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Abstract: Impaired semen liquefaction (ISL) is one of the most common causes of male infertility. Western and Chi-
nese medicines are primary methods for the treatment of ISL. The present research team previously used an in vitro 
injection method and developed a new auxiliary reproductive device, prodom, to treat ISL. The aim was to evaluate 
the clinical efficacy of prodom, which assists in the administration of chymotrypsin to the spouse’s vagina in ISL pa-
tients. The patients were divided into the prodom-assisted chymotrypsin treatment (PACT) group (n = 109), syringe-
assisted chymotrypsin treatment (SACT) group (n = 84), and traditional treatment (TT) group (n = 81), randomly in 
the first stage. When the first stage of treatment failed, the patients were regrouped and classified as the second 
stage. Pregnancy rate, time to conception, and treatment costs were compared for each group. In the first stage, 
for the PACT group, SACT group, and TT group, the pregnancy rate was 53.21%, 47.62%, and 24.69%, respectively. 
Time to conception was 4.57±2.04 months, 4.85±1.87 months, and 5.75±1.86 months, respectively. Treatment 
cost was $ 1,723±721, $ 1,343±268, and $ 2,919±892, respectively. Differences were significant (P < 0.05). In 
the second stage, compared with the group using artificial insemination with the husband’s semen, differences in 
time to conception and treatment costs for PACT, SACT, and TT groups were significant (P < 0.001). In conclusion, 
prodom can effectively assist chymotrypsin in the treatment of male infertility caused by ISL.
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Introduction

Impaired semen liquefaction (ISL) means that 
the time of semen liquefaction after ejaculation 
is more than one hour [1]. This condition is one 
of the most common causes of male infertility, 
with approximately 2.51%-42.65% of male in- 
fertility caused by ISL [2-6]. Prostate disease is 
the leading cause of ISL [2-6]. At present, the 
pathogenesis of ISL is unclear. It is generally 
believed that semen liquefaction and solidifica-
tion are influenced by semenogelin, primarily 
found in the seminal vesicles, and by liquefac-
tion factor, found in the prostate [6-10]. One 
known cause of ISL is decreased activity of 
enzymes during reduced prostatic secretion. 
Decreased protease secretion is particularly 
important because proteases hydrolyze pro-
teins during the semen liquefaction process to 
indicate prostate enzyme (s) known to hydro-
lyze semen [2, 8, 11, 12]. Further causes of ISL 
include increased levels of semenogelin, which 
disturb the balance of liquefaction and solidifi-

cation factors. In addition, seminal vesiculitis,  
a lack of trace elements (magnesium and zinc), 
and congenital deficiencies of the prostate  
can cause poor semen liquefaction [2, 13-18]. 
Western and Chinese medicines are the prima-
ry methods used to treat ISL [2, 18, 19]. 

However, because of the complex metabolic 
mechanisms of the human body, neither oral 
Western medicine nor Chinese medicine can 
completely improve ISL through in vivo appro- 
aches [18-30]. Therefore, to achieve a more 
ideal therapeutic effect, the focus of treatment 
has shifted to improving ISL through in vitro 
approaches. To treat male infertility caused by 
ISL, the present team once used a syringe to 
assist the injection of chymotrypsin into the 
vagina of the spouse when couples have sex. 
This treatment achieved a certain effect. How- 
ever, there are still some defects in the syrin- 
ge injection process. For example, it does not 
ensure that chymotrypsin is fully exposed to 
semen. It can cause a partial loss of semen 
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from the vagina and can be inconvenient to 
operate, cause paining for the spouse. These 
issues make some patients and spouses unwill-
ing to receive the treatment. Therefore, the 
present team explored a better in vitro injection 
method and developed a new auxiliary repro-
ductive device [31]. The device was named 
“prodom”. Prodom is a device that is worn on 
the penis. Through this device, insufficient or 
abnormal components of semen can be sup-
plemented. Prodom has the certain advantag-
es. When the husband and wife have sex, the 
prodom injection is synchronized with ejacula-
tion. It can ensure that semen fully contacts 
with chymotrypsin. It prevents semen leakage 
from the vagina and it can achieve the goal of 
restoring fertility while preserving the pleasures 
of sexual life for males with infertility.

At present, prodom has entered the clinical tri- 
al stage. Its clinical efficacy has been prelimi-
narily evaluated. Therefore, the present study 
was carried out to evaluate its clinical effects 
for male infertility caused by ISL.

