
Research Article

Trends Med, 2020                doi: 10.15761/TiM.1000263

ISSN: 1594-2848

Trends in Medicine

Trends Med, 2017

 Volume 21: 1-10

Introduction
Currently, the world is experiencing a major crisis in birth rates, 

mainly due to a combination of social and biological factors (e.g., 
infertility). In developed countries, infertility affects up to 15% of 
reproductive-aged couples [1]. Infertility (a term used interchangeably 
with subfertility) is defined as the inability to conceive after 12 months 
of regular, unprotected sexual intercourse or an impairment in a 
person’s capacity to reproduce, either as an individual or with his/her 
partner [1-5]. Subfertility describes any form of reduced fertility that 
results in an undesired delay in conception. 

The cause of the infertility could be attributable to male or female 
factors, with male factors accounting for 30%-50% of cases [6]. Male 
infertility is associated with low sperm quality, which may be due to a 
variety of different causes [7], including asthenozoospermia (reduced 
sperm motility: < 40% of mobile spermatozoa) or oligozoospermia 
(low sperm concentration in the ejaculate: < 15×106 spermatozoa/
mL) [5,8]. The combination of these two conditions is known as 
oligoasthenozoospermia [8,9]. 

The precise cause of male infertility is often unknown (idiopathic 
infertility) [10]. In cases of idiopathic infertility, empirical treatment 
(hormonal or non hormonal) can be used but these therapies usually 
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require long-term administration (from 3 to 5 months), the efficacy 
is highly variable and must be personalized for each patient [11], and 
there is a risk of side effects [12]. Consequently, many experts believe 
that the best option for couples facing male infertility is assisted 
reproductive technology (ART), such as artificial insemination (AI) 
or in vitro fertilisation (IVF). Although these methods have become 
common in recent decades, these invasive techniques require a medical 
intervention, are expensive, and the success rate is only moderate, and 
often make couples uncomfortable [13,14].

Pentoxifylline is a methylxanthine derivative belonging to a group of 
vasoactive drugs, wich is a non-specific inhibitor of phosphodiesterase, 
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that improve peripheral blood flow, thus enhancing peripheral tissue 
oxygenation. In assisted reproduction, in vitro Pentoxifylline has been 
used to treat sperm samples due to its ability to improve progressive 
sperm motility. Various studies have demonstrated the effects of 
Pentoxifylline on sperm motility in vitro [15], before AI [16], in IVF or 
intracytoplasmic sperm injection (ICSI) [17], and after three [18] and 
six months [19] of oral administration of 1200 mg/day in patients with 
asthenozoospermia. The use of Pentoxylline in the laboratory has been 
associated with improving counts of total motile and total progressively 
motile spermatozoa, of both fresh and cryopreserved sperm [15,20-22] 
especially in couples with oligozoospermia/asthenozoospermia and 
previous IVF failure, encouraging further clinical evaluation. 

For more than 30 years, both oral and intravenous Pentoxifylline 
has been authorised as a treatment for several vascular pathologies [23-
26]. Clinical safety data have been reported for systemic exposure to 
Pentoxifylline, as well as in non-clinical safety studies for marketing 
authorization [27]. However, to our knowledge, systemic absorption 
after vaginal administration of Pentoxifylline has not been evaluated 
to date. 

PKB171 gel, developed by Prokrea S.A., is a vaginal gel whose 
active ingredient is Pentoxifylline. Studies have shown that vaginally-
administered PKB171 gel may be a less expensive, less invasive, home-
based alternative to current fertility treatments [28.29]. Additionally, 
this drug could potentially benefit couples with fertility problems 
attributable to male infertility (asthenozoospermia or low sperm 
quality). 

The available evidence on the different uses of Pentoxifylline in the 
field of infertility generate the hypothesis that a topical formulation of 
Pentoxifylline administered intravaginally before or after intercourse 
lead to an improvement in sperm mobility would result in an increase 
in the rate pregnancy. In consequence, we conducted this randomised, 
parallel, double-blind, placebo-controlled, scaled dose clinical trial to 
determine the maximum tolerated dose (MTD) of PKB171 gel and to 
evaluate the safety and tolerability of this medication after single-dose 
vaginal administration in healthy female volunteers. Subsequently, we 
carried out an extension substudy to investigate the safety, tolerability, 
and pharmacokinetics (PK) of PKB171 gel after both single and multiple 
doses. This is the first study designed to evaluate the tolerability, safety 
and pharmacokinetics of PKB171 gel after vaginal administration.

