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ABSTRACT
The rat prostate comprises dorsal, ventral and lateral lobes that are morphologically and biochemically distinct. Lesions to these structures
are expected to affect the quality of the ejaculate and male fertility. In experiment 1, we analyzed ejaculate parameters of males that had
chemical lesions of the dorsal or ventral lobes. At pre-lesion and at 5 and 20 days post-lesion males were mated, and after ejaculation,
seminal fluid and seminal plug were obtained from the mated females. In experiment 2, the ventral lobes were ablated, and the ejaculate
was analyzed. In experiment 3, the fertility of males with chemically-lesioned dorsal lobes or ablation of the ventral lobes was evaluated.
Chemical lesion of the dorsal lobe prevented the adhesion of the seminal plug to vaginal walls. When these males were tested at 5-days
postlesion, no sperm were found in uterus, and at 20-days post-lesion, the few sperm encountered showed slow progressive motility. None
of the females that mated with dorsal lobe-lesioned males became pregnant. However, chemical lesion or ablation of the ventral lobes did
not affect ejaculate or fertility. Our results indicate that the dorsal prostatic lobes are indispensable for reproductive success in males, and
define parameters of ejaculate with which fertility can be estimated.
Key terms: ejaculation, characteristics of semen, copulatory plug, prostate, seminal analysis, sperm number.
INTRODUCTION

In the rat, secretions of the accessory sexual glands and
spermatozoa are deposited into the vagina during ejaculation.
Immediately after, seminal fluids coagulate to form the
copulatory plug (Matthews Jr and Adler, 1978). This seminal
plug facilitates transcervical sperm transport (Blandau, 1945;
Matthews and Adler, 1977; Matthews Jr and Adler, 1978).
Approximately 1% of the ejaculate contains spermatozoa; the
rest corresponds to secretions of the accessory sexual glands,
which include the bulbourethral and coagulating glands,
seminal vesicles and prostate (Setchell et al., 1994). These sex
glands differ among males of different species with respect
to number and shape, but also some of these sex glands
are absent. Nevertheless, the prostate is present in all male
mammals (Luke and Coffey, 1994).
The rat prostate is a large gland comprising dorsal, ventral
and lateral portions, with each having a right and left lobe
(Hayashi et al., 1991; Jesik et al., 1982). The dorsal lobes are
located inferior and posterior to the urinary bladder, below
and behind the attachment of the seminal vesicles and
coagulating glands (Hayashi et al., 1991). The ventral lobes
are found on the ventral aspect of the urethra immediately
below the urinary bladder. The lateral lobes lie just below the
seminal vesicles and coagulating glands, partially overlapping
the ventral lobes and, dorsally, blend with the dorsal lobes.
Morphological analysis by micro-dissection reveals that all
lobes are composed of ducts that emerge from the urethra and
arborize distally. The dorsal lobes have 5-6 pairs of main ducts
with true acinar termini (Hayashi et al., 1991). Each ventral
lobe has 2-3 slender main ducts, whereas each lateral lobe has

5-7 long main ducts and 5-6 short main ducts. The rat prostate
secretes a variety of substances that enter the urethra to form
the prostatic portion of the semen. The secretion products
are biochemically heterogeneous according to their lobe of
origin. The dorsal lobes secrete dorsal-protein I and dorsalprotein II, among other products (Seitz et al., 1990), and are
the major sites of fructose secretion (Humphrey and Mann,
1949; Mann, 1964). Ventral lobe secretions include citrate,
spermine and spermidine (Price and William-Ashman, 1961),
aminopeptidases (Vanha-Perttula and Jauhiainen, 1983), and
plasminogen activator (Wilson et al., 1988). Finally, lateral lobes
are the major zinc-secreting portion of the prostate (Gunn and
Gould, 1957).
These lobe-specific secretions most likely contribute
significantly to reproductive success. Therefore, the aim of
the present work was to determine the characteristics of
the ejaculate obtained from males having dorsal or ventral
prostatic lobe lesions, and evaluate the fertility of these males.
MATERIALS AND METHODS