Patients and methods

Patients

The current study was a randomized controll- 
ed trial study. A consecutive series of data, co- 
vering 337 ISL patients, during the period of 
January 2012 to May 2018, was collected from 
Affiliated Hospital of Zunyi Medical University in 
China. Inclusion criteria were: clinical records of 
all ISL patients (outpatient during January 1, 
2012 to May 31, 2018) should be complete 
and accurate, with follow-up visits lasting for 
0.75-6 years. Exclusion criteria were: (1) No- 
nimpaired semen liquefaction; (2) Organic dis-
eases, including uremia, cirrhosis and liver fail-
ure, lung failure, endocrine dysfunction, mental 
disorder, azoospermia, or severe oligospermia; 
(3) Incomplete clinical records; or (4) Willing ter-
mination of the treatment or refusal of follow-
up visits. A total of 63 patients gave up treat-
ment halfway, but the remaining 274 complet- 
ed the study. The Institutional Review Board of 
the Affiliated Hospital of Zunyi Medical Uni- 
versity approved the present study in January 
2018.

Experimental group and intervention mea-
sures of each group

A total of 63 patients that gave up treatment 
halfway were excluded. The remaining 274 pa- 
tients with ISL were divided into three groups, 

the prodom-assisted chymotrypsin treatment 
(PACT) group (n = 109), syringe-assisted chy-
motrypsin treatment (SACT) group (n = 84), and 
traditional treatment (TT) group (n = 81), ac- 
cording to the different treatment methods. All 
patients were divided into groups using a com-
pletely randomized method. Each subject was 
numbered according to the order of seeing a 
doctor and received a random number using 
the random number table. The random number 
was divided by 3. The resulting remainder of 0, 
1, and 2 corresponded to the PACT group, SA- 
CT group, and TT group, respectively. Envelope 
concealment was used to randomize distribu-
tion schemes. The PACT group had chymotryp-
sin 4000 IU (1 mL) injected into the vagina of 
the spouse through the prodom during inter-
course and synchronously with ejaculation. 
This helped to mix the chymotrypsin with se- 
men. In the SACT group, chymotrypsin 2000 IU 
(0.5 mL) was injected into the vagina of the 
spouse through a 5-mL ordinary syringe before 
the penis was inserted and after the penis was 
removed during intercourse. The TT group used 
1,000 mg of vitamin C and 100 mg of vitamin 
E, which were administered every day, along 
with 10 mL of zinc gluconate and a spermato-
genic tablet (Traditional Chinese medicine), 
administered 3 times a day as supplements.

Operation steps for the use of prodom assisted 
chymotrypsin

Open the syringe wrapper→obtain syringe and 
its needles→chymotrypsin prepared in the 
syringe→open the prodom wrapper and ob- 
tain prodom→tear off the inner wall paper and 
paste the prodom on the penis head back and 
out of the penis head→remove the outer wall 
paper of the prodom→the syringe with chymo-
trypsin prepared in advance was connected to 
the drug injection catheter connector of the 
prodom→sexual intercourse→during ejacula-
tion, one of the couple injects the chymotrypsin 
in the syringe into the vagina→continue to 
thrust the penis 2 to 3 times for chymotrypsin 
to mix with semen→draw the penis out of the 
vagina→tear off the prodom attached to the 
penis→end of operation.

Operation steps for the use of syringe assisted 
chymotrypsin

Open the syringe wrapper→obtain syringe and 
its needles→chymotrypsin was prepared in  
the syringe→the chymotrypsin prepared in the 
syringe was injected into the spousal vagina by 
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Statistical analyses

Statistical analyses were performed using Sta- 
tistical Package for the Social Sciences (SPSS 
Inc., Chicago, USA) version 18.0 for Windows 
(SPSS Inc., Chicago, IL, USA). Selected charac-
teristics (including clinical data parameters 
described above that were collected) were 
compared between treatment group cases us- 
ing the Chi-squared test for categorical vari-
ables and t-test and variance analysis for quan-
titative data. Numerical variables are present-
ed as mean ± standard deviation and cate- 
gorical variables are presented as percentag-
es. Multivariate logistic regression analyses, 
adjusted for potential confounders (age), were 
performed to assess the association of preg-
nancy and time to conception with different 
treatments. Multivariate-adjusted odds ratios 
(ORs) and 95% confidence intervals (CIs) were 
simultaneously estimated by logistic regres-
sion analyses. Differences are significant when 
P < 0.05. 

