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PluroGel® is a Biocompatible, Cell-friendly,
Surfactant-based Biomaterial
PluroGel was developed in the plastic surgery department at the University of Virginia (USA). It is beneficial in all phases of wound healing and for all tissue
types. It is used routinely in burn and wound care.

PluroGel’s Micelle Matrix: (PMM)
PluroGel is a biocompatible, cell-friendly1 surfactantbased biomaterial which is a result of its unique make
-up and structure. PluroGel is comprised of FDA
approved, generally recognized as safe substances
which have been in routine use for years in medical
devices and drugs. PluroGel’s surfactant component
is both hydrophilic or ‘water-loving’ and hydrophobic or ‘oil-loving’. With PluroGen’s exclusive
technology, this surfactant molecule in an aqueous
solution forms micelles (Diagram 1)

which retain both the hydrophilic and hydrophobic
regions. The hydrophilic component is on the surface
of the PluroGel Micelle and the hydrophobic component is contained in the center. This results in
surfactant (cleaner) properties that, uniquely for
cleaners and for PluroGel, are biocompatible and cell
-friendly.1 With PluroGen’s proprietary formulation
technology, these micelles link to form the PluroGel
Micelle Matrix (PMM). To help understand the
PMM, visualize a bucket of ping-pong balls
(Diagram 2).

These ping-pong balls represent the PluroGel
Micelles and the space between the ping-pong balls is
filled with water. The water between the PluroGel
Micelles can carry water-soluble components; (such
as antibiotics, antiseptics, anti-inflammatory agents,
and other water-soluble biologics). The hydrophobic
center of the PluroGel Micelles can carry oil-soluble
materials; (such as wound exudates, denatured
proteins, proteinases and other oil-soluble biologics)
away from the wound. This makes PluroGel very
effective for drug delivery and very supportive of the
autolytic wound debridement process.

Why PluroGel is Beneficial in All Phases of
Wound Healing and Tissue Types
PluroGel Products are Multi-Function with the
Functions grouped into 3 categories:
(1) Core Functions, (2) Bio-Physical Functions and
(3) Performance Functions.
The Core Functions of PluroGel result from the
PMM being a water-based emulsion (an emulsion is a
mixture of two substances that normally cannot mix
together) of the spherical PluroGel Micelles with
their hydrophilic (water-loving) and hydrophobic (oil
loving) components. As a result, PluroGel is 100%
water soluble for easier, faster and less painful dressing changes2, 3, 4, 5, 6 compared to other dressing products such as creams, ointments, oil based treatments
or other dressing treatments. Wound exudate and
debris is solubilized and easily rinsed off during
dressing change, leaving a cleaner wound site.7
There is less tissue damage from the cleaning process, which aids the body’s own repair process.8
These other products, when mixed with the wound
exudate, dry out and can require physical scraping or
scrubbing and in some cases, surgical intervention to
remove.
PluroGel thickens as it warms, enabling it to remain
on and better protect the wound. The change from
room temperature to body temperature causes the
PluroGel Micelles to be attracted more to each other
than they are attracted to the water in the PMM. This
increasing attraction between the PluroGel Micelles
results in PluroGel thickening to stay on the wound.
At a dressing change, as the temperature decreases
from body temperature to room temperature, the
PluroGel Micelles are more attracted to the water in
the PMM, resulting in PluroGel becoming softer for
easier, less painful and less damaging removal.

© 2016 PluroGen Therapeutics, LLC

2

The PMM gives PluroGel its unique biocompatible
and cell-friendly1 surfactant properties.
Wound
cleaning begins with the application of PluroGel
which affords a continuous wound cleaning process.
This leads to the opportunity for cleaner, more easily
assessed wounds on dressing change.6

the holes into the wound tissue.24, 25, 26, 12 This
“plugging” of the holes in damaged cell membranes
can aid the body in cell repair and consequently, cell
survival (Diagram 3). Research further indicates that

The Bio-Physical Functions of Plur oGel r esults in
a moist, oxygenated, environment that facilitates
wound healing.8 The PluroGel surfactant action has
been shown to facilitate microvascular blood flow in
both arterioles and venules, which otherwise in
wounds, can be diminished or completely blocked
due to clogging from blood clotting or wound
debris.9, 10, 11 This apparent ability of PluroGel to
maintain blood flow10, 11 has been shown to lead to
improved tissue oxygenation in wounds.12, 7
A key characteristic of PluroGel is its Bio-Physical
Function of breaking up biofilm or preventing
biofilm formation, which aids in wound healing.
Biofilm is an oily, polysaccharide matrix that is
excreted by and encapsulates the bacteria, preventing
penetration by antimicrobial agents.13 Biofilm is
thought to physically block a wound from closing.
The PMM surfactant-based structure and properties
allow PluroGel to penetrate the biofilm capsule and
disperse the biofilm.14, 15 When an antimicrobial or
antiseptic is present, this effect on the biofilm allows
an antibiotic or antiseptic to kill the bacteria at the
antimicrobial’s or antiseptic’s approved standard
dose,14, 15 as opposed to published reports that antimicrobials or antiseptics must be at 4x to 1,000x stronger than their approved standard dose to kill bacteria in
a biofilm.16 When the biofilm encapsulation is gone
and the bacteria eradicated, the wound healing
process can start.
PluroGel without antibiotic or antiseptic (PluroGel
Burn and Wound Dressing) has been found to be effective against biofilm by penetrating and dispersing
the biofilm. With biofilm gone, bacteria are exposed
to the body's defenses such as antibodies and white
cells, allowing the body to attempt eradication of the
bacteria and begin the natural healing process.14, 15
Publications demonstrate that the surfactant
component of the PMM may have the ability to
restore denatured proteins.17, 18 It has also been
reported that the surfactant component of the PMM
may enhance the delivery of selected agents into
target cells by affecting the micro-viscosity of the cell
membrane.19, 20, 21, 22, 23

