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Synopsis

Development of more effective products for cleansing the skin of microorganisms is enhanced by improved
understanding of the mechanisms of attachment, as well as potential removal strategies. This paper de-
scribes an 7z vitro method for use of the cationic exchanger carboxymethylcellulose (CMC) to enhance the
removal of the yeast Candida albicans as measured in vitro using human skin tape strippings. Several nega-
tively charged and cationic exchanger compounds were evaluated using a visual release method to determine
their ability to prompt release of C. a/bicans from human skin strips. CMC was further tested using a viable
count method to assess its ability to effectively release the yeast from skin strips and to evaluate the effects
of pH on CMC performance. CMC microparticles were found to release greater than 95% of bound C.
albicans from the skin strips over a broad range of pH values. Interaction of CMC with the overall skin
charge appears to result in detachment of C. albicans, a response suggesting that anionic particles may
facilitate C. albicans removal from skin.

INTRODUCTION

Microorganisms attach to the skin through multiple mechanisms (1-4) and are frequently
removed through complex physical cleaning strategies that combine surfactant action,
shear forces, and affinity binding. Understanding mechanisms of microbial attachment to
skin facilitates the design of physical cleaning products and compounds that counteract
attachment forces, thereby freeing soils and microbes from the skin surface. In addition
to the bacterial pathogens commonly encountered through fecal contact, approximately
30% of the general population, primarily women, suffer from health conditions caused by
yeast and fungi (5-7).

The fungi represent a diverse, heterogeneous group of eukaryotes. Of the estimated one
million species of fungi, molds, and yeasts, only about 50 are considered pathogenic (6,8).
Most are opportunistic pathogens, becoming more prevalent during periods of stress or
lowered immune response. Yeasts from the genus Candida are spread through contact
with feces and secretions from the mouth, nose, skin, and vagina. Although normally
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noninfective and present in small numbers, Candida can multiply under some circum-
stances and cause symptoms requiring medical treatment. Circumstances that promote
Candida infection include hormonal changes (5,9,10), medication side effects (5,11), and
medical conditions (5,7).

The human body inhibits fungal growth through intact skin and other protective mech-
anisms, such as naturally occurring long-chain unsaturated fatty acids, pH, competition
with normal bacterial flora, epithelial turnover, and the desiccated nature of the stratum
corneum (11). Other body systems such as the respiratory tree, gastrointestinal tract, and
vaginal vault are lined with mucous membranes (epithelium) bathed in antimicrobial
fluids, and some are also lined with ciliated cells that actively remove foreign materials
(8,12). Only when these protective barriers are breached can fungi gain access to, colo-
nize, and multiply within host tissues. Candidiasis is a primary or secondary mycotic
infection caused by Candida, often by the most common Candida species, Candida albi-
cans (9). Candida is a dimorphic organism with the ability to convert between the yeast
and mycelial fungal forms (10,13). The yeast form is a noninvasive sugar-fermenting or-
ganism. The mycelial fungal form produces long root-like invasive hyphae that penetrate
the mucosa or skin (14).

Vaginitis, thrush (oral candidiasis), esophagitis, gastrointestinal candidiasis, cutaneous
candidiasis, diaper rash, paronychia (nail fold infection), and chronic mucocutaneous can-
didiasis are all conditions caused by Candida (5,7,8). The clinical manifestations may be
acute, subacute, chronic, or episodic. The etiology can be very difficult to determine be-
cause Candida spp. are commonly recovered from healthy people (5-7,9).

Candida has also been implicated as a frequent cause of infant diaper rash (5,7,8). Diaper
rash usually begins as a solid patch of red, thickened skin, often around the anus, that can
spread to cover the entire groin and lower buttocks. The same moist, warm, closed-off
conditions triggering the original rash can also result in skin infection by the yeast. An
infected rash can appear as a group of distinct round spots characterized by oozing, crust-
ing, or surrounding redness and swelling.

