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Abstract 
Cell migration is a complex and dynamic biological process, it's the movement of the cell from one area to another, 

generally in response to a chemical signal. It is an essential feature of living cells for functions such as wound repair, 

tissue regeneration, cell differentiation, and immune response. Keratinocytes have the enzymatic machinery to generate 

catecholamines, they can synthesize endogenous epinephrine, which could be locally secreted into the wound and 

function in an autocrine manner. To determine whether beta2-adrenergic receptor (β2AR) antagonist and agonist altered 

endothelial cells (EC) migration, single-cell migration (SCM) assays were performed with human umbilical vein 

endothelial cells (HUVEC) in the presence and absence of β2AR agonist and antagonist. Screening the tested drugs 

revealed that the salbutamol (β2AR agonist) significantly decreases migration rate on (HUVEC) compared with control 

group, while timolol (β2AR antagonist) significantly increases the migration rate. In conclusion the administration of 

timolol increase single cell migration resulting and enhancement of re-epitheliazation, while administration of 

salbutamol decrease single cell migration resulting in inhibition of wound re-epitheliazation. 
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 الخلاصة
بايلوجية معقدة، وهي حركة الخلية من منطقة الى أخرى وبصورة عامة استجابة الى المحفزات الكيميائية. وهي  ةعبارة عن عمليه ديناميكيالخلايا إن هجرة 

ابلية لانتاج راتين قظاهرة مهمة لوظائف الخلايا الحية في شفاء الجروح، توليد الانسجة، تمايز الخلايا، والاستجابة المناعية. تمتلك الخلايا المولدة للكي
بحات  في ما لو ان لمحفزات وكا عمل ذاتيا في الجروح. ولغرض تحريعلى تكوين الابينفرين وافرازه موضعيا لي ةوكذلك لها القابلي الامينات الكاتيكولية

طلائية للحبل السري البشري بوجود وغياب دور في تغيير هجرة الخلايا الطلائية صممت تجرية هجرة الخلية المفردة  للخلايا ال ةالأدريناليني 2-مستقبلات ب
 .الادرينالية 2محفزات وكابحات مستقبلات ب

لول وبصورة معنوية اظهر تحري تاثير العقاقير المختبرة الى ان السالبيوتامول قد قلل هجرة الخلايا الطلائية للحبل السري البشري، بينما زاد عقار التيمو 
 .هجرتها

ستنتاجا فان أعطاء كابحات الدرينالينية كالتيمولول ، يزيد من هجرة الخلايا المفردة ويحفز عملية اعادة تكوين الطبقة الطلائية بينما يقلل  2-مستقبلات ب وا 
 الادرينالينيه كالسالبيوتامول من هجرة الخلايا وينتج في وقف عملية التكون الطلائي للجروح. 2-اعطاء محفزات مستقبلات ب

 .هيوفك، في الزجاج رة، سالبيوتامول، تيمولول،الهج الكلمات المفتاحية:
 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

Introduction 

igration is a complex and dynamic 

biological process, it’s the 

movement of cell from one area to 

another generally in response to a chemical 

signal. It's an essential feature of live cells and 

for functions such as wound repair, tissue 

regeneration, cell differentiation, embryonic 

development, immune response, and disease 

processes such as cancer metastasis and 

inflammation [1]. Endothelial cell (EC) 

migration is a critical process in angiogenesis 

and re-epithelialization [2].  

The cells often move as a tightly or loosely 

associated cohesive group, in collective cell 

migration in which cells are influenced by the 

interaction with their neighbors [3]. Virtually 

all living tissue is constructed by collective 

cell migration, which plays an important role 

in the initial symmetry breaking and leader- 

M 
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follower organization of cell groups during 

embryonic development [4].  

Collective migration has also been recognized 

as an important mechanism for wound healing 

and cancer invasion when cells in a group 

interact with the same chemotactic and 

mechanical signals as those of isolated cells, 

they may respond differently in a collective 

fashion [5]. 

In the commonly used Madin-Darbey Canine 

Kidney cell (MDCK) cells in a monolayer 

migrated directionally to the anode in an 

electric field (EF), whereas isolated cells 

displayed random migration in an EF of the 

same strength [6]. 

Traction forces, which play an important role 

in cell migration, also occurred in different 

patterns in single cells compared with the cell 

monolayer. For a single cell, traction forces 

are generated by the attachment of the actin 

network to the substrate at the leading edge of 

the cell, whereas at the trailing edge, the 

forces are a result of the actin network 

slipping over the substrate [7, 8]. Collective 

cell migration is one of the hallmarks of 

wound healing. Through wound healing, 

epithelial cells migrate collectively as a 

coherent sheet to heal wounds. Wounding an 

epithelial monolayer prompts directional 

migration of a cell sheet, that keeps tight 

intercellular adhesion [9, 10]. Cells found in 

the stratified epithelium similarly migrate in 

mass following injury [10]. During skin 

wound healing, epithelial cells proliferate and 

migrate collectively into the center of the 

wound [11]. Quantitative analysis 

demonstrated that over 95% of the cells 

moved at similar migration speeds and 

trajectories with very little change in their 

relative position [12]. 

