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Efficacy of Annona squamosa
on wound healing in
streptozotocin-induced
diabetic rats
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ABSTRACT

Annona squamosa L. (Annonaceae), commonly known as custard apple, mainly used for its edible fruit, is
also recognised with numerous medicinal properties. As there is no report on the efficacy of this plant for
wound healing, we examined the efficacy of ethanolic extract of A. squamosa leaves on wound repair in
streptozotocin—nicotinamide-induced diabetic rats. Open excision wounds were made on the back of rats. The
drug at a dosage of 100 mg/kg body wt was reconstituted in 200 pl of phosphate buffered saline and applied
topically once daily for the treated wounds. The control wounds were left untreated. Wound tissues formed on
days 4, 8, 12 and 16 (post-wound) were used to estimate DNA, total protein, total collagen, hexosamine and
uronic acid. Levels of lipid peroxides were also evaluated along with tensile strength and period of epithelialisation.
A. squamosa L. increased cellular proliferation and collagen synthesis at the wound site as evidenced by increase
in DNA, protein and total collagen. The treated wounds were observed to heal much faster as proved by enhanced
rates of epithelialisation and wound contraction, which was also confirmed by histopathological examinations. The
results strongly substantiate the beneficial effects of the topical application of A. squamosa L. in the acceleration
of normal and diabetic wound healing.
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INTRODUCTION

Wound healing is a process of well-recognised
orchestrated and predictable events, in which
there are four distinct inter-related phases:
haemostasis, inflammation, proliferation and
remodelling (1). Interplay between blood cells,
endothelial cells, fibroblasts, keratinocytes
and the local release of growth factors and
cytokines influence the rate of wound repair.
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Any disruption in this interplay delays this
process (2).

Diabetes is responsible for delayed or
impaired wound healing, leading in many
instances, to chronic ulcer formation. Periph-
eral neuropathy and peripheral vascular dis-
eases are thought to be the underlying factors
for the delayed wound healing in diabetic
condition (3).

Although the mechanisms involved in
delayed wound repair in diabetic patients are
not completely understood, it is evident that
all phases of the healing process are disrupted.
In fact, delay in collagen synthesis, impairment
in epithelialisation and reduced angiogenesis
have been described during the proliferative
phase of the healing process (4). Earlier reports
suggested that many factors like decreased
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Key Points

e wound healing of disrupted
skin is a process of well-
recognised orchestrated and
predictable events, in which
there are four distinct inter-
related phases: haemostasis,
inflammation, proliferation and
remodelling

e diabetes is a condition respon-
sible for delayed or impaired
wound healing, leading in many
instances, to chronic ulcer for-
mation

e in diabetic condition, fibrob-
lasts do not produce adequate
amount of extracellular matrix
and the keratinocytes do not
reepithelialise the wound




Key Points

e Annona squamosa L. (Anno-
naceae), commonly known as
custard apple, which has a
native of West Indies, is culti-
vated throughout India, mainly
for its edible fruit

e A. squamosa has also been tra-
ditionally used for the man-
agement of several diseases
such as epilepsy, dysentery,
cardiac problems, worm infes-
tation, constipation, haemor-
rhage, antibacterial infection,
dysuria, fever and ulcer

e the aqueous extract of the
leaves of A. squamosa has been
reported to possess antioxidant
and antidiabetic activity

e in this study, we examined
the efficacy of the ethanolic
extract of A. squamosa leaves
on wound repair in strep-
tozotocin  (STZ)—nicotinamide-
induced diabetic rats

e healthy male Wistar rats, weigh-
ing between 150 and 200 g
were used for this study

e diabetes was induced in
overnight fasted rats, by a
single intraperitoneal injection
of STZ (50 mg/kg body wt) dis-
solved in 0-1M of cold
citrate buffer (pH 4-5), 15 min-
utes after the intraperitoneal
administration of nicotinamide
(110 mg/kg body wt)

e control rats were left untreated
(groups | and Ill) and expe-
rimental rats (groups Il and
IV) received ethanolic extract
of A. squamosa 200 ul (100
mg/kg body wt) topically once
daily

e level of lipid peroxides was
significantly decreased by 70%
in treated animals

e a significant increase in tensile
strength was observed in both
group Il and IV rats

e a marked reduction in the
epithelialisation  period was
noticed in both group Il and
IV rats

e a pronounced reduction in
wound size on all the days
explores the efficacy of A. squa-
mosa on wound healing

e complete healing occurred on
days 17 and 23, respectively, in
the treated and untreated rats

