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The Mechanism of Burn Regenerative Therapy and
Wound Healing

XU Rong — xiang XTAO Mo

China National Science and Technology Center for Burns Wounds and Ulcers

Abstract Objective From molecular cell and systemic clinical treatment three levels this report revealed the mechanism of wound
healing the basic theory and the importance of clinical practice for the Burn Regenerative Therapy with MEBT/MEBO BRT & MEBT/
MEBO . Method This report analyzed the importance and clinical curative effect for standardized appliance of BRT & MEBT/MEBO from
two key points 1 Liquefaction of necrotic tissue from burn wound 2 Skin regeneration in situ . Result There are three necessary conditions
for skin physiologically repair and regeneration of burn wound 1 The formation of moist physiological environment on burn wound 2 The
material foundation of life regenerative substances and histology for keratin — 19 stem cells’ regeneration in situ 3 Standardized procedures
and appliance of BRT & MEBT/MEBO which is the guarantee of burn wound healing physiologically. Conclusion The theory of Potential
Regenerative Cell” and the technique of Stem cell in situ regeneration” are the basic theory and clinical treatment for BRT. Full — thickness
burn skin can be healed physiologically and the skin tissues and organs can be regenerated ONLY by standardized procedures and timely appli-
ance of BRT & MEBT/MEBO.

Key words Burn  Burn Regenerative Therapy BRT  Potential Regenerative Cell PRC  Stem Cell in situ  Keratin-19 stem

cell In situ stem cell cultivation fibrous isolation membrane MEBT/MEBO.

INTRODUCTION

Burn Regenerative Therapy BRT is based on the’ Technique Core” of skin stem cell regeneration in situ and
“ Judgement Standard” of non — scar wound healing after deep burns. The main mechanism is setting up a moist physio-
logical environment on the burn wound by liquefying the necrotic tissue without any further damage. Meanwhile promot-
ing the physiological wound healing by initiating PRCs and regenerating stem cells in sitw.. It s a very complicated phys-
iological process for the liquefaction of the necrotic tissue and skin regeneration under the treatment of BRT & MEBT/
MEBO. This report demonstrated the inevitability from BRT to wound healing physiologically in molecular cell and sys-
temic clinical treatment three levels.
In this technique the liquefaction of the necrotic tissue is required to be done before the physiologically wound
healing. If the skin necrotic tissues were excised followed by the traditional dry therapy some of the interbiotic tissues
the tissues are alive and not necrotic completely yet would be ineluctably excised too. More addition lots of the' in-
formative cells” with ectodermic gene massages and PRCs in wound basis will be cut too. These cells are the basic mate-
rial foundation of wound repair and regeneration after burn so the principle of clinical treatment of BRT is to protect
these cells as much as possible which will ensure the functions of transformation of stem cells and skin regeneration in

situ. This is also the theory foundation of non — scar wound healing after deep burns under the treatment of BRT &
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MEBT/MEBO.
PART I The practice of necrotic tissue liquefaction on burn wound

The liquefaction of the necrotic tissue on burn wound is a requirement for wound skin repair and regeneration in
sitw . The necrotic tissues on burn wound are liquefied and discharged without further damage must be applied under the
strict standards and practice of MEBT/MEBO. The basic treatment principle is to reserve and protect the active tissue
cells surviving in burn wound basis so that the interbiotic tissues can be resuscitated under the moist physiological envi-
ronment which ensures the wound repair and regeneration .

i The process of necrotic tissue liquefaction

The solid necrotic tissues can be changed to liquid form Liquefaction — and then discharged from the wound under
the effect of MEBO. Before we annotate the process of liquefaction we need to introduce the pharmacological effect of the
special frame form of MEBO low melting point . This frame form is alterable depend on the change of wound tempera-
ture  MEBO is an ointment at Room Temperature after applied onto the wound for the thickness of Imm there are two
layers of MEBO the outer side of MEBO keeps® ointment form”  while the wound — touched side is wormed up and
transformed to liquid form. MEBO has the lipophilic character. After applying the liquid form MEBO reacts with necrot-
ic tissues on burn wound and then MEBO loses the lipophilic character and mixes with exudation and liquefactive stuff
then the mixture moves to the outer layer of MEBO and be discharged out of skin. The new upper layer of MEBO contin-
ues to be warmed up and transformed to liquid form and then Hydrolysis Enzymolysis Rancidity Saponification and Es-
terification happen sequentially repeatedly and drainage automatically. This is the main mechanism of liquefaction of

burn wound necrotic tissue See Figure 1
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A. MEBO is warmed up and surround necrotic tissues First the grease base of solid form MEBO is warmed
up by wound temperature and be transformed to liquid form the oil is released and flows into the burn wound divides

