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Summary

To evaluate the effects of atorvastatin & simvastatin on
various wound models viz resutured incision, excision &
dead space wounds. Atorvastatin & simvastatin in clinically
equivalent doses of 7.2 mg/kg were administered orally in
different groups of Wistar rats weighing 175±25g to study
their effect on various wound models. The animals were
administered a single dose of the above drugs once daily
for 10 days in the resutured incision & dead space wound
model & till complete epithelization in the excision wound
model. On the 11th day the wound breaking strength in the
resutured incision wound model & the granulation tissue in
the dead space wound model was assessed.
Histopathological
examination
&
hydroxyproline
estimation of the granulation tissue was carried out in the
dead space wound model. Both the statins significantly
(p<0.05) increased the wound & granuloma breaking
strength in the respective models.
Time for complete closure & scar area were significantly
(p<0.05) decreased in the excision wound model with both
the statins as compared to controls.
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Introduction
Wound, a common clinical entity as old as mankind, often
poses problems in clinical practice. Wound healing is the
basic response of living tissue to injury & is influenced by
a number of factors including hormones & drugs. Some of
the well established factors influencing wound healing are
local factors like surgical technique, blood supply, suture
material, suture technique, infection, etc & systemic
diseases like malnutrition, malignancy, metabolic disorders
like diabetes mellitus & variety of drugs like colchicine1 &
5-fluorouracil2.
There is a positive correlation between angiogenesis 3-5,
endothelial nitric oxide synthase (eNOS)6,7 and wound
healing. Any agent or drug capable of promoting
angiogenesis & eNOS activity may promote wound healing.
Angiogenesis & fibroblast proliferation result in the
formation of granulation tissue, known as healing by first
intention.
HMG-CoA (3- Hydroxy , Methyl Glutaryl CoA) reductase
inhibitors like statins namely atorvastatin & simvastatin
have been reported to promote angiogenesis 8-11 & increase
eNOS12-15. Hence they could be expected to influence the
healing process by virtue of their reported antiinflammatory action.
Literature survey indicated paucity of information on the
influence of atorvastatin & simvastatin on wound
healing.The present study was thus planned to investigate
the influence of atorvastatin & simvastatin on various
wound models viz resutured incision, excision & dead
space wounds.

964

Pharmacologyonline 2: 963-974 (2009)

Patil et al.

Materials & Methods
Animals & drug treatment
Healthy male Wistar rats weighing 175±25g were housed
individually & acclimatized to the laboratory for a week
under 12:12 light dark cycle. The animals were fed on
standard pellet diet & water ad lib, as well as starved
overnight the day prior to experimentation. The study was
approved by the institutional animal ethics committee
constituted as per CPCSEA (Committee for the Purpose of
Control and Supervision of Experiments in Animals)
guidelines. Depilation at the wounding site was done a day
before wounding.
Wound Models: Resutured incision wounds were inflicted
with two 6 cm long parallel para vertebral incisions under
light ether anesthesia as described earlier16. Sutures were
removed on the 7th day; breaking strength was measured on
the 10th post wounding day, by the continuous water flow
technique of Lee17.
Excision wounds were inflicted as described by the method
of Morton & Malone18, by excising the full thickness
(approximately 500 mm2) from the nape of the neck under
light ether anesthesia. Wound closure rate & epithelization
time were assessed by tracing the wound on polythene
paper from the wounding day, followed by 4, 8, 12, 16 &
18th day & subsequently on alternate days till complete
epithelization (fall of scab without any raw area). Similarly
scars were traced on complete epithelization to assess
wound contraction by noting the scar shape & size.
Dead space wounds were inflicted by implanting sterile
cotton pellets (10mg) & cylindrical grass piths (2.5 cm X
0.3 cm) subcutaneously in the groin & axilla alternatively
by the technique of D’Arcy et al. as described by
Turner19.On the 10th post wounding day, all the granulation
tissues were removed under light ether anesthesia. Cotton
pellet granulomas were dried overnight at 600C to record
the dry weight which was expressed as mg/100g body
weight as suggested by Dipasquale & Meli 20.
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One of the granulation tissue over the grass pith was
opened & trimmed to a rectangular piece for estimation of
breaking strength & hydroxyproline content estimation
colorimetrically21, whereas the other piece was preserved in
10% formalin for histological studies.
All the wounding procedures were carried out aseptically &
none of the animals received any local or systemic
antimicrobials.
After wounding, the animals were divided into control &
treatment groups (n=6, in each group) for each of the
wound models to receive treatments. The drugs were
administered in their therapeutically equivalent doses as
calculated with the help of conversion table devised by
Paget & Barnes22.
Atorvastatin (7.2mg/kg) & simvastatin (7.2mg/kg) were
administered orally suspended in 2% gum acacia once a
day in the volume of 5 ml/kg.
Control groups received equal volumes of the vehicle. The
duration of treatment was 10 days for animals inflicted with
incision & dead space wounds, whereas it was continued
till complete epithelization in animals bearing excision
wounds.
Statistical analysis
The results were analysed by student ‘t’ test expressed as
mean ± SE. p<0.05 was considered as significant.
Results
Resutured incision wounds: Atorvastatin & simvastatin
significantly (p< 0.0001) increased the wound breaking
strength compared to that of control (Table I).
Dead Space wounds: Atorvastatin & simvastatin
significantly (p<0.001) increased the breaking strength of
the granulation tissue similar to its effect on resutured
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incision wound(Table I). Cotton pellet granuloma weight
was increased significantly (p<0.001) in the atorvastatin
(59.78±2.44g) & simvastatin (51.51±1.61g) treated groups
as compared to control (38.66±1.92g) (Table I).
Hydroxyproline content was significantly (p<0.0001)
increased in the treatment groups as compared to control.
(Table I) Histopathological studies revealed proliferation in
the atorvastatin & simvastatin groups as compared to
control (Figure I,II & III).
Table I :
Effect of atorvastatin & simvastatin on resutured incision &
dead space wounds
Group Dose
n= 6 in mg/kg
each
orally