Annona squamosa on diabetic wound healing

production of growth factors such as trans-
forming growth factor-g, insulin-like growth
factor-1 and vascular endothelial growth fac-
tor, reduced collagen deposition, excessive pro-
tease activity, delayed inflammatory response
and impaired nitric oxide synthesis contribute
to the impaired wound healing observed in
diabetes mellitus (5,6). In addition, fibroblasts
do not produce adequate amounts of extracel-
lular matrix (ECM) and the keratinocytes do
not reepithelialise the wound (7). As a result,
the skin microvasculature becomes damaged,
tissue ischaemia ensures and chronic diabetic
wounds develop (8).

The process of wound healing is promoted
by several natural products (9), plant products
which are composed of active principles
such as triterpenes, alkaloids, flavanoids (10)
and biomolecules (11). These agents usually
influence one or more phases of the healing
process. We have already shown in our earlier
reports the wound healing potential of some
medicinal plants (12-14).

Annona squamosa L. (Annonaceae), com-
monly known as custard apple, is cultivated
throughout India, mainly for its edible fruit.
Traditionally, in India, the tribes and villagers
of the Aligarh districtand Chotanagpur regions
broadly use the young leaves of A. squamosa
along with the seeds of Piper nigrum for
the treatment of diabetes (15). A. squamosa has
also been traditionally used for the manage-
ment of several diseases such as epilepsy,
dysentery, cardiac problems, worm infesta-
tion, constipation, haemorrhage, antibacterial
infection, dysuria, fever and ulcer (16). It also
possesses antifertility, antitumour and aborti-
facient properties (17,18).

From the leaves of A.squamosa, several
flavonoids and a tetrahydroisoquinoline alka-
loid with cardiotonic activity (19) have been
isolated. Partially purified flavonoids of aque-
ous A.squamosa leaf extract possess antimi-
crobial and insecticidal activity (20) and
antioxidant activity (21). Antidiabetic activ-
ity of cold aqueous extract in streptozotocin
(STZ)-nicotinamide type 2 diabetic rats has
already been reported (22,23). The twigs of
A. squamosa possess antiulcer activity (24).

However, the medicinal values of this plant
pertaining to wound healing have not yet been
reported. Hence, in this study, we examined the
efficacy of topical application of the ethanolic
extract of A. squamosa leaves by macroscopical,

physical, biochemical and histological methods
in the process of wound repair in diabetic rats.

MATERIALS AND METHODS

Plant collection and extraction

Young leaves of A. squamosa were shade dried
and crushed to make fine powder. A 100 g of
this powder was macerated with 70% ethanol
in dark and filtered to harvest a viscous
supernatant. The supernatant was then dried
under vacuum below 40°C. The viscous residue
was collected, weighed and kept at 4°C until
use (yield 22-08 g).

Chemicals

L-Hydroxyproline, D-glucuronic acid, chlora-
mine-T, glucosamine, gallic acid, calf thy-
mus DNA, 1,1,3,3-tetraethoxypropane and
bovine serum albumin were purchased from
Sigma Chemical Company (St Louis, MO).
P-dimethyl aminobenzaldehyde, diphenyl-
amine and Folin’s Phenol reagent were from
Loba Chemie (Mumbai, India). Methyl cello-
solve was obtained from Merck (Darmstadt,
Germany). All other reagents were of high
analytical grade.

Determination of total phenolic content

The total phenolic content of the crude extract
was estimated using Folin—ciocalteu reagent
(FCR) based assay (25). To 200 pl of the aliquot
taken from a stock solution (1 mg/ml) of the
extract, 2-45 ml of water and 150 ul of FCR
were added. The mixture was kept at room
temperature for 5 minutes and then 300 ul of
1N sodium carbonate solution was added.
The mixture was kept at room temperature
for 30 minutes and the colour developed was
recorded at 765 nm. Total phenols (mg/g) in
the crude extract were expressed as gallic
acid equivalent (GAE), using a standard curve
prepared from gallic acid (0-1 mg/ml) solution.

