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SUMMARY. Low molecular weight heparin (LMWH) appears to be a promising solution for reducing inflammatory post-burn
episodes and results in improved healing. The clinical examination presented here includes patients with burn wounds ranging from
20 to 35% total body surface area (TBSA) who were categorized into two groups, of which one received subcutaneous LMWH
treatment (10,000 units/day) and the other acted as control. The process of healing was assessed through regular examination of
clinical features such as regression of erythema and oedema, eschar formation, and rate of re-epithelialization. Various studies have
demonstrated an increase in levels of serum IL-6 indicating the severity of the morbid condition. In the present investigation,
LMWH-treated patients exhibited a faster decline in levels of serum IL-6 (within 12 days) than control. Infiltration of inflamma-
tory cells at the local wound site was assessed through a histological analysis of tissue samples taken on various days during the
healing process. The LMWH-treated groups exhibited an organized healing pattern with better remodelling in a shorter duration
(28 days), while control patients took more than 28 days for complete healing. A slight correlation was observed with TBSA to
the inflammatory process, which subsided in patients treated with LMWH, favourably modulating the events involved in the in-

flammatory process of burn wound healing.

Introduction

Heparin has been extensively used in clinical practice
as an anticoagulant for several decades. While most re-
search studies pertaining to heparin have focused upon its
role in the inhibition of blood coagulation, in more recent
years the focus has broadened to include a range of anti-
inflammatory applications."” Despite increases in the un-
derstanding of the complete structural and functional in-
teraction of heparin to elicit its wide range of activity,"*
the synthesis of clinically useful heparin is a relatively re-
cent achievement. Especially low molecular weight hep-
arin (LMWH) preparations have a wider range of clinical
applications than unfractionated heparin.”” Heparin in the
treatment of burns with a complex local and systemic
pathology has been used successfully over the years.*"
Burned cells and tissue are destroyed as a result of direct
thermal injury, and damage may progress from a secondary
ischaemic process. Indirect destruction due to disturbances
in the circulation, mediators of inflammation, increase in
burn size and depth post-burn, and thrombosis causes burn
wounds to heal slowly and imperfectly with scars and con-
tractures." The effect of heparin in favourably modifying
burn-induced inflammation is dose-dependent and dose-re-
lated.”"” The advantages of LMWH compared to standard
unfractionated heparin include the improved pharmacoki-
netic profile, a half-life that is not dose-dependent, more
constant anti-factor Xa inhibition, less platelet activity, and

less inhibition of appropriate platelet aggregation; also,
most importantly, their subcutaneous administration does
not demand frequent coagulation determination.""* Heparin
consistently relieved burn pain and erythema and reduced
the inflammatory increase in size with swelling or oede-
ma in the local burn area.'” Moreover, heparin was shown
to interfere with the key steps in leukocyte recruitment
from the vasculature to the injury site, i.e. infiltration of
inflammatory cells.""

During progressive healing of the burn wound, the pro-
duction and activation of cells belonging to the immune
system are regulated by a network of cytokines.” Inter-
leukin-6 (IL-6), a vital cytokine, has multiple functions,
including modification of the regulatory effect of other cy-
tokines,”" and it reflects the severity of the morbid con-
dition of the burn injury.” It is well known that the inter-
leukin signal proteins modulate the inflammatory response
following trauma.”** Modulation of these cytokine levels
effectively regulates the interlinked pathways responsible
for healing. Heparin has been investigated and proved to
modulate several phases of wound healing, including an-
giogenesis.”* It has a chemotactic effect on endothelial
cells, with resultant stimulation of neovascularization® and
improvement of blood circulation subjacent to the burn,
thus collectively inducing repair mechanisms.

We investigated the potential benefits of LMWH on
burn wound healing in human patients with burns of dif-
ferent total body surface area (TBSA) by assessing the
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modulatory effect of LMWH on serum IL-6 levels. We al-
so monitored several clinical parameters, including oede-
ma, erythema, and rate of re-epithelialization after subcu-
tancous LMWH therapy.

Materials and methods

A controlled clinical assessment was carried out, af-
ter obtaining the patients’ consent, performed in accor-
dance with the ethical committee of Kilpauk Medical Col-
lage and Hospital and with the Helsinki Declaration of
1975. The groups were picked by random trial and were
subjective and non-objective. All clinical evaluations, in-
cluding those of erythema and oedema, were recorded on
a routine basis by regular clinical staff attending the pa-
tients.