Treatment of candidiasis almost always requires the use of antibiotics (11), which can
result in the production of antibiotic resistant yeast, extended discomfort until the treat-
ment achieves maximum effectiveness, and possibly harmful side effects due to pharma-
ceutical toxicity or allergies (11). Therefore, the development of effective physical
methods of preventing or treating yeast infections without the use of antibiotics or anti-
microbials is highly desirable. Technologies that interfere with the attachment to and
invasion of the skin by yeast offer a promising strategy for physical control of yeast activ-
ity and prevention of related skin conditions.

Candida attaches to skin by three primary mechanisms: hydrophobic interaction (15),
electrostatic interaction (4), and ligand interaction (4,12). These reactions may occur
independently or in combination at any given moment during substrate interaction
(1,15-17). Innovative strategies for disruption of yeast attachment mechanisms, which
require a comprehensive understanding of yeast—skin interactions, are essential to the
development of improved personal care products.

Hydrophobic interactions are weak chemical bonds formed through repulsion of insol-
vent molecules by water (18-20), mainly resulting from convergence of nonpolar side
chains away from water (18). Hydrophobic interactions promote adherence of Candida to
skin (12,15,21) and despite the weak nature of these bonds, their cumulative effect can
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contribute substantially to the attachment of soil or yeast to the skin. Electrostatic inter-
actions occur between charge density and distribution on a soil’s surface and inversely
charged components on another surface (17,19). Examples of electrostatic interactions
include dipole—dipole forces, hydrogen bonds, cationic, and anionic interactions (4,16,22).
Molecules with dipole moments attract each other electrostatically by aligning their pos-
itive and negative ends in close proximity (23). Hydrogen bonding occurs when a hydro-
gen atom is covalently bonded to an electronegative atom and also attracts an additional
electronegative atom (5). The attraction created by individual dipole moments and hy-
drogen bonding should produce only small changes; however, the cumulative effects of
simultaneous events may generate significant changes.

The biochemistry and structure of biological membranes cause them to be negatively
charged (18); therefore, a cationic exchanger should repel yeast and an anionic exchanger
should attract yeast, promoting removal from skin. Charge interactions are important to
skin cleansing because alteration of the charge affinity between the soil and cleaning web
or solution can increase cleaning effectiveness. This paper describes a method for use of
the cationic exchanger carboxymethylcellulose (CMC) to promote enhanced removal of
C. albicans from human skin.

MATERIALS AND METHODS

YEAST CULTURE

C. albicans (ATCC 10231) was subcultured using Sabouraud Dextrose (SAB-DEX) me-
dium (Becton Dickinson, Cockeysville, MD) overnight at 37°C. The following day,
20 ml SAB-DEX broth was inoculated with 2—3 isolated C. a/bicans colonies and incu-
bated at 32°C for 18 h with shaking at 220 rpm. The broth culture was diluted to 1 X
10’ colony-forming units (CFU)/ml with SO mM sterile potassium phosphate buffer
pH 7.2 (VWR Industries, Batavia, IL).

VISUAL RELEASE PROTOCOL

The following protocol, outlined in Figure 1, was used to measure the effectiveness of
various test materials (described in Table I) to induce release of C. @lbicans adhered to skin
tape. Skin tape strips were produced by pulling D-Squame skin-sampling discs (CuDerm
Corporation, Dallas, TX) four times from adjacent adult male volar forearm sites.
The skin tape strips were placed into deep six-well plates (Becton Dickinson, Franklin
Lakes, NJ), and the exposed adhesive was blocked with 2.0 ml of 5% bovine serum
albumin (BSA; Sigma, St. Louis, MO) in phosphate buffered saline (PBS; 150 mM NaCl,
50 mM potassium phosphate, pH 7.4) for 60 min at 33°C while shaking at 220 rpm.