Results

Baseline characteristics of ISL patients in the 
PACT group, SACT group, and TT group

Excluding the 63 patients that halted treat- 
ment halfway, 274 patients had semen lique-
faction times of more than 60 minutes. The 
time since infertility diagnosis ranged from 1 to 
20 years, while the duration time of infertility 
was 4.64±2.52 years. Patient ages ranged 
from 21 to 48, with an average age of 31. 
Spouse (female) ages ranged from 21 to 39, 
with an average age of 28. According to differ-
ent treatment methods, 274 patients were 
divided into the PACT group (n = 109), SACT 
group (n = 84), and TT group (n = 81). As sh- 
own in Table 1, available data included se- 
men parameters (semen volume, pH, liquefac-
tion time, sperm density, sperm motility, live 
sperm rate, and sperm morphology), duration 
time of infertility, routine urine test (including 
urine leukocytes and urine red blood cells), 
prostatic enlargement, seminal vesicle enlarge-
ment, white blood cells in prostatic massage 
fluid, presence or absence of chronic prostati-
tis, history of chronic prostatitis, history of se- 
minal vesiculitis, patient age, and spouse (fe- 
male) age. There were no significant differenc-
es between the three groups (all P>0.05). 

the husband (for the first time)→sexual in- 
tercourse→after ejaculation, draw the penis 
out of the vagina→chymotrypsin prepared in 
the syringe was injected into the spousal vagi-
na by husband (for the second time)→reinsert 
the penis into the vagina and thrust the penis  
2 to 3 times for chymotrypsin to mix with 
semen→draw the penis out of the vagina→end 
of operation.

Clinical data extraction

Available data included semen parameters 
(semen volume, pH, liquefaction time, sperm 
density, sperm motility, live sperm rate, and 
sperm morphology), duration of infertility, rou-
tine urine test (urine leukocytes and urine red 
blood cells), prostatic enlargement, seminal 
vesicle enlargement, white blood cells in pros-
tatic massage fluid, presence or absence of 
chronic prostatitis, history of chronic prostati-
tis, history of seminal vesiculitis, patient age 
and spouse (female) age, pregnancy, time to 
conception, and treatment costs. Subjects we- 
re evaluated according to the different treat-
ment methods. They were divided into the PA- 
CT group, SACT group, and TT group in the first 
stage. When the first stage of treatment fail- 
ed, the treatment methods were replaced with 
other treatment methods. The patients were 
also grouped according to their treatment 
method and classified as the second stage.

Diagnosis standards

ISL refers to liquefaction time that exceeds 60 
minutes. Male infertility refers to failure to con-
ceive with couples living together for more than 
one year, without any contraceptive measures, 
not caused by female infertility. ISL and male 
infertility were diagnosed using the Fifth Edition 
Standards in 2010 WHO laboratory test manu-
al for human semen and sperm-cervical mucus 
interactions [1].

Follow-up 

The median follow-up time was 3.5 (range  
0.75-6) years. All patients were followed up  
via telephone and regular outpatient visits. 
Follow-up items through telephone consulta-
tions included health status, pregnancy status, 
and time of conception. Outpatient follow-ups 
included general physical examinations, rou-
tine blood and blood biochemical examina-
tions, and semen quality analysis.
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Of the 63 patients that gave up treatment, the 
PACT group accounted for 12.80% (16/125), 

the SACT group for 29.41% (35/119), and the 
TT group for 12.90% (12/93). Moreover, the 

Table 1. Baseline characteristics of clinical data in each group
           Group 

