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Introduction
Hydrogel based wound dressings have found a role in chronic wound management because of their ability to absorb, retain or donate moisture to a wound. If the wound is drier than the dressing they will rehydrate the wound and enhance the
environment for autolytic debridement to proceed as part of wound bed preparation for healing (Schultz et al, 2003). An additional benefit of their moisture donating property is a contribution to pain relief at dressing change. This is the consequence of
a transient cooling effect on application and their non-adhesion to the wound bed on removal. The latter property led to practitioners expressing the opinion that hydrogel dressings gave the least pain at dressing removal compared to all other
dressings (Moffat et al, 2002).  

A new type of sheet hydrogel dressing has recently been introduced. This dressing, ActiFormCool®, confers the additional benefits of continuing pain relief between dressing changes whilst providing a good wound healing environment (Hampton,
2005). ActiFormCool® is manufactured from a second generation hydrogel that differs chemically from traditional first generation hydrogels such as Polyethylene Glycol. The novel chemistry of ActiFormCool® confers additional properties that modify the
way it interacts with the chronic wound environment. This poster defines how ActiFormCool® may contribute to pain relief and enhance healing by dynamically modulating wound moisture levels and exerting an anti-bacterial effect.   
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What are hydrogels?
Hydrogels are materials that absorb water and swell in aqueous solutions without dissolving. They are manufactured
from polymers composed of a backbone of repeating subunits. The chains are cross-linked to form a stable three-
dimensional structure that can bind up to 3 times its weight in water. Water is retained within the hydrogel structure by
hydrogen bonding with a variety of hydrophilic groups that form part of the polymeric matrix.

Polymeric hydrogels occur in nature, for example in
cartilage or the cornea in the eye. Synthetic hydrogels
have been produced over the last 50 years and hydrogel
wound dressings are often manufactured from
polyacryamide or polyethylene glycol. The polymer
chains can stick together by non-covalent bonding to
give some structural stability or they can be chemically
cross-linked to form a more stable matrix. The degree of
cross-linking and water content can be manipulated
during manufacture to produce hydrogels with different
properties. They can be produced as amorphous
hydrogels that can conform to the irregular shape of a

cavity wound or with more cross-linking as sheet hydrogels which can be used as stand alone dressings that do not
require a secondary dressing.  

‘second generation’ hydrogels
Wound dressings can be manufactured from either neutral or ionic hydrogels. Both swell as they absorb water but
ionic hydrogels can absorb more water.  

In neutral hydrogels such as PEG the driving force for gel swelling arises from energy generated by thermodynamic
mixing as water in wound exudate enters the hydrogel. This contributes to the overall free energy of the water-matrix
interaction along with a further elastic contribution from the hydrogel polymer.

Ionic hydrogels have an overall charge that gives an additional contribution to the ability of the hydrogel to swell. 
This arises from the interaction between charges on the polymer and free ions. The electrostatic repulsion between
adjacent like fixed charges (i.e. negative repelling negative) on the matrix backbone uncoils the polymer chains,
permitting higher water uptake 

ActiFormCool® is a second generation hydrogel where
additional pendant ionisable groups have been attached
to the hydrogel polymer backbone during manufacture.
These groups may be carboxylic acid, sulphonic acid or
amine groups and when ionised make the polymer matrix
more hydrophilic leading to very high water uptake. Ionic
hydrogels are also known as polyelectrolyte hydrogels.

ActiFormCool®

The swelling properties of polyelectrolyte gels are unique
due to the ionisation of the pendant groups. Varying the
concentration of these groups and their degree of
ionisation will alter the swelling properties. ActiFormCool®

is a polyelectrolyte hydrogel. All its ionic groups are
ionised over the pH range 2-9 and thus provide maximum

capability for swelling over the range of pH values likely to be encountered in the chronic wound environment.
Physiological parameters such as pH, ionic strength (as controlled by the external electrolyte concentration),
temperature and pressure can alter the equilibrium degree of swelling by several orders of magnitude. The swelling
properties of other hydrogel dressings manufactured from polyethylene oxide gel essentially do not adapt in the same
way in response to changes in the wound environment

