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ABSTRACT
Background and Aims: It has been suggested that thyrotropin-releasing hormone (TRH) may have functions beyond its fun-
damental regulating function. Previous studies have demonstrated that TRH promotes wound healing. We aimed to perform 
an in vitro study in fibroblasts to assess the role of TRH in wounds that frequently occur in diabetes. Thus, we investigated the 
effects of TRH in wound healing both under normoglycemic and hyperglycemic-conditions. 
Methods: L929 mouse fibroblast cell line was used in the experiments. The cell viability was confirmed with XTT. Then the 
scratch migration assay was used for assessing the wound healing. TRH was added to both control and hyperglycemia groups 
at 100 nM after the scratch was created. The wound areas were measured after 24 and 48 hours after the scratch.
Results: TRH and/or hyperglycemia did not affect the cellular activity after 48 hours. TRH reduced the wound areas (42.6%) 
compared to the control (52.2%) after 24 hours. In the hyperglycemia group the wound area was 64.3% and 61.0% of initial 
area at the 24th and 48th hours respectively. TRH incubation reduced these wound areas to 55.2% and 47.1% of initial areas. 
Conclusion: TRH treatment accelerated wound healing in hyperglycemia, which indicates the positive effects of TRH in 
wounds, may occur in diabetes.
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INTRODUCTION

Skin protects the body like a barrier against external factors such as chemical substances, UV rays and infections. It also has an 
important role in homeostasis by regulating body temperature and fluid balance. Wound healing is a crucial process for the body. 
This process is extremely complex; many molecules and cells such as cytokines, chemokines, growth factors and inflammatory 
cells work together for healing (Hahm, Glaser, & Elster, 2011). As a result of the problems that may develop during this process, 
wounds may become chronic. C hronic, non-healing wounds lead to pain, restlessness, recurrent infections and even amputation 
in progressive situations. Non-healing wounds have been shown to be one of the major causes of gangrene and septic deaths. 
Furthermore, industrialized countries spend more than 3% of their health-care budgets on non-healing wounds (Ohnstedt, Lof-
ton Tomenius, Vagesjo, & Phillipson, 2019). Diabetes is one of the most common causes of non-healing wounds. In diabetic 
patients, even minor wounds are difficult to heal while susceptibility to infection increases. Amputations are performed in many 
diabetic patients, especially due to diabetic foot syndrome. Current symptomatic treatments are often insufficient for wound 
healing. Furthermore, more efficient treatments are expensive and long-term treatments reduce the quality of life. Therefore, new, 
efficient and inexpensive treatment choices are needed for non-healing wounds in diabetes. 
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The interaction between thyroid hormone and wound heal-
ing has been known and studied for many years (Zamick & 
Mehregan, 1973). In euthyroid rats, thyroid treatment accel-
erated wound healing and, with supraphysiological doses 
of T4, increased the tensile strength of the skin (Lennox & 
Johnston, 1973; Zamick & Mehregan, 1973; Mehregan & Za-
mick, 1974). However, after the expression of the hypotha-
lamic–pituitary–thyroid axis components on the skin was re-
ported (Slominski et al., 2002), studies about thyroid-wound 
healing issues started to increase again. Topical application 
of thyroid hormones accelerated wound healing for both 
normal and diabetic animals (Safer, Crawford, & Holick, 2005; 
Kassem, Liberty, Babaev, Trau, & Cohen, 2012; Tarameshloo, 
Norouzian, Zarein-Dolab, Dadpay, & Gazor, 2012; Kaykhaei, 
2016).

High levels of another important element of the thyroid 
axis, TRH, were also found in the skin (Slominski et al., 2002; 
Gaspar et al., 2010). Studies have shown that TRH has a re-
markable role in hair growth and keratinocyte proliferation 
(Gaspar et al., 2010; Vidali et al., 2014). Meier et al. demon-
strated that TRH promoted wound healing in frog and hu-
man skin in organ culture assays (Meier et al., 2013). TRH and 
its analogue taltirelin provided important wound healing in 
a primary rat fibroblast culture scratch test and also in an in 
vivo skin wound (Nie et al., 2014). Despite these remarkable 
results, the studies investigating the role of TRH on wound 
healing are very limited and the role of TRH on wound 
healing in diabetic conditions has not been studied. In this 
study; we investigated the possible effects of TRH on in vitro 
wound healing assays in both normoglycemic and hypergly-
cemic conditions. 

