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Abstract
Context: Burn injuries cause significant morbidity, requiring effective wound dressings that promote healing and prevent infection.

Aims: To evaluate the dermal irritation potential, wound healing efficacy, and systemic toxicity of a novel bacterial cellulose membrane immersed in
electrolyzed water (VBMEMBRANE).

Methods: Dermal irritation was assessed in rabbits according to OECD guidelines. A thermal burn model in rats was treated with silver sulfadiazine or
VBMEMBRANE for 21 days. Wound area, hydroxyproline content, histopathology, hematological, hepatic, and renal parameters were analyzed.

Results: The results indicated that VBMEMBRANE did not cause skin irritation in rabbits after 72 h. In rats with thermal burns, daily application significantly
reduced wound size after 14 and 21 days (p<0.001) and increased hydroxyproline content. Histopathology showed enhanced epithelialization. No systemic
toxicity was detected in hematological, hepatic, or renal parameters. These findings suggest that VBMEMBRANE is a safe and effective burn dressing.

Conclusions: VBMEMBRANE demonstrated safety and efficacy as a burn wound dressing, suggesting potential for clinical application.

Keywords: bacterial cellulose; burn wound healing; dermal irritation; electrolyzed water; systemic toxicity; VBMEMBRANE.

Resumen
Contexto: Las quemaduras causan una morbilidad significativa, lo que requiere apésitos eficaces que promuevan la cicatrizacién y prevengan la infeccién.

Objetivos: Evaluar el potencial de irritacion dérmica, la eficacia de la cicatrizacion y la toxicidad sistémica de una nueva membrana bacteriana de celulosa
sumergida en agua electrolizada (VBMEMBRANE).

Métodos: Se evalud la irritacion dérmica en conejos segln las directrices de la OCDE. Un modelo de quemadura térmica en ratas se tratd con sulfadiazina
argéntica o VBMEMBRANE durante 21 dias. Se analizaron el area de la herida, el contenido de hidroxiprolina, la histopatologia y los parametros hematoldgicos,
hepéticosy renales.

Resultados: Los resultados indicaron que VBMEMBRANE no causd irritacién cutanea en conejos después de 72 h. En ratas con quemaduras térmicas, la
aplicacién diaria redujo significativamente el tamafio de la herida después de 14 y 21 dias (p<0,001) y aument6 el contenido de hidroxiprolina. La histopatologia
mostré una mayor epitelizacion. No se detectd toxicidad sistémica en los parametros hematoldgicos, hepaticos ni renales. Estos hallazgos sugieren que
VBMEMBRANE es un apdsito seguro y eficaz para quemaduras.

Conclusiones: VBMEMBRANE demostré seguridad y eficacia como apdsito para quemaduras, lo que sugiere potencial para su aplicacién clinica.

Palabras Clave: agua electrolizada; celulosa bacteriana; cicatrizacién de quemaduras; irritacién dérmica; toxicidad sistémica; VBMEMBRANE.
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Abbreviation: ARRIVE: Animal Research: Reporting of In Vivo Experiments; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; GRA: Granulocyte; LYM: Lymphocytes; VBMEMBRANE: Bacterial cellulose membrane immersed in electrolyzed water.

INTRODUCTION

The skin functions as the primary barrier of the
human body, regulating temperature and maintaining
water-electrolyte balance. Owing to its constant
environmental exposure, it is highly susceptible to
traumatic injuries, including burns (Jumaa et al., 2025).
Burn wounds, often acute and complex, present
significant challenges such as delayed healing,
inflammation, and a high risk of infection. The damage
can extend into the dermis, further complicating
regeneration and clinical treatment (Zwierelto et al.,
2023). Developing effective wound dressings is vital to
support and control wound healing. Silver
sulfadiazine remains the standard treatment for burns
but needs frequent changes, which can cause pain,
maceration, cytotoxicity to keratinocytes and
fibroblasts, and bacterial resistance. Ideal dressings
should keep a moist environment, aid skin
regeneration, and be made of materials that actively
encourage tissue repair (Herndon, 2007). Recent re-
search has shown the effectiveness of modern wound
dressings in aiding the healing of ulcers and burn inju-
ries.

Various wound dressings have been developed in
forms such as sponges, hydrogels, hydrocolloids,
membranes, and films, each suited to specific wound
types (Moradpoor et al., 2022). Among them, bacterial
cellulose, a natural polymer synthesised by certain bac-
teria, is a promising agent for its regenerative proper-
ties in tissue repair. Its unique physicochemical and
mechanical properties, including a three-dimensional
network resembling the extracellular matrix, high pu-
rity, water-holding capacity, and gas permeability,
contribute to enhanced angiogenesis and tissue repair
in burn models (Jabbari & Babaeipour, 2024; Kwak et
al., 2015). However, the absence of antimicrobial prop-
erties restricts its biomedical applications in wound
healing. Adding antimicrobial agents to bacterial cellu-
lose significantly enhances its capacity in tissue regen-
eration applications (Jabbari & Babaeipour, 2024). Elec-
trolyzed water, produced by the electrolysis of a dilute
sodium chloride solution, is an effective, safe, and en-
vironmentally friendly disinfectant. It exhibits potent
antimicrobial activity against a broad spectrum of
pathogenic bacteria and viruses, demonstrated both in
vitro and in vivo. Due to its high oxidation-reduction
potential and low toxicity, electrolyzed water has been
widely applied in medical disinfection, wound care,
and food safety (Chen & Wang, 2022). The combined
potential of bacterial cellulose immersed in electro-
lyzed water offers a promising approach for managing
burn injuries, which are highly susceptible to infection.
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This combination leverages the biocompatibility and
moisture retention of bacterial cellulose, along with the
potent antimicrobial activity of electrolyzed water, to
enhance wound protection and promote faster healing.

VBMEMBRANE, developed by our research group,
is a novel sterile wound dressing based on this concept.
It consists of a bacterial cellulose membrane soaked in
electrolyzed saline and sealed in an aluminium pouch,
vhich maintains a moist environment while prevent-
ing bacterial and fungal invasion. By integrating the re-
generative properties of bacterial cellulose with the an-
timicrobial  efficacy = of  electrolyzed  water,
VBMEMBRANE is expected to improve burn wound
healing outcomes. Before clinical application, its safety
and effectiveness must be confirmed in experimental
models. Therefore, this study aimed to evaluate the
dermal irritation potential, wound-healing efficacy,
and systemic toxicity of VBMEMBRANE in animals.

