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Abstract

Background: Wound healing is a complicated and integrated process. Researches in the molecular level on human 
and animal models have indicated several molecular changes related to the effect of diabetes on wound healing pro-
cess.
Objectives: Increasing number of researches implicates the influence of mast cells on skin wound repairing. In this 
study the effect of systemic pentoxifylline (PTX) administration (daily dose of 25mg/kg twice a day, for 7 consecutive 
days) on normoglycemic (NG) and diabetic (DB) wistar rat’s wound healing by secondary intention was studied.
Materials and Methods: In this study forty eight wistar rats (weighting 250-350g) were divided randomly in two 
groups: Normoglycemic and diabetic,  each group was divided into experimental and control  groups,  experimental 
received  intraperitoneal (PTX) and controls received distilled water(DW). The number and maturing process of mast 
cells was evaluated by counting the number of types of mast cells (1, 2, 3) microscopically and by stereological methods 
on day 3 and 7 after surgery.
Results: In this study it was cleared that in wound healing process  PTX caused  increasing  the number of type 2 mast 
cells in all experimental groups(P = 0.00). In normoglycemic experimental group, receiving PTX there was decrease in 
the number of type3 mast cells, comparing experimental NG groups (P = 0.00). 
Conclusions: In all PTX treated groups delay in converting type 2 into type 3 mast cell was seen. Pentoxifylline causes 
decreasing mast cell degranulation in wound healing process.

1. Background
Wound healing is a complicated and integrated pro-

cess. In all over the world 15% of 200 million diabetic 
people suffer from diabetic foot disease.(1). Research in 
human and animal models has identified a large number 
of changes associated with diabetes at the molecular lev-
el in delayed wound healing.(2) Healing impairment in 
diabetes is characterized by delayed cellular infiltration, 
granulation tissue formation, decreased collagen orga-
nization, diminished blood flow, increased blood viscos-
ity and, of course,  reduced angiogenesis.(3-5) Mast cells 
are found in increased numbers in acute wounds and 
in certain chronic fibrotic diseases.  Growing evidences 
indicates that mast cells are integrally involved in the 

process of dermal wound repair. They are resident cells 
of the normal dermis and have several cytokines stored 
in their granules that are stimulatory to fibroblasts. They 
also contain serine proteases that may be involved in 
remodeling of the extracellular matrix during healing 
(6). Mast cells are known to participate in three phases 
of wound healing: the inflammatory reaction, angiogen-
esis and extracellular-matrix reabsorption and remod-
eling. Moreover, there is some evidence that mast cells 
participate in angiogenesis, stimulation and regulation 
of endothelial-cell and fibroblast migration and prolif-
eration.(7) Fibrosis can be defined as the replacement of 
the normal structural elements of the tissue by distorted, 
nonfunctional and excessive accumulation of scar tissue. 
Many clinical problems are associated with excessive scar 
formation. (8) for example keloids, tendon adhesions, 
scleroderma, liver cirrhosis and hypertrophic scar in the 
skin. It is also interesting to note that most fibrosis condi-
tions are characterized by an increased number of mast 
cells.(9-12) Few studies have shown that pentoxifylline 
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(PTX) therapy improves most problems related to fibrosis 
conditions e.g., chronic wound healing, venous leg ulcer, 
tubulointerstitial fibrosis, pulmonary inflammation, DB 
phlegmona of the foot and sarcoidosis.(13-15) PTX belongs 
to the group of the peripheral vasodilators. It dilates se-
lectively blood vessels of the limbs, brain and retina. The 
vasodilatative effect of the preparation is a result of inhi-
bition of the enzyme phosphodiesterase and increasing 
of the concentration of cAMP in the smooth muscle cells 
of the blood vessel wall. PTX possesses some antiagregant 
effect also. The latter action is due to the elevation of the 
cAMP in platelets and (indirectly) to the prostacyclin 
synthesis potentiation, inhibition of interleukin-1 and 
12, inhibition of IL-2 receptors on lymphocytes and TNF-α 
production on lymphocytes. PTX improves blood rheol-
ogy by reducing the internal viscosity and mobility of the 
red blood cell membrane. It improves significantly the 
microcirculation in the organism.(15-18) This study was 
conducted to investigate the effects of PTX administra-
tion on mast cells number and degranulation in healing 
wounds in NG and DB rats.