MATERIAL AND METHODS

Chemicals
Low Glucose Dulbecco’s Modified Eagle Medium (DMEM) was 
purchased from Wisent Bioproducts (Quebec, Canada). Fetal 
bovine serum (FBS) and trypsin -EDTA was purchased from 
Cegrogen-Biotech (Germany). L-glutamine and penicillin-
streptomycin were purchased from Biochrom (Cambridge, 
UK). Sodium 3’-[1-[(phenylamino)-carbonyl]-3,4-tetrazolium]-
bis(4-methoxy-6-nitro)benzene-sulfonic acid hydrate (XTT) 
was purchased from PanReac Applichem (Germany). Phen-
azine methosulfate (PMS), glucose and mannitol were pur-
chased from Sigma Aldrich (St Louis, USA). TRH Ferring 0.2 mg/
ml intravenous (Ferring Pharmaceuticals) was used in the ex-
periments.

Cell culture
L929 mouse fibroblast cell line was used in the experiments. 
DMEM supplemented with 10% FBS, 2% L-glutamine and 1% 
penicillin-streptomycin was used in all groups. In hypergly-
cemic groups, fibroblasts were incubated in DMEM medium 
containing 25 mM glucose for 48 hours (Ueck et al., 2017). 
Untreated fibroblasts which were incubated with only DMEM 
medium were the control group. In the hyperglycemia+TRH 
group, fibroblasts were incubated in DMEM containing 25 mM 
glucose, and after 48 hours 100 nM concentration of TRH was 
added, in line with a previous study performed in fibroblasts 

(Nie et al., 2014). In the TRH treatment group, fibroblasts were 
incubated in DMEM along with TRH (100 nM). In order to inves-
tigate the effects of osmolarity we used a mannitol treatment 
group with the same molarity as the hyperglycemia group. In 
the mannitol group, fibroblasts were incubated in DMEM with 
20 mM mannitol.

XTT assay
L929 cells were seeded into 96-well plates and incubated for 
24 hours (5% CO2, 37°C) to form a semi-confluent monolayer. 
After 24 hours of incubation, the medium was aspirated from 
the cells. All incubation conditions of different groups were 
mimicked. Cells were incubated for 48 hours (5% CO2, 37°C). 
After 48 hours of treatment, 50 µl of the XTT/PMS solution was 
added to each well and the plates were further incubated for 
3 to 5 hours in the incubator at 37°C. Then the plates were 
swayed carefully and an aliquot of 100 µl was transferred from 
each well into the corresponding well of a new microplate and 
read at 450 nm. (reference wavelength 630 nm). The results 
were normalized to the control group.

Scratch migration assay
The migration of fibroblasts was analyzed by the scratch mi-
gration assay as previously described (Liang, Park, & Guan, 
2007; Nie et al., 2014). L929 cells were seeded in 24-well 
plates and maintained at 37°C and 5% CO2 to permit cell ad-
hesion and the formation of a confluent monolayer. After 48 
hours, when 90% confluence was achieved, an artificial gap 
called a “scratch” approximately 0.2-0.4 mm in width, was cre-
ated with a 200 μL sterile pipette tip. The culture medium was 
then immediately removed (along with any detached cells 
and debris).

Cells were then incubated at the experiment conditions at 
37°C and 5% CO2 for 48 hours. The cell migration and morpho-
logical changes of cells were observed in the images taken 
by an inverted microscope, equipped with a digital camera. 
According to previous in vitro studies showing that TRH was 
effective at the 72nd hour (Nie et al., 2014) and studies demon-
strated that TRH provided faster wound healing (Meier et al., 
2013) images were captured at three different time points (at 
the 0, 24th and 48th hours). The width of the scratch and wound 
closure was analyzed by ImageJ 1.53e software (National Insti-
tute of Health). Wound closure was quantified as wound area 
relative to the initial wound area. 

Statistical analysis
Statistical analysis was performed with one-way ANOVA post 
hoc Tukey test. Data were represented as mean ± standard er-
ror mean (SEM). The width of the scratch and wound closure 
was analyzed by ImageJ 1.53e software. GraphPad Prism 5.0 
software was used for statistical analysis (San Diego, USA).