Parameters PACT group (n = 109) SACT group (n = 84) TT group (n = 81) P value

Patient (Male) Age (Year) 30.44±6.55 31.90±6.42 30.05±5.57 0.126†
Spouse (female) Age (Year) 27.28±4.94 28.52±4.64 27.31±4.57 0.143†
Semen parameters
    Semen volume (ml) 3.46±0.91 3.43±0.84 3.51±0.77 0.809†
    pH 7.41±0.16 7.44±0.17 7.40±0.15 0.159†
    Liquefaction time (Min) >60 >60 >60 NS
    Sperm density (×106/ml) 46.53±11.16 45.00±9.11 45.49±9.23 0.552†
    Sperm motility, %
        a Class 19.09±3.39 19.18±3.69 18.57±3.16 0.457*
        a+b Class 42.70±5.72 42.20±4.95 42.85±5.66 0.732*
    Live sperm rate, % 56.52±8.89 55.76±8.97 55.37±8.98 0.662*
    Sperm morphology, %
        Normal 29.70±7.32 29.71±7.52 30.05±6.99 0.938*
        Abnormal 70.30±7.32 70.29±7.52 69.95±6.99 0.938*
Duration time of infertility (Year) 4.67±3.58 4.79±2.93 4.46±2.64 0.789*
Routine urine test
    WBC, % 0.844*
        (+) 5.5 (6/109) 7.1 (6/84) 7.4 (6/81)
        (-) 94.5 (103/109) 78/92.9 92.6 (75/81)
    RBC, % 0.928*
        (+) 6.4 (7/109) 6.0 (5/84) 7.4 (6/81)
        (-) 93.6 (102/109) 94.0 (79/84) 92.6 (75/81)
Prostatic enlargement, % 0.876*
    Yes 9.2 (10/109) 7.1 (6/84) 8.6 (7/81)
    No 90.8 (99/109) 92.9 (78/84) 91.4 (74/81)
Seminal vesicle enlargement, % 0.439*
    Yes 4.6 (5/109) 4.8 (4/84) 8.6 (7/81)
    No 95.4 (104/109) 95.2 (80/84) 91.4 (74/81)
Prostatic massage fluid, % 0.924*
    WBC (+) 7.3 (8/109) 7.1 (6/84) 8.6 (7/81)
    WBC (-) 92.7 (101/109) 92.9 (78/84) 91.4 (74/81)
Chronic prostatitis, % 0.382*
    Yes 12.8 (14/109) 7.1 (6/84) 8.6 (7/81)
    No 87.2 (95/109) 92.9 (78/84) 91.4 (74/81)
History of chronic prostatitis, % 0.544*
    Yes 4.6 (5/109) 8.3 (7/84) 7.4 (6/81)
    No 95.4 (104/109) 91.4 (77/84) 92.6 (75/81)
History of seminal vesiculitis, % 0.895*
    Yes 3.7 (4/109) 4.8 (4/84) 4.9 (4/81)
    No 96.3 (105/109) 95.2 (80/84) 95.1 (77/81)
Give up treatment, % 12.80 (16/125) 29.41 (35/119) 12.90 (12/93) 0.002*
Abbreviations: PACT, prodom-assisted chymotrypsin treatment; SACT, syringe-assisted chymotrypsin treatment; TT, traditional 
treatment. P-values were calculated using † one-way analysis of variance (one-way ANOVA), *Chi-squared; The boldface repre-
sents statistical significance.
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rate of abandoning treatment in the PACT group 
was lower than that in the other two groups. 
Differences were statistically significant (P =  
0.002).

Pregnancy rate, time to conception, and treat-
ment costs in the PACT group, SACT group, 
and TT group compared in the first stage

As shown in Table 2, in the PACT group, SACT 
group, and TT group, the pregnancy rate was 
53.21% (58/109), 47.62% (40/84), and 24.69% 
(20/81), respectively. Time to conception was 
4.09±2.04 months, 4.85±1.87 months, and 
5.75±1.86 months, respectively. Treatment co- 
st was $ 1,723±721, $ 1,343±268, and $ 
2,919±892, respectively. There were signifi-
cant differences in pregnancy rates, time to 
conception, and treatment costs between gr- 
oups (P < 0.001, = 0.024, < 0.001, respective-
ly). Paired comparisons found that pregnancy 
rates were the highest and the time to concep-
tion was the shortest in PACT group. Pregnancy 
rates were the shortest and the time to con- 
ception was the longest in TT group, while the 
SACT group exhibited intermediate results. Di- 
fferences were statistically significant (all P <  
0.05) between the three groups - PACT vs SACT, 
PACT vs TT, and SACT vs TT. Treatment cost was 
the highest in the TT group. It was minimal in 
the SACT group, while the PACT group exhibit- 
ed intermediate results. There were statistical- 
ly significant differences between the TT group 
and PACT group and between the TT group and 
SACT group (both with P < 0.05), but there was 
no statistical significance between the PACT 
group and SACT group (P>0.05).

Pregnancy rate, time to conception, and treat-
ments cost between groups compared in the 
second stage treatment

After 9 months, unfertilized patients in the first 
stage of treatment in the prodom- assisted chy-
motrypsin treatment group (n = 51), SACT group 
(n = 44), and TT group (n = 61) were divided into 
the second stage for treatment by other meth-
ods. The pregnancy rate was 33.33% (4/12), 
time to conception was 11±1.83 months, and 
treatment cost was $ 1,637±79 in the PACT 
group that was changed to the TT group. The 
pregnancy rate was 50% (14/28), time to con-
ception was 11.36±1.78 months, and treat-
ment cost was $ 2,684±187 in the PACT group 
combined with the TT group. The pregnancy 
rate was 63.64% (7/11), time to conception 
was 33.43±5.38 months, and treatment cost 
was $ 17,920±6,214 in the PACT group that 
was changed to artificial insemination with hus-
band’s semen (AIH) group. The pregnancy rate 
was 33.33% (4/12), time to conception was 
12±1.63 months, and treatment cost was $ 
1,637±153 in the SACT group that was chang- 
ed to the TT group. The pregnancy rate was 
50% (9/18), time to conception was 13.67± 
2.35 months, and treatment cost was $ 
4,045±738 in the SACT group combined with 
the TT group. The pregnancy rate was 42.86% 
(6/14), time to conception was 29.5±7.79 
months, and treatment cost was $ 18,080± 
4,877 in the SACT group that was changed to 
the AIH group. The pregnancy rate was 72.41% 
(21/29), time to conception was 8.62±2.58 
months, and treatment cost was $ 2,451±196 
in the TT group that was changed to the PACT 