Immediately after admission, the patients were treat-
ed with a systemic antibiotic (ampicillin 1 g/twice daily)
as chemoprophylaxis to prevent infection, and preliminary
wound debridement was carried out, after which the pa-
tients were treated with LMWH. Further debridement was
performed only in deep dermal injuries, if required. The
investigation was carried out in 30 patients grouped in
three categories based on their TBSA burned, i.e. superfi-
cial, partial, and deep partial-thickness burn wounds (group
I: 25% TBSA; group II: 30% TBSA; group II: 35%
TBSA) due to flame and chemical and electrical burns
(Table I). In each group (n = 10), five patients were treat-
ed subcutaneously with 10,000 units/day of LMWH (av-

Table I - LMWH-treated and control burn patient demography

erage molecular weight, 4000 Daltons) for 10 days, while
the others were treated as control and received routine med-
ications. Blood samples were collected in the burn centre,
and subsequent samples were taken on days 3, 5, 7, 10,
and 12 from all patients. Serum was separated out and
stored at -20 °C until further experiments. There was no
sepsis either in LMWH-treated or control patients.

Regression of oedema, absence of erythema, and es-
char formation were assessed daily until they subsided.
The rate of re-epithelialization was assessed by measuring
the progression of the wound edge from the advancing
edge, i.e. the distance between the weeping and the non-
weeping surface edge expressed as the mean value in cm
+ standard error of mean (mean = SEM).

Punch biopsies (5 cm) were taken from the wound on
post-burn days 5, 10, 15, 20, and 25 in both LMWH and
control patients (group III). No single wound was biop-
sied more than twice so as not to affect the cosmetic out-
come. Thin sections of 7u were cut and staining was per-
formed using haematoxylin and eosin to identify inflam-
matory cell infiltration and to assess the progress of re-
modelling.

IL-6 levels in the serum samples collected on various
days were assessed by enzyme-linked immunosorbent as-
say (ELISA) using the Human IL-6 ELISA kit of R&D
systems (Minneapolis, USA). The tests were performed ac-
cording to the manufacturer’s instructions. The minimum
detectable level of IL-6 with the assay kit was 0.70 pg/ml.
Values were expressed as mean + standard deviation pg/ml.

Series no LMWH-treated burn patients Untreated patients (control)
Age/sex % TBSA Nature of injury * Groups Age (yr)/sex % TBSA Nature of injury

1 35/F 20 Flame 1 22/M 22 Chemical
2 38/F 25 Chemical 1 24/F 22 Flame

3 23/ M 23 Flame 1 46/M 25 Flame

4 36/F 24 Flame 1 52/M 24 Electrical
5 34/F 24 Electric I 46/F 20 Electrical
6 24/M 30 Chemical 1I 25/F 28 Flame

7 29/M 28 Electrical 11 41/F 30 Chemical
8 22/F 30 Chemical 1I 28/M 30 Chemical
9 38/'M 26 Flame 1I 38/F 28 Flame

10 46/M 28 Flame 1I 48/M 30 Flame

11 35/F 32 Flame 111 33/M 32 Flame

12 32/M 34 Chemical 111 34/M 34 Flame

13 35/M 35 Flame 111 15/F 35 Chemical
14 40/M 33 Flame 111 19/F 32 Electrical
15 53/F 32 Electrical 11 56/M 34 Flame

Both groups of patients were observed form post-burn day 1 to 30.
* Groups were categorized on the basis of percentage TBSA:
Group I: 20-25%

Group II: 25-30%

Group III: 30-35%
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Table II - Clinical assessment of burn wound healing in LMWH-treated and control patients