Materials and methods
Ethics approval

The study protocol and the informed consent form were reviewed 
and approved by the Ethics Committee for Clinical Research of the 
Hospital de la Santa Creu i Sant Pau. All participants gave written 
informed consent prior to initial screening. The phase I study was 
conducted in accordance with the Declaration of Helsinki and the 
principles of Good Clinical Practice.

Study design

The study was performed at Drug Research Center (CIM), Sant Pau 
Institute of Biomedical Research (IIB-Sant Pau), Barcelona, Spain and 
was registered with EudraCT (2015-004611-21). 

This was a phase I, randomised, single-centre, parallel, double-
blind, placebo-controlled, dose-escalation study with three consecutive 
cohorts of healthy female volunteers (n=24) who received a single dose 
of 5 g of PKB171 gel containing 100 mg (2%), 150 mg (3%), or 200 
mg (4%) of Pentoxifylline (n=6 for each dose) or placebo (n=6). The 

study drug and placebo were administered intravaginally between days 
7 and 21 of the participant’s menstrual cycle. The MTD, in terms of 
local tolerability after single administration, was assessed by means of 
dose escalation. MTD was defined as the maximum dose at which a no 
more than one of the six participants reported moderate or severe drug-
related adverse events (AE) after administration of the gel.

After completing the dose-escalation study to establish the MTD, 
we performed an extension substudy to assess the tolerability of 
PKB171 gel at the MTD dose delivered intravaginally in multiple doses 
(two consecutive days) in healthy women. The extension substudy, 
involving six volunteers who had participated in the phase I trial, was 
also randomized, parallel-group, double-blind, and placebo-controlled. 
The six healthy women were randomly assigned to receive MTD (n=4) 
or placebo (n=2) between days 7 and 21 of their menstrual cycle. Table 
1 shows the study evaluations for the dose escalation study and the 
extension substudy.

Since this was a pilot study, we didn’t perform a formal sample 
size calculation. However, the number of participants was considered 
adequate for the study objectives.

Participants

A complete clinical history (CH) including demographic data, 
weight, height, BMI, electrocardiogram (EKG), vital signs (VS) 
[systolic and diastolic blood pressure (SBP, DBP), heart rate (HR), and 
body temperature], blood test (BT) to determine haematological and 
biochemical parameters and urinalysis (UA) to evaluate density and 
pH, and to determine the presence of nitrites, leucocytes, proteins, 
glucose, ketonic bodies, urobilinogen, bilirubin and erythrocytes in 
urine were performed to premenopausal women in order to verify the 
inclusion (IC) and exclusion criteria (EC). 

All the participants included met the inclusion criteria. They were 
premenopausal women (age 18-45 years) with a normal body mass 
index (BMI 18.5- 24.99 kg/m2), non-smokers or smoked ≤ 5 cigarettes/
day. None of the participants presented any organic, psychiatric, or 
gynaecological abnormalities on the medical examination (ME). All 
participants had a regular menstrual cycle and they agreed to use 
condom as a contraception method. All participants agreed to avoid 
sexual intercourse with penetration for at least 24 hours before each 
study visit. 

Exclusion criteria (EC) were as follows: history of serious adverse 
reactions or hypersensitivity to any drug; any clinically-important 
abnormal physical findings, particularly gynaecological; any history 
of drug and alcohol abuse; clinically significant abnormal laboratory 
and/or EKG values; presence of any significant surgical or medical 
condition; regular use of medication in the month prior to study 
initiation; any contraindication for oral Pentoxifylline as specified in 
the product leaflet.

Gynaecological examination (GE) included the evaluation of signs/
symptoms of vaginal inflammation, vaginal infection, and excluding 
gynaecological diseases: vulvovaginitis; infectious vulvovaginitis, 
candidal vulvovaginitis or fungal infection; trichomoniasis; bacterial 
vaginosis; irritative vulvovaginitis; condylomata or genital warts; 
bartholinitis or cervicitis; increased vaginal discharge and characteristic 
changes (colour, smell, texture and appearance); redness of the vulvar 
and vaginal mucosae; warts on the labia and/or anus; and painful lump 
(with abscess). In addition, the examining gynaecologist asked about 
the presence of any of the following symptoms: pruritus or itching of 
the external genitalia and/or vagina, burning or stinging sensation 
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in the genitalia; urinary tract problems such as frequent urination, 
burning urination, heavy flow and any other symptoms. Participants 
were instructed in the completion of Visual Analogue Scale (VAS) for 
evaluate local symptoms. VAS were graded for severity using on the 
visual analogue scale (0 to 100 mm), being 0 “without intensity” and 
100 “maximum intensity””. The following symptoms were assessed: 
genital itching; irritation; genital burning or stinging; increased 
vaginal discharge; thicker vaginal discharge; greenish-yellowish vaginal 
discharge; burning with urination; swelling of the vulva; frequent 
urination; and “other symptoms”. Moreover, vaginal culture (VC) was 
performed in the screening (SV) and final visits (FV). Serology (SERO) 
to check for hepatitis B and C, HIV, and syphilis were performed. 
A blood pregnancy test (BPT) and a test to check the presence of 
drugs [opiates, ethanol, cocaine, cannabis, benzodiazepines and 
amphetamines] in urine (DU) were performed. 