MATERIAL AND METHODS

Preparation of VBMEMBRANE and characterization

The VBMEMBRANE wound dressing is a sterile
bacterial cellulose membrane produced by Acetobacter
xylinum and presented in a suitable aqueous medium
with a thickness of 1-4 mm. After cultivation, the mem-
branes were purified by sequential washing with so-
dium hydroxide and citric acid solutions, followed by
thorough rinsing with deionised water. The purified
membranes were then autoclaved to sterilise them,
packaged in sterile aluminium pouches, and fully im-
mersed in electrolysed saline solution before sealing.
The product was stored under standard conditions (in
a dry environment at a temperature below 30°C).

At production, the electrolysed saline showed a pH
of 6.5, oxidation-reduction potential (ORP) of 918 mV,
available chlorine of 250 pg/mL, and NaCl of 0.49%.
During 36 months of storage (<30 °C), the pH and ORP
remained stable, while chlorine gradually declined to
zero. The membrane preserved its clarity, colour, and
sterility, indicating long-term stability.

Research subjects

Adult New Zealand White rabbits of both sexes,
weighing 2.0 + 0.2 g, and adult Wistar rats of both
sexes, weighing 180 + 20 g, were purchased from the
National Institute of Hygiene and Epidemiology
(Hanoi, Vietnam). All experimental protocols com-
plied with the National Guideline (reference number:
141/QD-K2DT). Hanoi Medical University’s Institu-
tional Ethical Review Board approved the
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experimental protocols for this study before the study
began (approval number IRB00003121). Throughout
the study, the animals were housed in the laboratory
animal room (12-hour light/dark cycle, 25 + 1°C, 65 +
5% humidity) and had ad libitum access to the standard
diet and water. They were allowed at least one week
for acclimatization before the experiments began. The
authors adhered to the ARRIVE 2.0 guidelines and the
pertinent national standards or regulations for the care
and management of laboratory animals.

Dermal irritation of VBMEMBRANE

This experiment was carried out in accordance with
ISO and OECD guidelines in three rabbits (ISO 10993-
10, 2010; OECD, 2015). Twenty-four hours before the
experimental study, rabbits were shaved on both sides
of the spine, covering an area approximately 10 cm x
15 cm, for application and observation of the test sites.
Rabbit skin was examined to confirm that only animals
with healthy, intact skin were used in the test. Then,
VBMEMBRANE was applied to an area
(approximately 2.5 cm % 2.5 cm) of the skin on one side
of the spine, while distilled water was applied to the
other side. Each application site was covered by a
gauze patch and wrapped with a semi-occlusive
bandage for 4 hours. After the exposure period, the
investigational product was removed, and the skin
was carefully dried without altering its existing
response.

The skin reactions of erythema and oedema were
described and scored at 1, 24, 48, and 72 h after patch
removal. If lesions were present on the skin, the rabbits
were observed for up to 14 days to assess reversibility.
During the observation period, the experiment was
terminated if the rabbits showed any signs of severe
pain.

Erythema was scored as follows: 0 - No erythema; 1
- Very slight (barely perceptible); 2 - Moderate to
severe; 3 - Moderate to severe; 4 - Severe.

Oedema was scored as follows: 0 - No oedema; 1-
Very slight (barely perceptible); 2 - Well defined (edges
of the area raised); 3 - Moderate to severe (edges of the
area raised ~ 1 mm); 4 - Severe (edges of the area raised
more than 1 mm and extending outside the application
area).

All erythema and oedema scores at 24, 48, and 72 h
were totalled separately for each test sample and blank
for each rabbit. The primary irritation score for a rabbit
was calculated by dividing the sum of all the scores by
6 (two test/observation sites, three time points). To
obtain the primary irritation index for the
investigational product, the individual rabbits'
primary irritation scores were summed and divided by
3. The response categories were evaluated due to the
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primary irritation: 0-0.4, Negligible; 0.5-1.9, Slight; 2-
4.9 (Moderate); 5-8, Severe (ISO 10993-10, 2010; OECD,
2015).

Antibacterial activity of VBMEMBRANE

An in vitro qualitative antibacterial test was per-
formed to preliminarily evaluate the antibacterial ac-
tivity of VBMEMBRANE with or without the control
dressing Urgotul Ag, against four bacterial strains:
Staphylococcus aureus, Acinetobacter baumannii, Pseudo-
monas aeruginosa, and Klebsiella spp.

The agar disc diffusion method was employed us-
ing Mueller-Hinton agar plates with a thickness of 4.0
+ 0.5 mm. VBMEMBRANE and the control dressing
(Urgotul Ag) were cut into pieces and used as test and
control samples, respectively. Each bacterial strain was
cultured to obtain pure colonies in the logarithmic
growth phase (18-24 h of incubation). Using a sterile
inoculating loop, 3-5 colonies of similar morphology
were transferred into test tubes containing sterile 0.9%
saline solution to prepare bacterial suspensions. The
suspensions were mixed thoroughly, adjusted to a tur-
bidity equivalent to the 0.5 McFarland standard, and
then used within 15 min of preparation. Using sterile
forceps, the VBMEMBRANE and Urgotul Ag samples
were placed onto the agar surface and gently pressed
to ensure complete contact. Within 15 min of sample
placement, the plates were incubated at 35 + 2°C under
normal atmospheric conditions. The antibacterial ac-
tivity of each material was assessed at 24, 48, and 72 h
of incubation. The antibacterial activity was qualita-
tively assessed by the presence, clarity, and width of
the inhibition zones surrounding each sample on the
agar surface.

Healing effect of topical administration of
VBMEMBRANE

Thermal burn in rats

This experiment followed an established superficial
thermal burn model in Wistar rats, as previously
described (Durmus et al., 2009). A total of 50 rats were
divided into five groups of 10 each by stratified ran-
domization based on body weight. Rats were anesthe-
tized with a single intraperitoneal injection of chloral
hydrate (250 mg/kg; Sigma-Aldrich, St. Louis, MO,
USA). Preparation involved shaving their dorsum with
an electric shaver, followed by sterilization with 70%
alcohol. Group 1 served as the normal control group.
Rats from groups 2 to 5 were subjected to thermal
burns on their backs using a standard burning tech-
nique (Durmus et al., 2009). Burn wounds were created
by a cylindrical stainless-steel rod with a diameter of
2.5 cm and a weight of 200 g. The stainless-steel rod
was pre-heated to 100°C in boiling water and applied
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to the shaven skin without pressure for 35 s. All ani-
mals were immediately administered with lactated
Ringer's solution intraperitoneally at 2 mL/100 g body
weight (b.w). Following the burn induction, each ani-
mal was placed in a separate cage. The affected areas
were treated with 0.3 g silver sulfadiazine twice daily
(Group 3) or VBMEMBRANE once or twice daily for
21 days (Groups 4 and 5). The vehicle-treated burned
rats received sterile distilled water topically (Group 2)
(as shown in Fig. 1).