Experimental design and diabetes
induction

Healthy male Wistar rats, weighing between
150 and 200 g were used for this study. The
rats were housed in wire topped cages with
sterilised rice husk bedding under controlled
conditions of light/dark cycle (12:12 hours),
temperature at 29-31°C and rats were fed with
commercial rat feed and water ad libitum. All
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procedures were carried out according to the
stipulations of the Institutional Animal Care
and Use Committee. A formal approval from
the Institutional Animal Ethical Committee has
also been obtained.

Diabetes was induced by a single intraperi-
toneal injection of STZ (50 mg/kg body wt)
dissolved in 0-1 M of cold citrate buffer (pH 4-5)
15 minutes after the intraperitoneal adminis-
tration of nicotinamide (110 mg/kg body wt)
in overnight fasted rats (26). Induction of dia-
betes was confirmed by tail vein blood glucose
estimation using glucometer (One Touch Hori-
zon, Johnson & Johnson, Mumbai, India) after
72 hours. After 2 weeks, rats with blood glu-
cose level >250 mg/dl were deemed as diabetic
and used for the experiment.

The rats were divided into four groups, each
group containing six rats:

group I: control rats, left untreated;
group II: rats treated with A.squamosa

(200 pl at a concentration of 100
mg/kg body wt);

group III: diabetic control rats also left
untreated; and

group IV: diabeticrats treated with A. squa-
mosa (200 ul at a concentration of
100 mg/kg body wt).

Wound creation and drug
administration

After shaving the back of the rats, a 2 cm?
full thickness open excision wound was
made by removing a patch of skin under
light ether anaesthesia as reported in our
earlier studies (12). The control rats were
left untreated and the treated rats received
200 ul (100 mg/kg body wt) of the extract
applied topically once daily, until the wounds
healed completely. Wound tissues formed
were removed on days 4, 8, 12 and 16 post-
wounding and used for different biochemical
analyses. The same dosage was followed for
the diabetic treated rats also.

Biochemical analyses

Nucleic acids were first extracted by the
method of Porat efal. (27). A 100 mg of the
wound tissue was homogenised in 5 ml of ice-
cold distilled water. 5 ml of 10% trichloroacetic
acid (TCA) was added and the samples
were kept in an ice bath for 30 minutes to
precipitate the proteins and nucleic acids. The
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contents were centrifuged and the pellets were
first washed with 1 ml of 10% of TCA and
then with 3 ml of absolute alcohol. The lipid
free sediment was resuspended in 5ml of
5% TCA and kept at 90°C for 15 minutes
to separate the nucleic acids. An aliquot
from this was taken and used to estimate
DNA (28), total protein (29). The total collagen
content in granulation tissues was estimated
based on the hydroxy proline index (30).
Hexosamine was estimated by the method
of Elson and Morgan (31). Schiller method
was used to estimate uronic acid (32). Lipid
peroxides level in wound tissues was also
measured (33).

Biophysical analyses

Reduction in wound size was calculated as
a percentage of the original size which was
determined by tracing the wound area on to
a transparent graph sheet and measuring the
surface area planimetrically.

A reduction in epithelialisation period is a
good sign as it denotes the number of days
taken for complete closure of the wounds.

To measure the tensile strength, a 6 cm linear
incision was made on the back of the rats.
Intermittent sutures were placed 1cm apart
with black cotton thread. Wounds were treated
as described above. The sutures were removed
on day 7 and the tensile strength of the wound
was determined on day 10.

From each wounded skin, 6-8 dumb bell-
shaped specimens of 4 mm width and 12 mm
length were punched out parallel to the back
bone. The thickness of the skin samples was
measured using screw gauge. The broad-
ened ends were gripped by the jaws of the
Instron Tensile Tester (Model 4301, Instron
Corporation, Canton, MA) and the stress-
strain curves were recorded at an extension
rate of 0-5 cm/minutes. The specimens were
kept cold by spraying ice-cold physiological
saline during the experiment. The skins were
strained to rupture and the ultimate load (kg)
and the ultimate strain (percent extension)
were calculated. Tensile strength (kg/cm?) was
obtained by dividing the ultimate load (kg)
by the area of original cross section (thick-
ness x width). The average of 4-6 readings per
rat (each group containing 6 rats) were pooled
and mean and standard deviation (SD) were
calculated (34).
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Key Points

e diabetic rats treated with
A. squamosa showed complete
healing on day 22, whereas
in the untreated diabetic rats,
complete healing occurred only
on day 28.