Resutured
incision
wound
breaking
strength
(g)

Contro
l

Granulation
tissue
breaking
strength (g)

2% gum 181.7 ± 165
acacia
13.02
9.97
(5ml/kg)
Atorva
328.3 ± 241.7
statin
13.52**
13.76*
Simvas
285±
203.3
tatin
8.85**
4.22*
**

Dry
weight
(mg%
of
body
weight)

Hydro
xyprol
ine
(mcg/
900
mg of
wet
granul
ation
tissue)

± 38.66 ± 5.4 ±
1.92
0.08
± 59.78 ±
2.44*
± 51.51 ±
1.61*

9.3 ±
0.11**
7.6 ±
0.13**

p < 0.0001 & * p < 0.001
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Figure I, II, III

Excision wounds: The rate of wound closure in the
atorvastatin & simvastatin groups were significantly faster
on the 4th, 8th ,12th, 16th & 18th day as compared to that of
control (Table II).
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The time taken for epithelization was 18.67±0.61 days in
the control group, while it was significantly (p<0.0001)
decreased in the atorvastatin (13.17±0.31 days) &
simvastatin (14.83± 0.31 days) groups respectively (Table
II). The scar areas were significantly (p<0.0001) decreased
in both the treatment groups as compared to control
denoting enhanced wound contraction & epithelization
(Table II).
Table II :
Effect of atorvastatin & simvastatin on excision wounds
Gro
up
n=6
in
each

Con
trol

Ator
vast
atin

Dos
e
(mg/
kg)
Oral
ly

2%
gum
acac
ia
(5ml
/kg)

Wound closure (% of original area in mm2 on day
( Mean +- SE)