In pilot studies, attempts were made to extirpate the dorsal
prostatic lobes. We encountered two difficulties: first, the
surgical manipulation required to remove these lobes damaged
adjacent pelvic structures, particularly the base of the urinary
bladder and the urethral dorsal wall. For this reason, we did
not ablate the dorsal lobes in the present study; instead, we
lesioned them chemically. Second, surgical removal of the
lateral lobes eliminates the autonomic innervation of the penile
erectile tissue and other reproductive organs. This innervation
arises from the major pelvic ganglia, which are attached to the
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lateral lobes of the prostate (Hebel and Stromberg, 1986; Dail
et al., 1989). Ablation of these lobes abolishes penile erection,
thereby preventing the male from intromitting and ejaculating.
For this reason, ablation of the lateral lobes was not attempted.
Likewise, chemical lesioning was not attempted because, due
to the transparency of the sclerosing agent, it was not possible
to determine the extent of its diffusion within the tissue. Thus,
the present experimental procedures included chemically
lesioning the dorsal lobes, and chemical lesion or surgical
ablation of the ventral ones.

Hamilton syringe (dorsal lobes, n=6 males; ventral lobes, n=6
males). Tetradecyl sodium sulphate is a sclerosing agent, used
successfully in clinical studies, which promotes an increase in
fibrotic processes, thereby resulting in drastic and irreversible
impairment of tissue function (Griffin et al., 1986). This
solution was injected into five different sites of each lobe (2 μl/
site; Fig. 1). After each administration, the needle remained in
place for one minute to prevent the solution from escaping.
Animals recovered for 5 days. Previous observations in our
laboratory had indicated that with this procedure and these
doses, the prostatic lobes showed a clear fibrotic response.

Animals
Collection and macroscopic and microscopic evaluation of ejaculate

Adult male (300-450 g of body weight and female (200-300 g
of body weight) Wistar were used rats in this study, obtained
from the vivarium of the Tlaxcala Center for Behavioral
Biology. Rats were kept under standard vivarium conditions,
in a room with controlled temperature and under an inverted
12/12 light-dark cycle, with food (Purina Chow) and water
available ad libitum. All procedures described in this study
were in accordance with the guidelines of the Laws and Codes
of Mexico in Article Seven of the Regulations of the General
Law of Health Regarding Health Research, and followed the
guidelines of the NIH for the use of animals (Laws and Codes
of Mexico, 1995).
Experiment 1. Chemical lesion of dorsal and ventral prostatic lobes and
analysis of ejaculate:
Chemical lesion procedure

Under deep sodium pentobarbital anesthesia (Pfizer; 26 mg/
kg; intraperitoneal) male rats were submitted to a surgical
manipulation by which the prostatic lobes were exposed.
Prostatic lobes were injected with 10 μl of a 2% solution
of tetradecil sodium sulphate (Aldrich 293938-1G) using a

Sexually experienced males and ovariectomized virgin
females were used. Females were brought into estrous by
sequential treatment with 10 μg of estradiol benzoate (SigmaAldrich E-8515) and 2 mg of progesterone (Sigma-Aldrich
P-0130), administered by subcutaneous injection 44 h and 4
h, respectively, before the copulatory encounters. Males were
placed into a plexiglass cylinder (50 cm diameter/50 cm high)
with wood shavings on the floor. Each male was tested three
times: before performing the chemical lesion and at 5 and
20 days post-lesion. Each test consisted of one ejaculatory
series registering the copulatory parameters (mount latency,
intromission latency, ejaculation latency, number of mounts
and number of intromissions). Once the male ejaculated, the
female was immediately transferred from the arena to an
empty cage where she was left quiet for 5 min before being
anesthetized with pentobarbital (26 mg/kg; intraperitoneal;
Pfizer; DF, México). After an abdominal incision, their uterine
horns were tied proximally and distally, removed from the
abdominal cavity, and immersed in a Petri dish containing
saline solution (0.9%) at 37°C. This is the easiest way to
eliminate blood, fat tissue and external uterine vessels, but also
serves to maintain seminal fluid at a stable temperature.