These endothelial sprouts are guided by 

highly polarized tip cells that protrude long 

actin-rich filo podia and sense the local high 

concentration of vascular endothelial growth 

factor-A (VEGF-A) secreted by astrocytes 

[13, 14]. The extracellular VEGF gradients 

control the directional collective migration of 

endothelial cells in angiogenesis [14]. In 

wound healing, the primary goal for epithelial 

cells is to restore the epithelial barrier [15]. 

The application of most growth factors or 

other migration-stimulating chemicals usually 

has the potential detrimental effect of 

“scattering” cells in epithelial sheets, thus 

compromising epithelial barrier function. 

Epidermal growth factors (EGFs) reduce 

barrier function and decrease the dispersal of 

cells [16, 17]. Drugs that can enhance wound-

induced endogenous Electronic Funds Source 

(EFs) may be incorporated into a bandage that 

can be applied to skin wounds. Those drugs 

can then constantly exert effects on epithelial 

cells of local skin wound edges and may 

promote the collective migration of epithelial 

sheets to heal wounds [18, 19]. 

 

Materials and Methods 

Human umbilical ventricular endothelial cell 

line (HUVEC) was purchased from National 

Cell Bank Iran (NCBI). The entire cell lines 

were maintained in its specific medium; 

Endothelial cell growth medium (211-500), 

this cell lines were adapted to Ham's F12 + 

Roswell Park Memorial Institute medium 

(RPMI-1640) (Gibco/UK) (I/IV) and fetal 

bovine serum (FBS 10%) at NCBI and 1% 

pen/strep (Penicillin/streptomycin) (Sigma-

Aldrich, Germany) was added to those media 

to make complete growth medium as 

mentioned in the growth medium sheet 

provided with cell line. Polylysine purchased 

from Sigma-Aldrich (Germany) was used to 

coat the flask that used to culture the HUVEC 

cell for 48hrs in the CO2 incubator. 

Salbutamol and timolol were prepared by 

dissolving the powdered samples in the 

medium used for culture of the cell line (in 

concentration of 0.5 mg /ml for each drug). 

The control group wells received 200µl of 

medium, while the wells of tested agents 

received 200µl medium with 0.5mg/ml conc. 

of each agent, then incubated at 37˚C, with 

5% CO2 for 48hrs [20]. 

Cell Culture Wound Closure Assay 

(scratch assay) 

Among the numerous ways to study cell 

migration, the cell wound closure assay is 

useful to determine the migration ability of 

whole cells mass. This assay which was used 

in this study according to Liang et al [21] and 

Zhang methods with slight modification [22].  

The method was a wound closure technique 

applied on cell culture of human umbilical 

vein endothelial cells (HUVEC). Wound 

width in a micrometer (um) was measured 

during (12) hours every three hours after 
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dividing the samples into three groups; 

control, salbutamol group , and timolol group. 

The first group included only the growth 

media, the second group was treated with 0.5 

mg/ml salbutamol and the third group was 

treated with 0.5 mg/ml timolol 

1. Cells were detached from the tissue culture 

flask using 0.25% trypsin-EDTA solution. 

Pellet the cells in a 15 ml conical tube by 

centrifugation, the supernatant decanted out, 

and the cells are re-suspend in culture 

medium. Appropriate number of cells was 

distributed in a 6-well plate and incubated 

until it reach 100% confluence in about 24 

hours. Coating of the plates with collagen I 

prior to cell seeding offers the possibility to 

study migration on different substrates.  

2. In a sterile environment typically a 

biosafety cabinet, a scratch was made by 

using 200 μl pipette tip to press firmly against 

the cell monolayer of the tissue culture plate 

and swiftly a vertical wound down through 

the cell monolayer was done.  

3. Carefully aspirated the media and cell 

debris. Slowly add, enough culture medium 

alone, 0.5 mg/ml of salbutamol and 0.5mg/ml 

of timolol, against the well wall of the control 

and test wells to cover the bottom of the wells 

and detaching additional cells were avoided. 

Following the generation and inspection of 

the wound an initial picture was taken. Then 

place the tissue culture plate in CO2 incubator 

at 37 °C. 

4. At three hours' time interval, the plate was 

taken off from the incubator and examined by 

the inverted microscope, snapshot picture was 

taken and for checking of wound closure.  

 

 

5. The approximation rate of the wound edge 

are snapshotted and the distance of one side 

of the wound to the other side was measured 

by using a scale bar. Wound closure rate can 

be analyzed over a time using a scatter plot or 

bar graph.   

Statistical analysis 

Data were collected, summarized, analyzed 

and presented using three statistical software 

programs; the statistical package for social 

science (SPSS version 22), Microsoft Office 

Excel 2013 and MedCalc 2014. Comparison 

of mean values between two groups was 

carried out using Mann Whitney U test 

whereas comparison of mean values within 

the same group on different occasions was 

carried out using Wilcoxon test. P-value was 

considered significant when it was equal to or 

less than 0.05 and highly significant when it 

was equal to or less than 0.01 [23]. 
 

