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ABSTRACT

Burns is a global public health problem, with a higher prevalence rate in the Southeast Asia region, including India.
The therapeutic interventions mainly target the control of complications following burn injury and assisting in
physiological recovery. However, the excessive inflammatory changes and loss of immunological integrity, seen in
burns patients, interfere with the healing process. An orally applied formulation composed of hydrolytic enzymes
(bromelain, trypsin) and the flavonoid rutoside has a long history of use as natural anti-inflammatory agents. This
combination has been found to exert anti-inflammatory, anti-thrombotic and antioxidant effects through myriad
mechanisms that include favorable modulation of inflammatory mediators, enhancement of plasmin levels, reduced
leukocyte migration to injury site and suppression of the formation of reactive oxygen species. These actions have been
demonstrated in multiple in vitro and animal models. Further, the beneficial effects of the combination on inflammatory
markers have been reported from multiple clinical studies. This review provides a discussion of the current
understanding of cellular mechanisms and pathways involved in burn injury and the evidence highlighting the beneficial
role of systemic enzyme therapy with trypsin-bromelain-rutoside combination in the management of burn injury
patients.
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INTRODUCTION
Epidemiology

Burns is a global public health problem and as per World
Health Organization (WHO) estimates, around 180 000
deaths every year are caused by burns. The highest
prevalence rates are observed in Southeast Asia region,
Western Pacific region, Eastern Mediterranean region, and
the lowest in the Americas. The low- and middle-income
countries, which generally suffer from poverty,
overcrowding, illiteracy, and lack of infrastructure,
account for more than 90% of all mortalities and half of
these occur in the Southeast Asia region.2® In India, over 1
million people are moderately or severely burnt every

year, while the fire-related burns mortality rate is around
8.3 per 100,000 population, which is among the highest in
the world.® Burns also have social, economic, and
psychological consequences. In nonfatal cases, prolonged
hospitalization, disfigurement, and disability, in addition
to lost wages, emotional trauma, and erosion of family
resources, contribute to the adverse impact.2® The
Southeast Asia region is, again, the most affected, with
maximum fire-related burns burden, in terms of days lost.?

Management
The tissue damage caused directly by burn injury is mostly

irreversible; the therapeutic interventions mainly target
subsequent complications. Current therapies involve
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stabilizing the patient, controlling infection, promoting
healing, preventing further complications and assisting in
physiological recovery. This is achieved by the
maintenance of airway and breathing, fluid resuscitation,
maintenance of adequate nutrition, wound care, topical
and systemic antibiotic therapy, tetanus prophylaxis, and
skin grafting. Despite improvements in the early care of
burns patients, systemic inflammatory response syndrome,
severe sepsis, and multiple organ dysfunction syndrome
remain major causes of morbidity and mortality.* The
inflammatory processes aid wound healing by recruiting
leukocytes and macrophages at the site, but excess of these
interfere with the healing process. The clinical challenge
is the application of therapeutic intervention only when
these responses become excessive.®

There has been no breakthrough in the treatment of burns
since many years now, and with the increasing resistance
of bacteria to antimicrobials, the management of burns
patients has become more complicated. Therapies aimed
at controlling the inflammation and improving the
immunological integrity have a role in treatment and can
improve outcomes in such patients.* These therapies can
act as adjuvants to antimicrobials and fluid management.

Supplementation with oral hydrolytic enzymes has been
reported to have analgetic, anti-edematous and anti-
inflammatory influences. An orally applied formulation
composed of hydrolytic enzymes (bromelain, trypsin) and
the flavonoid rutoside has a long history of use as natural
anti-inflammatory agents. Few different formulations of
this combination — dispersible tablets (Disperzyme®),
enteric-coated tablets (Phlogam®), are approved for use in
India. Studies in both humans and animals suggest a
beneficial effect of this combination on diseases associated
with inflammation and oxidative stress. These include
glomerulonephritis, allergic  encephalomyelitis  and
allograft arteriosclerosis, in rats, metabolic syndrome in
rabbits, and clinical studies in post-surgical inflammation,
acute thrombophlebitis, osteoarthritis, pediatric sepsis,
ankle sprain and other rheumatic diseases.®®

This review provides a discussion of the current
understanding of cellular mechanisms and pathways
involved in burn injury and the evidence describing the
potential role of systemic enzyme therapy with trypsin-
bromelain-rutoside combination in the management of
burn injury patients.