Medication

PKB171 gel is an aqueous-based vaginal gel with applicator device 
(syringe) whose active ingredient is Pentoxifylline. This investigational 
medicinal product is formulated in a conventional vehicle for vaginal 
administration in accordance with the guidelines for the Neutral Gel 
indicated in the Spanish National Formulary [30]. The PKB171 gel 
formulation has a pH value of 6.3 ± 0.5, suitable for intravaginal pH.

Treatment was provided to the volunteer by a member of the 
research team and self-administered by the volunteer herself under 
clinical supervision, provided with the privacy to carry out the self-
administration. The volunteers were instructed on how to apply the gel: 
i) in lying down position, insert the applicator as deeply as possible into 
the vagina, ii) push the plunger of the syringe all the way, iii) remove the 
applicator, iv) use toilet paper for the necessary external cleaning and v) 
remain in lying down position for 1 hour.

The PKB171 gel vaginal was self-administered after randomization, 
at visit 1 in the dose-escalation study and at visits 1 and 2 in the 
extension substudy.

We previously confirmed local tolerability of PKB171 gel in two 
preclinical studies conducted in animal models. The gel, administered 
at concentration of 8% and 4%, was well-tolerated after repeated 
vaginal application in rabbits for seven consecutive days [data on file] 
and showed no evidence of sensitising potential in the Buehler test in 
guinea pigs [data on file], respectively. Pharmacokinetic studies were 
also carried out in rabbits after vaginal application.

Randomization and masking

Randomization in both the dose-escalation and extension studies 
was performed using a randomization table generated by an ad hoc 
programme based on the pseudo-random routine using SAS (v.9.4) for 
Windows [31]. For blinding purposes, both the active and placebo gels 
were identical in appearance and packaging. The investigator received 
a treatment allocation number for each participant. The investigators 
and all participants remained blinded to the treatment allocation for 
the duration of the study.

Pharmacokinetics

Ten venous samples of 10 mL were collected into EDTA K3 
plastic tubes at baseline (premedication), and at +10, +20, +30, +45 
minutes and at +1, +2, +4, +8 and +12 hours after PKB171 gel vaginal 
administration through a cannula placed in the arm of the volunteer.

Blood samples were centrifuged within 30 minutes after extraction 
for 10 minutes at 3000 rpm and at 4˚C and the resulting plasma samples 
were separated into two aliquots of 1 mL for Pentoxifylline and its 
metabolite, 5-hydroxi Pentoxifylline respectively that were stored at 
-20˚C ± 5˚C until assayed. 

Bioanalytical determinations for Pentoxifylline and 5-hydroxi 
Pentoxifylline were performed at the Bioanalysis Unit of Laboratorios 
Echevarne (Barcelona, Spain) using the previously-validated technique 
of Liquid chromatography coupled to tandem mass spectrometry 
(triple quadrupole) with electrospray probe (LC-MS/MS) following 
a full validated method coded TB/16/002 according to Guideline on 
bioanalytical method validation (Guideline on bioanalytical method 
validation [32], with a limit of quantification of 5 ng/mL for both 
Pentoxifylline and 5-hydroxi Pentoxifylline. Analytical work was 
performed according to Good Laboratory Practices (GLP).

The calibration curve ranged from 5 to 5000 ng/mL for 5 ng/mL for 
both Pentoxifylline and 5-hydroxi Pentoxifylline. The internal standard 
for Pentoxifylline and 5-hydroxi Pentoxifylline was 7-(β-hydroxyethyl) 
theophylline. Withinrun accuracy (at 5,50,200,600,1000 and 5000 ng/
mL) for Pentoxifylline and 5-hydroxi Pentoxifylline ranged from 87.19–
108.43% to 85–107.62% for Pentoxifylline and 5-hydroxi Pentoxifylline, 
respectively. Between-run precision was not higher than 7.71% and 
7.84% for Pentoxifylline and 5-hydroxi Pentoxifylline, respectively.