e histological examination shows
complete epithelialisation,
increased and thick collagen
bundle deposition in treated
groups

e the high amount of total phe-
nolic content of A. squamosa
could be a reason for increased
wound healing activity

e hydroxyproline, the main con-
stituent of collagen, serves as a
marker of collagen biosynthesis
at the wound site

e A.squamosa  administration
significantly enhanced all the
phases of wound healing in both
excision and incision wounds

e topically administered drugs
are effective in faster wound
contraction because of the
larger availability at the wound
site

e in conclusion, topical adminis-
tration of ethanolic extract of
A. squamosa promotes various
stages of wound healing such as
fibroplasia, collagen synthesis,
wound contraction and epithe-
lialisation
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Histopathology

The rats were sacrificed and the wound
tissues were removed. These samples were
then separately fixed in 10% formalin—saline,
dehydrated through graded alcohol series,
cleared in xylene and embedded in paraffin
wax (melting point 56°C). Serial sections of
5 um were cut and stained with haematoxylin
and eosin and Van Gieson’s. The sections
were examined under light microscope and
photomicrographs were taken.

Statistical analysis

Data were expressed as mean & SD of six
animals in each group and the results were
statistically evaluated using Student’s paired
and one-way analysis of variance. All statistical
analyses were performed using graph pad
prism version 5-0. Values corresponding to
P < 0-05 were considered as significant.

RESULTS

Total polyphenolic content

Total polyphenolic content in the crude extract
was found to be 264 mg/g in terms of GAE.

Effect of A. squamosa on biochemical
analyses

Table 1 depicts the DNA, total protein and
collagen content of control and treated wounds.
In group 11, A. squamosa treatment significantly

increased the DNA content from day 4 (91%) to
day 12 (41%) when compared with group I. A
similar trend in the group IV treated (diabetic)
was observed, with a significant (P < 0-05)
increase on days 4, 8 and 12.

In treated groups, a marked increase in the
collagen content (68-85%) in group II animals
and 27-45% in group IV animals was observed,
when compared with their respective controls.
A concomitant increase in protein content was
also observed in treated groups (P < 0-05).

Hexosamine and uronic acid, the ground
substrate on which collagen is laid down,
gradually increased till day 8 in both the
treatment group, when compared with their
respective controls (Table 2).

Rate of wound contraction

Figure 1A shows the photographs of the peri-
odical observation of the wounds on differ-
ent days. Wounds which received A. squamosa
contracted completely onday 17 in group Il rats
as against the control wounds which showed
only 85% of contraction (Figure 1B). Similar
results obtained in group III and IV animals
also (Figure 2A and B). Significant reduction
in wound size on all the days in the treatment
groups substantiates the efficacy of A. squamosa
on wound healing.

As shown in Figure3A, level of lipid
peroxidation was significantly decreased by
70% in animals of groups II and IV when
compared with the control groups.

Table 1 Effect of Annona squamosa on DNA, protein and total collagen content of wound tissues’

Day 4 Day 8 Day 12 Day 16

DNA (mg/100 mg wet weight)

Control 1-36 £0-13 5-39 +0-31 3:90 £ 0-25 1-48 £+ 0-31

Treated 2-60 £ 0-28* 7-23 £ 0-53* 5-50 + 0-28* 161+ 0-25

Diabetic control 1-56 &+ 0-27 2:47 £0-28 1-38+0-28 0-84 £ 0-05

Diabetic treated 2-14 £ 0-30* 4.48 £+ 0-26* 1.87 £0-21* 0-8 £0-08
Protein (mg/100 mg wet weight)

Control 3.57 +£0-19 5-15+ 0-65 4.79 +£0-77 228 £0-44

Treated 5-66 + 0-17* 9-11 4+ 0-53* 5-38 £0:32 2-20 £+ 0-66

Diabetic control 2-83 £0-21 4.62 +0-44 2:10 £ 0-40 1-46 + 0-24

Diabetic treated 4.81 £ 0-42* 6-45 £ 0-34* 2:29 £0-28 1-32 +£0-25
Collagen (mg/100 mg dry wt)

Control 1-54 +0-26 3-59 + 0-41 2:34 £0-39 1-39+0-32

Treated 259 + 0-26* 5-55 £ 0-39* 4.35 4+ 0-30* 2:11 £ 0-20%

Diabetic control 1-09 + 0-23 1-78 +£0-30 1-01+0-29 0-91 £ 0-30

Diabetic treated 1-50 4 0-18* 282 + 0-44* 1-29 £ 0-31 1-36 4+ 0-38*

Values (as mg/100 mg) are expressed as mean = standard deviation (n = 6 animals).