LMWH-treated patients Untreated patients (control)
Series no. | Oedema Erythema Exudation Eschar Groups Oedema Erythema Exudation Eschar
(no. of days observed) (no. of days observed)
1 3 2 5 No eschar I 6 3 4 +
2 2 2 4 “ I 5 4 6 ++
3 4 2 3 “ I 4 4 5 +
4 2 3 5 “ 1 3 4 4 0
5 2 2 3 “ 1 8 5 5 +H+
6 3 5 4 “ 1I 7 4 4 0
7 2 1 3 “ 11 6 4 6 ++
8 4 5 7 “ 1I 4 5 4 +
9 3 2 3 “ I 4 4 6 0
10 2 2 4 “ I 5 9 9 +++
11 2 3 4 “ 1 7 4 6 ++
12 4 2 2 “ 1 6 5 5 +
13 2 5 7 “ 1 4 4 4 0
14 2 1 3 “ 1 4 4 5 +++
15 3 5 4 “ 1 5 5 4 0
The difference between groups was considered significant 40
if p < 0.05, evaluated by DMRT, one-way ANOVA. 35
E 30
Results 5
E 25 1
Percentage of burn area, depth of burn, and other pre- % 21
senting features such as oedema duration, the time taken % 15
for its regression, erythema surrounding the burn area, es- § 10
char formation, and rate of re-epithelialization were as- -
sessed. Oedema was more evident in the face, predomi- = .
nating over the eyelids and the narrowing of the palpebral o H e H
fissures. In the extremities, measuring girth was the method CDays mDay10 m Day15 m Day'2!

of assessing oedema and swelling. In patients in the LMWH
groups, oedema and erythema subsided within 5 days post-
burn, whereas in control patients these values were per-
sistent for more than 5 days, declining after 8 days. Most
interestingly, in all LMWH-treated groups, there were no
signs or negligible signs of eschar formation, compared to
control groups, where there was a positive sign of eschar
formation (7able II).

There was a prominent increase in the re-epithelial-
ization rate in LMWH-treated groups compared to control
patients. In all LMWH-treated groups, complete healing
was observed within 28 days, whereas in control cases
complete re-epithelialization took more than 28 days. In
all LMWH-treated groups a two- to fourfold increase in
the re-epithelialization rate was observed in all time in-
tervals (Fig I). Especially in group I of the LMWH-treat-
ed group, a five-fold increase in initial re-epithelialization
(3.2 £ 0.95) was observed in comparison to group I con-
trol patients (0.6 = 0.4).

Tissue remodelling was observed in the histological

Fig. 1 - Rate of re-epithelialization in LMWH and control patients.
Progression of wound edge from advancing edge expressed as mean
value in cm =+ standard error of mean (mean £ SEM). * Wounds in
these patients (n = 4) took more than 28 days to heal completely.

sections (H & E stained) of biopsy samples. On post-burn
day 5, control sections (Fig. 24) showed an intense lo-
calized (granulomatous) inflammatory response, ulceration,
and neutrophil cell accumulation, which persisted until day
15. Control sections taken on day 15 showed poor re-
organization and epithelialization, with noticeable inflam-
matory cell infiltration. In LMWH-treated patients (Fig.
2B), on day 5, the presence of mild ulceration and fibrous
exudate was evident, but on day 10 only sparse inflam-
matory cell distribution was seen compared to control. In
contrast to control groups, a dense accumulation of fi-
broblasts was observed in LMWH-treated groups on day
15, with gradual replacement of the original matrix with
newly synthesized collagen bundles. A complete remod-
elling with re-epithelialization was observed on day 25.
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Figs. 2a, b - Histological sections represents healing pattern observed
in LMWH-treated and control patients. Arrow in day 15 photograph
of LMWH-treated group indicates margin of re-epithelialization.

Re-epithelialization and remodelling of epidermal and der-
mal compartments looked good in LMWH-treated patients
in comparison to control patients.

Serum IL-6 levels of both LMWH-treated and control
groups were estimated under the detectable limits using
the IL-6 kit provided by the manufacturer (sensitivity lim-
it: minimum, 0.7 pg/ml). In patients with 25% TBSA (Fig.
3), the initial circulating serum IL-6 levels were 52.64 +
7.26 pg/ml and 54.62 + 5.61 pg/ml in control and LMWH-
treated patients respectively. No marked difference in IL-
6 levels was observed between treated and untreated pa-
tients (observed in all groups) on day 3 post-burn. Figs. 4
and 5 show on day 5 a significant difference in levels of
serum IL-6, especially with a considerable decline in
LMWH-treated patients (24.29 + 2.64 pg/ml, 21.98 + 2.7
pg/ml and 20 + 2.14 pg/ml in groups I, II, and III re-
spectively) compared to control (39.24 + 5.94 pg/ml, 33.96
+ 4.39 pg/ml, and 44.28 + 6.42 pg/ml in groups I, II, and
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Fig. 3 - Serum IL-6 levels of LMWH-treated and control patients with
25% TBSA burns (n = 6). Similar letters in bar represent no signifi-
cant difference at p < 0.05, evaluated by DMRT one-way ANOVA.
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Fig. 5 - Serum IL-6 levels of LMWH-treated and control patients with
35% TBSA burns (n = 6). Similar letters in bar represent no signifi-
cant difference at p < 0.05, evaluated by DMRT one-way ANOVA.