Research indicates that the PMM may fill the breaks
or “holes” created in damaged cell membranes which
reduces or stops intracellular material leaking through

the PMM is “squeezed out” of the cell membrane as
the cell repairs the breaks in its membrane.
Unmetabolized PMM is excreted through the lymph
system in the urine of the patient.27
PluroGel appears to decrease inflammation associated with a wound.28 One reason for reduced inflammation, in addition to the plugging of the damaged
cell membrane, may be that the bradykinins released
by the damaged cells become bound in the PMM,
thus limiting the severity of the inflammatory
response.29
A multitude of agents can be placed into the PMM.
The first agents to be placed into the PMM have been
antimicrobials and antiseptics. In PluroGen’s first
product, PluroGel PSSD, the PMM forms a barrier,
while the antimicrobial prevents microbes from
growing.
The Performance Functions summar ize the 3 key
characteristics of PluroGel that begin when PluroGel
is applied to the wound. PluroGel acts as a physical
barrier to cover and protect wounds and establish the
optimal wound environment supportive to wound
healing. PluroGel acts as a cell friendly, biocompatible1 surfactant-based cleaner that facilitates wound
cleaning and debridement. PluroGel acts as a more
effective delivery system, with the PMM allowing the
delivery of PluroGel and any additional active agents
to more of the surface area of the wound, including
the difficult to reach wound surfaces.
PluroGel is a Multi-Function pr oduct that is Simple
to use, Flexible in its application of use, provides
Cost Savings and impr oves patients’ Compliance
to follow doctors’ orders which can lead to improved
healing.

© 2016 PluroGen Therapeutics, LLC

3

Reference List
1

Rodeheaver GT, Smith SL, Thacker JG, Edgerton MT, Edlich RF. “Mechanical cleansing of contaminated wounds with a surfactant”.
American Journal of Surgery, 1975;129:241–5.

2

Curry DJ, Wright DA, Lee RC, Kang UJ, Frim DM. “Surfactant … related decreases in inflammation and tissue damage after experimental brain injury in rats”. Journal of Neurosurgery. August 2004, 101 (1 Suppl) :91-96th 6.

3

Stephanie Sincock, Jennie Sturgis, John G. Thomas, J. Paul Robinson; “Quantitative Comparison of biofilm structures formed by E.coli
and K.pheumoniae within … hydrogel biofilm constructs”. Peer reviewed presentation of the Congress of the International Society for
Analytical Cytology, May 23-28, 2004, Montpellier, France.

4

“Antimicrobial Efficacy Testing using Novel Compounds in the MBEC Assay. Prevention of Formation and Efficacy Against Pre-Formed
Biofilms”. Innovotech, Inc., 07-2190-54, 9 February 2008.

5

Warden, G, MD, MBA, FACS, Rodeheaver, G, PhD, Katz, AJ, MD. “PluroGel Found to Prevent biofilm Formation and to Disperse and /
or Destroy Preformed biofilms Associated with Wounds”. Internal Testing Report.

6

Stewart P. and Costerton J. 2001. “Antibiotic resistance of bacteria in biofilms”. Lancet 358 (9276): 135–138.

7

Black J, Drake D, MD “A Prospective Trial Comparing Cream Silver Sulfadiazine to a Surfactant-based Topical Antimicrobial Gel in
Partial Thickness Burns”. Southern Medical Association Symposium, Nov. 2012.

8

Zölß C, Cech JD. Efficacy of a new multifunctional surfactant-based biomaterial dressing with 1% silver sulphadiazine in chronic wounds.
Int Wound J 2014; doi: 10.1111/iwj.12361.

9

Gu J-H, Ge J-B, Li M, Xu H-D, Wu F, et al. (2013). “… Protects Neurons against Ischemia/Reperfusion Injury through Preserving Integrity of Cell Membranes and Blood Brain Barrier”. PLoS ONE 8(4): e61641. doi:10.1371/journal.pone.0061641.

