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Abstract: Mucopolysaccharidosis (MPS) I is a lysosomal storage disorder (LSD) that is characterised by alpha-L-idu-
ronidase (Idua) deficiency and continuous deposition of glycosaminoglycans (GAGs), which consequently interferes 
with cell signalling mechanisms and results in multisystemic and progressive symptoms. The animal model of MPS 
I (Idua-/-) has been widely studied to elucidate the consequences and progression of the disorder; however, studies 
specifically assessing the male reproductive tract are lacking. The aim of this study was to evaluate some of the 
reproductive characteristics of male MPS I mice in two phases of life. Reproductive organ biometry, sperm counts, 
sperm morphological evaluation, plasma testosterone measurements and histopathological, histomorphometrical 
and immunohistochemical analysis were performed in 3- and 6-month-old C57BL/6 Idua+/+ and Idua-/- mice. 
Seminal vesicle weights were decreased in both the 3- and 6-month-old Idua-/- mice. Decrease in sperm counts 
and the majority of the histopathological signs were observed in the 6-month-old Idua-/- mice. No differences 
were detected in the sperm morphological analysis. Immunohistochemistry revealed that seminiferous tubules from 
3-month-old Idua-/- mice were more intensely stained with anti-caspase-3 than 3-month-old Idua+/+ mice, but no 
difference was found at 6 months. These results suggest that MPS I interferes with male reproductive parameters 
both in 3 and 6-month-old animals and histopathological signs are more pronounced in 6-month-old mice, indicat-
ing that the effects of the disorder may intensify with the disease progression.
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Introduction

Mucopolysaccharidosis type I (MPS I) is a lyso-
somal storage disorder (LSD) characterised by 
the continuous deposition of glycosaminogly-
cans (GAGs) as a consequence of deficiency in 
α-L-iduronidase (Idua), a lysosomal enzyme 
that hydrolyses heparan and dermatan sul-
phate. The improper storage of GAGs interferes 
with signalling processes and results in multi-
systemic and progressive symptoms [1].

Due to high phenotypic variability, MPS I can be 
classified into the following 3 groups according 
to its severity: Hurler, Hurler-Scheie and Scheie 
syndromes. The main symptoms of Hurler syn-
drome are growth deficiency, joint stiffness, 
coarse facial appearance, mental retardation, 
speech impairment, hepatosplenomegaly, and 
respiratory and cardiovascular problems, 
resulting in a life expectancy of 10 years [1]. 

Murine models of MPS I (Idua-/-) manifest simi-
lar symptoms and are considered to simulate 
Hurler syndrome in which α-L-iduronidase is 
completely inactive [2].

A set of studies have reported associations 
between reproductive damage and exogenous 
factors, such as pollutants and drugs [3, 4], and 
endogenous factors, such as congenital abnor-
malities [5, 6], demonstrating that the repro-
ductive tract is sensitive to the liability of 
adverse conditions.

Some studies have demonstrated low repro-
ductive efficiency in patients and animal mod-
els of other types of LSD, such as Gaucher [7] 
and Niemann-Pick diseases [8-10]. However, to 
date, no studies have specifically addressed 
reproductive parameters in male individuals 
affected by MPS. The aim of this study was to 
evaluate some of the male reproductive param-
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eters of Idua-/- mice to contribute to the 
description of the animal model of MPS I.

Methods

Animals

C57BL/6 mice were kindly donated by Dr. 
Elizabeth Neufeld (UCLA, USA) and Dr. Nance B. 
Nardi (UFRGS, Brazil) and were bred from het-
erozygous (Idua+/-) matings to establish the 
colony at Universidade Federal de São Paulo 
(UNIFESP). We used the MPS I model described 
by Ohmi et al. [11], which is similar to that 
described by Clarke [2]. The Idua-/- genotype 
mimics Hurler syndrome, as the hydrolase α-L-
iduronidase is completely inactive. Animals 
were maintained on a 12 h light/dark cycle with 
food and water available ad libitum and without 
any contact with females after weaning. One-
month-old mice were genotyped by polymerase 
chain reaction using the following primers: 
GAGACTTGGAATGAACCAGAC (sense) and ATA- 
GGGGTATCCTTGAACTC (antisense) [12]. The 
mice were distributed into four groups accord-
ing to genotype (Idua+/+ or Idua-/-) and age (3 
or 6 months, representing young and middle-
aged adults, respectively). The four groups 
were designated Idua+/+3m, Idua-/-3m, 
Idua+/+6m and Idua-/-6m.

