothenate.

Cell proliferation: In order to demonstrate the influence
of Ca D-pantothenate on the rate of proliferation, dermal
fibroblasts were grown without or with Ca D-pantothen-
ate at concentrations between 12.5–100 µg/ml. Prolifera-
tion was measured by cell counting and is shown in Fig-
ure 4. Growth of the fibroblasts was dose-dependently
stimulated. All cultures formed confluent layers by day 8.
Increasing cell numbers at confluency were observed in
cultures supplemented with increasing concentrations of
Ca D-pantothenate. The effect was observed with cells
from all donors, although to a variable extent. In cultures
of two isolates, the final cell numbers were 1.6-fold high-
er in the presence of Ca D-pantothenate, while only a 1.2-
fold increase was found with the other two isolates. This
effect became evident during the later growth, whereas in
the early logarithmic growth phase cell numbers were sim-
ilar in cultures with or without Ca D-pantothenate. Simi-
lar results were obtained with zinc D-pantothenate.

Protein synthesis: Fibroblasts from three different donors
were treated without or with 100 µg/ ml Ca D-pantothen-
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Figure 1: Micrographs of human dermal fibroblasts in culture.
Cells were grown in A: normal RPMI-1640 medium, and B: in
pantothenate free medium. Magnification × 75.
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ate and metabolically labelled with [35S]methionine. Se-
creted proteins were analyzed by SDS-PAGE and ra-
dioactivity was scanned using a phosphorimager. All pro-
tein bands observed in cultures treated with Ca D-pan-
tothenate were also seen in untreated controls. However,
increased amounts of proteins with estimated molecular

weights of about 12 000 (43 233 ± 7737 cpm vs. 10 384 ±
5314 cpm;  –× ± SEM, n = 3) and 46 000 (61 349 ± 6214
vs. 50 083 ± 3742 cpm) were found in culture media of
treated cells as compared to untreated controls. The in-
tensity of the band with a molecular weight of 43 000 did
not change (134 508 ± 20 532 cpm vs. 130 670 ± 19 019
cpm) and served as internal control. The nature of the two
proteins has not yet been identified.

Discussion

In the absence of Ca D-pantothenate, morphological
changes were observed in some dermal fibroblasts sug-
gesting the importance of the vitamin in maintaining the
structural integrity of the cells. Futhermore, we have
shown that Ca D-pantothenate stimulated both the migra-
tion of cells and their growth. In addition, the quantities
of some of the secreted proteins were increased in cultures
supplemented with Ca D-pantothenate.

Migration of cells into a wound is one of the initial
events in the wound repair process. It is influenced by a
number of factors including platelet-derived growth fac-
tor (PDGF). Apart from being a major mitogen in serum
for fibroblasts and smooth muscle cells [31], PDGF very
potently stimulates the migration of dermal fibroblasts. In
the migration experiments a serum concentration of 2.5%
corresponding to about 25 pg PDGF/ml medium [32] was
used. As shown, Ca D-pantothenate augmented the motil-
ity of dermal fibroblasts.

After wounding confluent layers of human dermal fi-
broblasts, cells did not move in clusters, but rather mi-
grated as single cells in the direction of the microgrooves
in the plastic dish. This phenomenon was observed earli-
er by Weiss and termed contact guidance [1]. Regarding
cell migration in the presence of Ca D-pantothenate, the
results merit discussion in two points: the increased num-
ber of cells observed in the wounded area and the increased
mean migration distance and hence the mean speed. Af-
ter wounding in vivo, a large quantity of cells must rapid-
ly migrate from the surrounding tissue into the wound in
order to form a provisional closure. Therefore, a stimula-
tion of the initial migration seems to be of importance to
accelerate wound healing. As shown here, pantothenate
exerted a stimulatory effect on the initial phase of migra-
tory cells. Increasing concentrations of pantothenate
caused increasing numbers of cells to migrate. In addition,
the mean distance and hence the speed of migration also
depended on the concentration of Ca D-pantothenate in
the medium. In the absence of Ca D-pantothenate cells
migrated with an average speed of about 10.5 µm/hour.
The average speed was accelerated to 15 µm/hour with Ca
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Figure 2: Effect of calcium D-pantothenate on the migration of
human dermal fibroblasts. Wounded cell layers were incubated
in medium containing calcium D-pantothenate (µg/ml), A:0
(control); B:25; C:100. Magnification × 130.



B.J. Weimann and D. Hermann: Studies on Wound Healing 117

D-pantothenate reflecting a substantial effect of the vita-
min on cell motility. Generally, the average speed of mi-
grating cells depends on environmental factors such as
moisture. As pointed out by Winter [33], different types

of cells from various species migrated about 5–10 µm/hour
in dry wounds and about 12–21 µm/hour in wet wounds.
For example, cells of injured pig skin migrated at a speed
of about 21 µm/hour in moist wounds, whereas a speed of
only 7 µm/hour was observed in dry wounds [33]. Other
factors such as interleukin-2 and transforming growth fac-
tor-β (TGF-β) derived from activated T cells were also
shown to stimulate migration of cultured rat epitenon cells
participating in wound repair of tendons [14]. The aver-
age speed doubled from 14 µm/hour in control cultures to
28 µm/hour in the presence of activated T cells, inter-
leukin-2 or TGF-β.