2. Materials and Methods
All procedures in this study were approved by the 

Institutional Medical Ethics Committee of the Univer-
sity Of Shahid Beheshty (MEC), Tehran, Iran. Forty eight 
adult male Wistar rats weighing between 250-350g were 
obtained from Pasteur Institute of Iran and were main-
tained in our Division of Laboratory where they main-
tained one per cage with free access to food and water in 
a room with normal humidity and temperature (22-24 
◦C) on a 12-h light/dark cycle. To provide diabetic group 
of this study. 24 rats were randomly separated and after 
a 12-h fasting, were given a single intraperitoneal injec-
tion of streptozotocin (Zanosar Pharmacia & Upjohn Co, 
Kalamazoo, Ml 49001, USA, 55mg/kg body weight solved 
in distilled water). Seven days after  streptozotocin injec-
tion, a blood glucose measurement was performed on 

tail blood using(Supreme Petit, Hypoguard LTD with test 
strips of Supreme 50 Test code 56)this measurement con-
tinued every three days before starting surgery. Diabetes 
was defined for each animal if blood glucose level was 
consistently above 300 mg/100ml. During this period DB 
rats showed clinical signs of diabetes mellitus e.g., poly-
uria, polyphagia and weight loss. After 30 days of consis-
tent hyperglycemia animal was desired to participate in 
study. Control groups received distilled water. During the 
study, blood glucose level of all DB rats was measured ev-
ery three days. All experimental groups of this study (n = 
24) received 25mg/kg PTX, twice a day administered for 
7 consecutive days after surgery. Administration of PTX 
was started 4 days earlier before surgery and continued 
till the end of the study on day 7. To provide the full-thick-
ness skin linear incision, oriented perpendicular to the 
long axis of the body each animal was anesthetized with 
ketamine (50 mg/kg) and xylazine (5 mg/kg). The backs 
of rats were shaved and a linear incision (15mm) was 
made to the level of the panniculus carnosus muscle. The 
wounds were not sutured or covered and left to be healed 
by secondary intention (Figures 1 & 2).

The wounds were not sutured or covered and left to be 
healed by secondary intention. Tissues were fixed in for-
malin (pH = 6.8) and paraffin-embeded. Sections (6µm) 
were obtained and stained with 10% toluidine blue. Ac-
cording to sensitivity or resistant to formalin, two type of 
mast cells may be identified (19), in this study, in the rats 
the formalin resistant cells (connective tissue type) were 
identified and counted. Considering the degree of granu-
lation in each cell, three types of mast cells were identi-
fied in skin samples, representing three stage of mast cell 
maturation. Intact dark blue-stained cells were consid-
ered as type 1 mast cells(Figure 3.A); cells from which some 
granules had been extruded, but cell outline retained 
largely intact identified as type 2 mast cell(Figure 3.B); and 
cells exhibiting extensive and widespread degranulation, 
with complete or partial disintegration of the cell outline 

Figure 1. The back of rats was shaved and a linear incision (15mm) was 
made to the level of the panniculus carnosus muscle. The wounds were 
not sutured or covered and left to be healed by secondary intention