Pathophysiology of systemic effects of burns

The release of cytokines and other inflammatory mediators
at the site of injury has a systemic effect once the burn
reaches 30% of total body surface area.’® The systemic
pathophysiology of the burn wound involves an
inflammatory reaction leading to rapid edema formation
because of increased microvascular permeability
accompanied by vasodilation and increased extravascular
osmotic activity.®® The mechanisms involved in
microvascular dysfunction mainly include thrombosis of

vessels due to vascular damage, upregulation of
inflammatory mediators, and proapoptotic factors.
Microvascular injury is mediated by inflammatory
mediators such as histamine, bradykinin, prostaglandins,
leukotrienes, vasoactive amines, platelet activation
products and complement.? The transcription activator
protein, Nuclear factor kB (NF-kB), is activated by burn
injury and is believed to regulate the induction of several
inflammatory mediators, including tumor necrosis factor
alpha (TNF-0). Another source of proinflammatory
mediators, that cause microvascular damage, are the
leukocytes sequestered at the injury site.?? Lipid
peroxidation, leading to generation of reactive oxygen
species, plays a critical role in burn-induced plasma
leakage by contributing to the increased microvascular
permeability, edema formation, and tissue damage after
burn injury.?° Further, bradykinin, which is produced at the
burn injury site, acts as a powerful vasoactive mediator
that causes venular dilation, increased microvascular
permeability, smooth muscle contraction, and pain.??

A biphasic response has been identified as a result of the
mediators released by tissue injury. In the first phase
referred to as systemic inflammatory response syndrome
(SIRS), macrophages play a central role. They are major
producers of  proinflammatory  mediators  (like
prostaglandin E2, reactive nitrogen intermediates,
interleukin (IL)-6, TNF-a) and thermal injury increases the
production of these mediators by macrophages. These
inflammatory mediators coupled with increase of vascular
hydrostatic pressure caused by vessel dilation are the
major reasons for systemic microvascular leakage
observed in burns.?? The result is a fall in intravascular
colloid osmotic pressure and the escape of fluid,
electrolytes and proteins from the vascular system, with
rapid equilibration with the interstitial compartments. This
manifests as hypovolemia, hemoconcentration, oedema,
reduced urine output and cardiovascular dysfunction.?? As
a response to inflammation, the endothelial cell junctions
widen and gaps form, resulting in compromised barrier
functions.?? In severe burns patients, coagulopathy is
frequently observed and is characterized by procoagulant
and antifibrinolytic changes, together with impaired
activity of the natural anticoagulant systems.?® The release
of acute-phase proteins such as ol antitrypsin and o2
macroglobulin by the liver, which bind to plasmin, are
believed to cause shut down of fibrinolysis. The
occurrence of coagulopathy in patients with severe burns
is associated with increased morbidity, including
thromboembolic complications and multiple organ failure,
and increased mortality.?

This is followed by a prolonged and profound
hypermetabolic phase, especially in patients with larger
burns, that involves increased production of
proinflammatory cytokines, as well as the formation of
reactive oxygen species (ROS). These include superoxide
anion, hydroxyl radical, hydrogen peroxide, and reactive
nitrogen species, such as nitric oxide (NO) and
peroxynitrite. Apoptosis is induced in various cell
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elements, partly due to the action of TNF-a. Other
proapoptotic factors that show increased expression
include Bax, Bcl-xl, and caspase-3.2 The
hypermetabolism and associated chronic inflammation
and lean body mass wasting can impair wound healing.
The immune status alterations associated with the
condition increases the susceptibility to infection via the
burn  wound,  further  exacerbating  systemic
inflammation.?>% The free radicals have been found to
have beneficial effects on antimicrobial action and wound
healing. However, the enormous production of ROS, that
follows a burn injury, often ends up being harmful and is
implicated in inflammation, SIRS, immunosuppression,
infection and sepsis, tissue damage, and multiple organ
failure. Thus, the balance between production of free
radicals and their detoxification, is key to clinical progress
in burns patients.?