Pantothenic acid is a component of coenzyme A (CoA)
which is present in every tissue with a characteristic cel-
lular distribution between cytosol and mitochondria (for
reviews see 34, 35). The cellular content of CoA is main-
tained in a narrow range, but it changes in some patho-
logical conditions. For example, pantothenate is decreased
in all tissues of diabetic rats [36]. The turnover of CoA in
damaged skin may be relatively high so that the require-
ment for pantothenic acid may increase in wound healing,
an interpretation consistent with the results. The question
arises as to whether the normal dietary supply is sufficient
and acts rapidly enough to optimize the many cellular
processes involved in wound healing. It is likely that ad-
ditional quantities of pantothenate are locally needed.
Cells in the undisturbed epidermis are in a condensed,
spheroid form. When they start to migrate, they become
elongated and spindle-shaped. This implies continuous
membrane alterations for cell adhesion and cell detach-
ment on the wound surface and hence changes in meta-
bolic patterns, e. g. energy production and consumption.
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Figure 3: Migration of human
dermal fibroblasts into the
wound. Confluent cell layers
were wounded and exposed to
calcium D-pantothenate as
indicated. A: Number of cells
crossing the edge of the wound.
B: Distance of migration. X– ±
SEM, n = 4.

Figure 4: Proliferation of human dermal fibroblasts in culture.
Cells were grown in presence of calcium D-pantothenate at the
indicated concentrations (µg/ml). Control experiments were
done in parallel without calcium D-pantothenate.
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Dietary pantothenate is absorbed in the intestine and co-
transported with sodium, using the sodium electrochemi-
cal gradient which is maintained by the Na+, K+-ATPase
on the basolateral membrane (for ref. see [34]). After in-
testinal absorption, pantothenate is rapidly taken up by
blood cells and tissues. To achieve local concentrations
comparable to those found effective in vitro, one could
either consume higher amounts of pantothenate or apply
it locally in form of an ointment. By this treatment, dry-
ing of the wound would be prevented which is important
since cell migration and mitotic activity are reduced in dry
wounds.

The question whether cell replication might in part ac-
count for the number of cells that was found beyond the
starting line was investigated. The number of migrating
cells increased gradually with time. When replication
(DNA synthesis) was inhibited by γ-irradiation or
hydroxyurea, migration of cells was unaffected. These re-
sults are in agreement with previous observations which
showed that DNA synthesis was first observed 20–24
hours after the beginning of cell migration [37–40]. Small
wounds can be fully repaired by migrating cells alone [37,
38]. In addition, colchicine or vinblastine sulfate block-
ing mitotic activity have no influence on epidermal cell
migration at 24 hours after wounding [3]. It is, therefore,
reasonable to assume that in our experiments the majori-
ty of cells migrated into the wound and that only a minor
part of cells originated from cell proliferation.

A dose-dependent stimulation of growth of human der-
mal fibroblasts was observed in presence of Ca D-pan-
tothenate. Similar results have been reported by others
[41]. The final cell densities in confluent cultures grown
with 100 µg Ca D-pantothenate/ml medium were 1.2–1.6
times higher than those observed in control cultures. In
the absence of Ca D-pantothenate some cells changed their
morphology from a spindle-shaped elongated form to a
more rounded appearance. These cells tended to form sin-
gle-layered sheets and seemed to have lost the tendency
to grow in multilayers, usually observed with fibroblasts
grown under optimal growth conditions. The in vitro re-
sults are in agreement with results obtained in rabbits,
where the fibroblastic content of the scar was higher in
pantothenate supplemented animals [28].

The patterns of secreted proteins were very similar in
cultures grown with and without pantothenate. Induction
of new protein species by pantothenate was not observed,
whereas the protein synthesis was modulated. Two pro-
teins with apparent molecular weights of 12 000 and 46 000
were more strongly expressed in the presence of pan-
tothenate. The ratios were 4.0 and 1.2, respectively. This
pattern was observed with cells from three different
donors. The two proteins remain to be identified. The ex-
pression of the other secreted proteins remained unchanged.

In conclusion, calcium D-pantothenate accelerates the
cell migration and proliferation and modulates the protein
synthesis of cultured human dermal fibroblasts. The data
are in agreement with results obtained with pantothenate
on the healing of artificial wounds in vivo showing an ac-
celerated repair process and a significantly increased fi-
broblastic content 10–15 days after operation [24–28]. The
main processes needed to rapidly close a wound are en-
hanced by pantothenate, namely migration of cells from
the surrounding area into the injured region and prolifer-
ation to fill the gap. These observations are consistent with
the interpretation that pantothenate has an important ther-
apeutic role in the regeneration of wounded tissue in vi-
vo. They also support the conclusion that pantothenate as
a nutritional factor plays a critical role in wound healing.
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