4

8

12

16

18

24

70

90

96.66

98.6
6

56**

82*

98.3
3**

100*

100*

Days Scar
for
area
compl (mm2
)
ete
closur
e
18.67 41.67
±
± 0.61
2.83

13.17
±
0.31**

22.67
±
1.77*
*

Sim
vast
atin

53**

80*

97**

100*

100*

14.83
±
0.31**

29
±
3.98*
*

**

p < 0.0001 & * p < 0.001
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Discussion
Wound healing is the basic response of living tissues to
injury. The results of the present study indicate that
atorvastatin & simvastatin promote healing in all the three
wound models employed. The basis of this result is the fact
that statins increase the activity of eNOS 12-15 &
angiogenesis.8-11There is a positive correlation between
eNOS & angiogenesis;increase in which favours wound
healing.Angiogenesis is required for restoration of blood
flow for growing tissue 3-5.This is the basis of wound repair
since it is essential for the supply of oxygen & other
nutrients required in the cellular & biochemical process of
the repair. 3-5
The other mechanisms involved in the prohealing activity
of statins include proper stimulation of the endothelial cell
migration,proliferation & differentiation8; since in vitro
endothelial cell sprouting assays confirmed that eNOS is
required for the same.
Inhibition of NAD(P)H oxidase leading to suppression of
superoxide formation & oxygen free radical scavenging by
statins could also help in promoting the healing by
reducing oxidative damage.23-26
Healing of excision wound is attributed to phenomenon
namely wound contraction & epithelization. The effects of
statins on fibroblasts is not well documented. The decrease
in scar area indicates that both atorvastatin & simvastatin
enhance wound contraction which is attributed to
myofibroblasts.
Lovastatin is known to downregulate the myofibroblast
function27 whereas pravastatin increases collagen
synthesis28. Hence it could be concluded that all statins by
virtue of their structure appear to differ in action.
Atorvastatin increased collagen formation & promoted
healing of resutured incision wounds in the present study
contrary to reports that it inhibits collagen production in
human cardiac fibroblasts29. This discrepancy could be
explained on the basis of species, tissue variation & also
since the earlier reports are based on an in vitro study.
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Cervistatin & atorvastatin have a biphasic action on
angiogenesis.They have a pro-angiogenic action in lower
concentration & angiostatic activity in higher
concentrations 8,14.But recent studies also indicate that the
dose dependent actions hold true only in the murine models
of angiogenesis30
Atorvastatin & simvastatin have promoted healing of
resutured incision wounds & dead space wounds by
enhancing collagen synthesis as evidenced by increased
hydroxyproline synthesis & collagen content via release of
vascular endothelial growth factor & enhanced AKT
signaling pathway. 9, 30
Conclusion
The results of the present study indicate that atorvastatin &
simvastatin promote the healing in excision, resutured
incision & dead space wounds. The prohealing effects of
these drugs may be due to their proliferative activity,
enhanced angiogenesis & endothelial nitric oxide release
leading to increased blood flow in growing tissue. Its
antioxidant property may also contribute to its prohealing
effect. However mechanisms of their prohealing effect need
to be explored further & extrapolated to clinical studies.
Acknowledgements
The authors are grateful to the Principal, J.N.Medical
College, Belgaum for providing facilities & Dr.P.R.Malur,
Professor of Pathology for his guidance in
histopathological studies. Thanks to Mr.A.V.Karvekar &
Mr.M.D.Kankanwadi for their skillful assistance.

References
1.Patil PA, Kulkarni DR.Effect of antiproliferative agents
on healing of excision wounds in rats. Ind J Exp
Bio,1985;23:149-50.

971

Pharmacologyonline 2: 963-974 (2009)

Patil et al.

2. Patil PA, Kulkarni DR. Effect of antiproliferative agents
on healing of dead space wounds in rats. Ind J Med
Res ,1984;79:445-7.
3. Cherry GW, Margaret A. Huges M, Fergason, David J.
In: Moitis P J, Wood W C eds. Wound healing 2nd ed. New
York. Alison,Langston, :136-42.
4. Li J, Zhang YP, Kitsnet RS. Angiogenesis in wound
healing:Angiogenic growth factors & the extracellular
matrix. J Micro Sc Res Tech, 2003; 60 (1):107-14.
5. Lee PC, Neil SP, Gcoynne A, et al. Impaired wound
healing & angiogenesis in eNOS- debricient mice. Am J
Physiol Heart Circ, 1999; 277: 1600-8.
6. Richared H, Ebron LD. Nitric oxide in wound healing: A
time- course study. J Surgical Res, 2001;101:104-8.
7. Maria B, Barbul W A. Role of nitric oxide in wound
repair. Am J Surg, 2002; 183:406-12.
8. Weis M, Heeshan C, Glassbord AS, Cooke JP. Statins
have biphasic effects on angiogenesis.Circulation, 2002;
105: 739-45.
9. Kureshi Y, Luo Z, Shiojima I, et al. The HMG-COA
reductase inhibitor activates the protein kinase AKT &
promotes angiogenesis in normocholesterolemic animals.
Nat Med, 2000; 6: 1004-10.
10. Brouet A, Sonveaux R, Chantal D, et al. HSP 90 &
caveolin are key targets for the proangigiogenic nitric oxide
mediated effects of statins. Cir Res, 2001; 89: 866-73.
11. Chen J, Zhang ZG, Yi Li, et al. Statins induce
angiogenesis, neurogenesis & synaptogenesis after stroke.
Ann Neurol,2006;16:313-25.
12. Wrich L, Vito La F, Jorge P, et al.
Upregulation of
endothelial nitric oxide synthase by HMG-COA reductase
inhibitors. Circ, 1998; 97: 1129-35.
13. Laufs U, Gertz K, Huang P, et al.
Atorvastatin
upregulates type III nitric oxide synthase in thrombocytes,
decreases platelet activation & protects from cerebral
ischemia in normocholesterolemic mice. Stroke, 2000;
31:2442.
14. Urbich C, Dernbach E, Zeiher AM, Diemmek D.
Double edged role of statins in angiogenesis signaling. Circ
Res, 2002; 90 (6): 737-44.
972