Figure 1: a) Dorsal, b) ventral views of the prostatic lobes, showing the injection sites (

• =injection site); Bar=1 cm.
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Seminal content of both uterine horns was placed in a 1.5
ml micro-centrifuge tube, and maintained in a thermo-bath at
37°C. The samples of ejaculate collected in this manner were
used to evaluate the following parameters of the semen:
1) Color, distinguished as off-white or transparent.
2) Viscosity, measured by the length (in mm) of a thread
formed after introduction and withdrawal of a tip of a
transfer pipette into the semen.
3) pH, measured placing a drop of semen on a pH indicator
paper.
4) Sperm motility, individual motility of spermatozoa. We
classified motility using a 4-category scale, according
to the time in seconds the spermatozoa took to cross a
horizontal line running across the observed field (the line
was drawn into one of the microscope’s objectives). Thus,
spermatozoa whose heads were in the proximity of the
horizontal line were designated to one of four categories:
rapid progressive (those taking 2-3 sec to cross the line);
slow progressive (those taking more than 4 sec); and in situ
(those with non-progressive motility, generally circular or
local motility); and immobile (no movement). The reading
was from left to right using the 20x microscope objective,
and counting 100 spermatozoa. The obtained value was
expressed in percentage. The sperm motility of each sample
was filmed in order to confirm the obtained results.
5) Sperm viability, nigrosin-eosin and sodium citrate stains
were used to distinguish live (unstained) or dead (stained)
sperm. 100 sperm were counted using the 100x microscope
objective. This parameter was also expressed in percentage.
6) Sperm morphology, nigrosin-eosin and sodium citrate
stains were used to distinguish normal (having a sickleshape head and large flagella) or abnormal (those with
double head and fragmented or zig-zag flagella) sperm. 100
sperm were counted using the 100x microscope objective.
Sperm morphology was expressed in percentage.
7) Sperm concentration, semen suctioned by a Shali
pipette (diluted with 2% formaldehyde and shaken
until homogenized semen was obtained) was placed
in a Neubauer hemocytometer, where the sperm were
counted under a 20x microscope objective. The number of
spermatozoa was expressed in millions per ml (Lucio et al.,
2009).
The seminal plug was removed from the vagina by
separating the pubic symphysis and cutting the dorsal vaginal
wall longitudinally. Using a spatula, short movements were
performed to detach the seminal plug from lateral and ventral
vaginal walls and from cervix, before carefully removing it. We
recorded the following parameters:
1) Consistency, seminal plug solidity, qualitative parameter
determined by direct tactile inspection.
2) Weight, seminal plug mass, expressed in mg.
3) Size, length and width of the seminal plug, expressed in
mm.
4) Volume, mass occupied by the seminal plug, expressed in
mm3.
5) Cytological elements including number of single heads,
single flagella and complete spermatozoa, expressed in
percentage. For this, the seminal plug was cut transversely
at the proximal end (approximately 1 mm from the surface
that had been attached to the cervix), at the distal end
(approximately 1 mm from the surface that had been at
the vaginal orifice), and at the equatorial region (half way
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between the prior two cuts). The cut surface of each of
these three sections was slid horizontally from left to right
over a clean microscope slide, “drawing” four parallel
lines, while taking care not to overlap them (Lucio et al.,
2009). After collecting the semen and the seminal plug, the
females were sacrificed.
Statistical analysis

Copulatory parameters were quantified according to methods
described in previous studies (Meisel and Sachs 1994), and the
quantitative data were analyzed using a Friedman test. Data
from the assessment of seminal content and seminal plug were
analyzed using a Friedman test. Results obtained before lesion
were compared with those obtained at day 5 and 20 postlesion. Significance level was set at 0.05 (Zar, 1999).
Evaluation of chemical lesion

After the ejaculate analysis on day 20 post-lesion, all males
were injected intraperitoneally with an overdose of sodium
pentobarbital (Pfi zer; DF, México). Additional males were
lesioned (or not, in the case of 4 control males) in their dorsal
(n=4) or ventral (n=4) prostatic lobes, and then sacrificed on
day 5 post-lesion, corresponding to the first day of ejaculate
analysis. In this way, we obtained a histological view of intact
and chemically-lesioned prostates on days 5 and 20 postlesion.
Histological analysis was done by dissecting and removing
the prostatic lobes, cutting sagitally. Tissue was fixed with
bouin Duboscq (Humason, 1972), rinsed with 70% ethanol,
dehydrated with 80%, 96%, 100% ethanol and cleared in a 1:1
mix of 100% ethanol-xylene and pure xylene. Inclusion was
performed with Paraplast (Oxford Labware). 5-micrometer
serial sections were obtained using a microtome (Leica RM
2135). Prostatic sections were stained using hematoxylin-eosin
(Presnell and Schreibman, 1997). The sections were analyzed
under a clear field light microscope (Axioskope II, Carl Zeiss).
Experiment 2. Ablation of ventral prostatic lobes and analysis of ejaculate
Surgical lesion procedure