Dynamic moisture handling by ActiFormCool®

When hydrogels with high water activity* are placed in a
dry environment they donate water and will absorb in a
wet one. However, the wound environment is not
necessarily static with exudation, and hence environmental
moisture, varying in response to environmental factors
such as ambient temperature (Vowden & Vowden, 2004).
For a hydrogel to be able to respond with ease to a
changing environment that may cycle between wet and dry
relative to the hydrogel, ionised groups in the hydrogel
need to be present. First generation hydrogels cannot
achieve such a dynamic response to a changing
environment. This can be demonstrated using a
polyethylene glycol (PEG) based hydrogel as an example.  

When the PEG hydrogel is placed in a relatively drier environment of 76%ERH it loses water as anticipated.  However if
the environmental %ERH subsequently rises to 95% it continues to lose water to the environment although at a slower
rate. As the environment %ERH continues to cycle between low and high the polyethylene glycol hydrogel remains
unresponsive to the changes. 

In contrast ActiFormCool®, because it is a polyelectrolyte hydrogel, demonstrates a dynamic responsiveness to
changes in the environmental %ERH. It loses water to the initial dry 76%ERH environment but as the %ERH rises to
95% it starts to re-absorb water until the environment again decreases. This responsiveness is seen during multiple
200 minute cycles of higher and lower %ERH environments. The slow absorption of the final raised %ERH is a
reflection of the considerable water loss that occurs at 40% RH.

• ActiFormCool® responds dynamically to changes in moisture

• Polyethylene Glycol hydrogel continues to donate moisture to a wet environment

*Measurement of moisture absorbtion

Water activity is a way of measuring the availability of water for chemical reactions and is expressed as % Equilibrium
Relative Humidity (%ERH). If a hydrogel with a water activity of say 80%ERH is placed in an environment with a relative
humidity of 60% then the hydrogel will lose water until it is in equilibrium with the external environment and the water
activity in the gel will be 60%ERH. Similarly if the same gel is placed in an environment of 95%ERH then it will absorb
water until it is in equilibrium. Water will move from high %ERH to low %ERH.

Vowden P & Vowden K (2004)  The role of exudate in the healing process: understanding exudate management. pp 3-22 in Trends in Woundcare III, Ed White RJ. Quay
Books, England

Key points

• Non-ionic first generation hydrogels cannot respond dynamically to changes in wound moisture content
• ActiFormCool® is a second generation ionic sheet hydrogel.
• Ionic hydrogels have increased water absorption properties
• ActiformCool® can respond to changes in moisture level by dynamically changing its water 

donation/absorption properties
• ActiFormCool® exerts an anti-bacterial effect
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Discussion
Chronic inflammation in wound tissue is considered to be one of the major factors in the pathogenesis of delayed
healing (Agren, 2000).  Chronic wound inflammation is characterised by elevated levels of pro-inflammatory cytokines
such as Tumour Necrosis Factor-α and Interleukin-1, elevated protease production and secretion of inflammatory
mediators such as prostaglandins by macrophages and neutrophils. If the stimuli driving inflammation are not removed
then the inflammatory process becomes self amplifying with activated endothelium recruiting more inflammatory cells
from the circulation and tissue damage continuing as reactive oxygen species and proteases are secreted into the
wound tissue.  Bacteria are a potent source of signals that drive inflammation and preventing critical colonisation is
considered important to achieve healing.  

A number of inflammatory mediators can also act as pain stimuli via an interaction with nerve cell nociceptors.  
Pain thresholds can be lowered in the chronic wound environment by products of inflammatory cells such as 
Tumour Necrosis Factor-α and proteases acting on nociceptors to allow them to be triggered by low levels of
inflammatory/pain mediators (Cunha). The conversion of chronic inflammation to a resolving inflammatory response 
is a pre-requisite for initiation of healing in venous leg ulcers (Moore, 1999) and therapeutic interventions that disrupt
the self-amplifying chronic inflammatory process are also likely to have a beneficial effect on wound pain.