Table 2. Pregnancy rate/time to conception/treatment cost between groups were compared in the 
first stage
                                   Group 
Parameters

PACT group  
(n = 109)

SACT group  
(n = 84)

TT group  
(n = 81) Total (n = 274) F P value

Pregnancy rate, % 53.21 (58/109) 47.62 (40/84) 24.69 (20/81) 43.07 (118/274) 8.648 < 0.001
Time to conception (months) 4.09±2.04 4.85±1.87 5.75±1.86 4.86±1.99 2.631 0.024
Treatment cost ($) 1,723±721 1,343±268 2,919±892 1,797±833 40.763 < 0.001
Abbreviations: PACT, prodom-assisted chymotrypsin treatment; SACT, syringe-assisted chymotrypsin treatment; TT, traditional 
treatment. P-values were calculated using one-way analysis of variance (one-way ANOVA). There were statistically significant 
differences in the pregnancy rate, time to conception, and treatment costs between groups (P < 0.001,  = 0.024, < 0.001, 
respectively). Paired comparisons found that the pregnancy rate was the highest and the time to conception was the shortest 
in PACT group. The pregnancy rate was the was the shortest and the time to conception was the longest in TT group, while the 
SACT group exhibited intermediate results. Differences were statistically significant (all P < 0.05) between the three groups - 
PACT vs SACT, PACT vs TT, and SACT vs TT. Treatment cost was the highest in the TT group. It was minimal in the SACT group, 
while the PACT group exhibited intermediate results. There were statistical significances between the TT group vs the PACT 
group and between the TT group vs the SACT group (both with P < 0.05), but there was no statistical significance between the 
PACT group vs the SACT group (P>0.05).
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Table 3. Pregnancy rate/time to conception/treatment cost between groups were compared in the second stage.

                             Group 
Parameters

PACT was 
changed to 
TT group (n 

= 12)

PACT com-
bined with 
TT group (n 

= 28)

PACT was 
changed to 
AIH (n = 11)

SACT was 
changed to 
TT group (n 

= 12)

SACT com-
bined with 
TT group 
(n = 18)

SACT was 
changed to 
AIH (n = 14)

TT was 
changed to 
PACT group 

(n = 29)

TT was 
changed to 
SACT group 

(n = 20)

TT was 
changed to 
AIH (n = 12)

Total (n = 
156) F P value

Pregnancy rate (%) 33.33 (4/12) 50 (14/28) 63.64 (7/11) 33.33 (4/12) 50 (9/18) 42.86 (6/14) 72.41 (21/29) 70 (14/20) 66.67 (8/12) 55.77 (87/156) 1.561 0.141

Time to conception (months) 11±1.83 11.36±1.78 33.43±5.38 12±1.63 13.67±2.35 29.5±7.79 8.62±2.58 9.43±2.28 35.75±8.08 16.02±10.59 69.84 < 0.001

Treatment cost ($) 1,637±79 2,684±187 17,920±6,124 1,637±153 4,045±738 18,080±4,877 2,451±196 2,339±250 21,747±3,533 6,657±7,666 101.121 < 0.001
Abbreviations: PACT, prodom-assisted chymotrypsin treatment; SACT, syringe-assisted chymotrypsin treatment; TT, traditional treatment; AIH, artificial insemination with husband’s semen. P-values were calculated using one-way analysis of 
variance (one-way ANOVA). There was no significant difference (P = 0.141) in the pregnancy rate. However, time to conception and treatment costs were significant (both P < 0.001) between groups. Paired comparisons found that the three 
groups treated with AIH had the longest time to conception and highest treatment cost. In the two groups treated with auxiliary use of prodom and syringes, time to conception was the shortest and the treatment cost was minimal; In the 
four groups with traditional treatment, time to conception and the treatment cost exhibited intermediate results. The differences were statistically significant (all P < 0.001) between the PACT group vs the AIH group, the SACT group vs the AIH 
group, and the TT group vs the AIH group.
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group. The pregnancy rate was 70% (14/20), 
time to conception was 9.43±2.28 months, 
and treatment cost was $ 2,339±250 in the TT 
group that was changed to the SACT group. The 
pregnancy rate was 66.67% (8/12), time to 
conception was 35.75±8.08 months, and tre- 
atment cost was $ 21,747±3,533 in the TT 
group that was changed to the AIH group. The- 
re were no significant differences (P = 0.141) in 
pregnancy rates. However, time to conception 
and treatment costs were significant (both P < 
0.001) between groups. Paired comparisons 

found that the three groups treated with AIH 
had the longest time to conception and highest 
treatment costs. In the two groups treated with 
auxiliary use of prodom and syringes, time to 
conception was the shortest and treatment 
costs were minimal. In the four groups with tra-
ditional treatment, time to conception and tre- 
atment costs exhibited intermediate results. 
Differences were statistically significant (all P < 
0.001) between the PACT group and AIH group, 
the SACT group and AIH group, and the TT group 
and AIH group.