the necrotic tissue into pieces and surrounds them which will initiate the series chemical reactions between MEBO and

necrotic tissues. See Figure 2
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B. Hydrolysis The first reaction is hydrolysis One compound is decomposed under the effect of water. The re-

main water in necrotic tissues react with the necrotic skin under the effect and surrounding of MEBO  which will further

initiate the series chemical reactions. See Figure 3
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C. Enzymolysis There are kinds of zymngens in remnant cells in burn wound necrotic tissues. Zymngens are the
non — activate prosome of enzymes. After hydrolysis the peptide of the zymngen in charge of the non — active function is
removed . Then the big molecules such as protein fat carbohydrate are digested into small molecules by several kinds of

enzymes. Thus the necrotic tissue on burn wound is changed into molecular level. See Figure 4
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D. Rancidity and saponification Based on organic chemistry acid and alkali chemical reactions are the reaction
that obtain or lose electron s . Rancidity reaction means that the amino acids fatty acids are separated the aldehyde
keton oxide are formed from protein fat tissues after the above — mentioned reactions. All these acidity compound are
composed by hydrogen ion and acid radical. These organic acids produce neutral salt and water after decomposion and
combination. Saponification means the fat hydrolyzes in the alkalescence solution and produces glycerol and fatty acids.

Burns can make the wound tissue denaturalized and necrosis produce lots of histamine bradykinin lactic acid
free radical and other acid substances which are called” Burn toxin” . Under the therapeutical effect of MEBO  the burn
toxins are decomposed so that the direct damage of the wound are relieved more addition it reduces the damages of
multi-organs in the body by absorption of burn toxins. In one word the result of rancidity and saponification is to decom-
pose the necrotic tissue into neutral substances which will protect the wound efficiently and alleviate the damage of burn

toxins after absorption. See Figure 5
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E. Lipofication and Esterification The necrotic tissues are transformed into liquid form after above — mentioned
reactions. The liquid necrotic tissues then react with surrounding MEBO and perform lipofication and esterification
which will ensure the necrotic tissue be liquefied and discharged from the wound eventually. MEBO has net — like frame
form. It' s composed by grease and surrounding beeswax. There are abundant linoleic acids belongs to non — saturation
acid  which can be decomposed with sterol stuff aldehyde oxide keton oxide lipid adipoidand etc. This process is
called’ lipofication” . After that the linoleic acids in MEBO bind with those substances and form esters this is esterifi-
cation” .

In the process of liquefaction esters can be degraded into acids the opposite reaction is the acids are transformed
into esters under the effect of esterases. The acid burn toxicity in necrotic tissue is reduced through these reactions
which also protect the moist physiological environment of burn wound and prevent its further damage. More addition es-
ters compound can protect surviving tissue of burn wound promote wound healing and cultivate the neo-regenerated skin
tissue. Thus it can be seen that Lipofication and Esterification are reversible biochemical reactions happening one after
another. In this step the decomposition between grease linoleic acids and liquefactant of necrotic tissue is not only the
main base of burn wound moist physiological environment but also the main elements which promote decomposition and
liquefaction. After that the necrotic tissue are transformed into liquid form of esters liquid mixture the toxicity and irri-
tation are much reduced and the mixture are easily to be discharged which ensures the process of skin organ regeneration

in sitw.  See Figure 6
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The biochemical reactions of MEBO occurred in the burn wounds enable necrotic skin tissue particles to become lig-
uefied mixtures so that necrotic skin tissues can be removed without causing any further damages through local applica-
tion of the drug according to MEBT to ensure regenerative repair of the wound. All this ensures the physiological wound
healing without scar. To be emphasized in order to fulfill the clinical effect of BRT & MEBT/MEBO not only the cor-
rect and standardized application of BRT is a requirement in local wound but also the procedures and techniques of sys-

temic BRT they assistant to each other. See Figure 7
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ii The practice methods in liquefaction period
After removal of liquefied necrotic tissues a fibrous isolation membrane is formed on the wounds surface like a layer
of transparent cornea. It is very important to protect this membrane to be explained later .
In clinical practices wound necrotic tissue liquefaction should be distinguished from wound infection. Infection is a
process that inflammation reaction is taking place in viable tissues affected by pathogenic bacteria. Infection always brings
on the purulence and necrosis of living tissues. Infection is always characterized by local redness swelling fever pain

and dysfunction. While liquefaction is a process that necrotic tissue under the action of MEBO is turned automatically
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from solid state to liquid state and be removed without causing any further damage. There is no living tissue involved in
this process. A layer of milky white or milky yellow homogeneous fine and smooth semi — fluid substance is formed on
the wounds and is removed through changing of the dressings without causing any damage. The following principles should
be followed

A. Early application of the drug It is recommended to apply the drug within 4 hrs post injury. The purpose is to
save the tissues in the stasis zone of the wounds and prevent progressive necrosis to ensure the efficacy of the treatment.