Under deep sodium pentobarbital anesthesia (Pfizer; 26
mg/kg; intraperitoneal) and in a supine position, a midline
abdominal incision was made in male rats (n=6). After the
identification of the urinary bladder, ventral lobes of the
prostate were carefully dissected and excised. Abdominal
musculature and abdominal skin were sutured and the animals
were placed into individual cages to recover. At 5 and 20 days
post-lesion, semen and seminal plug samples were obtained
and evaluated, and statistical analysis of the data was done as
described for experiment 1.
Experiment 3. Assessment of the fertility of males with chemical lesions
of the dorsal lobes or surgical ablation of the ventral lobes
Chemical lesion and surgical ablation

The dorsal prostatic lobes of 7 males were chemically lesioned
and the ventral prostatic lobes of a separate group of 7 males
were surgically ablated, as described above.
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Assessment of fertility

Before the chemical or surgical lesion and again at 20 days
post-lesion, reproductive units were constituted (Manzo et al.,
2000; Lucio et al. 2001). Each male was placed in a cage with
three intact adult females during a test period of 15 days, after
which the females were transferred to individual cages. The
date of parturition, if one occurred, was recorded in order to
determine the exact date of insemination. For analysis, the
test period (15 days) was divided into 3 intervals: days 1-5,
6-10, and 11-15. The number of pregnant females within each
of the three periods was determined, and the number of nonpregnant females was also recorded. Treatment groups were
compared with respect to the number of pregnant females
within each of the three periods. Data of fertility were analyzed
using a G test (Zar, 1999).
RESULTS
Experiment 1. Effect of chemical lesion of dorsal and ventral prostatic
lobes

Statistical analysis did not show behavioral alterations in males
with chemically lesioned dorsal or ventral prostatic lobes (data
not shown).
Analysis of seminal fluid

Five days after chemically lesioning the dorsal prostatic lobe,
none of the semen samples obtained from the uterine horns
were off-white, due to the absence of sperm. In these cases,
therefore, the evaluated viscosity corresponds only to the
uterine fluid, explaining why the obtained value was zero. By

contrast, at 20 days post-lesion, no alterations were observed in
macroscopic parameters (color, viscosity or pH; Table I).
The microscopic analysis could not be performed at 5
days post-lesion due to the absence of spermatozoa in the
uterus; therefore, the sperm concentration was zero. At 20
days post-lesion, the negative effect continued because we
observed a significant reduction in sperm concentration as
well as a significant decrease in the percentage of spermatozoa
with rapid progressive motility, compared to pre-lesion data.
Interestingly, a high percentage of spermatozoa in the uterus
exhibited in situ motility compared to before the lesion. Sperm
viability and sperm morphology at 20 days post-lesion were
similar to that observed before the lesion (Table I).
In contrast to the marked effects of the dorsal lobe lesions,
chemically lesioning the ventral prostatic lobes did not
significantly affect any seminal fluid parameters. Thus, prelesion data of this group of males were similar to that shown in
Table I, and no changes in any parameter of seminal fluid were
observed at either 5 or 20 days post-lesion (data not shown).
Analysis of the seminal plug

In the case of dorsal-lobe lesioned males, when the seminal
plug was obtained, the perivaginal region was observed to be
wet. In many cases, leakage of seminal fluid from the vagina
was easily observed (Fig. 2a). Removal of seminal plug from
the vagina was easy because it was not attached to vaginal
walls and it was wet from seminal fluid. Thus, the chemical
lesion of the dorsal lobes prevented the adhesion of the
seminal plug to the vaginal walls and cervix. Surprisingly,
the macroscopic parameters (consistency, weight, size and
volume), showed no signifi cant changes at either 5 or 20
days after the lesion, compared to pre-lesion (Table II).