Measurement of the wound size

The burned sizes of the rats were determined using
a single-lens digital camera, ensuring a consistent focal
distance. Wound size was measured by an investigator
who was blinded to treatment allocation. The wound
areas were blinded using Image] Basic software ver-
sion 1.38, which the World Health Organization recog-
nizes as a reliable tool for area measurement in medical
experimental research.

Determination of the hydroxyproline content

At the end of the experiment, rats were anesthe-
tized with chloral hydrate injections at a dose of 250
mg/kg bw. After that, skin samples were collected
from each animal. The hydroxyproline content in the
skin was measured using the Stegemann H and Stalder
K method (Pham et al., 2024). In brief, 25 £ 5 mg of skin
tissues were placed into hydrolytic tubes containing 2
mL of 6N HCL. The tubes were incubated at 115°C. The
hydrolyzed fluid was transferred to new test tubes
after 24 h. Each contained 0.2 mL of hydrolyzed sample
fluid, 1 mL of chloramine T, and 1.8 mL of distilled wa-
ter. The tubes were then shaken and kept at room tem-
perature for 20 min. Subsequently, 2 mL of 4 M per-
chloric acid was added, the mixture was shaken thor-
oughly, and it was left to stand for 5 min at room tem-
perature. Finally, 10% 4-dimethylaminobenzaldehyde

Burns treated with immersed electrolyzed water bacterial cellulose

was added, and the mixture was shaken thoroughly
again. The tubes were placed in a bain-marie at 60°C
for 15 min. After cooling to room temperature, the light
absorption was measured at 560 nm using a Shimadzu
spectrophotometer (Japan).

Histopathological evaluation

The ulcerated skin tissue samples were processed
for histopathological analysis. They were preserved in
a 10% neutral-buffered formalin solution, embedded
in paraffin wax, and sectioned into five pm-thick slices
for hematoxylin and eosin (H&E) staining. The
pathologist who evaluated the slides was blinded to
group allocation regarding inflammatory reaction,
vascularization, and re-epithelialization (Sayan et al.,
2006).

Systemic toxicity evaluation of VBMEMBRANE topical
administration in burned animals

General conditions and body weight changes were
monitored in rats. After 21 days of application, blood
samples were collected to evaluate systemic effects

(Fig. 1).

Hematological parameters (including total white
blood cell count, red blood cell count, hematocrit, he-
moglobin, and platelet count) were examined. These
parameters were selected to detect potential systemic
inflammatory or hematopoietic alterations that might
occur following prolonged topical exposure.

The liver damage was assessed by measuring as-
partate aminotransferase (AST) and alanine ami-
notransferase (ALT) levels, while liver function tests
included total bilirubin, albumin, and total cholesterol.
The kidney function was assessed by measuring creat-
inine concentration. These biochemical indices are
widely recognized markers of hepatic and renal integ-
rity, providing a sensitive indication of possible sys-
temic toxicity induced by topical agents.

Topical administration of silver sulfadiazine
/NBMEMBRANE

Days -7 0 7

14 21

l ! !

! 1

Thermal burns
in rats

|
Measurement of wound area
Evaluation of systematic toxicity

Figure 1. Experimental protocol for evaluating the effects of topical administration of VBMEMBRANE on thermal burns.

Hydroxyproline content
Histopathological examinations
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Table 1. Scoring of erythema and oedema in experimental rabbits.

Burns treated with immersed electrolyzed water bacterial cellulose

Erythema Oedema
Rabbit

1h 24h 48 h 72h 1h 24h 48 h 72h

T C T c T C T C T C T C T C T C
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

T: VBMEMBRANE - applied area; C: Control area.

Baseline

Control

VBMEMBRANE

wl

Figure 2. Images of the dermal irritation on VBMEMBRANE applied to the skin in rabbits.

At the end of the experiment, the animals were ex-
amined for visible lesions in their major internal organs
(heart, kidneys, liver, spleen, and lungs). For histo-
pathological examination, a blinded researcher pre-
served liver and kidney samples from each group in a
10% buffered formaldehyde solution and stained them
with H&E.

Data analysis

Sigmaplot 12.0 (SYSTAT Software Inc, Richmond,
CA, USA) was used for statistical analysis. The data ob-
tained were presented as the mean +S.D. and analyzed
using one-way ANOVA, followed by the Student-
Newman-Keuls post hoc test for multiple compari-
sons. When the p-value was less than 0.05, differences
were considered statistically significant.

RESULTS

Dermal irritation evaluation of VBMEMBRANE

As shown in Table 1 and Fig. 2, on the tested skin
areas (applied VBMEMBRANE) and the control skin
areas (applied distilled water) of all rabbits, no
erythema, edema, or any other abnormal signs were
observed at all time points. No abnormal signs other
than erythema and oedema were observed in all
rabbits. = The  primary irritation index of

https://jppres.com

VBMEMBRANE was 0. Thus, VBMEMBRANE did not
irritate the rabbit’s skin according to the categories of
irritation response.

Antibacterial activity of VBMEMBRANE

In the agar diffusion assay, VBMEMBRANE pro-
duced visible inhibition zones against tested bacteria
(Fig. 3A-D). A distinct and clear inhibition zone was
observed against A. baumannii (Fig. 3A), indicating ef-
fective suppression of bacterial growth. A clear and
well-defined inhibition zone was observed against S.
aureus (Fig. 3B). P. aeruginosa exhibited a faint but dis-
cernible inhibition zone (Fig. 3C), while K. pneumoniae
showed a small and slightly diffused zone of inhibition
(Fig. 3D).

Taken together, the antibacterial activity of
VBMEMBRANE was qualitatively evaluated against S.
aureus, A. baumannii, P. aeruginosa, and K. pneumoniae.
Inhibition zones were observed around the VB mem-
brane for the tested strains, indicating their broad-
spectrum antibacterial potentials. The most pro-
nounced and well-defined zones were seen against A.
baumannii and S. aureus. A narrower yet visible inhibi-
tion zone was observed for P. aeruginosa, and K. pneu-
moniae exhibited a smaller, slightly diffuse inhibition
zone, indicating mild susceptibility. Overall,
VBMEMBRANE showed potentially effective antibac-
terial properties against four tested bacterial strains.