Figure 2. The backs of rats were shaved and a linear incision (15mm) was 
made to the level of the panniculus carnosus muscle
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were considered as type 3 mast cells(Figure 3. C).
 (A) Type 1 mast cell. (B) type 2 mast cell. (C) Type 3 mast 

cell
To estimate the precise number of all kinds of mast cells 

in the healing wound area, 3.15mm2 area in the border of 
the incision, near the granulation tissue, or in the area 
of new collagen formation with x100 objective for each 
group(n = 6)were photographed and stereological meth-
ods were used, these methods may be used to obtain in-
formation about three-dimentional structures based on 
observations made in two-dimentional sections.(20-22) 
In this study 15 double consecutive sections (reference 
and look up; leaving 5 sections between) leaving 30 sec-
tions between double sections, were obtained from each 
wound and mast cells counting was performed by using 
specific cell counting grid. Data were evaluated with the 
SPSS version 16 and all data passed K-S, Leven’s test, Stu-
dent sample T-Test, ANOVA and One-Way ANOVA, Tukey 

tests. The criterion for significancy was a P < 0.05. Data 
are obtained and reported as mean ± standard error of 
the mean (SEM).

3. Results
Three of the DB rats died during first week after strepto-

zotocin injection and two of the NG rats were died during 
anesthesia and postwounding period and were replaced 
by new ones. Most of the DB and few of the NG rats weight-
ed less at the end of the study compared to the day of sur-
gery, normoglycemics, (P = 0.15) and diabetics (P = 0.07). 
Blood glucose levels were higher than 300mg/100ml in 
all DB rats on the day of surgery till the end of the study 
(day7) and no differences were seen within and between 
DB groups(P = 0.08). Means ± SD for estimated number of 
all types of mast cells and the total number of mast cells 
in 3.15mm2 area of each group at days 3 and 7 after linear 

Figure 4. Mean ± SEM for the numbers of types 1, 2 and 3 mast cells, and 
total number of all types of mast cells in each group on day 3 in 3.15mm2 
area of full thickness skin linear incision healing wounds, estimated by 
stereological methods and magnification x100 objective. The mean num-
ber of type 3 mast cells in DB+PTX group is higher than NG+PTX group, (P
= 0.000) and NG + DW group (P = 0.000). The mean number of type 3 mast 
cells in DB+DWgroup is higher than NG+PTX group, (P = 0.000) and NG + 
DW group (P = 0.000).

Figure 5. Mean ± SEM for the numbers of types1,2 and 3mast cells, and 
total number of all types of mast cells on day 7 in 3.15mm2 area of full 
thickness skin linear incision healing wounds, estimated by stereological 
methods and magnification x100 objective. The mean number of type 2 
mast cells in NG + PTX group is higher than NG+DW group (P = 0.000). The 
mean number of type 2 mast cells in DB+PTX group is higher than DB+DW 
group (P = 0.000).The mean number of type 3 mast cells in NG+DW group 
is higher than NG+PTX group (P = 0.000).

Figure 3. Three Types of Mast Cells in Skin Samples of Normoglycemic Rats Stained With 10% Toluidine Blue and Observed With Magnification10x100 
Objective
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incision is presented in Figure.4 and Figure 5.
According to statistical analyses on day 7 the  mean 

number of type 2 mast cells in all PTX treated groups(NG 
+ PTX and DB + PTX) is higher than their controls(NG + 
DW and DB + DW),(P = 0.000). The mean number of type 
3 mast cells in NG + DW group is higher than NG + PTX 
group(P = 0.000).