PHARMACODYNAMICS OF
TRYPSIN AND RUTOSIDE

BROMELAIN,

Pharmacodynamics of Bromelain

Bromelain is a family of proteolytic enzymes obtained
from the pineapple plant. Bromelain has fibrinolytic,
antithrombotic, and anti-inflammatory properties, all of
which can help in controlling the complications of burns.?*
Significant amount of bromelain, in its intact and
biologically active form, has been found to reach plasma
after oral ingestion.?

Bromelain stimulates the conversion of plasminogen to
plasmin, resulting in increased fibrinolysis.?® In animal
experiments, oral and parenteral administration of
Bromelain led to significant increases in the prothrombin
time and antithrombin time, with elevation of serum
plasmin levels and serum fibrinolytic activity (SFA) in a
dose-dependent fashion.?* The fibrinolytic activity is
accompanied by its inhibitory effect on ADP-induced
platelet aggregation. Bromelain prevents thrombin-
induced human platelet aggregation and reduces the
adhesion of bound, thrombin-stimulated platelets to
endothelial cells.?”

Bromelain has been reported to lower kininogen and
bradykinin levels, respectively, in serum by up to 60%
along with symptoms of inflammation.?* This has been
confirmed in rats and in vitro studies.?®?° It has also been
shown to cause dose-dependent decrease of prostaglandin
E2 levels and thromboxane B2 levels in experimentally
induced inflammations.?* The Phospholipase A2 (Pla2)
inhibitory potential and reduction of both PGE2 and
substance P has been demonstrated in in vitro, in vivo and
in silico studies.3%3!

Another important action of bromelain is the reduction in
IL-8 induced migration of leukocytes to the site of
inflammation. This has been demonstrated using in vitro
chemotaxis assay and in murine in vivo models.® This
action is primarily exerted through the alteration of cell

surface molecules that are involved in leukocyte homing
and cellular adhesion and activation.3® By achieving this,
bromelain can control the subsequent release of proteases
(mainly from neutrophils) and pro-inflammatory cytokines
(by the macrophages), which constitute an important part
of the inflammatory process.

Bromelain can also benefit burns management, indirectly,
by improving the absorption and tissue permeability of
antibiotic drugs. This action has been reported with
amoxycillin and tetracycline after subcutaneous and
intramuscular application of the antibiotics. The higher
serum and tissue levels attained were also associated with
lesser side effects.®*

Pharmacodynamics of Trypsin

Trypsin is a serine protease of animal origin, which
specifically hydrolyze peptides containing lysine and
arginine. Around 10% of an orally administered trypsin
dose ends up in the blood.® Trypsin has been found to have
the following effects, which can help in the management
of burns — enhanced fibrinolysis, enhanced wound-healing
and lowering of proinflammatory cytokines.

Trypsin circulates in blood stream bound to alpha-1
antitrypsin (a1-AT) and has more affinity to it than
plasmin, allowing more plasmin to be available for
fibrinolysis. Studies with trypsin in rabbits and dogs have
reported diminution and/or disappearance of the thrombus
in situ, restoration of local circulation, and restoration of
vessel wall compressibility.3® In vitro studies have
demonstrated that exposure of fibrinogen to trypsin
immediately impaired its clottability by thrombin.¥’

It has been demonstrated to promote differentiation of
fibrocytes to a more healing/repairing profile. When
peripheral blood mononuclear cells (PBMC) and
monocytes were isolated, cultured and incubated with
trypsin for 5 days in a defined serum-free medium, it
potentiated the differentiation of human monocytes to
fibrocytes in cell culture. Adding trypsin inhibitors
increased the amount of trypsin needed to potentiate
fibrocyte differentiation, suggesting that the potentiating
effect is dependent on trypsin proteolytic activity.® The
change in fibrocyte profile was demonstrated when PBMC
were isolated and cultured to differentiate fibrocytes and
macrophages in serum-free media to polarize macrophages
towards M1 and M2 phenotypes for a week followed by
treatment with trypsin for 2 days. Trypsin appeared to act
as through G-protein-coupled protease-activated receptors
(PARs), specifically PARL and PAR2 receptors, altering
macrophage surface marker expression and the
macrophage secretion profile towards an M2a phenotype.
M2a macrophages are involved in wound healing and
fibrosis.*