g
o

604 a
= 50 ab
£ ab
g 40 4 ab
2 0] ab
£ ¢ ¢
= c
T 204
@ a

10

M f
0 T T T T
N ) ) A D W
S S N N o N

O Control @ LMWH

Fig. 4 - Serum IL-6 levels of LMWH-treated and control patients with
30% TBSA burns (n = 6). Similar letters in bar represent no signifi-
cant difference at p < 0.05, evaluated by DMRT one-way ANOVA.



III respectively). After day 5 the IL-6 level in LMWH-
treated patients progressively decreased, becoming unde-
tectable after day 12 post-burn, whereas control patients
still exhibited considerable levels of IL-6 levels even on
day 12 post-burn (20.33 + 3.30 pg/ml, 17.26 + 2.7 pg/ml
and 24.98 + 3.14 pg/ml in groups I, II, and III respec-
tively). Throughout our studies, Group III patients in both
the control and the LMWH-treated group III exhibited max-
imum levels of serum IL-6.

Discussion and conclusions

LMWH preparations, which have risen in popularity
over the past decades, have a more attractive pharmacoki-
netic profile than unfractionated heparin.” In humans, hep-
arin decreased symptoms of pain and inflammation after
injury. The average molecular weight of LMWH used in
our investigation was 4,000 Daltons. Previous studies® have
shown that the efficiency of heparin to activate antithrom-
bin towards the proteases depends on the chain length and
sulphation pattern. It was also clearly demonstrated that a
non-linear correlation existed between the strength of the
AT-heparin complex and the molecular range, which is a
good indicator of activation of factor Xa. Moreover,
LMWH-treated patients have only a transient effect in the
normal coagulation cascade, whereas its ability to modu-
late the inflammatory cascade is enhanced. In our LMWH-
treatment investigation, erythema and oedema subsided by
day 5 post-burn. It has been shown that LMWH signifi-
cantly reduces oedema at the site of injury.' Generally, burn
size and depth increase post-burn, but in our investigations
the size and depth of the burn never increased their initial
burn size, which is in good correlation with earlier find-
ings.” It is well reported that heparin inhibits neutrophil
rolling and accumulation at the site of injury.” During the
course of treatment with LMWH there were reduced cel-
luare infiltration to areas of stasis and decreased local oede-
ma at wound sites. LMWH does not affect coagulation im-
mediately after destruction of vasculature - rather, it pre-
vents further accumulation of inflammatory cells by pre-
venting its infiltration at the site of injury. It also improves
cellular patency by reducing the rolling and transmigration
of inflammatory cells and thus reduces extravasation and
further prevents occlusion of the microvasculature.