*P < 0-05 (significant, when compared with corresponding control).

© 2012 The Authors
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Table 2 Effect of Annona squamosa on hexosamine and uronic acid content of wound tissues’

Day 4 Day 8 Day 12 Day 16

Hexosamine (1g/100 mg dry wt)

Control 453.5 4+ 820 731-5+£ 418 374.3 £51-6 1059 £ 222

Treated 907-2 £ 30-1* 1223-0 £+ 168.7* 548.9 + 40-8* 129-7 & 26.5*

Diabetic control 271-0 £ 45.7 576-8 £ 70-9 148-2 £+ 23-9 264+ 54

Diabetic treated 457-4 £ 43.9* 666-6 & 56-6* 159-0 £ 27-1 28-1+£5-0
Uronic acid (ug/100 mg dry wt)

Control 77-3 £ 150 113-2 4+ 24-2 71-2+£12-6 54.0 +9-0

Treated 1321 £ 22.5* 171.5 £ 18-3* 926 £9-1* 613 +£66

Diabetic control 59.-5+11-8 104.5 4+ 135 37.7+99 226 +33

Diabetic treated 787 £ 11.3* 133.9 + 20-0* 387+73 17:7+ 27

Values (as mg/100 mg) are expressed as mean = standard deviation (n = 6 animals).
*P < 0-05 (significant differences from corresponding treated and untreated groups).

Effect of A. squamosa on biophysical
analyses

The biophysical changes studied are (1) reduc-
tion in wound size, (2) tensile strength and
(3) epithelialisation days of the wounds for
complete healing. Figure 3B compares the
tensile strength of control and treated incision
wounds (day 8). A significant increase (89%) in
tensile strength was observed in group II and
77% in group IV rats when compared with the
corresponding control groups.

The macroscopic analysis of the wounds
showed that the A.squamosa treated groups
required a total period of 17 (non diabetic) and
22 days (diabetic), respectively, for complete
healing, whereas the control groups took
23 (non diabetic) and 28 days (diabetic)
(Figure 3C), respectively.

Microscopic analyses of wound tissues
Figure 4 shows the histological specimen of
the weeks 1 and 2 of groups I and II. Untreated
wound shows less number of cells and collagen
deposition with minimal cellular infiltration
(Figure 4A), whereas in treated wounds,
fibroblasts and macrophages with moderate
collagen deposition was seen. Hyalinished
collagen, stroma and proliferating capillaries
were also found in week 1 of group II animals
(Figure 4B).

In the week 2, loosely packed collagen fibres
with irregular pattern and undifferentiated
keratinocytes under the basal layer of lamina
were observed. Incomplete epithelialisation
with lesser fibrous tissue at the wound
site was also noted in untreated tissues
(Figure 4C). Histology of treated wound for

© 2012 The Authors

week 2 showed keratinocytes, which were
clearly differentiated from epidermal layer
and accumulated in the basal lamina of
epidermis. Followed by this, collagen fibres
were densely packed and parallelly arranged.
More accumulation of collagen fibres in
the ECM region had also been noticed
with prominent thick bundles of collagen
fibres embedded with proliferating fibroblasts
(Figure 4D).

Histological evaluation was also carried out
for weeks 1-3 of wound tissues for group III
and IV animals. Figure 5A shows lesser num-
ber of fibroblasts and blood vessels than the
treated one in week 1 (Figure 5B). In the week 2,
very few proliferating capillaries macrophages
were observed with mild collagen formation in
untreated wound (Figure 5C). However, large
number of proliferating capillaries, complete
fibrous tissues and increased macrophages
were located with dense collagen in treated
tissues (Figure 5D). Incomplete epithelialisa-
tion with less collagen fibres were observed
at the wound site in untreated group in week
3 (Figure 5E). However, complete epithelial-
isation, increased and thick collagen bundle
deposition were observed in the treated group
(Figure 5F).

