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Abstract

Objectives—Little is known about the effects of commonly used lubricants on detection of 

biomarkers of semen exposure. We investigated the in vitro effect of Gynol®, K-Y Jelly®, 

Replens®, Astroglide®, Carbopol, and Silicorel on quantitative detection of prostate specific 

antigen (PSA).

Study Design—A predetermined concentration of each of the gels was added to serially diluted 

semen samples. Additionally, serial dilutions of each of the gels were added to three different 

semen dilutions (high, medium, or low). The resulting samples were tested for PSA on the Abbott 

ARCHITECT System.

Results—When using the Abbott ARCHITECT system, the only products that inhibited PSA 

detection were Gynol® and Replens®. The inhibition caused by Gynol® was dose-dependent, but 

that of Replens was dose-independent. K-Y Jelly®-spiked samples had higher PSA values than 

controls.

Conclusions—Caution is warranted when using the Abbott quantitative assay for PSA detection 

as a biomarker of semen exposure in settings where Gynol®, Replens® or K-Y Jelly® might also 

have been used. Neither Astroglide® nor Silicorel inhibited PSA detection. Additional studies 
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evaluating other vaginal products, including microbicides, and their effects on other assays, are 

needed. In vivo studies will be especially important to optimize PSA detection from clinical 

samples.

Implications—Researchers should consider the potential for specific lubricants or any vaginal 

products to affect the particular assay used for semen biomarker detection. The Abbott 

ARCHITECT’s total PSA assay should not be used with the product Replens. Caution is 

warranted when using the assay in settings where Gynol or K-Y jelly may have been used.
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1. Introduction

Biomarkers of semen exposure such as prostate specific antigen (PSA) can be useful in 

HIV/STI prevention research in several ways. They can be used as an indicator of semen 

exposure in cervical barrier and condom effectiveness trials [1–4]. Researchers have used 

PSA as an indicator of recent semen exposure in order to assess the effectiveness of 

condoms [1], and experts in the field have called for more studies to use biomarkers of 

semen in order to better evaluate the effectiveness of physical barriers such as diaphragms 

[2–4]. Early clinical trials evaluating the effectiveness of physical barriers of semen often 

enroll women at very low risk for HIV and other sexually transmitted infections and advise 

them to engage in intercourse with only the barrier in place. Semen biomarkers can help 

determine whether sex took place (the biomarker should be present in the condom or on the 

vaginal side of the diaphragm) and whether the barrier was effective (the biomarker should 

not be found in the vagina when a condom was used, and not on the cervical side of a 

diaphragm). Semen biomarkers can also be used as a qualitative adjunct in early evaluations 

of microbicides in which women are advised to refrain from sex while using a particular 

product in order to assess product-specific irritation or the immune response in the female 

genital tract [2,5]. If there is biomarker evidence that the woman recently engaged in 

intercourse, then irritation or other effects may not be attributable to the product [4,5]. In 

later microbicide trials, intercourse protected by condoms may be permitted. If there is 

biomarker evidence that women had unprotected sex, this may inform the study 

investigators that the participants were not adherent to the protocol and may help with the 

interpretation of effectiveness [2].

Vaginal lubricants and spermicides are routinely used before or during intercourse, and 

microbicides could become readily available for the prevention of HIV/STIs. However, little 

is known about whether such vaginal products (lubricants, spermicides, or microbicides) 

inhibit detection of PSA with available assays. There are several such assays and particular 

products may have different effects, depending on the individual characteristics of each 

product and assay. For example, nonoxynol 9 (N9) interferes with the ELISA PSA assay [6], 

and has also been shown to interfere with Seratec’s semi-quantitative PSA assay from 

specimens collected from the inside of spermicidal condoms [7]. Interference and false-

positive results were reported with N9 when using Biofilm’s PSA membrane test [8], but not 

when using the Abacus ABAcard for PSA detection [9]. We have previously reported that 
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N9 in saline did not interfere with the ABAcard’s PSA detection, but Gynol (N9 in 

propylene glycol) did interfere, and at high concentrations resulted in false positive results 

[10]. Other substances such as male urine and caustic soda also appear to interfere with PSA 

detection [11,12].

The Abbott ARCHITECT PSA assay is used in reproductive health research because it is a 

chemiluminescent immunoassay which yields quantitative results [13] with a readable range 

of 0–100 ng/mL [14]. Since there is no information as to whether vaginal products interfere 

with PSA detection using the Abbott ARCHITECT PSA assay, we undertook a series of 

laboratory experiments to investigate the in vitro effects of several commonly used vaginal 

products on PSA detection using the Abbott ARCHITECT Total PSA assay.