10

Birchenough, SA, Peirce, SM, Rodeheaver, G, Morgan, RF, Katz, AJ,. Topical … Improves Blood Flow Following Thermal Injury. Peer
reviewed abstract presented at the Southeastern Society of Plastic and Reconstructive Surgery Conference (SESPRS) June, 2007. 7.

11

Birchenough, SA, Peirce, SM, Rodeheaver, GT, Morgan, RF, Katz, AJ. “Topical … Improves Blood Flow Following Thermal Injury in
Rat Mesenteric Microvasculature”. (Citations: 1), Annals of Plastic Surgery, vol. 60, no. 5, pp. 584-588, 2008.

12

Terry, M. A., Hannig, J., Carrillo, C. S., Beckett, M. A., Weichselbaum, R. R., and Lee, R. C. (1999). “Oxidative cell membrane alteration. Evidence for surfactant-mediated sealing”. Annals of the New York Academy of Science. 888, 274–284.

13

Hunter RL, Luo AZ, Zhang R, Kozar RA, Moore FA. “… inhibition of ischemia/reperfusion injury: evidence for a novel anti-adhesive
mechanism”. Annals of Clinical Laboratory Science. 2010 Spring; 40(2):115-25.

14

Lee RC, River LP, Pan FS, Ji L, Wollmann RL. “Surfactant induced sealing of electropermeabilized skeletal muscle membranes in vivo”.
Procedures of the National Academy of Sciences, 1992;89:4524–8.

15

Roman M. Natoli and Kyriacos A. Athanasiou, “… Reduces Cell Death and IGF-I Reduces GAG Release Following Single-Impact Loading of Articular Cartilage”. Journal of Biomechanical Engineering, 130(4), 041012, (Jun 11, 2008) (9 pages) doi:10.1115/1.2939368.

16

Lee RC, Hannig J, Matthews KL, Myerov A, Chen CT. “Pharmaceutical therapies for sealing of permeabilized cell membranes in
electrical injuries”. Annals of the New York Academy of Sciences, 1999;888:266–73.

17

Mustafi D, Smith CM, Makinen MW, Lee RC. “Multi-block … surfactants suppress aggregation of denatured proteins”. Biochim Biophys Acta. Jan 2008;1780(1):7-15.

18

Lee RC, Despa F, Guo L, Betala P, Kuo A, Thiyagarajan P. “Surfactant copolymers prevent aggregation of heat denatured lysozyme”.
Ann Biomed Eng. Jul 2006;34(7):1190-1200.

19

Bhandari KH, Newa M, Kim JA, et al. “Preparation, characterization and evaluation of coenzyme Q10 binary solid dispersions for
enhanced solubility and dissolution”. Biol Pharm Bull. Jun 2007;30(6):1171-1176.

20

Chokshi RJ, Zia H, Sandhu HK, Shah NH, Malick WA. “Improving the dissolution rate of poorly water soluble drug by solid dispersion
and solid solution: pros and cons”. Drug Deliv. Jan 2007;14(1):33-45.

21

Tursilli R, Piel G, Delattre L, Scalia S. “Solid lipid microparticles containing the sunscreen agent, octyl-dimethylaminobenzoate: effect of
the vehicle”. Eur J Pharm Biopharm. Jun 2007;66(3):483-487.

22

Paek SH, Xuan JJ, Choi HG, et al. “… and propylene glycol-based rectal suppository enhances anticancer effect of 5-fluorouracil in
mice”. Biol Pharm Bull. May 2006;29(5):1060-1063.

23

Bartrakova E.V., Kabanov A.V. (2008). "… block copolymers: Evolution of drug delivery concept from inert nanocarriers to biological
response modifiers". J Controlled Release 130 (2): 98–106.

24

Roberto Cassino, AnnaMaria Ippolito, Andrea Bianco, Cristina Colombo, Paolo Cuffaro, Manuela Galleazzi, Adriana Perin. “A NEW
DIMENSION IN WOUND CLEANSING”. Peer reviewed presentation of the European Wound Management Association (EWMA) 2009
Conference.

25

Patricia A. Connor-Ballard PhD, ACNS-BC, AJN, “Understanding and Managing Burn Pain: Part 2”, American Journal of Nursing, May
2009, Volume 109, Number 5, Pages 54 – 62.

26

“Multi-Center Clinical Results with PluroGel PSSD in Chronic Wounds”. Satellite Symposium during the European Wound Management
Association (EWMA) 2012, Vienna, Austria, May 2012.

27

“1,036 Patients Treated with a New Surfactant-based Dressing Product”. Satellite Symposium alongside EWMA 2013, Copenhagen,
Denmark, May 2013.

28

Maskarinec, S. A., Wu, G. and Lee, K. Y. C. (2006), “Membrane Sealing by Polymers. Annals of the New York Academy of Sciences”.
1066: 310–320. doi: 10.1196/annals.1363.018.

29

Shmolka IR. A review of block polymer surfactants. Journal of American Oil Chemistry Society. 1977;54:110–6.
Rev 0001-151231

© 2016 PluroGen Therapeutics, LLC

4