RESULTS

Firstly, the cell viability and proliferation were assessed with 
XTT. TRH incubation and/or hyperglycemia did not affect the 
cell after 48 hours (Figure 1).
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The scratch migration assay was used for assessing the wound 
healing. At the end of the 24th hour, the TRH incubation to the 
normoglycemic cells reduced the wound area statistically sig-
nificantly compared to that of the control group. The wound 
area was the greatest in the hyperglycemia group, which indi-
cated that the hyperglycemia, as in diabetes mellitus, delayed 
wound healing in the L929 cell line. 100 nM TRH incubation ac-
celerated the wound healing also in the hyperglycemia group 
and provided a significantly smaller wound area compared 
to the hyperglycemia group. The wound area in the mannitol 
group was not different from that of the control group, which 
showed that the differences in the wound areas between the 
groups were not related with hyperosmolarity (Figure 2).

The 48-hour TRH incubation continued to reduce the wound area; 
however, this reduction was not different from that of the control 
group. On the other hand, in the hyperglycemic condition TRH 
incubation provided statistically significant healing in the wound 
area compared to the hyperglycemia group (Figure 3).

DISCUSSION

Recurrent, non-healing wounds are a serious problem in 
diabetic patients. Approximately 15% of these patients suf-
fer from recurrent foot ulcers (Chun et al., 2019). The wounds 
that do not heal and become chronic affect quality of life and 
require high patient compliance. About 20% to 33% of costs 
related to diabetes mellitus are used for treatments of dia-
betic foot ulcers (Schreml & Berneburg, 2017). This situation 
affects the individuals and communities not only emotionally 
but also financially (Gouin & Kiecolt-Glaser, 2011). The impor-
tance of more efficient choices in the treatment of wound 
healing will increase as indicated by the report notifying the 
increasing numbers of diabetic patients year by year (WHO, 
2020).

Hyperglycemia affects many significant factors in the wound 
healing process (Pan et al., 2015; Leguina-Ruzzi & Valderas, 
2017). The fibroblasts under hyperglycemic conditions exhib-
ited impaired function in previous studies (Lerman, Galiano, 
Armour, Levine, & Gurtner, 2003). In wound healing, fibroblasts 
are critical cells that are responsible for the breakdown of fibrin 
clot, creating the collagen structures and extracellular matrix 
(Bainbridge, 2013). Therefore, fibroblast cells are very suitable 
targets for investigating the effects of new drugs or therapies 
in wound healing. Firstly, we showed that 100 nM TRH, or the 
hyperglycemic condition created in cells, was not cytotoxic to 
the L929 cell line until the end of the experiments. However, 
the proliferation of the cells was only slightly reduced with hy-
perglycemia after 48 hours and TRH treatment did not provide 
an increase in the proliferation. There are conflicting results in 
the literature about this issue. In some of the experiments per-
formed on various cells, a significant decrease was observed 
with high glucose administration (Gupta & Tikoo, 2013), while 
high glucose did not change the proliferation in other cells 
(Morais, Westhuyzen, Pat, Gobe, & Healy, 2005). In our study 
also there was no significant reduction in our experiments at 
the 48th hour. However, considering the study that indicated 
the significant increase in proliferation of the primary fibro-

Figure 1. Cell viability % of each group after 48 hours. Data were pre-
sented as mean±SEM. Statistical analysis was performed with one-way 
ANOVA, post hoc Tukey test. n=8.

Figure 2. The wound areas of the groups at the end of the 24 hours. 
Data were presented as mean±SEM. Statistical analysis was performed 
with one-way ANOVA, post hoc Tukey test, *p<0.05 vs control and 
#p<0.05 vs hyperglycemia group. n=8.

Figure 3. The wound areas of the groups at the end of the 48 hours. 
Data were presented as mean±SEM. Statistical analysis was performed 
with one-way ANOVA, post hoc Tukey test, *p<0.05 vs control and 
#p<0.05 vs hyperglycemia group. n=8.
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blasts of rats with TRH after 72 hours, longer use of TRH may be 
required to increase the proliferation.

The scratch migration assay is a well-established, inexpensive 
and reproducible method that is used frequently in initial 
wound healing studies (Pitz Hdaet al., 2016). For these reasons, 
our study was designed in fibroblasts and the scratch migra-
tion assay was used as a wound healing test. Consistent with 
previous studies, hyperglycemia caused a delay in wound 
healing at both the 24th and 48th hours independent from hy-
perosmolarity in our study. 