Given the difficulty in obtaining Idua-/- animals, 
4 to 6 animals were assigned per group. Eu- 
thanasia was performed by decapitation with-
out any contact with other animals to promote 
immediate death and to minimise suffering.

Ethical approval

Experimental procedures involving animals 
were in accordance with the Ethical Research 
Committee from Universidade Federal de São 
Paulo (UNIFESP) in 2011 (CEP 602/11).

Biometrical analyses

Body weights were measured before euthana-
sia using a precision balance. Absolute weights 
of the testes, epididymis, ventral prostate and 
seminal vesicles were measured on an analyti-
cal balance after euthanasia. We have consid-
ered the mean of the absolute weights of paired 
organs, such as the testes and epididymis. 
Relative weights were calculated by dividing the 
absolute weights by body weights and were 

expressed as a percentage: [(organ weight/
body weight) × 100].

Sperm counts

The estimate of daily sperm production (DSP) 
was adapted from Thayer et al. [13]. The right 
testis was homogenised with saline and deter-
gent solution (NaCl 0.9% and Triton X-100 
0.05%). Cells resistant to homogenisation 
(stages 14 to 16 of spermatogenesis) were 
counted in a hemocytometer chamber under a 
light microscope at 400 × magnification. The 
homogenate was diluted 1:1 (v/v). Two 5 μL ali-
quots were applied to the chamber, and the 
average of six chambers was used to estimate 
the number of sperm/testis. To estimate the 
DSP, the testicular sperm number was divided 
by 4.8, which corresponds to the number of 
days that resistant spermatids remain in the 
testes.

Sperm morphology

The left epididymal cauda was minced and 
immersed in 500 μl of phosphate buffered 
saline (PBS). Sperm were allowed to disperse 
into the buffer for 15 min at room temperature. 
Two 5 μl aliquots were pipetted onto a hemo- 
cytometer chamber, and 300 sperm were 
observed under a light microscope at 400 × 
magnification [14] and head and tail abnormali-
ties were registered [15]. Afterwards, 100 
sperm were counted and classified according 
to their integrity as normal, tail-lost sperm and 
head-lost sperm.

Testicular histopathology

Immediately after euthanasia, the left testis 
was fixed in buffered formalin (10%) for 4 h. 
After this period, the organ was divided into two 
parts, one was returned to the buffered forma-
lin for an additional 24 h for immunohistochem-
ical analysis and the other was placed in Alfac 
(85% ethanol 80%, 10% formaldehyde and 5% 
glacial acetic acid) for 20 h. After fixation, the 
piece was dehydrated with 80-100% ethanol, 
diaphanised with xylol and embedded in 
Paraplast Plus®. Cross sections of 5 μm thick-
ness were stained with hematoxylin/eosin or 
toluidine blue (pH = 2.5). Seminiferous tubules 
cross sections were considered damaged when 
signs of degeneration (vacuolisation, desqua-
mation of the seminiferous epithelium, loss of 
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germ cells or presence of immature spermatids 
in the lumen); signs of necrosis (fragmentation 
or compaction of the cell nucleus) and intersti-
tial alterations (signs of fibrosis and vacuolisa-
tion) were present. One testis cross section per 
animal was considered in this analysis.

To quantify the seminiferous damage, 3 non-
consecutive cross sections per animal were 
evaluated. Damaged and normal tubular cross 
sections were counted [3]. To observe the pos-
sible accumulation of basophilic material, tes-
ticular sections were coloured with toluidine 
blue. Staining was quantitatively analysed 
using Image J software (National Institutes of 
Health, Maryland, USA). Three regions from 
each testicular cross section were examined, 
and 10 interstitial regions from each figure 
were evaluated to establish the colour intensi-
ty, which was expressed as the relative optical 
density [16].