The fluid was removed from each well, the wells washed three times with 50 mM potas-
sium phosphate, and 1.0 ml (10> CFU/ml) of C. albicans solution, prepared as described
in the previous section, was added to each tape strip. Next, 1.0 ml of trypticase soy broth
(TSB; Difco Labs, Detroit, MI) was added to each tape strip and the plates were incubated
at 33°C for 60 min. The fluid was aspirated and the tape strips were washed three times
with 3.0 ml tris(hydroxymethyl)aminomethane (TRIS)-buffered saline (TBS; 50 mM
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Figure 1. Diagram of yeast attachment assay.

Tris base, 150 mM NaCl, pH 7.4). Both sides of each tape strip were rinsed with a stream
of TBS and placed in fresh 6-well plates. Test materials were suspended in TBS and 2.0
ml was added to the designated tape strip. The tape strips were incubated for 15, 30, or
60 min at 25°C while shaking at 220 rpm. The tape strips were then rinsed three times
with 3.0 ml deionized (DI) water. Each tape strip was fixed by soaking in 2.0 ml of
2.5% glutaraldehyde (Sigma) for 10 min. The tape strips were then rinsed three times

Table I
Materials Used in Experiments

Use concentration

Material (mg/ml) Exchange capacity Size Supplier
Benonite 8.0 NA* Powder Sigma, St. Louis, MO
Carboxymethyl 8.0 0.6 meq/g Fibrous  Sigma, St. Louis, MO
(CM)-Cellulose
Cellulose 8.0 NA Fibrous Sigma, St. Louis, MO
Diethylaminoethyl 8.0 1 meq/g Powder  Sigma, St. Louis, MO
(DEAE)-Cellulose
Diethyl- 8.0 0.92 meq/g Fibrous Sigma, St. Louis, MO
(2-hydroxypropyl)
aminoethyl
(QAE—Cellulose
Cellulose-Phosphate 8.0 3.8 meq/g Powder  Sigma, St. Louis, MO
Chitin 8.0 NA Powder Sigma, St. Louis, MO
Carboxymethyl 0.4,0.25 50-70 mg Lysozyme/g 34 pm  SCIGEN, Kent, UK
(CM)-Cellulose
Polyethylenimine 0.4 70-100 mg Albumin/g ~ 3-4pm  SCIGEN, Kent, UK
(PEI)-Cellulose
Diethylaminoethyl 0.4 70-100 mg Albumin/g 34 pm SCIGEN, Kent, UK

(DEAE)-Cellulose
*NA = Not Applicable.
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with 3.0 ml of DI water, and stained with 0.5 ml calcofluor white (Difco, Ann Arbor, MI)
for 10 to 15 min. The tape strips were again rinsed three times with 3.0 ml DI water
and allowed to air dry.

Once the tape strips were air-dried, the yeast cells were enumerated visually with an
Olympus BH2 fluorescent microscope (Olympus Corporation, Lake Success, NY) ficted
with a 405 nm excitation filter and a 455 nm barrier filter. The tape strips were placed
with the white crescent label near the bottom edge of a microscope slide, perpendicular to
the microscope objective. A 20X objective was used and the slide was positioned so that
the field of view bisected the tape strip. Only the cells appearing within the field of view
(an area of approximately 2 X 10" pm®) were counted. The field of view represented 5% of
the total tape strip area.

The percent removal was calculated as follows:

([number of yeast on control tape strip] - [number of yeast on treated tape stripD 100
X

(number of yeast on control tape strip)

This method estimated approximately 10" yeast cells bound to a 22-mm diameter
D-Squame tape strip under the described conditions. Tape strips were evaluated in trip-
licate for each condition. Digital photomicrographs were taken with a SPOT Digital
Camera (Diagnostic Instruments, Sterling Heights, MI).

VIABLE COUNT RELEASE PROTOCOL

Skin tape strips produced using the previously described procedure were used to assess
the ability of 34 pm CMC particles (described in Table I) to release C. albicans from the
skin strips. The exposed adhesive on the tape strips was blocked with 2.0 ml of 5% bovine
serum albumin (BSA) in PBS and incubated for 60 min at 33°C while shaking at 220 rpm.
After the blocking solution was removed, each well was washed three times with potas-
sium phosphate buffer (KP), and then 1.0 ml of C. a/bicans suspension (10° CFU/ml) and
1.0 ml of TSB were added to each tape strip. The plates were incubated at 33°C for 60 min,
the fluid was aspirated, and the tape strips were rinsed three times with 3.0 ml TBS.