TABLE I
Seminal fluid macroscopic and microscopic values before and after chemical lesion of the dorsal prostatic lobes (n=6)

Macroscopic

Seminal fluid Parameters
1) Off-white (% samples)

5 days

20 days
After lesion

100a

0b

100

2) Viscosity (mm)

2a

0b

2.5

3) pH

8

8

8.25

53a

sperm absence

13.5b

24a

sperm absence

32.25b

in situ (% spz)

15.5a

sperm absence

41b

immotility (% spz)

7.5a

sperm absence

13b

motility rate (0-1)

0.7a

sperm absence

0.4b

5) Sperm viability (% spz)

71

sperm absence

71

6) Sperm morphology (% spz)

100

sperm absence

99.5

7) Sperm concentration (106/ml)

13a

0b

7.5b

4) Sperm motility sperm rapid progressive (% spz)
slow progressive (% spz)

Microscopic

Before lesion

Data of parameters were expressed as median. spz=spermatozoa. Friedman test, bP<0.05.
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Microscopic parameters of the seminal plug were altered
only in the proximal end, and only at 5 days after the lesion;
these parameters were unaltered compared to control at 20
days post-lesion. Thus, the smear of the proximal end of
the seminal plug at 5 days post-lesion revealed millions of
agglutinated spermatozoa (for this reason they could not be
quantified; Fig. 2b), many of them displaying in situ motility.
By contrast, in intact males, the smear of this end of the
seminal plug normally showed single heads, single flagella
(typically having a greater percentage of heads than flagella),

and few complete spermatozoa (Fig. 2c). The smear of the
equatorial and distal portions of the seminal plug of lesioned
males showed no differences when compared with smears
from these same males obtained before lesion, either at 5 or 20
days post-lesion.
Chemically lesioning the ventral prostatic lobes did not
affect any of the seminal plug parameters. Thus, pre-lesion
data of this group of males were similar to that shown in Table
II, and no changes in any parameter of the seminal plug were
observed at either 5 or 20 days post-lesion (data not shown).

Figure 2: a) Photograph of the vaginal orifice of a female inseminated by a male with chemically-lesioned dorsal prostatic lobes. Leakage
of seminal fluid can be observed. b) Photomicrograph of a smear from the proximal portion of the seminal plug from a lesioned male.
Millions of spermatozoa can be observed. c) Photomicrograph of a smear of the proximal portion of the seminal plug from an intact male.
Single heads, single flagella, and spermatozoa can be observed. (Bar=200 µm).

TABLE II
Seminal plug macroscopic and microscopic values before and after chemical lesion of the dorsal prostatic lobes (n=6)

Macroscopic

Seminal fluid Parameters

Before lesion

5 days

20 days
After lesion

1) Hardened consistency (% of seminal plugs)

100

100

100

2) Weight (mg)

112

109

111

3) Size length (mm)

13.1

12.1

12.6

5.4

5.4

5.4

4) Volume (mm3)

width (mm)

100

98.99

98.35

5) Cytologic elements

53a

sperm absence

13.5b

single heads (%)

51.11

undistinguishable

54.31

single flagella (%)

37.43

undistinguishable

32.92

spermatozoa (%)

11.44

millions

12.76

single heads (%)

69.68

60.26

86.89

single flagella (%)

17.27

19.19

11.61

spermatozoa (%)

13.03

20.53

1.49

Microscopic

proximal portion

equatorial portion

distal portion
single heads (%)

81.79

47.92

88.31

single flagella (%)

16.41

18.72

11.68

spermatozoa (%)

1.79

33.34

0

Data of parameters were expressed as median. Friedman test, bP<0.05.
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Histological changes in the prostatic lobes after chemical lesion

Experiment 2. Effect of surgical ablation of the ventral prostatic lobes

Figure 3a; b; c shows the histological changes apparent as a
result of the dorsal prostatic lobe lesion. At day 5 post-lesion,
the dorsal lobes showed a massive infiltration of leukocytes
in both the stroma and in the acini. When the histological
examination was done 20 days post-lesion, the infiltration of
leukocytes was diminished. Figure 3d; e; f shows the tissue
organization of the ventral prostatic lobe. The administration
of the sclerosing solution induced only minor damage to
this tissue. The microscopic analysis of the prostatic gland at
day 5 after the chemical lesion showed a significant presence
of macrophages and sparse leukocytes (neutrophyles)
in the stroma, suggesting an inflammatory process. This
inflammatory process was diminished when the tissue was
analyzed 20 days after the lesion.