DISCUSSION

Diabetes mellitus is known to be associated
with a variety of alterations in connective
tissue metabolism, as a result of which
diabetic patients face a huge problem of
poor and delayed wound healing. Loss of
collagen determined in diabetes may be due

International Wound Journal © 2012 Blackwell Publishing Ltd and Medicalhelplines.com Inc
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Figure 1. (A) Photographical representation of contraction

rate on different days of control and treated animals. (B)
Graphical representation of percentage wound contraction on
various days of control and treated animals (groups | and II).
Values are expressed as mean =+ standard deviation for six
animals *P < 0-05, as significant when compared with the
control. Scale bar 1 cm.

to decreased levels of synthesis and enhanced
catabolism of newly synthesised collagen (35).

Diabetes mellitus induces poor wound heal-
ing of cutaneous lesions by a mechanism which
is still unclear. Therefore, diabetic animal mod-
els have been used for the better understanding
of the healing process of these lesions. In
acute wound healing, inflammatory response
should occur rapidly to permit the develop-
ment of subsequent phases of wound healing.
Reepithelialisation is a process of restoring
the epidermis and involves proliferation and

Day 0

Day4

Day 8

Day 12

Day 16

Day 20

B B8 Diabetic contral
s 1804 [ Diabetic treated
=
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&

B
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-3

Figure 2. (A) Photographical images of contraction rate on

different days of control and treated wounds of diabetic animals.
(B) Graphical representation of percentage wound contraction
on various days of both diabetic control and diabetic treated
wounds. Values are expressed as mean = standard deviation
for six animals *P < 0-05, as significant compared with the
control. Scale bar 1 cm.

migration of keratinocytes. Cell proliferation
is an essential event during reepithelialisation,
so proliferating keratinocytes ensure an ade-
quate supply of cells to migrate and cover

© 2012 The Authors
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Figure 3. (A) Lipid peroxides of wound tissues on various days.
Values are expressed as mean =+ standard deviation (SD) for six
animals and level of significance is expressed as *P < 0-05,
respectively, compared with the corresponding control. (B)
Tensile strength of incision wounds from control and treated rats.
Values are expressed as mean = SD for six animals, *P < 0.-01.
(C) Period of epithelialisation (measured as the number of days
required for complete healing) in control and treated rats. Values
are expressed as mean = SD for six animals, *P < 0-01.

the wound. Synthesis of ECM is also a key
feature of wound healing. Dermal reconstruc-
tion is characterised by the formation of gran-
ulation tissue, which includes cell prolifera-
tion, ECM deposition, wound contraction and
angiogenesis (36).

© 2012 The Authors

Earlier reports promised that plant products
are potential agents for wound healing and
largely preferred because of their widespread
availability, non toxicity, effectiveness and
absence of unwanted side effects as crude
preparations (37).

Treatment of wounds with A. squamosa was
found to produce a marked increase in DNA
content of the wound tissues. The increase in
DNA represents hyperplasia of the cells. This
growth was accompanied by a concomitant
increase in hexosamine, uronic acid and colla-
gen indicating active synthesis and deposition
of matrix proteins. Collagen forms an impor-
tant component of the ECM and the healing
process depends, to a great extent, on the
regulated biosynthesis and deposition of new
collagen and their subsequent maturation (38).
Assessment of collagen content in control and
extract treated wound tissues clearly suggests
that A. squamosa enhanced the production of
new collagen.

Hexosamine and uronic acid are matrix
molecules which act as ground substratum on
which collagen is laid down. It is reported
that there is an increase in the levels of these
compounds during the early stage of wound
healing following which normal levels are
restored (39). Similar trends were observed in
A. squamosa treated wounds. Increased DNA
and protein content of granulation tissues indi-
cate the level of cellular proliferation and
protein synthesis. Increased cellular prolifera-
tion may be due to the mitogenic activity of the
plant extract, which might have significantly
contributed to healing process. Early dermal
and epidermal regeneration in treated rats also
confirmed that the extract had a positive effect
towards cellular proliferation, granular tissue
formation and epithelialisation. In addition, it
has been reported that the definite increase in
collagen and hexosamine showed a positive
correlation with that of DNA in cultures of
swine aortic media (40). Higher protein and
collagen contents of treated wounds suggest
that A. squamosa stimulates the proliferation of
cells which actively synthesise the ECM.