A suspension of 3—4 pm CMC (2.0 ml; 0.25 mg/ml in TBS) was added to each tape strip
and 2.0 ml TBS was added to the control. The tape strips were incubated at 25°C while
shaking at 220 rpm. At 0, 15, 30, and 60 min after addition of the CMC suspension, fluid
samples were collected from each well (in triplicate) and plated on SAB-DEX agar. The
agar plates were then incubated for 24 h at 33°C and the resulting yeast colonies were
counted to determine the numbers viable of yeast in each solution.

EFFECT OF PH ON RELEASE EFFICACY

To determine the potential effect of pH on the release C. albicans from the skin by bath tissue
containing CMC particles, skin tape strips were prepared as described previously. The exposed
adhesive on the tape strips was then blocked with 2.0 ml of 5% BSA in PBS for 60 min
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at 33°C while shaking at 220 rpm to cover exposed adhesive. Fluid was removed from each
well and washed three times with KP, and then 1.0 ml of C. a/bicans suspension (10’ CFU/ml))
and 1.0 ml of TSB were added to each tape strip. The plates were incubated at 33°C for
60 min, the fluid was aspirated, and the tape strips were rinsed three times with 3.0 ml TBS.

CMC (34 pm) was suspended (0.25 mg/ml) in each of the following buffers: citrate
phosphate (0.1 M;pH4.2,5.2,and 6.2); TRIS(0.1 M; pH 7.2 and 8.2); 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES) (50 mM; pH 6.2, 7.2, and 8.2); or phosphate
(50 mM; pH 6.2, 7.2 and 8.2). A 2.0 ml sample of each CMC solution was added to one
well containing a prepared tape strip, and 2.0 ml of each buffer without CMC were used
as controls. The tape strips were then incubated at 25°C while shaking at 220 rpm. At
10-min time intervals after addition of the CMC or buffer control solutions, selected tape
strips were rinsed three times with 3.0 ml DI water and fixed by incubating 2.0 ml of
2.5% glutaraldehyde with each sample for 10 min. The samples were then rinsed three
times with 3.0 ml of DI water and stained using 0.5 ml calcofluor white for 10—-15 min.
The tape strips were again rinsed three times with 3.0 ml DI water and allowed to air dry.
Once the tape strips were dry, the yeast cells were counted microscopically and the per-
cent removal calculated using the method and formula described previously.

DETERMINATION OF C. ALBICANS GROWTH INHIBITION BY CMC

C. albicans (2.0 ml; 2 X 10° CEU/ml) in PBS was incubated with either 2.0 ml of 3—4 pm
CMC suspension (0.5 mg/ml) or 3—4 pm cellulose—phosphate suspension in TBS
(0.5 mg/ml; pH 7.2) for 210 min at 33°C. Fluid samples (1 ml) were collected at 0, 15,
30, and 60 min time intervals and plated (in triplicate) on SAB-DEX agar. The agar
plates were incubated for 24 h at 33°C and the resulting colonies were counted.

PRETREATMENT OF SKIN TAPE STRIPS WITH CMC

Tape strips were prepared and the exposed adhesive was blocked with 5% BSA as previ-
ously described. Each tape strip was treated with 2.0 ml 3—4 pm CMC suspension
(0.25 mg/ml) in TBS for 15 min at 25°C at 220 rpm and then rinsed three times with
3.0 ml TBS. Next, 1.0 ml each of C. albicans suspension (10° CFU/ml) and TSB were
added to each tape strip and incubated at 33°C for 60 min. The fluid was aspirated and
the tape strips were rinsed three times with 3.0 ml of TBS. Each tape strip was then
fixed with 2.0 ml of 2.5% glutaraldehyde for 10 min at 25°C while shaking at 220 rpm.
The tape strips were then rinsed three times with 3.0 ml of DI water and stained with
0.5 ml calcofluor white for 10 to 15 min. The tape strips were again rinsed three times
with 3.0 ml DI water and allowed to air dry. Once the tape strips were dry, the attached
yeast cells were counted microscopically.