Table 4. Association of different treatment measures with pregnancy and time to conception in the 
first stage treatment

Variables
Pregnancy Time to conception

Number P1 value OR P2 value 95% CI Month 
(mean ± SD) P3 value OR P2 value 95% CI

Auxiliary use of prodom

    YES 58 < 0.001 2.649 0.010 1.263-5.747 4.57±2.04 < 0.001 0.338 < 0.001 0.239-0.478

    NO 51 >6

Auxiliary use of syringe

    YES 40 < 0.001 1.305 0.312 0.779-2.188 4.85±1.87 0.001 0.991 0.928 0.817-1.102

    NO 44 >6

Traditional therapy

    YES 20 0.022 0.318 < 0.001 0.178-0.567 5.75±1.86 < 0.001 1.302 0.034 1.021-1.661

    NO 61 >6

Chymotrypsin therapy

    YES 98 < 0.001 3.146 < 0.001 1.764-5.611 4.69±1.97 < 0.001 0.768 0.034 0.602-0.980

    NO 95 >6
Abbreviations: OR, odds ratio; CI, confidence interval. 1P-values were calculated using chi-square; 2P-values were calculated using multivariate logistic regression analysis, 
adjusted for age; 3P-values were calculated using t-test; The boldface represents statistical significance. 

Table 5. Association of different treatment measures with pregnancy and time to conception in the 
second stage treatment

Variables
Pregnancy Time to conception

n P1 value OR P2 value 95% CI Month 
(mean ± SD) P3 value OR P2 value 95% CI

Auxiliary use of prodom

    YES 35 0.001 1.438 0.283 0.741-2.791 9.714±2.641 < 0.001 0.776 0.003 0.658-0.916

    NO 22 >36

Auxiliary use of syringe

    YES 23 0.497 1.294 0.498 0.614-2.724 11.087±3.088 0.013 0.823 0.042 0.682-0.993

    NO 15 >36

Traditional therapy

    YES 31 0.009 0.426 0.051 0.223-0.814 12.065±2.144 0.012 0.934 0.02 0.882-0.989

    NO 39 >36

Chymotrypsin therapy

    YES 58 0.097 1.73 0.099 0.903-3.314 10.259±2.881 < 0.001 0.709 0.001 0.581-0.866

    NO 37 >36

AIH

    YES 21 0.890 1.054 0.890 0.501-2.218 33.191±7.312 < 0.001 1.491E11 0.997 0.000-

    NO 16 >36
Abbreviations: AIH, artificial insemination with husband’s semen; OR, odds ratio; CI, confidence interval. 1P-values were calculated using chi-square; 2P-values were calcu-
lated using multivariate logistic regression analysis, adjusted for age; 3P-values were calculated using t-test; The boldface represents statistical significance. 



Prodom assists chymotrypsin in the treatment of impaired semen liquefaction

4095 Int J Clin Exp Med 2019;12(4):4088-4099

Figure 1. Schematic diagram of a new type of assisted reproductive device 
(Prodom).

Figure 2. Photos of packing sample product label of a new type of assisted 
reproductive device (Prodom). 

Association in different treatment measures 
with pregnancy and time to conception in the 
first/second stage treatment

As shown in Table 4, for patients effectively 
treated by the first stage of treatment, there 
was a correlation after adjusting for age be- 
tween using prodom with the pregnancy (OR =  
2.649, 95% CI: 1.263-5.747, P < 0.010) and 
time to conception (OR = 0.338, 95% CI: 0.23 
9-0.478, P < 0.001). Similarly, there was an 
association between traditional therapy and 
pregnancy (OR = 0.318, 95% CI: 0.178-0.568, 
P < 0.001) and time to conception (OR = 1.302, 
95% CI: 1.021-1.661, P = 0.034), as well as  
an association between chymotrypsin therapy 
with pregnancy (OR = 3.146, 95% CI: 1.764-
5.611, P < 0.001) and time to conception (OR = 