B. The drug should be applied in the whole course of the treatment without interruption No other drug or
treatment should be used to replace it in the whole course of treatment. Dry therapy and astringent drugs are forbidden .
Antiseptic agent is not allowed to apply directly on the wounds. Don’ t use water to wash the wounds.

C. Wound dressing change should be carried out in a standardized procedure Liquefied products should be
removed every 4 hrs. Handle carefully don’ t cause pain don’ t cause bleeding and don’ t cause any further damage
in the normal skin tissue. It is very important to protect the fibrous isolation membrane to cover the wound. Adhere to the

Three DON’ T principle” so that physiological regenerative repair of the wound can be achieved.

D. Wound treatment “ Three timely principle” is one important principle in the management of wounds i. e.
timely removal of liquefied products timely removal of necrotic tissue and timely application of the drug. Another key
principle is° Three no accumulation” i. e. no accumulation of necrotic tissue no accumulation of liquefied products
and no accumulation of excessive drug  MEBO

In the treatment of large area burn wounds it is very important to strictly follow the above principles not only to en-
sure quick healing of the wounds but also directly related to the systemic condition and recovery of the patients. This can
help reduce the amount of bacteria and the absorption of inflammatory and burn toxins produced in the necrotic tissue and

is the key to effective improvement of the systemic condition and lessening of the symptom of intoxication.
PART II The mechanism of regenerative repair of burn wounds in situ

There are three requirements for skin regenerative repair of burn wounds First of all a moist physiological environ-
ment should be formed in the wound secondly there should have histological basis for in situ cultivation of skin keratin
type 19 stem cell and material basis for regeneration and thirdly standardized therapeutic technique of skin regeneration
medicine should be applied in order to ensure skin regenerative repair of burn wounds.

i The formation of a moist physiological environment on burn wounds

In course of the application of BRT & MEBT/MEBO to promote liquefaction and removal of necrotic tissue in burn
wound a moist physiological environment is formed simultaneously. After discharge and liquefy of necrotic tissue a layer
of transparent cornea — like fibrous isolation membrane is formed on the wound surface. The presence of this membrane
is a sign of the formation of moist physiological environment. This membrane protects the viability of the skin tissue or-
gans regenerated from stem cells in situ  so that it is important to protect this membrane in order to ensure physiological
regenerative repair of the burn wounds.

Experiments proved that when the wounds were protected by MEBO + fibrous isolation membrane the evaporation
of the burn wound tissue is approximately the same as that of the normal skin. This membrane protects the injured wounds
and helps wound respiration. This is quite different from dry therapy and vaseline treatment the burn wounds do not lose
a lot of water as treated with dry therapy and the tissues are not suffocated and macerated as treated with vaseline.

A. The formation of fibrous isolation membrane MEBO has good compatibility with burn wound exudates and
can form a fibrous isolation membrane in the course of wound necrotic tissue liquefaction. The membrane is composed of
lipoids produced by the biochemical reactions of MEBO and lipoproteins complexes produced by exudates of plasma pro-
tein from wounds. The membrane tightly covers the wound surface so that the neo-regenerative stuff can attached to it

and the wounds can be repaired in a regenerative way in moist physiological environment.
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B. The characteristics and function of the fibrous isolation membrane As a’ semi — permeable” membrane
the special composition of the fibrous isolation membrane enables its unique characteristics and function. It lies in be-
tween wound surface and MEBO. In both sides of the membrane osmotic pressure is formed respectively. One side is
hydrophilic  wound tissue and the other side is lipophilic MEBO . Exchanges of materials as ions are taking place so
that the metabolism products of the wounds can be excreted into the outer side of the membrane. Through the same mech-
anism the nutritive and biologically active components of MEBO can go into the deep layer of the wounds and to give full

play of its physiological and pharmacological effects to promote skin tissue regeneration and repair.  See Figure 8
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Fig 8. An illustrative sketch of fibrous isolation membrane