Today, once a wound occurs in the diabetic patient, off-land-
ing, bandages and dressing that provides a moiety environ-
ment is used first (Everett & Mathioudakis, 2018). However, 
the appropriate pharmacological interventions are essential 
for optimum healing. Many different effective antiseptics 
and topical antibiotics are used in the treatment in the first 
stage. However, with the recurrence of the wound these 
drugs can be inadequate. As a result, new and more pow-
erful antibiotics, matrix metalloproteinase inhibitors, prote-
ase inhibitors, recombinant human platelet derived growth 
factor, and other new therapies such as negative pressure 
wound therapy and surgical processes are needed. Al-
though more efficient results are obtained from these treat-
ments, the very high cost of treatment and increased use of 
antibiotics are considered to be an important problem (Qi et 
al., 2020). Therefore, new, safer and cheaper treatments will 
be preferred for this challenging clinical problem. The repur-
posing of drugs has been frequently preferred to in recent 
years due to their reliability and more rapid usage in treat-
ment (Abels & Soeberdt, 2019). TRH has safely been used in 
thyroid diseases for many years. The efficient roles of TRH in 
skin elements such as keratinocytes, hair follicles and fibro-
blasts (Werner, Krieg, & Smola, 2007) have directed investiga-
tors to wound healing. In an ex vivo study on frog skin that 
were showed that TRH provided significant reduction in the 
wound size 72 hours after the application and reached maxi-
mum at the 7th day(Meier et al., 2013). The promising results 
were also obtained in the wound healing within days with 
TRH in the mice (Nie et al., 2014). Our study has taken it one 
step further and has demonstrated the efficiency of TRH on 
wound healing in hyperglycemic conditions. TRH treatment 
accelerated wound healing both 24 and 48 hours after the 
creation of the wound in hyperglycemic conditions, w hich 
may indicate that TRH may be beneficial for wound healing 
in diabetes mellitus.

There are many factors that delay wound healing in diabetes 
mellitus. It is thought that the increase in blood glucose level 
directly affects components in the wound healing process. 
Furthermore, neuropathic and biochemical abnormalities, 
vascular pathologies, reduced angiogenesis and impaired im-
mune function may have effects on wound healing (Qi et al., 
2020). It has been shown that TRH stimulated proliferation of 
immune cells and inhibited monocyte activity in nature killer 
cells in vitro (Frohlich & Wahl, 2019). TRH injection reduced the 
elevated blood glucose levels in mice. In another study, thyrox-

ine promoted angiogenesis of ex vivo wounded human skin 
cells (Zhang et al., 2019). Thus, it may be suggested that TRH 
can both directly and indirectly affect impaired functions due 
to hyperglycemia, and also provide accelerated wound heal-
ing in hyperglycemia. 

The present study is the first that investigated the effect of 
TRH in wound healing under hyperglycemic conditions We 
also assessed the role of TRH under the normoglycemic con-
ditions of L929 fibroblast cell line for the first time. Our results 
supported the previous studies investigating the effects of 
TRH on wound healing. Nie et. al reported direct effects of TRH 
on the alpha smooth muscle actin in fibroblasts and showed 
TRH increased proliferation and migration capacity of them 
(Nie et al., 2014). Similarly, in our study, after 24 hours of TRH 
treatment the wound area got smaller compared to the con-
trol group. However, after 48 hours there was no statistically 
significant difference between the control and TRH groups, 
even though TRH continued to be used to close the wound 
area. It could be related with the high proliferation capacity of 
cell lines that was used (Pitz Hda et al., 2016). Because of the 
fast migration of the cells in the control group, the healing 
that TRH provided could be masked. The earlier observation 
time can be preferred in future experiments. Wound healing 
is a very complex process, and it is known that keratinocytes 
are involved in this process as well as fibroblasts (Pastar, Stoja-
dinovic, & Tomic-Canic, 2008). Another limitation of our study 
is that evaluations were made only in fibroblasts, and future 
studies plan to evaluate the efficacy of TRH in keratinocytes. 
Thus, the mechanism of action of the role of TRH in wound 
healing will also be evaluated.

CONCLUSIONS

TRH indirectly regulates the thyroid hormone by stimulating 
TSH. Thyroid hormone has important physiological effects 
and affects many systems in the body. Therefore, our results 
demonstrate the direct effects of TRH and are promising for 
further studies and will guide in vivo experiments. TRH is an in-
expensive and relatively safe drug that has been used for many 
years. The possible efficiency of TRH in impaired wound heal-
ing in diabetes will reduce health expenses caused by ulcers 
in diabetes. Because it is a drug that patients can easily access, 
the compliance of patients will increase. If our study will be 
confirmed by further in vivo studies a new treatment choice 
may be available.
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