0.768, 95% CI: 0.602-0.980, P 
= 0.034). However, it was not 
obvious that the auxiliary use 
of the syringe was associated 
with pregnancy rates (OR = 
1.305, 95% CI: 0.779-2.188, P 
= 0.312) and time to concep-
tion (OR = 0.991, 95% CI: 
0.817-1.102, P = 0.928). Ad- 
ditionally, as shown in Table 5, 
for patients that failed in the 
first stage treatment and were 
divided into the second stage 
treatment for treatment with 
other methods, there was a 
correlation after adjusting for 
age for auxiliary use of prodom 
(OR = 0.776, 95% CI: 0.658-
0.916, P = 0.003), auxiliary 
use of a syringe (OR = 0.823, 
95% CI: 0.682-0.993, P = 
0.042), traditional therapy (OR 
= 0.934, 95% CI: 0.882-0.989, 
P = 0.020), and chymotrypsin 
therapy (OR = 0.709, 95% CI: 
0.581-0.866, P = 0.001) with 
time to conception. However, 
there was no association in  
AIH (OR = 1.491E11, 95% CI: 
0.000-, P = 0.997) with time  
to conception. Similarly, there 
was no clear correlation for 
auxiliary use of prodom (OR = 
1.438, 95% CI: 0.741-2.791, P 
= 0.283), auxiliary use of a 
syringe (OR = 1.294, 95% CI:  

0.614-2.724, P = 0.498), traditional therapy 
(OR = 0.426, 95% CI: 0.223-0.814, P = 0.051), 
chymotrypsin therapy (OR = 1.730, 95% CI: 
0.903-3.314, P = 0.099), and AIH (OR = 1.054, 
95% CI: 0.501-2.218, P = 0.890) with preg- 
nancy.

In terms of correlation analysis of various tre- 
atment measures used for increasing pregn- 
ancy rates and shortening time to concep- 
tion, prodom was associated with increased 
pregnancy rates (OR = 2.649, 95% CI: 1.263-
5.747, P < 0.010) and shortened time to con-
ception (OR = 0.338, 95% CI: 0.239-0.478, P < 
0.001) in the first stage treatment. However, in 
second stage treatment, prodom was associ-
ated with shorter time to conception only (OR = 
0.776, 95% CI: 0.658-0.916, P = 0.003), after 
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adjusting for age, chymotrypsin, traditional dr- 
ug therapy, and AIH effects.

Discussion

The present study evaluated the clinical effi- 
cacy of a new type of assisted reproductive 
device, prodom. This device assists in the ad- 
ministration of chymotrypsin to the spouse’s 
vagina and synchronizes with ejaculation. This 
can help in the treatment of ISL, which causes 
infertility. Results showed that the pregnancy 
rate was 53.21% in the PACT group, higher  
than that of both the SACT group (47.62%) and 
TT group (24.69%). Time to conception was 
4.57±2.04 months, lower than that of both the 
SACT group (4.85±1.87 months) and TT group 
(5.75±1.86 months). Moreover, overall cost of 
treatment ($ 1,723±721) in the PACT group was 
relatively small. Results showed that the new 
assisted reproductive device could assist chy-
motrypsin in the treatment of male infertility 
caused by ISL through in vitro administration  
of drugs. The therapeutic effects were better 
than existing treatment.

At present, there are many ways to treat ISL, 
including oral administration, muscle injection, 
transurethral administration, transrectal admi- 
nistration, transvaginal administration, and ac- 
upuncture. All treatment methods have been 
reported to have certain effects, but with limi-
tations, causing some patients to never ach- 
ieve satisfactory results. Previous studies have 
confirmed that the addition of chymotrypsin 
into the semen after in vitro ejaculation can 
completely correct ISL and improve sperm vi- 
tality without damaging sperm quality. Additi- 
onally, the present team once used a syringe  
to assist the injection of chymotrypsin into the 
vagina of the spouse when couples have sex  
to treat male infertility caused by ISL, achieving 
a certain effect. However, the syringe injection 
process may cause inconvenience and a de- 
gree of pain to the spouse, which makes some 
patients and spouses unwilling to receive the 
treatment. As shown in Table 1, of the 63 
patients that halted treatment, the PACT group 
accounted for 12.80% (16/125), the SACT 
group accounted for 29.41% (35/119), and the 
TT group accounted for 12.90% (12/93). Mo- 
reover, the rate of abandoning treatment in the 
PACT group was lower than that in the other two 
groups and differences were statistically signifi-

cant (P = 0.002). This finding shows that the 
clinical application of prodom has certain 
advantages compared to existing treatment 
methods.