Pharmacokinetic parameters to evaluate absorption and to 
determine the PK profile of Pentoxifylline and its metabolite, 5-hydroxi 
Pentoxifylline were calculated by non-compartmental analysis using 
Profesional WinNonlin-Pro version 2.1 (Pharsight Corporation, 
Saint Louis, MO). Missing samples were treated as non-reportable 
concentration. Peak plasma concentration (Cmax) and the time to reach 
peak concentration (tmax) were obtained directly from the raw data. 
The terminal plasma elimination half-life (t½), was calculated as t½ = 
0.639/ke, where ke represents the first-order elimination rate constant 
associated with the terminal (log-linear) portion of the curve, estimated 
via linear regression of time versus log concentration. The area under 
the plasma concentration-time curve (AUC) from 0 to ∞ (AUC0∞) 
was calculated as AUC0∞= AUC0

tx + C 
tx /ke, where tx is the time of 

the last concentration (Ctx), exceeding the limit of quantification. 
The apparent volume of distribution (V/F) was calculated as V/F=D/
(ke*AUC0∞), where D is dose and F is bioavailability. Plasma clearance 
(Cl/F) was calculated as D/AUC0-t. Dose proportionality was assessed 
by expressing dose dependent pharmacokinetic parameters (AUC0t 
and Cmax) for Pentoxifylline and 5-hydroxi Pentoxifylline in the three 
doses versus the 100 mg dose. 

Safety and tolerability

Safety and tolerability were evaluated according to presence of 
any spontaneously-reported AEs, in addition to the presence of any 
other clinically-significant abnormalities in the following investigator-
determined variables: vital signs, laboratory parameters evaluated in 
the blood test (BT), and gynaecological evaluation (GE).

The evaluations performed in both studies (dose-escalation and 
extension substudy) are summarised in Table 1. Inclusion criteria 
(IC) including vital signs (VS), blood pregnancy test (BPT), and 
drugs in urine (DU) were verified at visit 1 before PKB171 gel vaginal 
administration (DA). Spontaneously reported AEs were recorded 
through the study period. 
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Study outcomes

The primary endpoint for the dose escalation study was to 
determine the maximum tolerated dose (MTD) of PKB171 in terms 
of local tolerability after intravaginal single dose administration to 
healthy premenopausal women. Secondary endpoints included (i) 
to evaluate safety and tolerability of PKB171 after intravaginal single 
dose administration to healthy premenopausal women, (ii) to describe 
the pharmacokinetic profile of PKB171 after intravaginal single dose 
administration to healthy premenopausal women. For the extension 
substudy the endpoint was to evaluate safety and tolerability of 
PKB171 after intravaginal multiple dose administration to healthy 
premenopausal women.

Statistical analysis

Descriptive statistics were calculated for all pharmacokinetic 
parametres for both studies. Dose linearity for Cmax and AUC was 
evaluated by means of an ANOVA of 1 factor (dose). 

For the safety and tolerability analysis, all participants who 
completed the study were included. The incidence of treatment-
emergent AEs (TEAEs) was classified by system organ class and 
preferred term according to the Medical Dictionary of Regulatory 
Activities (MedDRA version 21.1), the relationship to the study drug, 
and the severity for each dose.

Changes from baseline in the VAS scores were summarized by 
descriptive statistics. The mean change in VAS scores at 4 hours or 24 
hours after vaginal administration was compared to the values at the 
final visit by means of the t-test of paired data or its nonparametric 
equivalent, as appropriate, for each treatment. All statistical analyses 
were performed with the SAS, v9.4 for Windows.

Results
Study population 

In the dose-escalation study, 37 volunteers were screened and 24 
were randomized to receive active treatment or placebo, as follows: 
PKB171 gel 100 mg (n=6), 150 mg (n=6), 200 mg (n=6) or placebo 
(n=6). All participants (n=24) completed the study (Figure 1). 

In the extension study, 6 volunteers recruited from the dose-
escalation study were randomized to receive either the MTD (200 mg) 
or placebo in a 4:2 ratio (Figure 1). 

The study drugs were dosed at the study site under medical 
supervision, so the treatment compliance was confirmed in all 
participants in both studies. 

Twenty-four females (age, 20 to 31 years) and six females (age, 22 
to 31 years) were included in the dose-escalation study and extension 
substudy, respectively. All treatment groups were comparable with 
regard to the sociodemographic variables (Table 2). All serology, blood 
pregnancy (at screening), drugs in urine, and pregnancy test in urine 
(predose) were negative and all ECG were normal for both the dose-
escalation study and the extension substudy.

The demographics and baseline characteristics for each group are 
summarized in Table 2. In both studies (dose-escalation and extension 
substudy), the treatment groups were comparable with regard to the 
duration of the participant’s menstrual cycle.