Results: 
The results are shown in figures (1) and (2).  

The wound width distance in timolol group 

shown highly significant wound edge 

approximation after 12 hours than the control 

group (P<0.01) whereas the wound width 

distance in salbutamol group was less 

significantly approximated, after 12 hours 

than the control group (P<0.05). The rate of 

wound closure was highly significant in 

timolol group than in control group, 58.33 

versus 33.33 μm/hr (P<0.01). The rate of 

wound closure was none-significantly in 

salbutamol group in comparison to control 

group, 25.00 versus 33.33 (P<0.05), as shown 

in table (1). 

 

 

 

 
Table (1): Wound closure assay in control and study groups. 

 

 

 

 

 

 

 

 

 

* Significantly (<0.05) lower than control; † highly significant (<0.01) greater than control. 

Time (hours) Control Salbutamol Timolol 

M±SD Μm M±SD Μm M±SD Μm 

0 1000 1000 1000 

3 900 1000 800 

6 800 900 600 

9 700 800 500 

12 600 700 300 

Rate of wound 

closure (μm/hr) 

33.33 25.00* 58.33† 
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Figure (1): Wound closure assay during 12 hours of control and study groups by inverted microscope 

(power 20x). 

 

 

  

Figure (2): Wound closure assay in control and study groups. 
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Discussion  

In the present study, the rate of wound closure 

was highly significant in timolol group than in 

control group. The rate of wound closure was  

 

none significant in salbutamol group than in 

control group. 

In agreement with results of present study, 

Sivamani et al. stated that epinephrine (B2 

agonist) levels in the culture medium was 

elevated to the level that was found in burn 

stressed animals [24], the rate of migration of 

both cultured murine and human 

keratinocytes is impaired (reduced by 76%, in 

humans, p < 0.001, and by 36%, in mice, p = 

0.001). However the current study the β2 

agonist (salbutamol) resulted in 32 % 

reduction in migration rate and this is less 

than that observed by Sivamani et al. The 

cause may be attributed to different tissue 

used in culture, since the cell line used in 

Sivamani et al.  was neonatal human foreskin 

whereas the cell line used in the present study 

was HUVEC; the second cause may be due to 

the use of a different β2 agonist since the drug 

used in the present study was salbutamol 

while the drug used in the experiment of 

Sivamani et al. was isoproterenol. 

Sivamani et al. also examined the effect of 

highly selective β2AR antagonist (ICI-

118,551), found that the β2AR-selective 

antagonist increased keratinocyte migration 

rate [24], as a similar finding of the present 

study. 

The explanation for the role of β2AR 

antagonist in increasing the migratory rate of 

cultured cells may be explained as following: 

the keratinocytes express (β2AR), Which is 

activated by the catecholamine, isoproterenol 

as (β2AR) agonist) decreasing the cell 

migration speed, interfere with healing of an 

in vitro scratch wound in keratinocyte 

monolayers and delays healing of acute 

surgical wounds in vivo [25,26]. These effects 

are inverted by β-adrenergic receptor (βAR) 

antagonists (timolol) involving a βAR-

mediated mechanism, as shown in the present 

study and in the study of Sivamani et al. 

Activation of the β2AR in keratinocytes 

enhancing the Protein phosphatase 2 A 

(PP2A) and extracellular-signal-regulated 

kinase (ERK) to the receptor and results in 

minimizing the ERK phosphorylation that is 

required for migration [27]. On the other 

hand, several studies proved that the 

phosphatidyl inositol 3 kinase (PI3K)/ Protein 

Kinase B (AKT) pathway is a downstream 

mediator of β2AR activation; this pathway 

regulates migration through actin mediated 

pathway [27].  

Ghoghawala et al., conducted a study on the 

effect of β-AR agonist and antagonist on the 

rate of migration of cultured of murine cornea 

epithelial (AMCE) and concluded that: The β-

AR agonist isoproterenol decreased (AMCE) 

cell migration velocity to about 70% than in 

untreated control groups [28], the result was 

is similar to that of the present study; however 

the reduction rate in the current study was 

32% which is less than that of Ghoghawala et 

al. study. On the other hand, Ghoghawala et 

al found that treatment with the β-AR 

antagonist (timolol) enhance the healing 

speed by about 35% which is also similar to 

the finding of the current study, although the 

increment in the rate was 75%. Probably the 

difference in reduction of the rate by β-AR 

agonist and increment in rate by the β-AR 

antagonist is due to the use of a different cell 

line, in the present study it was HUVEC while 

in Ghoghawala et al.  Study it was AMCE. 

Ghoghawala et al. also found that β-AR 

agonist resulted in a 0.60-fold lowering in 

concentration of activated phospho-ERK (P-

ERK) [28] and that the β-AR antagonist 

(timolol) resulted in a P-ERK 2.4-fold 

increment (P < 0.05).  
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