SIMULTANEOUS ADDITION OF YEAST AND CMC TO SKIN TAPE STRIPS

Tape strips were prepared and blocked with 5% BSA as previously described. Each tape
strip was then treated with 1.0 ml each of 3—4 pm CMC (0.5 mg/ml) and C. albicans
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(10’ CFU/ml) suspensions in TBS. The control was treated with C. @/bicans and TBS
without 3—4 pm CMC. The tape strips were incubated for 1 h at 33°C while shaking at
220 rpm, and then rinsed three times with 3 ml of DI water. Each tape strip was fixed
with 2.0 ml of 2.5% glutaraldehyde for 10 min. The tape strips were washed three times
with 3.0 ml DI water and stained with 0.5 ml calcofluor white for 10~15 min. The tape
strips were again rinsed three times with 3.0 ml DI water and allowed to air dry. Once
the tape strips were dry, the yeast cells were counted microscopically.

STATISTICAL ANALYSIS OF RESULTS

The yeast counts recorded using the visual release protocol were subjected to further
analysis. The average and standard deviation were calculated for the triplicate counts, and
t-tests were conducted to determine the statistical significance of differences between the
results for the different materials tested.

RESULTS
REMOVAL OF C. ALBICANS FROM SKIN TAPE STRIPS USING NEGATIVELY CHARGED PARTICLES

Experimental results (Tables II and 111, Figures 2 and 3) indicated that C. a@/bicans was
removed from skin tape strips most effectively with 3—4 pm CMC particles. PEI-
Cellulose and Benonite were only marginally effective, and the other materials evaluated
did not release the yeast from the skin tape strips (Table III). As demonstrated by the
results in Figure 2, yeast cells were rapidly released from the skin tape strips, within
the first 10 min of contact with the CMC particles, as confirmed by the visual count
observations (Table II). The numbers in the table reflect the average and standard devia-
tion based on examination of three tape strips, visualizing 2 x 10" pm” or 5% of the
tape strip surface area. The ability of CMC to effectively release yeast from skin tape strips
is further supported by the photomicrographs shown in Figure 4.

EFFECT OF PH ON CMC EFFICACY

Anionic particles were able to displace the yeast from the skin tape strips over a wide
range of pH (Figure 5). Although phosphate and HEPES buffers demonstrated reduced

Table 11
Percent Removal of Yeast from Skin Tape Strips as Measured by Visual Observation (n = 3)
Concentration
Material (mg/ml) Size (pm) AVG SD Percent Removal
CM-Cellulose 0.4 34 4 2.8 97.7
PEI-Cellulose 0.4 34 109 12.0 36.6
DEAE-Cellulose 0.4 3-4 147 18.0 14.5
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Table II1
Percent Removal of Yeast from Skin Tape Strips as Measured by Visual Observation (n = 3)
Concentration Percent
Material (mg/ml) Size AVG SD Removal
Benonite 8.0 Powder 198.7 6.8 38.2
CM-Cellulose 8.0 Fibrous 317.0 24.8 1.5
Cellulose 8.0 Fibrous 294.7 21.2 8.4
DEAE-Cellulose 8.0 Powder 293.3 14.3 8.8
QAE-Cellulose 8.0 Fibrous 289.0 30.5 10.2
Cellulose-Phosphate 8.0 Powder 339.3 40.1 -5.5
Chitin 8.0 Powder 279.7 20.5 13.1

effectiveness at pH levels above 7.0, TRIS buffer remained highly effective at increased
pH levels. The application of TRIS buffer could extend the efficacy of anionic particles to
higher pH values.