4. Discussion
In present study streptozotocin-induced diabetes is 

used and this kind of diabetes doesn’t have metabolic or 
pathologic features of long-term human diabetes, but 
provides a good model to study acute wound healing 
events in diabetic rats.(23, 24) Considering mere number 
of counted mast cells and statistical analyses results, it 
seems that PTX has significantly increased the number of 
type 2 mast cells in all PTX treated groups (NG + PTX and 
DB + PTX) on day 7. Counting the mere number of type 3 
mast cells and considering statistical analyses results, it 
seems that although in DB + PTX group reduction of the 
number of type 3 mast cells comparing control group is 
happened but this reduction is not significant. However 
considering the rate of type 3 mast cell decreasing in day 
3 and 7 in NG + PTX and DB + PTX groups and comparing 
them with their controls NG + DW and DB+DW groups (al-
though it is not significant in day3) it seems that PTX has 
delayed converting type 2 into type 3 mast cells. In NG + 
PTX  group comparing its control group(NG + DW), reduc-
tion of type 3 mast cells on day 7 is completely significant 
and this point may refers that PTX has a distinct reduc-
ing effect on the number of type 3 mast cells and in other 
word in converting type 2 mast cells into type 3 mast 
cells. Considering all these poins it seems that PTX plays a 
modulating role in producing type 3 mast cells. A recent 
study suggested that reducing components of inflam-
mation such as mast cells degranulation may positively 
affect the wound healing process.(9, 25) In general in dia-
betes mellitus, hyperglycemia by decreasing cell prolif-
eration and affecting collagen synthesis impairs wound 
healing (3, 26-30), in this study, in DB groups, hyperglyce-
mia and increasing the number of type 3 mast cells were 
the reason for delay in wound healing comparing to NG 
groups. Furthermore, poor nutrient intake in DB groups 
partially contributes to wound-repair defect observed in 
DB rats (2). Evaluating the process of converting of type 2 
into type 3 mast cells in all PTX treated groups, shows that 
time laps even in DB + PTX treated group will change the 
converting process as same as the pattern that happened 
for NG+PTX group. It means that continuing systemic 
PTX treatment may decreases converting process of type 
2 into type 3 mast cells in norm glycemic and diabetic 
groups. 

We found that although PTX decreases the total num-
ber of mast cells in all PTX treated groups comparing 
controls, but this decrease is related to type 1 and may be 
type 2 mast cells. A recent study reported that mast cells 

contribute to scar formation during wound healing.(12)
Thence when PTX decreases presence of type 3 mast cells 
during wound healing, it may prevents scar formation 
by its direct effect on fibroblast proliferation.(31, 32) Mast 
cells contain specific enzymes which are capable of pro-
collagen processing and in this situation abnormal pro-
duced peptides are able to stimulate collagen synthesis 
and lead to fibrosis.(9, 10) It has been shown that IL-1α, IL-
9, Prostaglandin E2 and monocyte chemotactic protein-1, 
are different factors that in different ways may enhance 
mast cell growth by a fibroblast dependant mechanism, 
mast cell aggregation and granulation.(33) Also an study 
has shown that PTX may diminish the tissue damage 
caused by neutrophil inflammatory cytokines by block-
ing the inflammatory action of IL-1 and TNF-α and as IL-1 
enhances mast cells growth, PTX by blocking effect on IL-
1, blocks mast cell growth as well.(34) Several studies have 
reported that In normal human skin wound healing, 
(34) the rate of monocyte chemo attractant protein-1 is 
correlated or paralleled with recruitment and degranu-
lation of mast cells.(32, 35) Most recent studies have re-
ported that PTX reduces the up regulation of monocyte 
chemo attractant gene in a dose dependent manner.(36, 
37) Considering all these reports may leads  to the point 
that PTX plays as a regulator factor to decrease the pres-
ence of mast cells in wound healing process by blocking 
the inflammatory action of IL-1(35) and by reducing the 
up regulation of monocyte chemo attractant  gene in a 
dose dependent manner.(36, 37) In current study it is con-
cluded that PTX has increased the number of type 2 mast 
cells. More studies are needed to determine other prob-
able mechanisms that PTX may influences in suppressing 
the presence of mast cells in inflammatory situations.

Acknowledgments
We wish to thank the Vice – Chancellor of research of 

Shahid Beheshti University, M.C. for financial support. 

Financial Disclosure
None declared.

Funding/Support
None declared.

References
1. Brem H, Tomic-Canic M. Cellular and molecular basis of wound 

healing in diabetes. J Clin Invest. 2007;117(5):1219-22.
2. Blakytny R, Jude E. The molecular biology of chronic wounds 

and delayed healing in diabetes. Diabet Med. 2006;23(6):594-608.
3. Greenhalgh DG. Wound healing and diabetes mellitus. Clin Plast 

Surg. 2003;30(1):37-45.
4. Bohlen HG, Niggl BA. Adult microvascular disturbances as a 

result of juvenile onset diabetes in Db/Db mice. Blood Vessels. 
1979;16(5):269-76.