J Pharm Pharmacogn Res (2026) 14(1): 5


https://jppres.com/

Pham et al.

Burns treated with immersed electrolyzed water bacterial cellulose

After 24h

After 48h

After 72h

Figure 3. Antibacterial activity of VBMEMBRANE in vitro.

(A) Antibacterial activity against Acinetobacter baumannii. (B) Antibacterial activity against Staphylococcus aureus. (C) Antibacterial activity
against Pseudomonas aeruginosa. (D) Antibacterial activity against Klebsiella pneumoniae.

After 24h After 48h

After 72h

Healing effect of topical administration of
VBMEMBRANE on thermal burns

Effects of VBMEMBRANE on wounded areas

According to Figs. 4 and 5, seven days post-burn in-
duction, the burn wound area on the skin of rats
treated with silver sulfadiazine and VBMEMBRANE
showed no statistically significant difference com-
pared to the vehicle-treated burned group (p>0.05). Af-
ter 14 and 21 days, silver sulfadiazine and
VBMEMBRANE applied once and twice daily signifi-
cantly reduced the wounded area on the skin com-
pared to the vehicle-treated burned group at the same
time points (after 14 days: vehicle-treated burned
group vs. silver sulfadiazine-treated burned group,
p=0.024;  vehicle-treated  burned group vs.
VBMEMBRANE once daily-treated burned group,
p=0.031;  vehicle-treated = burned group vs.
VBMEMBRANE twice daily-treated burned group,
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p=0.039. After 21 days: vehicle-treated burned group
vs. silver sulfadiazine-treated burned group, p<0.001;
vehicle-treated burned group vs. VBMEMBRANE
once daily-treated burned group, p=0.004; vehicle-
treated burned group vs. VBMEMBRANE twice daily-
treated burned group, p<0.001). There was no signifi-
cant difference in the burned area on the skin of rats
treated with either dose of VBMEMBRANE compared
to silver sulfadiazine (p>0.05).

Effects of VBMEMBRANE on hydroxyproline content

Fig. 6 illustrates the hydroxyproline content. After
21 days of treatment, the hydroxyproline level in the
skin of vehicle-treated burned rats was significantly
lower than in the normal control group (p<0.001). The
hydroxyproline concentration in the skin tissues
treated with silver sulfadiazine and VBMEMBRANE at
both dosage levels was significantly higher than in the
model group (p<0.001).
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6 Thermal burn in rats Figure 4. Effects of VBMEMBRANE on
the size of the wounded area in burned
rats.
—_ Data were expressed as the mean + S.D. (n =
E 4 10). 'p<0.05; “"p<0.01; “'p<0.001 compared to
L vehicle-treated burned rats (One-way-ANOVA
E * . . followed by post hoc Student-Newman-Keuls
© test).
o
&
e 2
L
=2 - *x ke
[
After 7 days After 14 days After 21 days
mVehicle OSilver sulfadiazine OVBMEMBRANE —@VBMEMBRANE
once daily twice daily
. . i VBMEMBRANE
Vehicle-treated Silver sulfadiazine- . VBM.EMBBANE
once daily- twice daily-
burned rats treated burned rats
(Rat #13) (Rat #21) treated burned rats treated burned rats
(Rat #32) (Rat #45)
ﬂ I —— ~v . s oy
After 7 days
After 14 days
After 21 days
Figure 5. Macroscopic representative images of rat skin.
Thermal burn in rats Figure 6. Effects of VBMEMBRANE on
50 4 hydroxyproline content in skin tissues
E l in burned rats.
B 40 A R - o Data were expressed as the mean + S.D.
% (n=10). "'p<0.001: compared to vehicle-
5 \ treated burned rats. "p<0.05; #p<0.01,
T 30 | #%p<0.001 compared to normal control
2 g group (One-way-ANOVA followed by post
g _3 o hoc Student-Newman-Keuls test).
T 20
a
>
X
'g 10
S ]
3
0
Normal control Vehicle Silver sulfadiazine VBMEMBRANE VBMEMBRANE
once daily twice daily
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Normal control
rats

Vehicle-treated
burned rats

Silver sulfadiazine-
treated burned rats

VBMEMBRANE
once daily-
treated burned rats

VBMEMBRANE
twice daily-
treated burned rats

Figure 7. Microscopic representative images of rat skin.

Rats #01, #03, #08: H&E-stained skin sections showing normal skin architecture. The epidermis is intact with well-organized layers, and the dermis contains

normal skin appendages, including hair follicles and sebaceous glands. Rats #13, #14, #19: H&E-stained skin sections showing ulcerative inflammatory lesions.
The epidermal layer is completely lost and replaced by ulcerated tissue composed of numerous neutrophils, including degenerated forms, that infiltrate deeply
into the ulcer base and adjacent connective tissue. No evidence of re-epithelialization is observed. Minimal fibroblast proliferation is present, accompanied by
marked angiogenesis and vascular congestion. Rats #21, #22, #25: H&E-stained skin sections showing partially re-epithelialized ulcerative areas. The ulcer
surface is reduced in size, and the wound bed continues to exhibit proliferating blood vessels. Neutrophilic infiltration has subsided, while scattered lymphocytes
remain within the underlying connective tissue. Fibroblast proliferation and angiogenesis are evident, indicating active granulation tissue formation. Rats #32,
#35, #38: H&E-stained skin sections showing advanced healing with nearly complete re-epithelialization. The ulcer surface is markedly reduced, containing only a
few residual neutrophils and degenerated neutrophils. The wound bed shows mild vascular proliferation with minimal congestion. Inflammatory infiltration is
minimal, consisting mainly of scattered lymphocytes and plasma cells. Fibroblast proliferation is sparse, while mild angiogenesis persists. Rats #45, #46, #47:
H&E-stained skin sections showing nearly complete re-epithelialization with minimal residual inflammation. The ulcer surface is reduced in size and still contains
a few infiltrating neutrophils and degenerated neutrophils. No evidence of vascular proliferation or congestion is observed in the wound bed. Neutrophilic
infiltration has largely resolved, leaving only sparse lymphocytes. Mild fibroblast proliferation is present, and blood vessels appear normal without congestidn.

Hematoxylin and Eosin, magnification 20x%, Scale bar =100 pm).