In order to address the possibility that the lack of an effect
of chemically-lesioning the ventral prostatic lobes could
have been due to insufficient damage to this tissue, we did a
second experiment in which the ventral prostatic lobes were
completely removed surgically. No behavioral effects of ventral
lobe ablation were observed either at 5 or 20 days post-surgery.
Moreover, this procedure did not alter any seminal fluid or
seminal plug parameters. Thus, pre-lesion data were similar to
those shown in Tables I and II, respectively, and no changes in
any seminal fluid or seminal plug parameter were observed at
5 or 20 days post-ablation (data not shown).
Experiment 3. Assessment of fertility after chemically lesioning the dorsal
prostatic lobes or ablation of the ventral prostatic lobes

Figure 4 shows the percentage of females that became pregnant
in different time periods (1-5, 6-10 and 11-15 days) of a 15-day
test period. Most females became pregnant within the first
5 days of cohabitation with unlesioned males. However, 20
days after chemically lesioning their dorsal prostatic lobes,

Figure 3: Histological sections taken from dorsal (left panels)
and ventral (right panels) prostatic lobes before and after
chemical lesion. a, d) Before lesion the acinus and stroma show
their normal morphological characteristics, with no leukocyte
infiltration. b, e) Prostatic tissue 5 days after chemical lesion
shows the presence of macrophages and sparse neutrophyles
in the stroma, indicating an infl ammatory process. c, f) The
inflammatory process is diminished in the prostatic tissue at day
20 after lesion. (arrow=inflammatory process; slices stained with
hematoxiline-eosine; Bar=200 µm). acinus (a); stroma (s)

Figure 4: Percentage of females that became pregnant after
cohabitation with males before (upper panel) and after (lower
panel) they received a chemical lesion of dorsal prostate lobes
(white bars) or surgical ablation of ventral prostate lobes (diagonal
lines bars). Induction of pregnancy was identified at different
periods (1-5, 6-10 and 11-15 days).
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cohabitation with these same males did not result in a single
pregnancy across the 15 day test period (Fig. 4a). In striking
contrast, ablation of the ventral lobes had no effect of fertility
(Fig. 4b).
DISCUSSION