ASSESSMENT OF CMC ANTIMICROBIAL EFFICACY

Neither charged particle significantly affected C. a/bicans viability (Table IV). Removal of
yeast from skin tape strips using anionic particles as described does not kill or inhibit the
growth of the microbes.

PRETREATMENT OF SKIN TAPE STRIPS WITH CMC

Pretreatment of the skin tape strips with CMC did not prevent yeast attachment, as
established by the numbers of yeast cells counted on treated and untreated tape strips
(Table V). A #-test on the average numbers of yeast cells observed for the triplicate treated
and untreated strips indicated no significant differences (p = 0.264).

1000

Cells on Tape Strip
(Count/25 mm?)
g

10

0 10 20 30 40 50 60
Contact Time (min)

Figure 2. Visual counts of C. albicans on tape strips after exposure to 3—4 pm CMC particles; ll = Skin
treated with 0.25 mg/mL CMC; A = Untreated skin; Bars = SD; (n=3).
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Figure 3. C. albicans release from tape strips as a function of time. Samples were exposed to 3-4 pm CMC
particles, and percent release was determined using the viable count method to compare treated and un-
treated samples. B = Skin treated with 0.25 mg/mL CMC; A = Untreated skin; Bars = SD; (n=3).

SIMULTANEOUS ADDITION OF YEAST AND CMC TO SKIN TAPE STRIPS

When added during the process of yeast attachment, CMC inhibited the attachment
process (Table VI). This result indicates a possible application of charged particles as a
preventative measure to inhibit yeast attachment to the skin tape strips.

DISCUSSION

Bacteria, fungi, and soil particles adhere to the skin despite their negative charges,
which should repel the negatively charged skin (3,4,15,18). Many different binding
mechanisms contribute to the binding of microbes to the skin surface, and the com-
bined strength of these adhesion interactions is far greater than that of any single at-
tachment mechanism (3,12,20). Surfactants and solvents are effective and commonly
used methods of cell release from surfaces; however, they can be harsh and potentially
damaging to human skin. Even minimal use of detergents and organic solvents can

¢ «—Yeast

‘/'/C M C\

Pre-Treatment Post-Treatment

Figure 4. C. albicans cells (white rods) are displaced by CMC particles. Photomicrographs of skin before and
after treatment with 3—4 pm CMC particles (0.25 mg/mL) for 20 min at 25°C were taken with Olympus
BH2, UV excitation, and a SPOT digital camera.
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Figure 5. Effects of pH on removal of yeast from tape strips using 3—4 um CMC particles (0.25 mg/ml) as
determined by visual counts; ¥ = Citrate-Phosphate Buffer; ¢ = Phosphate Buffer; A= HEPES Buffer; Bl =
TRIS Buffer; Bars = SD (n=3).

greatly impact the integrity of the stratum corneum barrier and potentially cause skin
irritation (24).

Electrostatic removal of contaminants from the skin surface, using negatively charged
particles to reduce the attractive forces between the contaminant and the skin, offers a
potential method to clean the skin with reduced risk of skin irritation. Negatively charged
CMC particles (3—4 pm), as well as other anionic materials or cationic exchangers, in close
proximity to the attached microbe appear to act electrostatically on the skin tape strips
and attached C. albicans with sufficient strength to overcome the combined binding affin-
ity between them (Figures 1 and 3). The released microbe can then be transferred to the
cleaning substrate (wipe, diaper, cloth) to facilitate contaminant removal. The CMC mi-
croparticles do not exhibit biocidal or biostatic properties (Table IV) and are not antici-
pated to have harsh or damaging effects on the skin.