5. Sebag J, Tang M, Brown S, Sadun AA, Charles MA. Effects of pent-
oxifylline on choroidal blood flow in nonproliferative diabetic 
retinopathy. Angiology. 1994;45(6):429-33.

6. Hebda PA, Collins MA, Tharp MD. Mast cell and myofibroblast in 



487Iran Red Crescent Med J. 2012;14(8)

Babaei S et al.Effect of Pentoxifylline on Mast Cells in Wound Healing

wound healing. Dermatol Clin. 1993;11(4):685-96.
7. Trabucchi E, Radaelli E, Marazzi M, Foschi D, Musazzi M, Veronesi 

AM, et al. The role of mast cells in wound healing. Int J Tissue React. 
1988;10(6):367-72.

8. Kovacs EJ. Fibrogenic cytokines: the role of immune mediators 
in the development of scar tissue. Immunol Today. 1991;12(1):17-23.

9. Gruber BL. Mast cells in the pathogenesis of fibrosis. Curr Rheu-
matol Rep. 2003;5(2):147-53.

10. LeRoy EC. A brief overview of the pathogenesis of scleroderma 
(systemic sclerosis). Ann Rheum Dis. 1992;51(2):286-8.

11. Nishikori Y, Kakizoe E, Kobayashi Y, Shimoura K, Okunishi H, 
Dekio S. Skin mast cell promotion of matrix remodeling in burn 
wound healing in mice: relevance of chymase. Arch Dermatol Res. 
1998;290(10):553-60.

12. Wulff BC, Parent AE, Meleski MA, DiPietro LA, Schrementi ME, 
Wilgus TA. Mast cells contribute to scar formation during fetal 
wound healing. J Invest Dermatol. 2012;132(2):458-65.

13. Zhou QG, Zheng FL, Hou FF. Inhibition of tubulointerstitial fi-
brosis by pentoxifylline is associated with improvement of vas-
cular endothelial growth factor expression. Acta Pharmacol Sin. 
2009;30(1):98-106.

14. de Campos T, Deree J, Martins JO, Loomis WH, Shenvi E, Putnam 
JG, et al. Pentoxifylline attenuates pulmonary inflammation and 
neutrophil activation in experimental acute pancreatitis. Pan-
creas. 2008;37(1):42-9.

15. Vukovic M, Lapcevic M. [The role of pentoxifylline in nitrogen 
conversion in patients suffering from diabetic phlegmona of the 
foot]. Srp Arh Celok Lek. 2006;134 Suppl 2:119-21.

16. Aviado DM, Porter JM. Pentoxifylline: a new drug for the treat-
ment of intermittent claudication. Mechanism of action, phar-
macokinetics, clinical efficacy and adverse effects. Pharmacother-
apy. 1984;4(6):297-307.

17. Rendell M, Bamisedun O. Skin blood flow and current percep-
tion in pentoxifylline-treated diabetic neuropathy. Angiology. 
1992;43(10):843-51.

18. Marques LJ, Zheng L, Poulakis N, Guzman J, Costabel U. Pentoxi-
fylline inhibits TNF-alpha production from human alveolar mac-
rophages. Am J Respir Crit Care Med. 1999;159(2):508-11.

19. Romanos G, Nentwig GH. Diode laser (980 nm) in oral and maxil-
lofacial surgical procedures: clinical observations based on clini-
cal applications. J Clin Laser Med Surg. 1999;17(5):193-7.

20. Baddeley AJ, Gundersen HJ, Cruz-Orive LM. Estimation of surface 
area from vertical sections. J Microsc. 1986;142(Pt 3):259-76.

21. Gundersen HJ, Bendtsen TF, Korbo L, Marcussen N, Moller A, 
Nielsen K, et al. Some new, simple and efficient stereological 
methods and their use in pathological research and diagnosis. 
APMIS. 1988;96(5):379-94.