The rat prostate comprises dorsal, ventral, and lateral lobes.
In the present study, we focused on the participation of
the dorsal and ventral prostatic lobes in the production of
ejaculate and their importance for fertility. Dorsal or ventral
prostatic lobes were chemically or surgically lesioned, and the
resulting changes in the characteristics of the seminal fluid,
seminal plug, and fertility were examined. Lesions of the
lateral prostatic lobes were not performed due to their close
anatomical association with the major pelvic ganglia, which
innervate penis erectile tissue, bulbourethral glands, and other
reproductive structures (Hebel and Stromberg, 1986; Dail et al.,
1989). Thus, lesioning the lateral prostatic lobes would result in
collateral damage to these nervous ganglia, producing a failure
of penile erection and preventing the display of intromission
and ejaculation motor patterns. In fact, the removal of the
dorsolateral prostatic lobes resulted in complete infertility
(Queen et al., 1981).
Our findings are novel relative to those of Queen et al.
(1981) in several important respects. In our study, the damage
due to injection of the sclerosing agent into the dorsal or
ventral prostatic lobes was restricted to the injected lobe;
no histological damage was observed in the non-injected
adjacent prostatic lobe or in the adjacent tissues. In this way,
we were able to test the unique contribution of the dorsal
prostatic lobe without damaging the lateral one; by contrast,
in the study of Queen et al. (1981), both dorsal and lateral
lobes were removed. Moreover, in our study the effect of
dorsal or ventral prostate damage on copula, ejaculate and
fertility was evaluated at 5 and 20 days post-lesion, whereas
in the Queen et al. (1981) study only fertility was analyzed.
Thus, we found that neither dorsal nor ventral prostatic lobe
affected copulatory parameters. Notably, in the Queen et al.
study, the authors did not register copulatory parameters of
the male, therefore, they were not able to distinguish whether
reduced fertility was due to negative effects of the ablation on
copulatory behavior or ejaculate quality.
Lesioning the dorsal prostatic lobes produced two major
effects on the ejaculate. First, the adhesion of the seminal
plug to the vaginal walls was prevented. Although seminal
plugs were coagulated and maintained their weight, size,
and volume, their wet surface, consisting of seminal fluid
containing motile spermatozoa, prevented their vaginal
adhesion. Therefore, sperm transport was affected, probably
due to a lack of hydrostatic pressure exerted by the seminal
plug, which normally pushes spermatozoa from the vagina
through the cervix, to the uterine horns (Blandau, 1945).
As a consequence, the uterine horns contained only uterine
fluid, for that reason, the samples collected showed a value
of zero for viscosity. Nevertheless, it has been described in
intact males, that viscosity depends on the secretions from the
accessory sexual glands (Blandau, 1945).
Previous studies have shown that ablations of different
portions of the seminal vesicles affect seminal plug weight:
when a greater amount of tissue is excised, a lighter seminal
plug is obtained (Carballada and Esponda, 1992). Removal
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of seminal vesicles also produced infertility in male rats
(Queen et al. 1981). Moreover, it was demonstrated that when
coagulating glands were totally removed, no seminal plug
formed after coitus, and sperm transport to the uterus did not
occur, therefore, males were completely sterile (Carballada and
Esponda, 1992). In intact males, once the seminal plug is firmly
lodged into vagina, many spermatozoa reach the uterine horns
(Matthews Jr and Adler, 1978).
In other studies, reduced fertility has also been associated
with an improperly positioned seminal plug. Male rats treated
with finasteride, a 5 alfa-reductase inhibitor, show reductions
in the weight of both seminal vesicles and prostate, and
deposit small and inadequately positioned seminal plugs,
resulting in reduced fertility (Cukierski et al., 1991).
Our results indicate that adhesion of the seminal plug
to the vaginal walls is critical for sperm transport, and this
adhesion requires secretions of the dorsal prostatic lobes. Using
histochemical markers, it has been demonstrated that dorsal
prostate secretes glycoconjugates. Dorsal lobes are rich in Man,
GlcNac, Fuc, Gal/GalNac and oligosaccharides (Chan and Ho,
1999). Furthermore, dorsal prostate secretes dorsal-proteins I
and II (Seitz et al., 1990). Dorsal-protein I is a major protein of
the dorsal prostate (Kinbara and Cunha, 1996), and, compared
to dorsal-protein I, dorsal-protein II has higher carbohydrate
content (Wilson and French, 1980). The role of dorsal-proteins
has not yet been established, but they apparently do not have
an enzymatic function, since they are at a high concentration in
cytosol (Wilson and French, 1980). It remains to be determined
whether some of these secretions of the dorsal prostatic lobes
promote seminal plug adhesion to the vaginal walls. In the
present study, because sperm transport was disturbed by
lesioning the dorsal lobes, sperm concentration in the uterine
horns was also altered. At 5 days post-lesion, no spermatozoa
were found in the uterus, and at 20 days post-lesion, sperm
concentration (Austin and Dewsbury, 1986) was dramatically
lower compared to that obtained from the same males before
surgery, as well as compared to that reported previously (Lucio
et al., 2009).