Pharmacokinetics

The Per-Protocol population, (defined as all randomized 
subjects who met the entry criteria, received all study medication, 
completed the study and did not present protocol violations) 
was used for the pharmacokinetic analysis. Plasma concentration over 

                                       Dose Escalation Study                                                                                                Extension Substudy

Procedures Screening
Visit

Visit 1 (V1) Visit 2 (V2) Final Visit
(FV) Visit 2 (V2) Visit 3 (V3) Final Visit

(FV) 
-1h 0 +10’ +20’ +30’ +45’ +1h +2h +4h +8h +12h +24h +72h -1h 0 +1h +4h +24h +48h +96h

IC / EC X X X
CH X
ME X X X X X X X X
GE X X X X X X X X X X X X
VS X X X X X X X X X X X X X

EKG X X
BPT X
DU X X X

VAS training X
UA X X X X X
BT X X X X

SERO X X
UPT X X

RANDOM X X
PK X X X X X X X X X X X X X
DA X X X X
VAS X X X X X X X
AE   X  ------------------------------------------------------------------------------------------------------X   X----------------------------------------------------------------X

The initials corresponds to: IC: Inclusion Criteria; EC: Exclusion Criteria; CH: Clinical History; ME: Medical Examination; GE: Gynaecological Examination; VS: Vital Signs; EKG: 
Electrocardiogram; BPT: Blood Pregnancy Test; DU: Drugs in Urine; VAS: Visual Analogic Scale; UA: Urinalysis; BT: Blood test; SERO: Serology; UPT: Urinary Pregnancy Test; 
RANDOM: Randomization; PK: Pharmacokinetics; DA: Drug Administration; AE: Adverse Events.

Table 1. Procedures performed in the dose escalation study and the extension substudy
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Figure 1. Participant distribution (CONSORT flow-diagram). aDetermined by inclusion/exclusion criteria

                                                  Dose Escalation Study                                                       Extension Substudy

PKB171 Gel 100mg
(N=6)

PKB171 Gel 150mg 
(N=6)

PKB171 Gel 200mg 
(N=6)

PKB171 Gel All 
doses

 (N=18)

PKB171 Gel Placebo 
 (N=6)

PKB171 Gel 200mg 
(N=4)

PKB171 Gel 
Placebo 
 (N=2)

Caucasian n (%) 6 (100.0) 6 (100.0) 6 (100.0) 18 (100.0) 6 (100.0)  4 (100.0)  2 (100.0)
Age (years) 23.5 (3.9) 23.3 (1.8) 25.3 (4.1) 24.1 (3.4) 22.3 (2.9) 26.3 (4.0) 23.0 (0.0)
Weight (Kg) 61.1 (7.0) 60.9 (3.0) 58.9 (7.6) 60.3 (6.0) 58.0 (2.3) 63.6 (5.2) 59.7 (5.9)
Height (cm) 166.0 (5.0) 170.0 (3.0) 166.2 (7.7) 167.4 (5.6) 164.2 (4.4) 170.5 (7.2) 163.0 (0.0)
BMI (kg/m2) 22.2 (2.1) 21.1 (1.0) 21.3 (2.1) 21.5 (1.8) 21.6 (1.2) 21.9 (2.1) 22.5 (2.2)

Duration of menstrual cycle 28.39 (0.85) 27.33 (1.75) 28.00 (0.82) 29.00 (1.41)
Data are presented as mean (standard deviation)

Table 2. Demographic and baseline characteristics
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Figure 2. Pentoxifylline and 5-hydroxi Pentoxifylline plasma concentrations obtained in dose escalation study in normal scale versus time profiles for PKB171 gel (2%) 100mg dose (a), 
PKB171 gel (3%) 150mg dose (b) and PKB171 gel (4%) 200mg dose (c). The green lines represent individual values for 5-hydroxiPentoxifylline and the solid green line depicts the mean 
values. The blue dotted lines represent individual values for Pentoxifylline and solid blue dotted line represents the mean values

Figure 3. Pentoxifylline and 5-hydroxiPentoxifylline plasma concentrations obtained in dose escalation study in log scale versus time profiles for PKB171 gel (2%) 100mg dose (a), PKB171 
gel (3%) 150mg dose (b) and PKB171 gel (4%) 200mg dose (c). Green lines represent individual observations and green solid line the mean of the observations for 5-hydroxiPentoxifylline. 
Blue dotted lines represent individual observations and blue solid dotted line the mean of the observations for Pentoxifylline

time obtained in dose escalation study for Pentoxifylline and 5-hydroxi 
Pentoxifylline after vaginal administration of PKB171 gel are displayed 
for the 3 doses in normal scale (Figure 2) and log scale (Figure 3). 

Mean pharmacokinetic parameters for Pentoxifylline and 5-hydroxi 
Pentoxifylline are displayed for the three doses in Table 3.