C. Clinical significance of fibrous isolation membrane The whole process of burn wound regenerative repair in
situ is completed by the protection of the fibrous isolation membrane under the standardized application of BRT & MEBT/
MEBO. Only under the protection of the isolation membrane could the microcirculation in the deep layer of the wound be
regenerated in the frame of physiological capillary tree so that nutritive materials could be transferred to the primitive
skin blastemata and skin islands which were regenerated in situ by stem cells and developed and expanded to heal the
wounds. Serious attention should be taken during change of dressings washing and cleaning to keep the fibrous isolation
membrane intact. The wounds should be kept in physiological moist state not dried nor macerated through continuous
supply of the drug. That’ s why the principle of three no injury” and’ three no accumulation” in wound management
was suggested .

ii In situ cultivation of skin stem cells

The discovery of Potential Regenerative Cells PRCs and the application of the technique of in situ stem cell culti-
vation for skin regenerative therapy are the histological bases of burn wound skin regeneration in situ. The PRCs for in
situ regeneration of skin organs are the prosome of the skin keratin type 19 stem cells which are differentiated from cells
in subcutaneous tissue. Burn wounds deep to skeleton can be regenerated and repaired by introducing bone marrow cells
into subcutaneous tissue through drilling holes on the bone in situ then the PRCs are differentiated into keratin type 19
stem cells to achieve regenerative repair of the wounds in situ.

In the course of metabolism of healthy tissues and organs the processes of apoptosis degeneration injury and
necrosis are going unceasingly and at the same time replenishment of new born cells are going on as well to maintain the
structure and physiological function of the tissue organs. The process of the recovery of the lost local tissues is called re-
generation. Physiological regeneration is a normal process of replacing the old cells by new ones. Regeneration is an in-
stinct of human beings. Through 10 years' research we primarily resolve this riddle and explain the law of the life con-
tinuous the research results were released in 2002. PRCs are the origin of in situ stem cell cultivation regeneration and
repair technique on burn wound. The reveal of this life law gives a scientific demonstration to the physiological regenera-
tion of burn wound in BRT.

A. The definition of Potential Regenerative Cell PRCs PRCs are the special differentiated tissue cells
which have the potential ability to regenerate to a functional tissue similar as stem cells but normally exist in tissue as

static tissue cells. See Figure 9
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The model of PRC working process
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The division of cells with the appearance of spindle fibers is called mitosis. During mitosis chromosomes duplicate
and divide themselves equally into two daughter cells. This is' Symmetry Splitting” . While in the process of cell split
some cells perform’ Asymmetry Splitting” in which some of the new cells continue to divide and some of them stop di-
viding and become tissue cells directly which are the main source of PRCs.

PRCs in the tissue organs are produced by original and multi — potential stem cells in different periods of organ de-
velopment. Generally these PRCs exist as common cells but when apoptosis degeneration injury and necrosis of some
cells in the tissue organs take place these PRCs will proliferate to produce new cells in order to fill in the vacancy re-
sulted from loss of cells and to maintain the structure and the function of the organs. This regeneration activity helps
maintain the balance of human life.

B. The concept of burn wound regenerative repair in sifu The concept of burn wound regenerative repair using
skin regeneration medical technique BRT is that The wounds are placed in a moist physiological environment and life
regenerative substances MEBO are supplied continuously to the cells so that PRCs are initiated in situ to form stem
cells and then proliferate regenerate differentiate into different types of tissue stem cells. Adult tissue is formed through
cultivation connection and combination of different tissue stem cells. The regenerative repair of burn wound in situ is
completed eventually.

C. The course of burn wound regenerative repair in situ  See Figure 10
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Fig. 10. Atlas showing the sequence of regenerative repair of skin organs by PRCs in siiu
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From figure 10 we can see that the technique of skin regenerative medicine comprises 3 parts First of all the
PRCs are initiated and activated to form adult stem cells in situ  secondly the adult stem cells in situ are differentiated
and form different tissues and finally the skin organ is regenerated after the combination of all types of neo — burn tissue
organs.

a The initiation and activation of PRCs in situ to form stem cells After the skin tissues are injured thermally
a lot of poisonous inflammatory media are produced. A great amount of cells are involved and active factors are released
so that the process of physiological regenerative repair is started and PRCs in the deep layer of the wounds are initiated
and activated to form stem cells. But the duration of activation is very short within 24 hrs post burn if this process
could not continue pathological repair process would take place instead of physiological regeneration. That' s why ex-
ogenous materials are necessary to continue the activation of PRCs. MEBO has the ability of maintaining continuous pro-
liferation and regeneration of PRCs and the stem cells.

b Combination of stem cells in situ to form tissues The adult stem cells formed after induction regulation and
differentiation are continuously cultivated in MEBO to form different directional specific stem cells including epidermis
collagen fiber blood vessel nerve and mesenchymal stem cells. The activated stem cells need life regenerative sub-
stances to maintain their activities to proliferate and differentiate to form tissue cells such as epidermal cells fibrocytes
nerve cells vascular cells etc. This process is performed in the moist physiological environment created by MEBO. In-
tercellular physiological connections such as desmosome connection of these cells result in the formation of normal skin
lissue organs.