The second effect of dorsal prostatic lobe lesions was on
sperm motility in the uterus. At day 20 post-lesion, when
spermatic transport occurred, more than 40% of spermatozoa
presented in situ motility versus 53% of spermatozoa with rapid
progressive motility in intact males. This decrease in sperm
motility was unexpected, because sperm motility is typically
associated with zinc, which is secreted mainly by the lateral
prostatic lobes (Lin et al., 2000). Immotile spermatozoa are
stored in the cauda epididymis. Sperm motility is induced
when spermatozoa are in contact with secretions from the
accessory sex glands at ejaculation (Lindholmer, 1974). The
prostate produces proteins giving an adequate medium for the
survival of sperm, and enhances their motility in the female
reproductive tract (Chow and O, 1998). Human semen includes
semenogelin; this protein inhibits sperm progressive motility,
nevertheless, prostate-specific antigen (PSA) hydrolyses
semenogelin, resulting in sperm motility (Robert and Gagnon,
1996). Patients having low sperm mobility also showed low
PSA levels (Ahlgren et al., 1995). Therefore, it is possible
that secretions of the rat dorsal prostate include hydrolytic
enzymes that, when released into the seminal fluid, facilitate
sperm motility through the female reproductive tract. In fact,
it has been described that the vertebrate prostate, among
another glands, produces glycosidases, exopeptidasas, and
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phospholipases. These enzymes digest proteins in the seminal
plasma and on the surface of the spermatozoa, resulting in the
facilitation of sperm motility (Vanha-Perttula et al., 1990).
In addition to the aforementioned enzymes, other factors
are known to promote sperm motility. Fructose, secreted
mainly by the dorsal prostate and coagulating glands,
is reported to be a source of energy for the motility of
spermatozoa (Mann, 1964). Since coagulating glands were
intact in our experimental males, it seems that the presence
of zinc from lateral prostate and the amount of fructose
secreted by coagulating glands are not sufficient, and that
additional components secreted by the dorsal prostatic lobes
are necessary, for normal sperm motility. Besides fructose,
prostatic secretion contains high concentrations of monovalent
and divalent cations such as Na, K, Zn, Ca and Mg, as well
as citric acid and many enzymes (Wilson et al., 1993). The
interaction of some of these secretions and ions secreted by
the dorsal prostate may affect the metabolism and function of
spermatozoa. Considering the low sperm concentration and
the reduced percentage of spermatozoa with rapid progressive
motility, it was not surprising that all males with dorsal
prostatic lesions were infertile.
We do not know exactly why the ventral prostatic lobe
suffered less damage from the sclerosing agent, but it is
possible that differences in tissue morphology between
the dorsal and ventral lobes could have influenced the
inflammatory response to this compound. The acini of the
dorsal lobes are quite large and less convoluted than either
the ventral or lateral lobes and are loosely distributed
within the stromal tissue, which consists of an assortment
of tissue elements that include extracellular material, small
nerve endings, blood vessels, fibromuscular material, and
fibroblasts. The acini are lined mainly with cuboidal cells,
the secretions of which stain with an intensity between that
of the lateral and ventral lobes (Jesik et al., 1982). These
morphological characteristics could be related to the intensity
of the inflammatory response of the prostatic lobes. In
humans, for example the peripheral zone of the prostate is the
most susceptible to inflammation and is where the majority
of carcinomas occur versus the central zone, which is more
resistant (Cunha et al., 1987). It has been described that the
dorsal and lateral prostatic lobes in the rat are equivalent to the
prostate peripheral zone in man (Price, 1963). Tissue damage
caused by inflammation could impair prostatic function,
perhaps causing a decreased secretion of the kallikrein-like
proteolytic enzyme and an increase in the pH of semen,
resulting in inadequate medium for sperm physiology (Motrich
et al., 2009). In our study, the poor motility shown by the sperm
from dorsal prostatic lesioned males could be another cause for
their lack of fertility.
In contrast to the dramatic effects of dorsal lobe lesions,
chemical lesion or ablation of the ventral prostate did not
change the characteristics of the semen or seminal plug. In
agreement with the results obtained by Queen et al. (1981),
we found that removal of ventral lobes had no effect on the
latency to become pregnant or on the percentage of females
that became pregnant, indicating that these prostatic lobes do
not play a critical role in reproductive parameters of male rats.
Thus, the present results indicate that, in the male rat,
dorsal prostatic lobes are crucial for reproductive success,
whereas the ventral lobes apparently are not necessary for
reproduction, or participate only marginally. This is the first

study in which the parameters of semen and seminal plug were
evaluated using a simple method involving semen acquired
from naturally inseminated females. It will be necessary to
focus on dorsal prostatic lobe to determine the biochemical
components that allow the adhesion of seminal plug to vaginal
walls and also its participation in sperm motility.
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