As Table 3 shows, for all three doses, mean plasma concentrations 
and total exposure of the active metabolite were higher than for the 
parent drug. The mean Cmax values for the 100 mg, 150 mg, and 200 
mg dose were, respectively, two, three, and 2.5 times higher. The mean 

AUC0
t values were three times higher at all three doses. The median 

tmax values were similar for Pentoxifylline (1.5-2 h) and its metabolite 
(2-3.3 h) at all three doses. The mean t1/2 was similar for Pentoxifylline 
(2.20-2.45 h) and its metabolite (1.85-1.92 h) in 100 and 150 mg doses, 
but the t1/2 doubled at the 200 mg dose for both the treatment drug and 
its metabolite.

AUC0
t and Cmax obtained after 100 and 200 mg of PKB171 gel 

maintained the linearity in terms of absorption and disposition for 
Pentoxifylline and 5-hydroxi Pentoxifylline (Figure 4). 
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Parameters
Pentoxifylline 5-hidroxiPentoxifylline

N Arithmetic mean (sd)
Median [min-max] N Arithmetic mean (sd)

Median [range]
100 mg

AUC0
t (ng·h/mL) 6 351.81 (115.30) 6 1048.46 (319.64)

Cmax (ng/mL) 6 90.34 (25.65) 6 187.96 (33.99)
Tmax (h) 6 1.50 [0.75-4.00] 6 2.00 [2.00-4.00]
t1/2 (h) 4 2.20 (1.36) 6 1.92 (0.56)
V/F (L) 4 749.01 (367.97) 0 - -

Cl/F (L/h) 4 264.16 (108.75) 0 - -
150 mg

AUC0
t (ng·h/mL) 6 584.19 

389* (138.77) 6 1934.52 1289* (265.15)

Cmax (ng/mL) 6 114.03 
76* (22.58) 6 338.35

225* (45.04)

Tmax (h) 5 2.00  [0.75-4.00] 6 3.00 [2.00-4.00]
t1/2 (h) 6 2.44 (0.36) 6 1.87 (0.28)
V/F (L) 5 841.29 (215.75) 0 - -

Cl/F (L/h) 5 240.37 (64.36) 6 1.98 (0.28)
200 mg

AUC0
t (ng·h/mL) 6 779.57 

390* (196.05) 6 2514.80 1257* (697.96)

Cmax (ng/mL) 6 178.39 
89* (42.20) 6 471.55 

236* (153.21)

Tmax (h) 6 1.63 [0.75-2.00] 6 3.33 [2.00-4.00]
t1/2 (h) 5 4.13 (4.83) 6 5.30 (8.65)
V/F (L) 5 1010.32 (874.66) 6 286.93 (198.33)

Cl/F (L/h) 5 204.28 (45.67) 6 74.15 (35.47)
Data are presented as arithmetic mean (standard deviation), normalized by 100 mg dose* and median [minimum-maximum]. N is number of individuals with data to obtain the parameters

Table 3. Mean pharmacokinetic parameters and normalized data for Pentoxifylline and 5-hidroxiPentoxifylline in healthy female volunteers

PKB171 Gel 100mg
(N=6)

PKB171 Gel 150mg
(N=6)

PKB171 Gel 200mg
(N=6)

PKB171 Gel All doses
(N=18)

PKB171 Gel Placebo
(N=6)

At least one AE, n (%) nAEs 6 (100.0) 8 4 (66.7) 4 2 (33.3) 3 12 (66.7) 15 5 (83.3) 6
Infections and Infestations
 Candida infection 1 (16.7) 1 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1 1 (16.7) 1 
Nervous System disorders
 Headache  0 (0.0) 0 1 (16.7) 1 0 (0.0) 0 1 (16.7) 1 0 (0.0) 0

Reproductive System and breast disorders
 Vaginal discharge
 Vaginal inflammation 5 (83.3) 5 

1 (16.7) 1
3 (50.0) 3
0 (0.0) 0

2 (33.3) 2 
0 (0.0) 0

10 (55.6) 10
1 (5.6) 1

5 (83.3) 5
0 (0.0) 0

Skin and subcutaneous tissue disorders
 Pruritus  1 (16.7) 1 0 (0.0) 0 1 (16.7) 1 2 (11.1) 2 0 (0.0) 0
N: number of participants by treatment group; n: number of participants with at least one AE; %: percentages calculated based on number of participants; nAEs: number of Aes

Table 4. Adverse Events (AEs) by System Organ Class (SOC) and Preferred Term (PT) in the dose-escalation study codified with (MedDRA version 21.1)

Safety and tolerability

The safety and tolerability population defined as all randomized 
subjects who took at least one dose of the study medication was used 
for safety analyses. 