Pharmacologyonline 2: 963-974 (2009)

Patil et al.

15. Feron O, Chantal D, Desager J, et al. Hydroxymethylglutazyl coenzyme reductase inhibition promotes
endothelial nitric oxide synthase activation through a
decrease in caveolin abundance. Circ, 2001;103: 113-18.
16. Ehrlich HP, Hunt TK. The effects of cortisone &
anabolic steroids on the tensile strength of healing
wounds.Ann Surg, 1969;170:203-6.
17. Lee KH. Studies on the mechanism of action of
salicylates II.Retardation of wound healing by aspirin. J
Pharm Sci, 1968;57: 1942-3.
18. Morton JJ, Malone MH. Evaluation of Arch Int
vulnerary activity by an open procedure in
rats.Pharmacodyn Ther,1972;196:117-26.
19. Turner RA. Anti-inflammatory agent. In: Screening
methods of Pharmacology, 2nd ed. New York, Academic
Press, 1965.152-8.
20. Dipasquale G, Meli A. Effect of body weight
changes on the formation of cotton pellet induced
granuloma. J Pharm Pharmacol,1965;17:379-82.
21.
Woessner
JF.
The
determination
of
hydroxylproline in tissue & protein samples containing
small proportions of immino acid. Arch Biochem. 1961,
93; 440-7.
22. Paget GE, Barnes JM. Toxicity Tests. In: Lawrence DR
& Bacharach AL, eds. Evaluation of drug activities
pharmacometrics. London & NewYork; Academic Press,
1964: 140-61.
23. Mahley W, Robert & Bersot TP. Drug therapy for
hypercholesterolemia & dyslipidemia. In: Joel GH, Lee EL,
Alfred GG, eds. The Pharmacological basis of therapeutics,
10th ed. New York: Mc Graw Hill publication, 2001:
971-1002.
24. Mason JC. Statins & their role in vascular
protection. Clin Sci. 2003;105: 251-66.
25. Tandon V, Bano G, Khajuria V, et al. Pleiotropic
effects of statins. Ind J Pharmacol, 2005;37: 77-85.
26. Mehdi H, Luise Brennan M, Ronnier J, et al.
Statins promote potent systemic antioxidant effects through
specific inflammatory pathways. Circ, 2003; 108: 426-31.

973

Pharmacologyonline 2: 963-974 (2009)

Patil et al.

27. Kelynack KJ, Hewitson TD, Martic M, et al.
Lovastatin downregulates renal myofibroblast function in
vitro. Nephron, 2002; 91(4): 701-9.
28. Fukumoto Y, Libby P, Rabkin E, et al. Statins alter
smooth muscle cell accumulation & collagen content in
established atheroma of watanabe heritable hyperlipidemic
rabbits. Circ, 2001;
103: 993-9.
29. Martin J, Denver M, Bailey M, Kiran H. Invito
inhibitory effects of atorvastatin on cardiac fibroblasts;
implications for ventricular remodeling. Clin Exp
Pharmacol Physiol. 2005; 32(9): 697-701.
30. Okamoto T, Yamagishi SI, Inagaki Y, et al.
Angiogenesis induced by advanced glycation end products
& its prevention by cervistatin. The FASEB J, 2002; 16:
1928-30.

974

