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Introduction

Worldwide, the number of people with wound healing
disorders, which often turn into chronic wounds, is increasing.
The underlying diseases are diabetes mellitus, obesity or
hypertension, but also vascular diseases [1]. While a negative
effect on wound healing is postulated for drugs such as
cortison, cytostatics or NSAIDs, the (secondary) effects of
antihypertensive drugs and antidiabetics on wound healing are
largely unknown. These drugs are taken regularly by the
affected patients, so interference with wound healing - should
it exist - would be clinically relevant.

Methods

Based on the drug report 2016 of a very large German
health insurance, the five most prescribed antihypertensive
drugs and four antidiabetics were identified. A systematic
review was carried out on each of these active ingredients,
focusing on wound healing, skin and vascular cells. The
results of the research provided the background for the
following systematic and comparative in vitro analysis of
antihypertensive drugs and antidiabetics in serum equivalent
doses: Cell metabolism, cell activity and migration potential
were analyzed on the basis of human fibroblast and
keratinocyte cultures. In order to get closer to the physiology
of the wound, further analyses were performed to affect
healing in the 3D wound model modified according to
Timpson [2]. Epidermal thickness (um) and fibroblast density
(n/pm) at the wound margin and wound bed were determined
histologically and immunohistochemically. Cell proliferation,
cell migration and apoptosis were investigated after twelve
days of application of the antihypertensive drugs and
antidiabetics.

Results

Systematic literature research revealed that only a few
scientific studies exist on the effect of antihypertensive drug
and antidiabetics on wound healing, and additionally their
findings are partially contradictory. According to in vitro
studies, ACE inhibitors have a negative effect on cell growth
and cell migration [3,4]. This was confirmed in our analyses
in the 3D wound model. ACE inhibitors have an inhibitory
effect on collagen biosynthesis [5] as well, which can lead to a
delay in wound healing. Studies on calcium channel blockers
show that they improve the tensile strength, but not
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the epithelialization of the skin [6-8], accordingly their effect
on wound healing cannot be evaluated exactly. B-blockers
have a systemic and locally accelerating effect on wound
healing [9,10]. In a clinical study, they activate keratinocytes,
which may have positive effects on wound closure, but
negative effects on existing psoriasis [9,11]. In our own in
vitro studies, positive effects have been confirmed.

Of the antidiabetic agents, the biguanide metformin
causes a qualitative and quantitative deterioration of wound
healing in vivo and in vitro [8,12]. The negative influence on
cell metabolism is particularly noteworthy here. In contrast,
the relatively new dispeptidyl peptidase inhibitors have a
positive effect on wounds and their blood circulation [13,14].
Sulfonylureas do not appear to have a positive or negative
effect on wound healing [15]. Own results in the in vitro 3D
wound model support the above-mentioned effects as far as
possible, whereby keratinocytes react much more sensitively
to antidiabetic agents than fibroblasts. The negative influence
of hydrochlorothiazide and metformin in monocultures as
well as in the 3D wound model has to be emphasized.

Discussion

Most patients with chronic wounds also suffer from
hypertension and/or diabetes. It is therefore even more
astonishing that the medical and scientific focus in wound
healing does not address possible "side effects" of the
necessary drug therapy of these underlying diseases. Almost
all antidiabetics and antihypertensive drugs have a measurable
in vitro effect on wound healing. This varies significantly
between the substance classes: Differently than with systemic
application, the application of metformin - despite serum-
equivalent concentration in the in vitro analyses — led to
negative effects on the cells of the wound healing process.
Glinides also tended to have a negative influence on the
metabolism of skin cells. In contrast, dipeptidyl peptidase
inhibitors [13,14] and sulfonylureas had a (low) positive
effect. Interestingly, antidiabetics in direct in-vitro application
led to an increased rate of apoptosis of the cells of the wound
bed (fibroblasts).

In the case of antihypertensive drugs, [-blockers
improve wound healing in both in-vivo and in-vitro tests. The
results after local Timolol application are particularly to be
emphasized [7]. Calcium channel blockers showed a positive
effect on the wound healing. The opposite seems to be the
case for ACE inhibitors and thiazide diuretics (e.g. HCT):
Wound healing in ex vivo and in vitro 3D skin model is
already delayed by HCT in serum equivalent doses. In
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addition, a possible connection between thiazide diuretics and
skin cancer should not be neglected.

Conclusion

The results shown should be considered due to their
possible relevance in patients with chronic wounds who do
not respond to adequate (local) wound therapies. In particular,
metformin, the first-choice drug for type 2 diabetes with very
positive systemic effects, should continue to be investigated
translationally and clinically.
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