Adverse events / gynecological examination: All AEs reported 
in this phase I study occurred in the dose-escalation study (no AEs 
were observed in the extension substudy). A total of 12 participants 
who received active treatment reported 15 AEs while 5 patients in the 
placebo group reported 6 AEs. The following AEs were considered to be 
potentially associated with PKB171 gel medication: vaginal discharge 
(n=10); vaginal inflammation (1); vaginal pruritus (2); vaginal candida 
infection (1); and headache (1). In the placebo group, reported AEs 
included vaginal discharge (n=5) and vaginal candida infection (1). 
The most common AE in both groups was vaginal discharge (observed 

in 55.6% and 83.3%) of patients in the active and placebo groups, 
respectively.

Of the 15 AEs in the active treatment group, 14 were mild while 
one was moderately severe. All six AEs in the placebo group were 
considered mild. All 21 AEs (21 events in 17 participants) reported in 
the study were either mild or moderate, and all but one (headache) was 
classified as a delayed local reaction. These AEs were considered to be 
associated with the study treatment. All were resolved with no sequelae. 
No serious AE was reported during the study in any treatment arm. 
Table 4 summarizes the reported AEs and other relevant information. 

Biochemistry, haematology and urinalysis: We observed 
no clinically-significant abnormalities in any laboratory values 
(biochemistry, haematology, urinalysis) in either the dose-escalation or 
extension studies in the screening and in the final study. 
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Figure 4. Pentoxifylline dose normalized AUC (a) and Cmax (b) for the three doses. 5- hydroxi Pentoxifylline dose normalized AUC (c) and Cmax (d) for the three doses. p value between 
the three doses is shown for the 4 comparisons

Vital signs: In the dose-escalation study, all vital signs (blood 
pressure, heart rate and body temperature) all remained in the normal 
range at all the time points: Similarly, in the extension substudy, these 
values were all normal at all assessments: predose, days 2 and 3, and at 
the final visit. 

Visual analogue scale: Nine (37.5%) participants reported a total 
of 16 symptoms that were graded on the VAS from 0 to 100. Of these, 
13 (81.3%) occurred after PKB171 gel administration and 3 (18.8%) 
after placebo. Twelve symptoms (75%) were reported at the final visit 
and 4 (25%) at 4 hours post-treatment administration. All symptoms 
had resolved on the following follow-up visit. In the PKB171 gel group, 
seven symptoms (43.8%) were reported after the 100 mg dose and 6 
(37.5%) after the 200 mg dose.

The most common symptoms were thicker and increased vaginal 
discharge, each of which occurred in five (20.8%) participants. Genital 
itching was the second most-commonly reported symptom (n=3, 
12.5%). In the active treatment group, thicker vaginal discharge was 
reported at the final visit by three (12.5%) participants who received 
the 100 mg dose) and by two (8.3%) participants who received the 
200 mg dose. Increased vaginal discharge was reported at the final 
visit by two (8.3%) participants who received PKB171 gel (200 mg), 
at +4 hours by two (8.3%) participants in the placebo group, and by 
one (4.2%) volunteer who received the 200 mg dose of PKB171 gel. The 
three symptoms with the highest VAS grade were one case of increased 
vaginal discharge after placebo at 4 h post-administration (VAS=44 
mm), one case of genital itching after placebo at the final visit (VAS=36 
mm), and one case of “other” (intravaginal itching) after 200 mg dose of 
PKB171 gel at the final visit (VAS=26 mm).

In the extension substudy, only one VAS-graded symptom was 
reported: predose genital itching in one volunteer who received the 200 
mg dose of PKB171 gel in the dose-escalation study.

Discussion 
This phase I trial was performed to determine the MTD according 

to local tolerability of intravaginally-administered PKB171 gel in a 
group of healthy female volunteers. This is the first study to evaluate 
the pharmacokinetics, safety, and tolerability of PKB171 vaginal gel 
in this population. Vaginal administration of PKB171 gel presented a 
good safety and tolerability profile and no serious AEs were observed 
at any of the study doses. The MTD in the present study was the 
maximum dose tested, 200 mg (equivalent to 3.3 mg/kg), with a good 
safety profile. The doses evaluated in this study (100 mg, 150 mg, 200 
mg) were based on data obtained in previous studies carried out in 
rabbits (intravaginal administration [data on file]) and after both oral 
and intravenous administration in humans. The human equivalent 
doses in the rabbit study (vaginal administration) and in humans 
(oral administration) in these studies were 8.4 mg/kg and 6.7 mg/kg, 
respectively. The maximum dose in the present study (5 g of PKB171 
gel at a maximum concentration of 4% of Pentoxifylline once a day for 2 
consecutive days), which equates to 200 mg/day, was substantially lower 
than the maximum recommended dose in patients with intermittent 
claudication due to chronic occlusive arterial disease, which is 400 mg 
three times per day (1200 mg/day) [27].