Effects of VBMEMBRANE on histopathological
examination

The skin of the normal control rats had a well-
structured stratum corneum with keratinization, a
transparent basal lamina, skin-dependent components
in the loose connective tissue, a dermal layer, and small
blood vessels. In contrast, the vehicle-treated burned
rats exhibited skin surfaces with inflammatory ulcera-
tion and no epithelialization of the wounds. The epi-
thelial layer was completely absent and replaced by ul-
cerative tissue consisting of neutrophils, degenerative
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neutrophils, and infiltrating neutrophils extending to
the ulcer base and diffusing into the surrounding con-
nective tissue. The blood vessels showed marked con-
gestion. The ulcerative areas were reduced in the
burned rats treated with silver sulfadiazine and
VBMEMBRANE, and partial epithelialization was ob-
served. The ulcer surfaces had significantly fewer neu-
trophils, including fewer degenerative neutrophils,
with increased fibroblast proliferation and angiogene-
sis. The blood vessels were not congested (as shown in
Fig. 7).
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y
Thermal burn in rats Figure 8. Effect of VBMEMBRANE on the body weight
of burned rats.
250 1 S Data were expressed as the mean + S.D. (n=10). °p<0.05,
$ s $ $ $9p<0.01, **p<0.001 compared to before of treatment.
200 - I ; :

-
£
[
2 150
=
20
@
Z 100 |
=
=3
=

50

0

VBMEMBRANE
once daily

DAfter 10 days  mAfter 21 days

Normal control
twice daily

OBefore of treatment

VBMEMBRANE

Systemic effect of VBMEMBRANE topical
administration in burned rats

The body weight of all animal groups increased
during the experimental period (as shown in Fig. 8).
There were no significant differences compared to the
normal control group. None of the treated animals
showed any visible macroscopic or gross pathological
changes compared with the normal control group. No
gross lesions or size changes were observed when all
experimental rats underwent a complete gross nec-
ropsy, which included examination of the hearts, liv-
ers, lungs, kidneys, and abdominal cavities.

Effects of VBMEMBRANE on hematological parameters

After 10 and 21 days of burn induction, the total
white blood cell count, differential white blood cell
count, red blood cell count, hematocrit, hemoglobin
level, and platelet count of rats treated with
VBMEMBRANE once or twice daily showed no
significant differences compared to the control group,
nor between pre-and post-treatment time points
(p>0.05) (as shown in Table 2)

Effects of VBMEMBRANE on liver function, liver damage,
and kidney function

The effect of VBMEMBRANE on total bilirubin, al-
bumin, and total cholesterol levels in both the normal
control and treated groups is detailed in Table 3. No
statistical differences were observed between the
groups (p>0.05). Fig. 9 indicated no statistically signif-
icant differences in AST, ALT, and creatinine levels be-
tween the VBMEMBRANE-treated and normal control
groups (p>0.05).

Additionally, there were no statistically significant
differences in histopathological examinations of kid-
neys and livers between VBMEMBRANE-treated
burned rats and normal control rats (Fig. 10).
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DISCUSSION

Thermal burn injuries pose a significant risk of mor-
bidity and mortality. The wound-healing process,
which varies in complexity depending on the severity
of the lesion, involves coagulation, inflammation,
growth,  re-epithelialization, and  remodeling
(Herndon, 2007). Burn research has been a sustained
focus over the past few decades. However, the availa-
bility of drugs for treating burns remains limited. Sil-
ver sulfadiazine, a commonly used treatment for
burns, has been reported to exhibit cytotoxicity toward
fibroblasts and keratinocytes, leading to delayed re-ep-
ithelialization and impaired wound healing. The delay
is attributed to its inhibitory effects on fibroblast pro-
liferation, collagen synthesis, and granulation tissue
formation, which are essential for tissue regeneration.
Moreover, prolonged use of silver sulfadiazine may
cause tissue irritation and promote bacterial resistance,
thereby reducing its overall efficacy in burn
management (Atiyeh et al., 2007; Zwieretto et al., 2023).
As a result, there is a growing demand for safer, more
effective approaches to wound care, especially for new
biomaterials.

Bacterial cellulose, a natural polymer generated by
certain bacteria, was first identified in 1886. Unlike
plant cellulose, which must be refined to remove lig-
nin, pectin, and hemicellulose, bacterial cellulose is
pure. This material is valued as a natural wound-heal-
ing agent due to its outstanding biological and physi-
cochemical properties, meeting the criteria for modern
wound dressings (Moradpoor et al., 2022). Bacterial
cellulose is known for its high biodegradability and bi-
ocompatibility, featuring a unique nanofiber network,
high crystallinity, superior water-retention capacity,
and exceptional tensile strength. These attributes make
it an excellent biomaterial for wound healing. Its three-
dimensional network structure effectively blocks
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microbial invasion, reduces the risk of wound infec-
tion, and allows normal fluid exchange during treat-
ment. Furthermore, bacterial cellulose is permeable, bi-
odegradable, and biocompatible. It is produced as a
hydrogel by bacteria, making it suitable for maintain-
ing wound hydration and accelerating the healing pro-
cess in dry wounds (Portela et al., 2019; Sulaeva et al.,
2015).

However, bacterial cellulose is known not to pos-
sess antibacterial properties. Therefore, developing a
modification strategy to optimize bacterial cellulose as
a wound dressing is necessary. The bacterial cellulose
products combined with collagen and chitosan have
been developed (Pasaribu et al., 2023). However, this
research has focused on the formulation process. Vari-
ous combinations of bacterial cellulose with other
dressing materials, such as thymol, polyacrylamide,

Burns treated with immersed electrolyzed water bacterial cellulose

lidocaine, 3-hydroxybutyric and 4-hydroxybutyric ac-
ids, silver sulfadiazine, zinc oxide, and titanium diox-
ide, have been shown to accelerate wound closure and
re-epithelialization in experimental studies (Brassolatti
et al., 2018; Jiji et al., 2019; Khalid et al., 2017a; 2017b;
Volova et al, 2019; Wen et al, 2015). To our
knowledge, electrolyzed water, a new cleaning and
disinfecting agent produced via electrolysis with a di-
lute sodium chloride solution, is cost-effective, safe for
human use, and environmentally friendly. It is a pow-
erful multifunctional antibacterial agent with broad
applications in medicine. Therefore, electrolyzed water
is a promising candidate for combination with bacte-
rial cellulose. However, there have been no studies on
the safety and effects of bacterial cellulose membranes
immersed in electrolyzed water, an ideal potential for
burn treatment.

Table 2. Effect of VBMEMBRANE on hematological parameters in burned rats.

