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Abstract

The influence of Aloe vera (L.) Burman f. on the glycosaminoglycan (GAG) components of the matrix in a healing
wound was studied. Wound healing is a dynamic and complex sequence of events of which the major one is the
synthesis of extracellular matrix components. The early stage of wound healing is characterized by the laying down
of a provisional matrix, which is then followed by the formation of granulation tissue and synthesis of collagen and
elastin. The provisional matrix or the ground substance consists of GAGs and proteoglycans (PGs), which are
protein—GAG conjugates. In the present work, we have studied the influence of Aloe vera on the content of GAG
and its types in the granulation tissue of healing wounds. We have also reported the levels of a few enzymes involved
in matrix metabolism. The amount of ground substance synthesized was found to be higher in the treated wounds,
and in particular, hyaluronic acid and dermatan sulphate levels were increased. The levels of the reported
glycohydrolases were elevated on treatment with Aloe vera, indicating increased turnover of the matrix. Both topical
and oral treatments with Aloe vera were found to have a positive influence on the synthesis of GAGs and thereby
beneficially modulate wound healing. © 1998 Elsevier Science Ireland Ltd.
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1. Introduction

Wound healing is a highly complex, but orches-
trated cascade of events which can roughly be
divided into three overlapping phases—inflamma-
tion, granulation tissue formation and remod-
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elling of the extracellular matrix. These events
involve several cellular phenomena such as migra-
tion, proliferation, adhesion, phenotypic differen-
tiation, etc. (Raghow, 1994). Immediately after
injury, there is clot formation and the earlier
phases of wound repair involves inflammation
and synthesis of ground substance. The ground
substance mainly consists of proteoglycans (PGs),
which are the heterogenous, non-fibrillar compo-
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nents of the extracellular matrix. These complex
macromolecules are made up of a protein core
linked covalently to linear heteropolysaccharides,
the glycosaminoglycans (GAGs). PGs and GAGs
have been shown to play important roles in all the
above mentioned events of wound healing (Gallo
and Bernfield, 1996). For example, they prevent
blood coagulation within the vascular space (Ko-
jima et al., 1992; Parkinson et al., 1992), regulate
inflammatory cell function (Forrester and Lackie,
1981; Forrester and Wilkinson, 1981) and form
the major components of the ground substance
(Alison, 1992), on which collagen and elastin
fibres are subsequently laid. In addition, GAGs
have been shown to be regulators of cellular
proliferation, migration and differentiation, and
of growth factor activities (Gallo and Bernfield,
1996). The synthesis of these components and
their degradation, therefore, are events of great
relevance in the wound healing process.

Aloe vera (L.) Burman f. has been employed in
a host of curative purposes including treatment of
skin disorders, and healing of burns and wounds
(Grindlay and Reynolds, 1986). The fresh gel,
juice or formulated products have been used for
medical and cosmetic purposes, as well as for
general health. In spite of its wide use as a folk
remedy, the biochemical basis of its action or its
influence on the various phases of wound healing
has not been studied in detail. In this work, we
treated full thickness dermal wounds on rats with
Aloe vera and examined its effects on the content
and types of GAGs and the levels of a few
glycohydrolases in the matrix of the healing
wound.

2. Materials and methods
2.1. Experimental animals

Male Wistar rats weighing 150—200 g were used
in the study. The animals were fed water and
commercial feed ad libitum.

2.2. Wound creation and sampling

The animals were anaesthetised by an intraperi-

toneal injection of thiopentone sodium (3 mg/100
g body wt.). The right side of each rat was shaved
and an excision wound of size 4 cm* was made by
cutting out a 2 cm x 2 cm piece of skin from the
shaven area. The wounds were of full-thickness
type, extending down to the subcutaneous tissue.
After wound creation, the animals were divided
into three groups of six rats each: Group I, un-
treated controls; Group II, topically treated and
Group 111, orally treated rats. Animals were sac-
rificed on the 4th, 8th, 12th and 16th day after
wound creation and the entire wound was cut out
and stored at — 70°C until analysis.

2.3. Preparation and administration of Aloe vera
gel

Full size mature leaves were cut from the plant
and the rind removed. The colourless parenchyma
was ground in a blender and centrifuged at
10000 x g to remove the fibres. The supernatant
was lyophilized and stored at room temperature.

A small quantity of water (1.0 ml in the case of
Group III, and a suitable volume to cover the
entire area of the wound in the case of Group II)
was added to each of 30-mg portions of the
lyophilized Aloe vera powder, and the resultant
gel was administered twice a day, either orally
with an oral tube or applied topically on the
wound surface. The wounds were left air-exposed.

2.4. Estimation of uronic acid

Uronic acid was first extracted from the granu-
lation tissue as described by Schiller et al. (1961).
Briefly, tissue was digested with papain (10 mg/g
wet wt. of tissue) in 0.5 M acetate buffer, pH 5.5,
containing 0.005 M cysteine and 0.005 M dis-
odium salt of EDTA at 65°C for 24 h. An aliquot
of this digest was used for the estimation of
uronic acid by the spectrophotometric method of
Bitter and Muir (1962).