2. Methods

Table 1 describes the vaginal products (lubricants and spermicides) that were tested. These 

included Replens®, Carbopol, Gynol®, K-Y Jelly®, Astroglide®, and Silicorel. Replens® is 

used as a long-acting vaginal moisturizer, and Carbopol is its active ingredient. Gynol® is a 

common vaginal spermicide (2% nonoxynol 9). Astroglide® and K-Y Jelly® are both 

commonly used vaginal lubricants. Silicorel is a vaginal lubricant provided in the packaging 

and recommended for use with the two female condoms available in the US.

In order to investigate whether these products affected PSA detection and to determine if 

that is dose-dependent, we used a two-step approach.

For the first step, we varied the semen dilutions and held the gel at a constant volume. 

Samples were prepared from two-fold serial dilutions of pooled semen samples ranging 

from 1:100 to 1:6,553,600 and then combined with equal volume of vaginal product diluted 

1:5 in phosphate-buffered saline (PBS), in order to achieve a final fixed gel concentration of 

10% volume.

For the second step, we varied the gel concentrations and added those to three different 

semen dilutions (to represent a high, medium, and low semen concentrations, respectively). 

Semen samples were diluted to 1:200 (for high PSA), 1:3200 (for medium PSA), and 

1:51,200 (for low PSA) and tested with each vaginal gel which were serially diluted two-

fold from 1:10 through 1:1280.

All samples were generated from pooled, PBS diluted semen samples with or without the 

vaginal products. The experiment was replicated three different times with each replicate on 

different days by one female lab technician. PSA concentrations were determined by the 

Abbott ARCHITECT Total PSA assay (Abbott, Abbott Park, IL.)[12]. In order to determine 

the possible inhibitory effects of the aforementioned vaginal products, experimental samples 

(with vaginal gels) were compared to controls with no gels. All controls were tested on the 

same day as the product/experimental samples.
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3. Results

Gynol, Replens, Carbopol, and K-Y jelly affected PSA detection using the Abbott 

ARCHITECT Total PSA assay. PSA detection was inhibited by the products Gynol®, 

Replens®, and Carbopol (the active ingredient in Replens®) (Fig. 1). On the contrary, PSA 

values were 15–60% higher than expected when K-Y jelly® was present at the semen 

dilution range of 1:6400–1:51,200 (Fig. 1). Neither Astroglide® nor Silicorel affected PSA 

detection using the Abbott ARCHITECT Total PSA Assay (Fig. 2).

The effects of Gynol® on PSA detection were dose-dependent (Fig. 3). The higher the dose 

of Gynol®, the more inhibition that occurred to PSA detection. On the other hand, the 

effects of Replens® on PSA detection were dose-independent (Fig. 4), as Replens® inhibited 

PSA similarly at all amounts of the product tested. Since there was little to no variation 

between replicates of the same experiment, the data presented are from one replicate all 

completed on the same day. Although serial dilutions of pooled semen samples ranged from 

1:100 to 1:6,553,600, the data presented in Figs. 1–2 are from semen dilutions that were 

within the readable range of the assay (within the limits of detection 0–100 ng/ml) of 1:6400 

to 1:51,200.

4. Discussion

Gynol® inhibited PSA detection by the quantitative Abbott ARCHITECT assay. However, 

this inhibition was dose-dependent. Higher concentrations of Gynol® (1:40–1:10 dilutions) 

produced approximately a 50–90% inhibition, while lower concentrations (1:640–1:80 

dilutions), inhibited detection to a lesser extent (approximately 25–33%). Clinically, this 

degree of reduction would likely not be significant in most cases, unless very low PSA 

concentrations were present in the clinical specimen and/or if high concentrations of Gynol® 

were present. Replens® substantially inhibited PSA detection when using the quantitative 

Abbott ARCHITECT Total PSA assay. At the concentrations tested in this study (1:10–

1:1,280 dilutions), the inhibitory effect of Replens® was dose-independent. Even small 

amounts of Replens® inhibited PSA detection to the same extent as higher concentrations. 

This inhibition appeared to be caused by Carbopol, the active ingredient in Replens® (Fig. 

1), even though we do not know why or through what mechanism. Since Replens® at high 

concentrations only slightly inhibits the ABAcard assay [10], we suspect that its physical 

characteristics (i.e., the cloudy white color) may interfere with the Abbott ARCHITECT’s 

total PSA assay. Even though in vivo corroboration is required, these findings suggest that 

the assay should not be used when or if it is likely that the product Replens® is present in 

patient samples.

K-Y Jelly® did not inhibit PSA detection; on the contrary, samples with K-Y Jelly® gave 

higher PSA levels than what would be expected with the respective semen dilution alone. 