Parameter Group (n=10) Before treatment After 10 days After 21 days
Red blood cell (T/L) Normal control 10.59+0.87 11.18+0.65 11.06+0.96
VBMEMBRANE once daily 10.85+0.80 11.31+£0.89 10.43+£0.74
VBMEMBRANE twice daily 11.24+1.12 11.13+£0.92 10.87 +£1.60
Hemoglobin (G/dL) Normal control 12.47+1.25 13.23+1.30 13.07+1.13
VBMEMBRANE once daily 12.50 £0.85 13.04£1.23 12.59+0.93
VBMEMBRANE twice daily 12.93+£1.22 13.74+1.94 13.20+£0.79
Hematocrit(%) Normal control 52.51+8.14 55.26 +7.50 57.09+8.92
VBMEMBRANE once daily 54.44 +4.46 58.47 +6.05 52.76 £3.77
VBMEMBRANE twice daily 56.26 +5.58 57.21+7.97 55.65+5.74
Mean corpuscular Normal control 51.70+2.11 52.60+1.51 52.30+1.25
volume (fl)
VBMEMBRANE once daily 50.90+2.23 52.00+2.05 51.30+1.57
VBMEMBRANE twice daily 50.20+1.75 51.10+2.45 51.70+2.67
White blood cell (G/L) Normal control 5.78+1.89 6.43+1.19 6.86+1.74
VBMEMBRANE once daily 6.78 £1.68 6.89 +1.52 8.45+2.17
VBMEMBRANE twice daily 6.09 £1.85 5.93+1.74 7.91+2.54
%LYM Normal control 71.47+5.45 72.18+6.20 69.35+4.88
VBMEMBRANE once daily 68.75+6.80 72.93+4.31 72.52+8.01
VBMEMBRANE twice daily 71.15+4.61 72.44+6.74 68.30+9.74
%GRA Normal control 12.26 +3.57 10.96 +£3.07 15.21+3.84
VBMEMBRANE once daily 13.23+4.13 13.42£2.67 15.49 +£4.95
VBMEMBRANE twice daily 13.58 +3.59 13.47+4.25 14.74+4.41
Platelets (G/L) Normal control 752.00+90.24 716.10+106.17 679.00 +98.48

VBMEMBRANE once daily

720.10+110.60

672.60+132.21 629.20+116.82

VBMEMBRANE twice daily

708.90 £103.72

740.60 +99.23 653.20+115.72

Data are expressed as mean + SD. No statistically significant differences were observed among groups (p>0.05).
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Table 3. Effect of VBMEMBRANE on liver function in burned rats.

Burns treated with immersed electrolyzed water bacterial cellulose

Parameter Group (n=10) Before treatment After 10 days After 21 days
Total bilirubin Normal control 8.65+0.52 8.74+0.65 9.04 £0.57
(mmol/L) .

VBMEMBRANE once daily 9.05+0.74 8.91+0.33 9.35+0.56

VBMEMBRANE twice daily 8.98+0.91 9.25+0.60 9.51+0.81
Albumin (g/dL) Normal control 3.17+0.33 3.30+£0.21 3.46+0.28

VBMEMBRANE once daily 3.31+0.20 3.16£0.17 3.23+0.26

VBMEMBRANE twice daily 3.21+0.26 3.19+0.23 3.27+0.13
Total cholesterol Normal control 1.40+0.16 1.34+0.20 1.37+0.17
(mmol/L) )

VBMEMBRANE once daily 1.43+0.15 1.38+0.22 1.41+0.13

VBMEMBRANE twice daily 1.37+0.11 1.36+0.19 1.40+0.11

Data are expressed as mean + SD. No statistically significant differences were observed among groups (p>0.05).
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VBMEMBRANE wound dressing is a sterile prod-
uct composed of a bacterial cellulose membrane de-
rived from Acetobacter xylinum and immersed in elec-
trolyzed water. This new combination is intended for
burn treatment. Initially, we assessed the potential for
skin irritation in VBMEMBRANE. The dermal
irritation test is necessary to develop a product that can
be applied to the skin. The principle of a dermal
irritation test is that the investigational product is
applied to the skin of an experimental animal, and
untreated skin areas serve as the control. The degree of
irritation is observed and scored at specified intervals.

https://jppres.com

If any sign of irritation is observed, the study should
be sufficient to evaluate the reversibility of the lesions
(OECD, 2015). In a dermal irritation test, the rabbit is
the preferred experimental animal because its skin is
susceptible to external factors and can readily detect
the irritant potential of the investigational products. In
this study, the dermal irritation test of VBMEMBRANE
was conducted in accordance with ISO and OECD
guidelines (ISO 10993-10, 2010; OECD, 2015). Our
results suggested that VBMEMBRANE has no
irritation potential when used in patients.
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In dermal irritation and sensitisation studies, bacte-
rial cellulose was found to be nontoxic, nonirritant, and
nonallergenic (He et al., 2021). As shown in a previous
study, bacterial cellulose dressings did not cause ery-
thema, edema, redness, or dryness in the skin of rabbits
(Al-Deresawi et al., 2022). In addition, electrolyzed wa-
ter was considered safe, with no skin irritation and mu-
cous membrane irritation (Yan et al., 2021). Our results
show that combining a bacterial cellulose membrane
with electrolyzed water is a non-irritating skin treat-
ment. This is crucial for a product designed to treat
burns, as a skin irritant may worsen the burn's damage.

The preliminary in vitro antibacterial assessment
was conducted to evaluate whether combining bacte-
rial cellulose with electrolyzed water could confer
measurable antimicrobial protection to the dressing.
Our results indicate that VBMEMBRANE has the
potential to exert broad-spectrum antibacterial activity
against both Gram-positive (S. aureus) and Gram-
negative bacteria (A. baumannii, P. aeruginosa, and
Klebsiella spp.). Inhibition zones observed in the
qualitative agar diffusion assay indicate that the
membrane can suppress bacterial growth in its
surrounding environment. Notably, the most potent
antibacterial effects were observed against S. aureus
and A. baumannii, while P. aeruginosa and K. pneumoniae
showed moderate to mild susceptibility. These
findings suggest that VBMEMBRANE exhibits
intrinsic antibacterial properties that may help prevent
infection in wound environments. Importantly, this
effect was achieved without the use of silver or other
heavy-metal agents, which are often associated with

https://jppres.com

cytotoxicity and delayed wound healing (Herndon,
2007). However, the in vitro qualitative antibacterial
test provides only preliminary information on the in-
vestigational product's antibacterial potential and does
not allow a quantitative assessment of its inhibitory
properties. Moreover, this method does not replicate
the complex physiological conditions of wounds, in-
cluding tissue interactions, immune responses, and
biofilm formation. Therefore, future studies should in-
corporate quantitative analyses of VBMEMBRANE's
antibacterial activity using standardized methods,
such as measuring the inhibition zone and counting
bacterial colonies. In addition, in vivo evaluations em-
ploying appropriate wound infection models are nec-
essary to assess its effects on wound bacterial coloniza-
tion, wound bacterial load, and other healing out-
comes.