2.5. Extraction of GAGs
Total GAGs from the granulation tissue were

extracted as described by Smith et al. (1980).
Briefly, tissue samples (15-30 mg) were suspended
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Fig. 1. Uronic acid content of Aloe vera treated and untreated control wound granulation tissue. Values are mean + S.D. for six

animals in each group. # P <0.05; *P < 0.001.

in 1% SDS and incubated in a boiling water bath
for 10 min. After cooling to room temperature,
proteinase K (0.5 mg/ml final concentration) di-
gestion was carried out at 60°C for 18 h. The
digested sample was precipitated with an equal
volume of 10% TCA and the supernatant was
subsequently extracted with cold chloroform/
methanol (2:1 v/v). GAGs were precipitated from
the extracted aqueous phase by addition of 4-5
volumes of 95% ethanol saturated with 5% potas-
sium acetate. The precipitate was dissolved in
water and the amount of GAGs was determined
by the estimation of uronic acid.

2.6. Estimation of individual GAGs

Individual GAGs were estimated by using
GAG degrading enzymes and nitrous acid treat-
ment as described by Breen et al. (1981). The
enriched GAG sample was first subjected to
hyaluronidase digestion to remove hyaluronic
acid. To the remaining fraction, chondroitinase
AC and chondroitinase ABC were added to deter-
mine the amount of chondroitin sulfate A and C,

and dermatan sulfate. Keratan sulfate was re-
moved using endo-f-D-galactosidase. The remain-
ing GAG was subjected to nitrous acid digestion
to determine the amounts of heparin and heparan
sulfate.

2.7. Enzyme assays

The granulation tissue was minced with scissors
and homogenized in 0.25 M sucrose containing
0.2% Triton X-100 at 4°C. f-Glucuronidase and
N-acetyl glucosaminidase activities were assayed
by the methods described by Kawai and Anno
(1971) and Moore and Morris (1982), respec-
tively. f-Galactosidase and f-glucosidase were
estimated by the method of Conchie et al. (1967).

2.8. Statistical analysis

Groups II and III were compared with Group
I. Students ¢-test was used to identify differences
between the groups and data were considered
significant at P < 0.05.
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3. Results

Fig. 1 shows the uronic acid content of the
granulation tissues of Aloe vera treated and un-
treated control wounds. From the figure it can be
seen that the uronic acid content of all the three
groups was highest on the 4th day, after which
there was a decline in these levels. Both the
treated groups had significantly higher levels of
uronic acid as compared to the controls on all
days. On the 4th day, the topically treated group
had about 49% (P <0.001) and orally treated
group about 43% (P <0.001) more uronic acid
than the untreated controls. However, the levels
of uronic acid of the treated groups decreased at a
faster rate after the 8th day, but remained still
higher than the control values on day 16.

The relative amounts of the various GAGs
present on the 4th day in the wound granulation
tissues of Aloe vera treated and untreated control
groups are shown in Fig. 2. Hyaluronic acid
formed the major GAG of the wound in all the
groups. The hyaluronic acid levels of treated
groups were higher than the controls and this
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Fig. 2. Percentage of the different GAG fractions from Aloe
vera treated and untreated control wounds. HA, hyaluronic
acid; CSA, chondroitin sulfate A; CSC, chondroitin sulfate C;
DS, dermatan sulfate; KS, keratan sulfate; HS, heparan sul-
fate; H, heparin.

increase was about 11% and 20% in the case of
topical and oral treatments, respectively. The der-
matan sulfate contents of the treated groups were
also found to be higher than that of the untreated
controls.

Fig. 3 shows the level of f-glucuronidase and
N-acetyl glucosaminidase present in the wound
granulation tissues of all three groups. The
highest level of these enzymes was seen on day 8.
Treated groups showed an increase in the enzyme
levels when compared to the untreated controls.
Topically and orally treated wounds had about
19% and 15% higher levels of these enzymes,
respectively. The levels of f-glucosidase and /-
galactosidase found in the wound granulation tis-
sue of all the groups are shown in Fig. 4. These
enzymes followed a similar pattern to those of the
above-mentioned enzymes, with a maximum level
on day 8. There was a 20% and 15% increase in
the enzyme levels of topically and orally treated
rats, respectively, on day 8.

4. Discussion and conclusions

In the present work, we have studied the types
and amounts of the various GAGs present in the
granulation tissue of untreated control and Aloe
vera treated rat wounds. Significant qualitative
and quantitative changes in the GAG content
were observed. An increase in the uronic acid
content of Aloe treated wounds as compared to
the controls, represents an enhanced synthesis of
GAGs. We observed that the maximum amount
of uronic acid was present in the 4th day granula-
tion tissue which is similar to earlier observations
that have shown the synthesis of GAG to be at its
peak during the first week of wound healing. As
the content of collagen in the wound starts in-
creasing, the amount of uronic acid declines
(Dunphy and Udupa, 1955). GAGs are important
constituents of the extracellular matrix found on
cell surfaces, in basement membranes and in asso-
ciation with interstitial collagen and elastin (d’Ar-
denne, 1992). They are also found free in the
ground substance. The GAGs are the first compo-
nents of the extracellular matrix to be synthesized
during wound healing, and form the scaffold for
collagen and elastin deposition.
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Fig. 3. Levels of f-glucuronidase (a) and N-acetyl glucosaminidase (b) activities in Aloe vera treated and untreated control wound
granulation tissues. Values are expressed as mean + S.D. for six animals in each group. # P <0.05; * P <0.01; *P < 0.001.