In the first stage of treatment, as shown in 
Table 2, in terms of pregnancy rates and time 
to conception, the PACT group was superior to 
the SACT group and TT group. In terms of tre- 
atment costs, the PACT group and SACT group 
were superior to the TT group, while differences 
between the PACT group and SACT group were 
not statistically significant. Moreover, the PACT 
group and SACT group belonged to local treat-
ment, while the TT group belonged to tradition-
al systemic treatment. Results suggest that 
local treatment (including PACT and SACT) is 
superior to traditional systemic treatment. As 
shown in Table 3, after 9 months, for unfertil-
ized patients in the first stage treatment that 
failed, the treatment methods were replaced 
with other treatment methods. The patients 
were also grouped according to their treatment 
method and classified as the second stage.  
In terms of time to conception and treatment 
costs, the PACT group, SACT group, and TT 
group were superior to the AIH group. In terms 
of pregnancy rates, there were no statistically 
significant differences among the groups. As 
shown in Tables 4 and 5, prodom was asso- 
ciated with increased pregnancy rate (OR = 
2.649, 95% CI: 1.263-5.747, P < 0.010) and 
shortened time to conception (OR = 0.338, 
95% CI: 0.239-0.478, P < 0.001) in the first 
stage treatment. However, in the second sta- 
ge treatment, prodom was associated with 
shorter time to conception only (OR = 0.776, 
95% CI: 0.658-0.916, P = 0.003). Notably, chy-
motrypsin plays a key role in improving ISL. 
However, clinical treatment differences may ari- 
se because of different prescribing practices  
of chymotrypsin. This finding also shows that 
the clinical application of prodom has advan-
tages over existing treatment methods.

The prodom described in this study was mainly 
composed of polyurethane film (PU film) and an 
injection catheter. It was coated with pressure-
sensitive adhesive on the inner side of the PU 
film (see Figures 1 and 2). The prodom operat-
ing process was as follows: 1) Before sex 
between the husband and wife, 1 mL of sterile 
saline and chymotrypsin solution was injected 
with a syringe, while the prodom was pasted 
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onto the erect penis with the pressure-sensi-
tive adhesive set of PU film; 2) Chymotrypsin 
injection into the partner’s vagina was syn- 
chronized with ejaculation and the chymotryp-
sin was blended with sperm in the vagina. This 
study introduced the new treatment through 
clinical application and compared it with previ-
ous methods (used syringes, auxiliary to the 
chymotrypsin, in the vaginal injection method 
before and after sex, as well as the traditional 
treatment comparison [3, 5, 7, 8, 14-16, 23, 
26, 32, 33]) and costs of treatment reported in 
the current literature [34-40]. Results confirm 
that this method has the following advantages: 
(1) The device has a simple structure and is 
easy to use. It is economical and practical; (2) 
The treatment is superior to previous treat-
ments. Pregnancy rates of the spouse are in- 
creased and time to conception is shortened; 
(3) After the failure of the traditional treatment, 
the replacement and combination of the new 
treatment method remains effective. Similarly, 
when the new treatment fails, the combination 
of traditional treatment remained effective; 
and (4) Compared with traditional treatment 
methods (including AIH), when the husband 
and wife have sex, the prodom injection is syn-
chronized with ejaculation. It can ensure that 
semen fully contacts with chymotrypsin and 
prevents semen leakage from the vagina. This 
new treatment method can meet the goal of 
restoring the fertility of male infertility patients 
while allowing full enjoyment of the pleasures 
of sexual life.

Previous studies have reported that the preg-
nancy rate obtained by improving ISL through 
Chinese Medicine treatment was 38.71% [8], 
while the pregnancy rate obtained by improving 
ISL through chymotrypsin was between 21% 
and 25% [21, 22]. The pregnancy rate report- 
ed in this study was 53.21% using PACT and 
47.62% with SACT, both of which were higher 
than in previous reports. There have been few 
studies reporting on the time to conception and 
cost of treatment. Results of the current study 
are valuable and the new method is worthy of 
recommendation.

However, the present study had several limita-
tions. The overall pregnancy rate was 74.82% 
(205/274), which means that 25.72% (69/274) 
of patients did not benefit from the existing 
treatment. New treatment methods should be 
further explored [32, 33]. Furthermore, this 

study was conducted only in a Chinese popula-
tion, which included a majority of Han Chinese 
people and a small proportion of Hui, Miao, 
Buyi, and Gelao people, all with different life 
backgrounds. The current study did not subdi-
vide the participants. This study was based  
on only single-center clinical data and a rela-
tively small number of cases. These limitations 
may have influenced results and conclusions. 
Hence, larger and more centralized case stud-
ies are necessary.

Conclusion 

Results of the current study indicate that pro-
dom assists in the administration of chymo-
trypsin to the spouse’s vagina. It can increase 
the rate of pregnancy and shorten the time to 
conception in patients with ISL. This study con-
cludes that prodom can effectively assist chy-
motrypsin in the treatment of male infertility 
caused by ISL.
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