ActiFormCool® has been demonstrated to have good fluid handling properties and reduce pain during wear time whilst
promoting healing of chronic wounds (Hampton, 2004). During this study it was suggested that wound bacterial load
may have been reduced as one of the mechanisms involved in exudate reduction. The laboratory investigations
reported here indicate that ActiFormCool® may well contribute to healing of chronic wounds by reducing the number of
bacteria in the wound bed. Three organisms frequently isolated from chronic wounds (E.coli, S.aureus and
P.aeruginosa) were rendered unable to grow and form CFU after 24 hours contact with the dressing.  Whilst it is most
likely that the organisms were killed by contact with the hydrogel surface the possibility cannot be eliminated that
some were inactivated by entering the hydrogel matrix so that they were unavailable for the second part of the
bacterial time-kill assay used in this study. Regardless of the mechanism the fact that bacteria were removed or
rendered non-viable by contact with ActiFormCool® indicates that it will remove bacteria from the contact interface with
the wound bed.     

As well as removing bacteria that act as a stimulus for inflammation and consequent pain and exudation
ActiFormCool® will promote healing by generating a moist healing environment regardless of the state of hydration of
the wound bed. In contrast to first generation hydrogels that have a neutral charge ActiFormCool® is an ionic hydrogel
that carries an overall charge at physiological pH. This confers superior moisture handling properties. As demonstrated
here by measuring the response to changes in the moisture of the environment surrounding the dressing it will donate
water to a dry environment but when excess moisture is subsequently present it will respond by absorbing moisture to
maintain an optimally moist environment.

The in vitro studies reported here indicate that the second generation hydrogel ActiFormCool® will improve healing and
provide pain relief by interaction with the chronic wound environment in at least two key areas of the inflammatory
process:- 

• Control of bacterial bioburden

• Dynamic control of wound moisture 
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Inflammation and pain in the chronic wound

ActiFormCool® kills bacteria and fungi within 24 hours
The ability of ActiFormCool® to kill 3 species of bacteria commonly isolated from chronic wounds (E. Coli, S. aureus &
P. aeruginosa) as well as 2 fungi was assessed in a bacterial time-kill assay*.  

Results
1Pre-inoculation 2Post-inoculation Day 1 Day 2 Day 7 Day 14 Day 28

E. coli 1.8 x 105 1.3 x 105 <5 <5 <5 <5 <5

S. aureus 4.9 x 105 3.9 x 105 <5 <5 <5 <5 <5

P. aeruginosa 2.8 x 105 2.5 x 105 <5 <5 <5 <5 <5

C. albicans 4.5 x 105 3.7 x 105 4.8 x 104 <5 <5 <5 <5

A. niger 2.7 x 105 2.2 x 105 3.8 x 102 1.7 x 102 <5 <5 <5

1CFU recovered from 0.1ml of inoculum
2CFU recovered immediately after adding to the hydrogel

• After 24 hours incubation with ActiFormCool® no living bacteria could be recovered from the dressing

• A tenfold reduction in number of viable C. albicans and a thousandfold reduction in A. niger occurred in 
24 hours with a total kill taking at least 2 days for A. niger 

*Bacterial time-kill assay method

ActiFormCool® wound dressings were were asceptically cut into thirty 2cm2 pieces. Each piece was inoculated with
0.1ml culture medium containing 107 of one of the following organisms in replicate groups of six:

Escherichia coli/Pseudomonas/Staphylococcus aureus/Candida albican or Aspergillus niger.

The inoculated samples of ActiFormCool® were then placed in sterile universals and incubated in the dark at 20-25°C.
Immediately after inoculation and thereafter at days 1, 2,7,14 and 28 a universal containing a sample inoculated with
each organism was removed from the incubator and 10mls 0.1% peptone water added to each. After 30 minutes the
universals were agitated by vortexing and 1ml of the resultant hydrogel suspension was added to 9ml of peptone
water containing preservative inactivating agents. Further dilutions were made as necessary in 0.1% peptone water
containing 0.9% sodium chloride. 1ml aliquots of all dilutions were incorporated into duplicate pour plates of
appropriate agar.  After incubation for 3 days at 30-35°C for bacteria and 5 days at 20-25°C for the yeast and mould
the number of colonies on each plate were counted.