Clinically, this degree of increase would not be expected to substantially affect results of the 

quantitative assay. However, this effect should be kept in mind when setting lower cut-

points for PSA detection when K-Y Jelly® is present in clinical specimens. Astroglide® and 

Silicorel lubricants did not interfere with PSA detection by the Abbott ARCHITECT 

quantitative assay.

Snead et al. Page 4

Contraception. Author manuscript; available in PMC 2015 August 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Although a wide range of lubricant and semen dilutions were tested, the highest 

concentration of semen tested was 1:100, well below what may be expected in vaginal fluid 

after unprotected intercourse. It is unlikely that the presence of any of the vaginal lubricants/

spermicides tested would prevent the qualitative detection of semen in samples collected 

shortly after unprotected intercourse. The interference detected in this study is more likely to 

occur when semen is present at much lower levels. This is informative for researchers who 

are interested in using the Abbott ARCHITECT PSA to identify very low concentrations of 

PSA exposure as might occur in early trials of barrier contraceptive methods in which small 

leaks are important to identify. In such trials, participants should not use Gynol, Replens, or 

any product with Carbopol or the researcher should use a different assay or marker.

Even though we did not test products alone without semen, we did test extremely low semen 

dilutions (as low as 1:6,553,600) mixed with product; PSA concentrations were lower than 

0.4 ng/nL for all products tested at that semen concentration (results not shown), ruling out 

the possibility of false positive PSA results in the presence of the tested products. In vivo 

studies will be important to confirm the observed laboratory findings.

To our knowledge, this is the first study to report on how vaginal products affect PSA 

detection by the Abbott ARCHITECT total PSA assay. It is important to note that vaginal 

products may affect different assays differently. We have previously reported on the effects 

of K-Y Jelly®, Replens®, Gynol® and Astroglide® on semi-quantitative PSA detection by 

ABAcards [10]. All of these products affected detection of PSA and the performance of the 

ABAcard’s assay at some of the dilutions tested in that study [10]. Taken together, our 

findings suggest that the Abbott ARCHITECT’s quantitative total PSA assay, rather than the 

ABAcard’s assay, would be preferred when certain products such as Astroglide® or Silicorel 

may have been used [10].

Additional lubricants and microbicides, as well as alternative PSA detection assays need to 

be further evaluated. More studies are also needed for the clinical correlation and evaluation 

of the inhibitory effects of Replens® and Gynol® that were observed in this study. While we 

did our best to approximate the amount of product that would be potentially present 

intravaginally, based on typical use and/or the manufacturer’s directions for use of the 

products, this remains an estimate. Other factors such as vaginal inflammation, hormonal 

contraception use or phase of menstrual cycle may also affect some of the local environment 

and modify test results. Nevertheless, our in vitro study provides reassurance that several 

commonly used vaginal products, such as Silicorel, Astroglide®, and low concentrations of 

Gynol® do not affect the quantitative PSA detection by the Abbott ARCHITECT. Higher 

concentrations of Gynol® and all concentrations of Replens (including its active ingredient 

carbopol) do inhibit the PSA detection by the Abbott ARCHITECT’s quantitative Total PSA 

assay, and K-Y Jelly® inflated it. Particular products appear to affect specific PSA assays 

differently, which is important information that should be taken into account when planning 

reproductive health studies that will use PSA detection as a biomarker of semen exposure.
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Fig. 1. 
Effect of K-Y, Gynol®, Replens® and Carbopol* on PSA detection. PSA concentrations in 

semen samples spiked with K-Y, Gynol, Replens and Carbopol.
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Fig. 2. 
Effect of Astroglide® and Silicorel on PSA detection.
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Fig. 3. 
Dose-dependent inhibition of Gynol® on PSA detection.
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Fig. 4. 
Dose-independent inhibition of Replens® on PSA detection.
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Table 1

Vaginal products tested for their effects on PSA detection by the Abbott ARCHITECT assay

Product Brand name (manufacturer) Main ingredient Type Date tested

Replens Replens (LDS consumer products) Polycarbofil Vaginal moisturizer September 2009

CARBOPOL N/A (formulated at EVMS) Polycarbofil (Acrylic Polymer) Main ingredient for 
Replens

June 2009

Gynol Gynol 2 (Ortho) 2% Nonoxynol 9 in propylene glycol Spermicide September 2009

K-Y Jelly K-Y Brand Jelly (Johnson & Johnson) Hydroxyethylcellulose (HEC) Vaginal lubricant September 2009

Astroglide Astroglide (BioFilm) Glycerin and propylene glycol Vaginal lubricant September 2009

Silicorel N/A (Formulated at EVMS) Polydimethylsiloxane (silicone based) Medical Grade vaginal 
lubricant

June 2009

EVMS, Eastern Virginia Medical School.
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