To assess the topical effects and systemic toxicity of
VBMEMBRANE in the treatment of heat-induced skin
lesions, experimental animals were used. This study
employs a thermal burn model, a common cause of
clinical burns. Our results showed that
VBMEMBRANE significantly reduced the wound area
and improved the histopathological structure of skin
tissues compared to untreated rats. Although wound
epithelialization, inflammatory cell infiltration, angio-
genesis, and congestion can be examined in HE-
stained histopathology images, collagen formation is a
crucial factor that cannot be evaluated in HE-stained
skin histopathology, yet it is essential to the wound-
healing process. Therefore, the study further assessed
the hydroxyproline concentration at the injury site.
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Hydroxyproline, a product of proline hydroxylation, is
a primary amino acid in collagen, the main component
of connective tissue (Durmus et al., 2009). Collagen
plays a significant role in wound healing by stimulat-
ing the production of angiogenic growth factors and
promoting epithelial cell migration, thereby facilitat-
ing epithelial regeneration. In this study, we indirectly
assessed the effect of VBMEMBRANE on collagen syn-
thesis by measuring skin hydroxyproline content. In-
creased hydroxyproline content indicates enhanced
collagen synthesis, which corresponds to improved
wound healing (Li & Wu, 2018). Although hydroxy-
proline quantification provides an indirect biochemical
indicator of collagen deposition, it cannot fully replace
histological confirmation. Therefore, future studies in-
corporating collagen-specific staining, such as Mas-
son’s trichrome, are warranted to complement bio-
chemical findings and to visualize collagen fiber or-
ganization in the regenerated tissue. Our results
showed that VBMEMBRANE significantly increased
hydroxyproline levels in the skin at the injury site com-
pared with the untreated group. This result partially
explains that the VBMEMBRANE reduced the burn
area in rats. Thus, the study on the effects of
VBMEMBRANE on a thermal burn model in rats
demonstrated its potential for burn treatment. This is
the first study on bacterial cellulose membranes im-
mersed in electrolyzed water for the treatment of
burns.

Numerous studies have shown that bacterial cellu-
lose is an effective primary material for wound dress-
ings, significantly enhancing wound re-epithelializa-
tion and promoting healing. A 15-day study on SD rats
with burn injuries revealed that the bacterial cellulose-
treated group had lower skin severity scores, increased
epidermis and dermis thickness, and more blood ves-
sels than the gauze-treated group. The research also in-
dicates bacterial cellulose may accelerate wound heal-
ing through angiogenesis and connective tissue for-
mation (Kwak et al., 2015). Bacterial cellulose, being
sterilized and comfortable to use, may also be more ad-
vantageous than an allogenic amniotic membrane for
temporary wound coverage (Muangman et al., 2011).
In addition, studies have shown that electrolyzed wa-
ter inhibits pathogenic bacteria and viruses, prevent-
ing chronic diseases and effectively combating various
infectious viruses (Chen & Wang, 2022). The disinfec-
tion effect of electrolyzed water relies on its low pH,
high oxidation-reduction potential (ORP), and the
combined action of HCIO, Cl,, H2O5, and hydroxylions
(OH"). Low pH affects cell membrane permeability,
thereby preventing reproduction. High ORP disrupts
bacterial cell metabolism, leading to cell death. OH-
and H>O» damage cell lipid membranes, denature pro-
teins, and destroy bacteria by cutting DNA, inhibiting
enzyme activation (Yan et al., 2021). The therapeutic
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effect of VBMEMBRANE on the rat burn model may
result from synergistic mechanisms, including en-
hanced angiogenesis, promotion of connective tissue
formation, and antimicrobial activity derived from the
electrolyzed water component.

The long-term stability of wound dressings is a
critical factor influencing both safety and therapeutic
effectiveness. Previous studies have shown that
electrolyzed water retains its physicochemical stability
and  antimicrobial activity = during storage.
Electrochemically activated solutions maintained a
high oxidation-reduction potential (ORP) and
sustained antimicrobial effectiveness for extended
periods (Thorn et al., 2012). Although hypochlorous
acid gradually decomposes over time, its disinfection
potential remains within clinically effective ranges
(Yan et al., 2021). Consistent with these findings, our
stability evaluation revealed that the electrolyzed sa-
line medium of VBMEMBRANE remained stable for at
least 36 months under standard storage conditions.
The pH, ORP, and sodium chloride content were main-
tained within acceptable limits, while the loss of active
chlorine did not compromise sterility or membrane in-
tegrity. The membrane preserved its transparency,
white color, and sterility throughout the study period.
This observation aligns with the known behavior of
hypochlorous acid, which slowly degrades into chlo-
ride and oxygen while maintaining a high ORP,
thereby sustaining an oxidative microenvironment un-
favorable to microbial survival. Overall, these results
indicate that the electrolyzed saline environment con-
tinues to support the biocompatibility and antimicro-
bial protection of VBMEMBRANE during long-term
storage, consistent with previous reports on electro-
lyzed water-based formulations.

The most comprehensive evaluation of a product
involves assessing its efficacy and toxicity. Therefore,
in addition to evaluating the effects of burn treatment,
we also assessed the systemic effects of
VBMEMBRANE on animals with burns. Notably, the
prolonged topical application of the product on open
wounds poses a risk of systemic toxicity.
Hematological parameters are sensitive and reliable
indicators of toxicity. The circulatory system performs
essential functions. The hematopoietic system is one of
the most sensitive targets of toxic compounds and is a
critical parameter in the physiological and pathological
status of animals (Etim et al., 2014). Furthermore, such
analysis is relevant to risk evaluation as changes in the
hematological system have higher predictive value for
human toxicity. Moreover, liver analysis is critical for
evaluating drug toxicity, as it is necessary for an
organism's survival. The biochemistry analyses were
conducted to evaluate the possible alterations in he-
patic function influenced by the product. Total
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bilirubin, albumin, and total cholesterol are valuable
indices of the excretory function of the liver. Addition-
ally, ALT and AST are valuable markers for detecting
liver inflammation and necrosis. Accordingly, the liver
releases AST and ALT, and an elevation in plasma con-
centration indicates liver damage. Additionally, the
kidneys are the body’s excretory organs, and renal pa-
renchyma cells are highly vulnerable to endogenous
and exogenous substances. When a test drug is intro-
duced into the body, it can induce toxicity and damage
the kidneys, affecting kidney function. Assessment of
renal function after drug administration is usually per-
formed using a quantitative blood creatinine test
(Grenier et al., 2016). Creatinine is the most stable pro-
tein in the blood, almost independent of diet or physi-
ological changes, but only dependent on the ability of
the kidneys to excrete it. When the glomeruli are dam-
aged, blood creatinine levels rise earlier than urea.
Blood creatinine is a more reliable and essential indica-
tor than blood urea, which is currently used to assess
and monitor kidney function (Moore & Sharer, 2017).
Our findings showed that VBMEMBRANE did not
cause significant differences in general conditions,
hematological parameters, liver and kidney function
tests, or histopathological examination compared with
untreated rats.