¢ Regenerative combination of skin tissue organs Epidermal tissues include epithelial cells and basement mem-
branes. Dermal tissues include collagen fibrous tissues blood vessels and nerves etc. Skin tissue organs’ physiological
regeneration and repair needs physiological regulation system. For example the presence of a kind of protein is needed
for the connection between fibroblats. According to the ecology of skin cells there should be no excessive fibrocytes
otherwise hyperplastic scar will form. The ratio of the combination between epithelial cell and fibrocyte should be 1 4.
After the formation of skin tissue organs the organs as parts of the body are closely connected to the whole body through
physiological and neurohumoral regulation. Thus the process of regeneration and replication of skin tissue organ in situ is

completed.
PART III Clinical application of regenerative repair of burn wounds in situ

According to the mechanism of in situ regenerative repair of wounds burmn regenerative therapy can be described as
8 technical procedures. These 8 procedures should be followed in strict and standardized sequence and application. This
is the foundation that BRT & MEBT/MEBO can achieve best clinical results. See Figure 11
Burn regeneration therapy under the control of the 8 procedures can achieve surviving residual skin tissue repair
and skin regeneration. Fig. 11 not only explains the mechanism of the treatment of deep burn wounds of various causes
but also is applicable to the regenerative repair of various skin mucous membrane lesions and tissue organ injuries.
i First of all the PRCs in the deep layer of the injured skin tissue are activated to form stem cells
This is the start period of BRT. The effect has a close correction with the treatment method. Early application of the
drug to protect the wound surface and’ Ploughing method” to reduce the tension of deep wounds can help to activate of
PRCs and skin organ regeneration in situ.
ii In situ cultivation of stem cells
The key point for this procedure is to maintain a moist physiological environment created by MEBO and also protect
the fibrous isolation membrane formed on the wound surface. This semi — permeable membrane allows the exchange of

materials between both sides from wound to MEBO.
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ili Necrotic tissue should be liquefied and removed without any further damage to create a condition for
stem cell regeneration and repair in situ .
iv Nutrition supply
Stem cells proliferate very quickly and consume a lot of energy. Although there are enough nutritive materials for
stem cells' growth in the body when stem cells regenerate in an embryo development model nutritive materials become
very insufficient. Exogenous and endogenous supply of the nutritive materials and physiological regulation are necessary .
MEBO is a bionic nutritional preparation its pH value and osmotic pressure are similar to that in the human body it can
provide all the necessary regenerative substances and nutrition for wound healing and regeneration and can bind stem
cells so continuous supply of MEBO will satisfy the nutrition supply of stem cell proliferation process.
v Using physiological controlling technique to control bacterial and toxic infectious injuries is a non — bac-
tericidal controlling technique
In the in situ stem cell cultivation technique the treatment principle and method for microorganism in regenerative
tissues is different with normal conception of sterility and technique of anti-bacteria. Stem cell and tissue regeneration is
inhibited by antibiotics which are used in large doses in dry therapy. Thus in order to prevent the damage of microorgan-
ism infection to regenerative cells a non-bactericidal controlling technique must be taken. MEBO can control bacterial
infection and at the same time promote immunity of human body so it has a comprehensive anti — infection effect.
vi To maintain a moist physiological environment
All the wounds regardless of the location a local wound or wounds all over the body or wound in the gastrointesti-
nal tract need a moist physiological environment. Only in such an environment could skin regenerative repair be real-
ized. This also includes the regulation and repair of dysfunction of the organs all over the body.
vii Micro - isolation of burn wound and endogenous nutrition supply technique
The micro — isolation technique for skin tissue organ regeneration is realized by the' fibrous isolation membrane” to-
gether with® MEBO drug layer” . Only after setting up the micro — ecosystem could the skin regeneration from stem cell
in situ be fulfilled.
viii Tissue combination to form organs
After liquefaction and removal of necrotic tissue wounds should be kept in a moist physiological environment. Tis-
sues are combined without causing any damage to form a capillary tree core and a fibrocyte trestle so that skin stem
cells can combine according to the normal physiological structure of the skin to form primitive skin blastema and skin is-
land. MEBO should be supplied continuously to achieve full — thickness physiological and regenerative repair of the skin

tissue organs. translated by SUN Xia LIU Zheng — gu