The histological pictures of day 15 in LMWH-treated
patients show a well-defined margin of epidermal layer
(bold arrows), whereas in control groups there is no clear
demarcation between dermal and epidermal regions. The
sparsely infiltrated inflammatory cells of LMWH-treated
subjects, compared to control groups, indicates the en-
hanced healing process. Moreover, the dermal organiza-
tion and epidermal layer are distinctly visible even at day
15, compared to control. Hence, the response of the host
to LMWH actually improves the local cellular response
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towards necrotized sites. As a glycosaminoglycan, LMWH
acts in vivo, improving tissue remodelling. It can be seen
from the histological sections that the formation of colla-
gen bundles is well organized and regularly oriented com-
pared to control. The increased rate of re-epithelialization
suggests that LMWH may well play a positive role in tis-
sue remodelling, which is in good accordance with previ-
ous results.” The early reduction in serum IL-6 levels in
LMWH-treated patients, compared to control, indicates the
involvement of LMWH in the modulation of the inflam-
matory pathway. The circulating serum IL-6 level is a good
indicator of inflammatory progression in human burn pa-
tients, and this aspect has been addressed in some previ-
ous extensive studies.”*** It has also been observed” that
IL-6 regulates the infiltration of various cells such as
fibroblasts, endothelial cells, and especially leukocytes. The
possible role of LMWH in the reduction of IL-6 levels
may regard its ability to reduce the skin-homing of leuko-
cytes to the site of injury. Since IL-6 is a pro-inflamma-
tory cytokine, which acts as the prime modulator respon-
sible for inducing changes in the expression of adhesion
molecules, its occurrence during the course of the healing
process could be detected until day till 12.*° The inflam-
matory reaction was marked during the time of admission,
and a slight correlation between TBSA and circulating
serum IL-6 levels was observable. Although patients with
25% and 30% TBSA did not show any remarkable dif-
ference between them in IL-6 levels, a significant differ-
ence could be seen compared to higher percentages of TB-
SA: patients with 25% TBSA showed 52.64 + 7.26 pg/ml,
while patients with 35% TBSA exhibited 69.6 + 9.3 pg/ml
of initial IL-6 levels. The observed values of serum IL-6
levels indicate that an increase in TBSA triggers an in-
creased expression of IL-6, but the decline of its levels as
the days progressed was less significant both in control
and in LMWH-treated patients (in all groups), irrespective
of the percentage of initial TBSA. It is quite evident that
the initial decline of the major inflammatory cytokine lev-
el results in progressively better healing, with an improved
clinical outcome. Moreover, earlier results” indicate that
heparin potentially inhibits neutrophil-derived elastase
complement activation, TNF-a induced oedema,” and neu-
trophil-induced epithelial injury.”® TNF-a, IL-6, and IL-8
are known multifunctional markers relating the cellular and
humoral mechanism involved in the inflammatory process.”
Hence, effective modulation of serum IL-6 levels through
LMWH would have improved re-epithelialization by in-
hibiting inflammatory cell infiltration.

In our study design IL-6 was chosen as a marker to
detect the inflammatory status, complemented with the his-
tological study, which in combination gives a clear picture
of the effect of LMWH in modulating the total inflam-
matory response to LWMH treatment. We have recently
shown® through our clinical experience with heparin that
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it favourably modulates burn-induced inflammation, con- tion of inflammatory cells at the wound site, resulting in
sistently relieving pain. The current investigation clearly more organized remodelling of the burn wound than in
emphasizes the efficacy of LMWH in inducing faster heal- control cases, which exhibited delayed regression of burn
ing of the burn wound through regulation of the pro- oedema, a decreased rate of re-epithelialization, and marked
inflammatory cytokine IL-6 and by reducing the infiltra- variation in IL-6 expression.

RESUME. L’héparine 2 bas poids moléculaire (HBPM) semble étre une solution pleine de promesses pour la réduction des épi-
sodes inflammatoires apres les brllures et pour 1’amélioration de la guérison. L’examen clinique présenté ici comprend des pa-
tients atteints de brilures qui oscillaient entre 20 et 35% de la surface corporelle totale (SCT), catégorisées en deux groupes, dont
I’un recevait HBPM sous-cutanée (10.000 unités par jour) et ’autre servait comme groupe témoin. Le processus de la guérison
a été évalué a travers un examen régulier des aspects cliniques comme la régression de 1’érythéme et de I’cedéme, la formation
de I’escarre et le taux de réépithélialisation. Diverses études ont démontré un incrément des niveaux de sérum IL-6 qui indiquent
la sévérité de la condition de morbidité. Les Auteurs de cette étude ont trouvé que les patients traités avec HBPM présentaient
une réduction plus rapide des niveaux de sérum IL-6 (entre 12 jours) par rapport au groupe témoin. L’infiltration des cellules in-
flammatoires au site local de la 1ésion a ét¢ évaluée moyennant une analyse histologique des échantillons tissulaires prélevés a
divers moments pendant le processus de guérison. Les groupes HPBM présentaient un schéma organisé de guérison avec un re-
modelage meilleur en moins temps (28 jours), tandis que les patients du groupe témoin ont eu besoin de plus de 28 jours pour
une guérison compléte. Les Auteurs ont noté une 1égere corrélation entre la SCT et le processus inflammatoire qui diminuait dans
les patients traités avec HPBM, ce qui modulait favorablement les événements intéressés au processus inflammatoire de la gué-
rison des brilures.
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