Determination of the amounts of the various
individual GAGs from the three groups revealed a
change in their relative amounts. It was observed
that hyaluronic acid formed the major part of the
total wound granulation tissue GAGs and that
the levels of hyaluronic acid and dermatan sulfate
of Groups II and III (treated) wounds were sig-
nificantly higher than that of Group I (untreated
control).

Hyaluronic acid has an important role to play
in the early wound healing process and earlier

reports have shown that there is an increase in the
expression of hyaluronic acid in wound granula-
tion tissue (Gallo and Bernfield, 1996). Changes in
the levels of hyaluronate affect cellular prolifera-
tion and the orderly deposition of structural ma-
trix (Toole, 1976). Hyaluronic acid may extend its
regulatory effects by two possible mechanisms. It
forms a pericellular coat attached to the surface of
the cells (Underhill and Toole, 1979; Knudson
and Toole, 1985). Such a coat would create an
anionic boundary around the fibroblasts that
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Fig. 4. Levels of f-glucosidase (a) and f-galactosidase (b) activities in Aloe vera treated and untreated control wound granulation

tissues. Values are expressed as mean + S.D. for six animals in each group. # P <0.05; ¥ P <0.01; *P <0.001.

could result in the attraction or localization of
cationic growth factors and thus provide the
fibroblasts with a greater accessibility to growth
factors. A second mechanism may be the result
of cell surface binding of hyaluronic acid to
fibroblasts. This promotes protein tyrosine phos-
phorylation and phospholipid breakdown. Such
second messenger generation may provide the
intracellular signals required for cellular func-
tions (Turley, 1989). Hyaluronic acid has also
been shown to stimulate collagen synthesis in
fetal fibroblast cultures (Mast et al., 1993). Fetal

wounds which exhibit scarless wound healing
have been found to contain 100% hyaluronic
acid in the wound matrix (De Palma et al,
1989). Its interaction with keratinocytes also has
an important role in the process of epithelializa-
tion (Okasala et al, 1995). Since hyaluronic
acid may provide a more fluid and malleable
matrix that facilitates greater cell mobility and
more facile early remodeling, the increased
amounts of hyaluronic acid in Aloe treated
wounds may result in the formation of a more
stable scar.
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The increase in the relative amounts of der-
matan sulphate in treated wounds also plays an
important role in the faster healing of wounds by
Aloe vera. Dermatan sulphate PGs are closely
associated with collagen fibres (Fleischmajer et
al., 1991). They have been shown to influence
collagen fibril formation in vitro and may there-
fore contribute to the organisation and strength
of the fibrillar network in vivo (Scott, 1988). The
accumulation of dermatan sulphate in Aloe
treated wounds might result in the improved for-
mation of a fully resistant scar.

Glycohydrolases play an important role in the
destruction of connective tissue matrix during the
inflammatory process (Weissman, 1967). We have
therefore determined the levels of a few glycohy-
drolases in the wound granulation tissue. These
enzymes are mainly of lysosomal origin and may
be endo- or exo-glycosidases which depolymerise
and degrade GAGs. f-Glucuronidase and N-
acetyl glucosaminidase act alternatively on the
p-linkage of glucuronic acid and N-acetyl glu-
cosamine in GAGs to release monosaccharides.
S -Glucosidase and f-galactosidase hydrolyse the
terminal non-reducing f-glucosyl residues of gly-
colipids and f-galactosyl residues of GAG, re-
spectively. We find that on treatment of wounds
with Aloe vera, there is a significant increase in the
amounts of these glycohydrolases, which may re-
sult in increased turnover of the matrix. Increase
in f-glucuronidase activity in wounds has been
reported earlier (Levvy et al., 1948) and this in-
crease reflects catabolic events especially in con-
nection with degradation of PGs (Raekallio,
1970).

From the above, we find that Aloe vera has a
significant influence on the PGs and GAGs in a
healing wound. Treatment of frostbite and electri-
cal injury with Aloe has been shown to result in
reduced tissue loss and faster healing (Heggars et
al., 1993; Miller and Koltai, 1995). There was also
less morbidity in the case of frostbite wounds
(Heggars et al., 1993). This wound healing prop-
erty of Aloe may be attributed in part to the gel
polysaccharides. Recent work has shown man-
nose-6-phosphate, a constituent of Aloe to have
wound healing and inflammation reducing prop-
erties (Davis et al., 1994). Acemannan, another

component of Aloe, has been used effectively in
wound dressing gels (Roberts and Travis, 1995).

It may therefore be concluded from this work,
that the wound healing activity of Aloe vera in-
volves its influence on the GAG component of the
wound matrix.
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