Despite the promising findings of the present

study, several considerations should be
acknowledged. Wound healing was primarily
evaluated wusing two-dimensional surface area

measurements, which do not differentiate between
wound contraction and epithelialization. Although
histological assessment partially addressed this issue,
future studies incorporating digital planimetry or
three-dimensional imaging would enable a more
detailed and quantitative analysis. While the novelty
of this study lies in the combination of
VBMEMBRANE components and their synergistic
effects, the wunderlying mechanisms remain
incompletely elucidated. Future work will focus on
elucidating the molecular mechanisms by which
electrolyzed water enhances wound healing—
particularly its effects on oxidative balance,
inflammatory modulation, collagen remodeling, and
comprehensive antimicrobial assays — along with thor-
ough preclinical safety assessments to confirm the
absence of systemic or local toxicity following long-
term exposure. However, this study compared two
clinically relevant application frequencies,
intermediate regimens and variations in electrolyzed
water concentration were not explored. Further
investigations are warranted to establish a clear dose-
response relationship and optimize the therapeutic
protocol for clinical translation.
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It is also important to recognize that animal skin
differs from human skin, and the immune responses in
animal models may not accurately mirror those in
humans. Nevertheless, the present findings provide a
valuable foundation for subsequent research,
particularly clinical studies, to evaluate safety and
efficacy in humans. Collectively, these investigations
will strengthen the translational potential of
VBMEMBRANE as a novel therapeutic approach for
burn wound management.

CONCLUSION

VBMEMBRANE did not irritate rabbit skin. It
showed potential antibacterial activity against several
clinically relevant wound bacteria, suggesting its pos-
sible role in preventing wound infections. It also
demonstrated burn-healing effects by significantly re-
ducing wound size, increasing hydroxyproline content
in the skin, and improving histopathological structure
in burned rats. Additionally, topical administration of
VBMEMBRANE did not exhibit systemic toxicity in
the wounded animals. According to our findings,
VBMEMBRANE has a distinct benefit as a wound
dressing in the management of skin disorders.
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Supplementary data

Table S1. Stability evaluation of VBMEMBRANE.

Time point pH ORP (mV) '(‘;’;/i:l'_’;e chlorine -l content (%) ﬂ:ﬁ;‘;‘::iolor sterility
0 month 6.5+0.1 918+5 250 0.49+0.01 White, transparent Sterile

6 months 6.3+0.1 915+5 50 0.48+0.01 White, transparent Sterile
12 months 6.5+0.1 906 +5 0 0.48+0.01 White, transparent Sterile
18 months 6.4+0.1 896+5 0 0.48+0.01 White, transparent Sterile
24 months 6.2+0.1 890+5 0 0.48+0.01 White, transparent Sterile
30 months 6.0+0.1 880+5 0 0.49+0.01 White, transparent Sterile
36 months 6.0+0.1 8755 0 0.48+0.01 White, transparent Sterile

Over 36 months under standard storage conditions (<30°C), all physical characteristics and sterility of the biocellulose membrane remained stable. The pH and ORP
showed minimal variation; the NaCl content remained stable; and the active chlorine concentration gradually decreased to zero after 12 months.

Table S2. Effects of VBMEMBRANE on the size of the wounded area in burned rats.

Ulcerated area (cm?)

Group

After 7 days After 14 days After 21 days
Vehicle-treated burned rats 4.24+0.61 3.17+0.77 1.72+0.70
Silver sulfadiazine-treated burned rats 3.96+0.55 237+0.71* 0.83+0.36 ***
VBMEMBRANE once daily-treated burned rats 3.86+£0.65 227+0.79* 1.06+£0.33 **
VBMEMBRANE twice-daily-treated burned rats 3.52+£0.58 2.22+0.75* 0.87£0.39 ***

Data were expressed as the mean + S.D. (n=10). *p<0.05; **p<0.01; ***p<0.001 compared to vehicle-treated burned rats (One-way-ANOVA followed by post hoc
Student-Newman-Keuls test).

Table S3. Wound size measurements over time.

Wound size area (cm?)

No Vehicle-treated rats Silver sulfadiazine-treated rats YZTEMBRANE once-daily-treated :’:::EMBRANE twice-daily-treated

After After 14  After21  After7 After 14 After 21 After 7 After 14 After 21 After 7 After 14 After 21

7days days days days days days days days days days days days
1 4.902 3.95 2.2 4.428 2.489 0.859 4.518 3.08 1.314 3.623 2,612 1.485
2 3.396 2.25 0.739 3.089 1.445 0.701 4.557 2.996 0.804 3.868 2.628 1.081
3 3.771 3.5 1.724 3.507 1.183 0 4.375 2.355 1.486 3.379 1.259 1.067
4 5.129 3.414 1.574 4.534 3.256 1.033 2.592 1.473 0.808 2.482 1.766 1.034
5 3.573 2.861 1.079 4.658 2.522 0.963 3.177 1.446 1.074 2.871 0.97 0
6 4.429 2.95 0.965 4.03 2.405 0.881 3.935 1.699 0.789 3.071 1.814 0.688
7 4.108 2.506 1.58 4.459 3.187 1.001 3.98 2.581 1.495 431 2.308 0.609
8 4.68 2.082 1.739 3.404 2.112 0.505 3.213 1.023 0.51 3.867 3.33 0.927
9 4.724 4.43 2.768 3.938 3.118 1.189 4.116 2.969 1.136 4.188 2.956 0.919
10 3.7 3.713 2.791 3.602 1.953 1.153 4.132 3.084 1.206 3.579 2.55 0.929
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