After vaginal administration of PKB171 gel, the peak plasma 
concentrations of the active metabolite (5-hydroxi Pentoxifylline) 
were three times greater than the parent drug (Pentoxifylline). This 
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ratio between parent drug and its metabolite is consistent with 
previous reports after oral [33,34] and intravenous administration of 
Pentoxifylline [34]. After vaginal administration at doses ranging from 
100 to 200 mg, we found that Pentoxifylline was rapidly absorbed, 
achieving peak plasma concentrations (after dose normalization) of 
approximately 90 ng/mL at 1.5-2 h for all three doses. For the active 
metabolite, peak plasma concentrations (after dose normalization) 
of approximately 200 ng/mL occurred at 2-3.3 h for the three doses 
studied. These findings are lower than those obtained by Smith, et al. 
[33], who administered 100 and 200 mg of oral Pentoxifylline, which 
resulted in a peak plasma concentration of Pentoxifylline (after dose 
normalization) of approximately 300 ng/mL at 0.4 h and peak plasma 
concentrations (after dose normalization) of 5-hydroxi Pentoxifylline 
of approximately 450 ng/mL at 0.7 h. These differences in peak plasma 
concentrations (for both Pentoxifylline and 5-hydroxi Pentoxifylline) 
could be attributable to the faster and greater absorption after oral 
administration compared to vaginal administration, as vaginally-
administered drugs must first be dissolved in the vaginal lumen and 
penetrate the membrane to enter the blood vessels. Consequently, the 
metabolite generated from the parent drug Pentoxifylline will be lower 
too. 

In terms of dose linearity (at all three dose levels), our findings 
were consistent with the results reported by Smith, et al. [33] after 
oral administration of a Pentoxifylline solution, confirming that 
dose linearity in the absorption and disposition of up to 200 mg is 
maintained, regardless of the route of administration. The exposure 
(AUC) of Pentoxifylline and 5-hydroxi Pentoxifylline obtained in 
our study was lower than that obtained by Beerman, et al. [34], 
who administered 200 mg of intravenous Pentoxifylline in healthy 
humans (men and women). Again, these findings were expected, 
as bioavailability is lower after vaginal administration compared to 
intravenous administration. However, Beerman and colleagues found 
that oral administration of Pentoxifylline at a 400 mg dose [34] resulted 
in less exposure (normalized to the 200 mg dose) than observed in our 
study after administration of a 200 mg dose. Given the hydrophilic 
nature of Pentoxifylline, absorption could be expected to be low, but 
other molecular or pharmacological characteristics of the molecule 
could influence vaginal absorption. The systemic absorption of PKB171 
gel observed in our study after vaginal administration may be due the 
hydrophilic characteristics of this drug, as the vasoactive effect could 
facilitate absorption. Moreover, a systemic effect has been observed 
in several other drugs approved as local treatments after vaginal 
administration [35]. However, the differences in the findings of Smith, 
et al. [33] and Beerman, et al. [34] must be interpreted cautiously due to 
differences in the two study populations (e.g., gender, the methods used 
to analyse the parent drug and metabolites, the route of administration, 
and pharmaceutical forms). 

In the present trial, we did not observe any clinically relevant 
changes on the physical examination, nor in vital signs, ECG 
parameters, or laboratory values in either the dose-escalation study or 
the extension substudy. The most common AE was vaginal discharge. 
Notably, we did not observe any episodes of nausea, which is the most 
commonly-reported AE after oral administration of sustained-release 
Pentoxifylline [27]. Similarly, we did not observe any of the other AEs—
except for headache—commonly observed after Trental administration 
(dizziness, flushing, malaise, vomiting, abdominal discomfort, 
bloating, diarrhea or dyspepsia). In general, vaginal administration of 

PKB171 gel at all three dose levels was well-tolerated. Moreover, the 
incidence of AEs did not increase as a function of dose, indicating 
that these effects are not dose dependent. In addition, we observed no 
differences between the active treatment and placebo in the percentage 
of volunteers who developed AEs [36-38].

In conclusion, the safety and tolerability profile, and the PK linearity 
observed at the study doses, suggest that vaginal administration of 
PKB171 gel 2 days/cycle may represent a novel, safe, and easy to use 
therapeutically approach for subfertile or infertile couples with low 
sperm quality. Efficacy trials are currently underway. 
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