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Purpose of Our In vitro Studies
• To evaluate each microbicide through a

comprehensive algorithm for cellular toxicity.
• To extensively test the product specifically

for anti-HIV properties.

     The information we provide along with the
manufacturer’s information will be used by
the CDC Microbicide Working Group to
determine which product will go forward in
CDC-sponsored clinical trials.
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CDC Pre-clinical Microbicide Evaluation:
In vitro and Ex vivo Studies
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Microbicides Currently Being Evaluated
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• PRO 2000 (Al Profy; Interneuron Pharmaceuticals, Inc.)
– Sulphonated polymer with anti-microbial but no spermicidal

activity.
• CarraguardTM (Robin Maguire; Population Council)

– PC-515 or λ-carrageenan
– Sulphated polysaccharide with anti-microbial but no

spermicidal activity
• Controls

– Nonoxynol-9 toxic control
• N9 or ConceptrolTM

• Non-ionic surfactant with anti-microbial and spermicidal
activities

– PRO 2000p (placebo) provided by Interneuron.
– Methyl Cellulose, used as a placebo for ongoing clinical trials



Microbicide Targets
• Immune Targets

• Peripheral blood mononuclear cells
(PBMC) and macrophage (MΦ).

• Epithelial Cell Lines
• Urogenital epithelial cell lines

– ME-180 (cervical carcinoma)
– HEC (endometrial carcinoma)

• Intestinal epithelial cell lines
– Caco-2 (Colon carcinoma)
– SW837 (Rectal carcinoma).
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Microbicide Toxicity
Cell Viability Assays

• CellTiter-GloTM Luminescent
Cell Viability Assay (Promega)

• Trypan-blue exclusion
– Continuous culture with PBMCs

or MΦ.
– 24 hour exposure or 5 day (2

hours/day) exposure to epithelial
cell lines.
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Microbicide Toxicity
PBMC Continuous Culture
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Microbicide Toxicity
Epithelial Cell Lines: 24 Hour Exposure

0

20

40

60

80

100

120

 1:100  1:5000  1:10  1:100  1:10

N9 CarraguardTM Methyl
Cell.

%
 o

f U
nt

re
at

ed
 c

el
ls

Caco-2

SW837

0

20

40

60

80

100

120

 1:10  1:100  1:10  1:100

PRO 2000 PRO 2000p



Microbicide Toxicity
Epithelial Cell Lines: 5 Day Exposure
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Transepithelial Resistance
Measurement of Epithelial Cell Layer Integrity
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Microbicide Effects on Transepithelial
Resistance: Caco-2 Cell Line
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Arrow indicates time of product addition.
Similar results were observed for the SW837 cell line.



Highest Nontoxic Microbicide
Concentration

• Nonoxynol 9TM (4% gel)
• PRO 2000 (4% gel)
• PRO 2000 placebo
• CarraguardTM (3% gel)
• Methyl Cellulose (2.5%)

1:5000 (0.0008%)
1:100 (0.04%)
1:100
1:10 (0.3%)
1:10 (0.25%)



Microbicide Efficacy
• Nontoxic concentrations of products were cultured

with PBMCs or MΦ 10 minutes prior, simultaneous,
or 10 minutes post virus addition. After 4 hours,
virus and product were washed off and the cultures
were followed for 7 days.

• Epithelial cell lines were exposed to HIV-1
overnight + product. The next day, cells were
washed and activated PBMCs were added to
rescue HIV-1. The cultures were followed for 14
days.

• Virus infection was measured by p24gag
production.

HARB, DASTLR, NCID
Centers for Disease Control

and Prevention



Microbicide Efficacy
 PBMC Infection
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MΦ results were similar. Currently under way are
experiments to evaluate microbicide effectiveness at
blocking spread of HIV-1 from infected PBMCs to MΦ
or infected MΦ to PBMCs.



Microbicide Efficacy
Epithelial Cell Line Transfer of HIV-1
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Summary
• CarraguardTM was 10-fold less toxic than 4% PRO

2000 and 500-fold less toxic than N9.
• The nontoxic concentrations of the microbicides did

not affect the transepithelial resistance.
• These concentrations of CarraguardTM and PRO 2000

inhibited HIV-1 infections in target cells. N9 and the
placebos did not block HIV infection of these cells.

• These concentrations of CarraguardTM and PRO 2000
blocked HIV-1 transfer from epithelial cell lines to
PBMCs. N9 and the placebos did not prevent transfer
of virus.
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Conclusion
• Based upon our in vitro evaluation, nontoxic

concentrations of CarraguardTM and PRO 2000
blocked HIV infection.

• The toxicity data are consistent with the
genital tract and colorectal irritation results
from animal studies and phase I clinical trials.

• Our comparative evaluation of candidate
microbicides is feasible and will be useful for
selecting products for human trials.
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