C. albicans, a causative agent of diaper rash known to have multiple mechanisms (electro-
static, hydrophobic, and adhesin interactions) of attachment to mammalian skin (4,12,15),
was removed from skin cells bound to a tape strip by what appears to be an electrostatic
interaction (Figures 1 and 3). After a 10-min exposure to the CMC particles, greater than
95% of the bound yeast was removed from the skin tape strips (Table II) based on visual

Table IV
Viability of C. albicans When Exposed to CMC or Cellulose Phosphate®
CFU/ml

Exposure time (min) Control CMC Cellulose phosphate

0 1.12x10° 1.07 x10° 1.12x10°

15 1.29 x10° 1.27x10° 1.35x10°

30 131 x10° 1.14x10° 1.18x10°

60 1.27 x10° 1.29x10° 1.66 X 10°
210 8.45 x 10* 9.97 x 10* 1.35%10°

“210-min exposure; n = 3.
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Table V
Visual Cell Counts of C. a/bicans on CMC Treated and Untreated Tape Strips*
CMC treated skin tape strips Untreated skin tape strips
840 + 55 904 + 25

. 7 5 .. .
‘Average = SD, n = 3, count per 2x10° pm’; No significant difference between treated and untreated

p = 0.264 (¢+-test).

examination of triplicate tape strips. The CMC particles are believed to interact with the
overall net negative charge of the skin cells, overcoming the combined adhesion forces
and causing detachment of microorganisms adhered to the skin stripping. The removal of
yeast from skin tape strips using CMC is highly effective and offers greater removal effi-
ciency as compared to larger or alternative charged particles (Tables II and III). Anionic
particles, in this model, were demonstrated to facilitate the release of yeast attached to
skin tape strips (Tables II and IIT; Figures 1-3) over a wide range of pH.

Although the results of the r~test (CMC vs. PEI-Cellulose, p = 6.0 x 107; CMC vs.
DEAE-Cellulose, p = 8.0 x 10~’; DEAE-Cellulose vs. PEI-Cellulose, p = 0.02) indicate
that a larger sample size would be more informative, the CMC cellulose appears to per-
form better than the other ion exchange materials. The difference observed between the
DEAE-Cellulose and PEI-Cellulose would likely be eliminated with a larger sample size.
The difference between the CMC and the other materials is very large and is anticipated
to remain significant even with a larger sample size. In combination with the visual ob-
servation confirming the loss of yeast from the skin tape strips treated with CMC, these
results suggest that CMC shows greater potential for release of yeast cells than other ion
exchange types under the conditions of this study.

This process offers potential advantages over traditional cleaning compositions, in part,
because the contaminant would be not merely dislodged from the skin surface, but would
be first dislodged and then removed from the skin’s surface through subsequent binding
with the cleansing material. Therefore, interaction between contaminants and charge-
altered cleaning compositions may involve an actual energy transfer as energy is released
and recaptured in the dislodging and rebinding of contaminants from the skin surface to
the cleaning product.

CONCLUSIONS

Delivery of negatively charged CMC particles to skin tape strips under the described
conditions facilitates release of attached microorganisms and/or soil rapidly and over a

Table VI
Reduction of C. albicans Attachment to Skin Tape Strips When Yeast
and CMC Were Added Simultaneously”

CMC + Yeast Yeast
71 429
72 568

147 498

“‘Count per 2 X 10" pm?; 30-min exposure.
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wide pH range; however, additional studies are needed to determine the effectiveness of
CMC for removal of other types of microbes, with shorter contact times, or after longer
periods of microbial attachment. Other potential effects of CMC on human skin, such as
irritation or effects resulting from removal of beneficial microbes, would also need to be
explored. Through incorporation of anionic particles, existing cleansing compositions
could potentially be altered to improve their performance. In addition, microbial removal
technologies based on electronic charge, as opposed to current chemical and physical
removal methods, could result in development of new products with reduced potential
for irritation. Anionic particles could be incorporated into a variety of delivery matrices
such as solutions, lotions, or solid substrates including woven web, non-woven web, spun-
bonded fabric, melt-blown fabric, knit fabric, wet-laid fabric, needle-punched web, cel-
lulosic material, or any combination thereof. Potential applications of CMC cleaning
technology include wet wipes, bath tissue, facial tissue, infant diapers, adult incontinence
products, lotions, liquid skin cleaners, and other commercially available skin cleaning
products. This technology could also be useful for hard surface cleaning, home health care
applications, industrial cleaning, and veterinary applications.
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