The collagen synthesised is laid down at
the wound site and become cross linked
to form fibres. Wound strength is acquired
from both remodelling of collagen and the
formation of stable intra and intermolecular
cross links (41).

International Wound Journal © 2012 Blackwell Publishing Ltd and Medicalhelplines.com Inc
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Figure 4. Photomicrographs of histological study of control and Annona squamosa treated wound tissues on weeks 1 and 2 of
post-wounding, respectively (stained with haematoxylin—eosin and Van Gieson's; magnification 20x). During week 1, control (A)
showing loosely packed collagen with irreqular epithelialisation and less fibroblasts treated tissue (B) showing new blood vessel
formation and high fibroblasts with dense collagen deposition. On week 2, control (C) shows thin epithelial layer with less collagen
and treated (D) shows complete epithelialisation with regularly arranged dense collagen. Scale bar 50 um. BC, blood capillaries;

E, epithelialisation; F, fibroblast; IE, incomplete epithelialisation.

Furthermore, A.squamosa administration
significantly enhanced the healing of both
excision and incision wounds. Faster wound
contraction in excised wounds and greater ten-
sile strength in incised wounds could infer
that A. squamosa not only increases collagen
content but also aids in cross linking of this
protein. Hydroxyproline, the main constituent
of collagen serves as a marker of collagen
biosynthesis at the wound site. Collagen not
only deliberates strength and integrity to the
tissue matrix but also plays a vital role in
homeostasis and in epithelialisation at the later
phase of healing. Improved ground substra-
tum contents such as hexosamine and uronic
acid reproduces the stabilisation of collagen
molecules by accelerating electrostatic and
ionic interactions (42).

The free radicals and oxidative reaction
products produce tissue damage and play a
major role in the aggravation of tissue damage
during wound healing (43). Decreased levels
of lipid peroxides suggest that A.squamosa
possesses significant antioxidant activity,

which facilitated the inhibition of oxidative
damage and enhance the healing process. Pres-
ence of large amount of bioactive principles
such as alkaloids, flavonoids in A. squamosa and
its well-known antioxidant property decreased
the period of epithelialisation and helped the
wounds to heal significantly faster (44). Ear-
lier reports showed that the wound healing
activity of Clitoria ternatea could be attributed
to the presence of flavonoids and phenolic
compounds (45).

The high amount of total phenolic content of
A. squamosa could also be a reason for increased
wound healing activity because they play an
important role in wound healing because of
their free radical scavenging activity (46).

Histological evaluations further support
these results. A greater degree of epithelial-
isation and fibroblastic deposition observed
in A.squamosa treated wounds implies pro-
healing efficacy of the plant extract. Capillary
vessels were distributed among most of the
granulation tissue, but increased at the centre
of the wound, especially during week 2. At the

© 2012 The Authors
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Figure 5. Photomicrographs of histological study of diabetic control and Annona squamosa treated wound tissues on weeks 1-3
of post-wounding, respectively (stained with haematoxylin—eosin and Van Gieson's; magnification 20 x). First week control (A) shows
less fibroblasts and blood capillaries at wound site, whereas treated tissue (B) showing angiogenesis and fibroblasts. Second week
control (C) shows minimal cellular infiltration and less macrophages but treated (D) shows slightly higher capillaries, collagen fibre
with macrophages. Third week control (E) explores incomplete epithelialisation with thin collagen fibre at the wound site. Treated
tissue (F) shows complete epithelialisation, high fibrous tissues with uniform collagen deposition at the wound site. Scale bar 50 pm.
BC, blood capillaries; E, epithelialisation; F, fibroblast; IE, incomplete epithelialisation; M, monocytes.

week 3, the percentage of collagen increased
gradually. These changes indicate a shift in
wound healing from the proliferative phase to
the maturation phase. In an excision wound,
all three phases coexist together. A. squamosa
also accelerates scar formation.

Topically administered drugs are effective
in faster wound contraction because of the
larger availability at the wound site (47). From
this study, we confirm that the rate of wound
contraction in treated rats was significantly
higher and period of epithelialisation was

© 2012 The Authors

shorter in both normal and diabetic treated
rats. These results further support the efficacy
of A. squamosa on wound repair.

In conclusion, topical administration of
ethanolic extract of A. squamosa promotes vari-
ous stages of wound healing such as fibropla-
sia, collagen synthesis, wound contraction and
epithelialisation.
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