Pharmacodynamics of Rutoside

Rutoside, polyphenolic bioflavonoid, is extracted from
natural sources such as oranges, lemons, grapes, limes,
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berries, and peaches. It has demonstrated several
pharmacological activities in many studies, including
antioxidant, cytoprotective, vasoprotective,
anticarcinogenic, neuroprotective and cardioprotective
activities.*°

The chelating and free radical scavenging activity of rutin
has been extensively studied. Rutin has been found to
suppress the formation of superoxide ion, the generation of
hydroxyl radicals and the formation of lipid peroxy
radicals.* It has also been demonstrated to inhibit the
transcription of more than 20 genes encoding critical
proinflammatory factors, including TNF-o, IL-1, IL-8,
TNF-a, macrophage migration inhibitory factor (MIF),
and chemotactic factors in human activated
macrophages.® Consequent to this, decrease in the
concentration of IL-1B, TNF-a, and IL-6 was observed.
The production of inducible nitric oxide synthase (iNOS)-
mediated NO by human macrophages was also decreased
in a dose-dependent manner.*? The anti-inflammatory and
antioxidant effects have been confirmed in multiple
murine models of inflammation.*2-44

Rutin, in a dose-dependent manner, has also been found to
attenuate the vascular permeability increase due to
histamine, bradykinin and fibrin degradation products.*+4¢
It also inhibits human platelet aggregation stimulated by
agonists like collagen in a concentration-dependent
manner. It markedly inhibited intracellular calcium
mobilization and thromboxane A2 formation in human and
rabbit platelets stimulated by collagen and platelet
activating factor (PAF), respectively.*8

POTENTIAL OF THE COMBINATION IN BURNS

The proteolytic enzymes, trypsin and bromelain, help in
mitigating excessive inflammatory reactions and resulting
impairment of the natural defense mechanism. Fibrin
deposits get absorbed with restitution of impaired
microcirculation. The reduction in prostaglandins and
products like substance P also help in controlling the pain
associated with inflammation. The enzymes can also help
in overcoming the infections by enhancing the absorption
and tissue penetration of antimicrobial drugs. The
flavonoid rutoside further boosts the reduction of
inflammation and platelet aggregation, and also exerts
action through its inhibition of microsomal lipid
peroxidation and potent hydroxyl radical scavenging
action.

Evidence in burns

In a rat model of electrical burn injury, intraperitoneal
administration of bromelain was able to inhibit the
increase in NO, a marker for vascular inflammation and
matrix metalloprotease (MMP)-9, an enzyme pivotal to the
remodeling of the extracellular matrix.*® Rutoside, when
administered intravenously over two doses, to dogs with
15% total body surface area third-degree flame burn,
reduced the continuing plasma volume loss. The two doses

of rutoside were also able to show trends towards
improved cardiac output.>® Trypsin, with chymotrypsin,
when administered orally to 15 burn patients, led to a
significant decrease in IL-1p and IL-6 levels by day 7.5t In
another study of 30 burn patients with 20-30% deep
second-degree burns, the same combination demonstrated
reduction in the levels of C-reactive protein by day 7, with
increase in the levels of al-antitrypsin and o2-
macroglobulin, suggesting potent anti-inflammatory
action.® The enzyme combination, led to decreased
formation of lipid peroxidation products, indicating
reduced tissue destruction along with marked reduction in
the levels of liver enzymes — transaminases, creatine
phosphokinase (CPK), alkaline phosphatase (ALP), and
lysosomal enzymes - neutrophil elastase and cathepsin D,
indicating its potential to reduce stress to the liver and
limiting the damage to tissues.>3%*

CONCLUSION

Despite improvements seen in burn care over the last
several years, burn injury is still a clinical challenge and
continues to be a global public health problem. With
improved survival, the focus of care has shifted to
optimizing recovery and rehabilitation. Trypsin, bromelain
and rutoside can be beneficial in the management of burns
based on the myriad actions of the individual ingredients,
including reduction of mediators of inflammations and
pain, acceleration of fibrinolysis, inhibition of platelet
aggregation, enhanced healing, and antioxidant activity.
The impact of the individual ingredients has been
evidenced in either animal models or clinical studies.
Based on this, it has been hypothesized that when
combined, they can positively impact the clinical outcome
in burns. We, further, intend to test this hypothesis in
controlled study(ies) in burns patients.
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