22. Amadeu T, Braune A, Mandarim-de-Lacerda C, Porto LC, Desmoul-
iere A, Costa A. Vascularization pattern in hypertrophic scars and 
keloids: a stereological analysis. Pathol Res Pract. 2003;199(7):469-

73.
23. Andriessen MP, van Bergen BH, Spruijt KI, Go IH, Schalkwijk J, 

van de Kerkhof PC. Epidermal proliferation is not impaired in 
chronic venous ulcers. Acta Derm Venereol. 1995;75(6):459-62.

24. Shi HP, Most D, Efron DT, Tantry U, Fischel MH, Barbul A. The role 
of iNOS in wound healing. Surgery. 2001;130(2):225-9.

25. Beukelman CJ, van den Berg AJ, Hoekstra MJ, Uhl R, Reimer K, 
Mueller S. Anti-inflammatory properties of a liposomal hydro-
gel with povidone-iodine (Repithel) for wound healing in vitro. 
Burns. 2008;34(6):845-55.

26. Falanga V. Wound healing and its impairment in the diabetic 
foot. Lancet. 2005;366(9498):1736-43.

27. Morain WD, Colen LB. Wound healing in diabetes mellitus. Clin 
Plast Surg. 1990;17(3):493-501.

28. Prakash A, Pandit PN, Sharman LK. Studies in wound healing in 
experimental diabetes. Int Surg. 1974;59(1):25-8.

29. Yue DK, Swanson B, McLennan S, Marsh M, Spaliviero J, Delbridge 
L, et al. Abnormalities of granulation tissue and collagen forma-
tion in experimental diabetes, uraemia and malnutrition. Diabet 
Med. 1986;3(3):221-5.

30. Hehenberger K, Hansson A. High glucose-induced growth factor 
resistance in human fibroblasts can be reversed by antioxidants 
and protein kinase C-inhibitors. Cell Biochem Funct. 1997;15(3):197-
201.

31. Trautmann A, Feuerstein B, Ernst N, Brocker EB, Klein CE. Hetero-
typic cell-cell adhesion of human mast cells to fibroblasts. Arch 
Dermatol Res. 1997;289(4):194-203.

32. Trautmann A, Toksoy A, Engelhardt E, Brocker EB, Gillitzer R. Mast 
cell involvement in normal human skin wound healing: expres-
sion of monocyte chemoattractant protein-1 is correlated with 
recruitment of mast cells which synthesize interleukin-4 in vivo. 
J Pathol. 2000;190(1):100-6.

33. Kameyoshi Y, Morita E, Tanaka T, Hiragun T, Yamamoto S. Inter-
leukin-1 alpha enhances mast cell growth by a fibroblast-depen-
dent mechanism. Arch Dermatol Res. 2000;292(5):240-7.

34. Conti P, Boucher W, Letourneau R, Feliciani C, Reale M, Barbacane 
RC, et al. Monocyte chemotactic protein-1 provokes mast cell ag-
gregation and [3H]5HT release. Immunology. 1995;86(3):434-40.

35. Sullivan GW, Carper HT, Novick WJ, Jr., Mandell GL. Inhibition 
of the inflammatory action of interleukin-1 and tumor necrosis 
factor (alpha) on neutrophil function by pentoxifylline. Infect Im-
mun. 1988;56(7):1722-9.

36. Lin SL, Chen YM, Chien CT, Chiang WC, Tsai CC, Tsai TJ. Pentoxifyl-
line attenuated the renal disease progression in rats with rem-
nant kidney. J Am Soc Nephrol. 2002;13(12):2916-29.

37. Chen YM, Lin SL, Chiang WC, Wu KD, Tsai TJ. Pentoxifylline ame-
liorates proteinuria through suppression of renal monocyte 
chemoattractant protein-1 in patients with proteinuric primary 
glomerular diseases. Kidney Int. 2006;69(8):1410-5.