Testicular histomorphometry

Histomorphometrical analyses were performed 
using Axio Vision 4.8 (Zeiss®).

Tubular diameter was measured on 30 circular 
tubular cross sections from each animal, 
regardless of the stage of the seminiferous epi-
thelium. The epithelial height was determined 
from 20 tubular cross sections in stage XII, and 
percentage of tubular and interstitial areas was 

determined from 15 images (1400 μm × 1100 
μm) at 200 × magnification. One testicular 
cross section per animal was evaluated.

Plasma testosterone levels

Blood was collected in heparinised microtubes. 
Plasma was separated by centrifugation 
(4°C/3000 rpm/10 min) and stored at -80°C. 
Testosterone was quantified in duplicate by 
chemiluminescence using automated UniCel 
dxI 800 (Beckman Coulter®) equipment with a 
sensitivity of 10 ng/dL. The intra- and inter-
assay coefficients of variation were 1.99 and 
4.22, respectively.

Immunohistochemistry

Immunohistochemical staining for pro-apoptot-
ic caspase-3 and anti-apoptotic bcl2 was per-
formed using the avidin-biotin-peroxidase com-
plex method. Three-micron sections were 
deparaffinised with xylol and rehydrated with a 
gradient of ethanol (100%-70%). Antigen 
retrieval was performed by heating the sample 
in citrate buffer (0.01 M pH = 6.0), inhibiting 
endogenous peroxidase with 3% H2O2 (5 × 5 
min) and treating sections for 30 min with 1% 
bovine serum albumin in PBS. Sections were 
incubated overnight at 4°C with rabbit poly-
clonal anti-cleaved caspase-3 antibody ab- 
52294 (Abcam®) or rabbit polyclonal anti-bcl-2 
antibody ab32124 (Abcam®); both antibodies 

Table 1. Biometrical parameters. Body weight and absolute and relative weight of the testes, epididy-
mis, ventral prostate and seminal vesicles. Values are expressed as the mean and standard deviation 
(parentheses)

3-month-old 6-month-old
Idua+/+ Idua-/- p Idua+/+ Idua-/- p

Body weight (g) 26.8 (0.91) 25.2 (0.47) 0.056 28.1 (0.56) 27.9 (1.68) 0.895
Absolute weights
    Testis (mg) 99.1 (8.5) 110.8 (14.7) 0.161 102.0 (6.8) 110.2 (7.7) 0.115
    Epididymis (mg) 33.6 (8.2) 31.6 (6.3) 0.673 37.7 (2.4) 38.2 (6.3) 0.875
    Ventral prostate (mg) 11.9 (1.6) 7.6 (1.3)* 0.002 11.2 (1.5) 10.5 (4.5) 0.749
    Seminal vesicle (mg) 152.2 (22.3) 99.1 (21.0)* 0.004 199.1 (27.6) 115.8 (37.8)* 0.004
Relative weights
    Testis (%) 0.35 (0.02) 0.43 (0.06)* 0.022 0.36 (0.03) 0.38 (0.03) 0.225
    Epididymis (%) 0.12 (0.03) 0.12 (0.02) 0.853 0.13 (0.01) 0.13 (0.004) 0.970
    Ventral prostate (%) 0.04 (0.01) 0.03 (0.005)* 0.02 0.04 (0.01) 0.03 (0.01) 0.579
    Seminal vesicle (%) 0.55 (0.09) 0.38 (0.08)* 0.016 0.70 (0.12) 0.39 (0.08)* 0.001
Idua+/+3m: 3-month-old control group; Idua-/-3m: 3-month-old knockout group; Idua+/+6m: 6-month-old control group; Idua-
/-6m: 6-month-old knockout group. Unpaired t-test. *p < 0.05 compared with same aged Idua+/+ group; n = 5 animals/group.
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were diluted 1:300 in 1% BSA. After the PBS 
washes, the sections were incubated with bioti-
nylated secondary antibody (Dako®) followed by 
streptavidin (Dako®). Labelling was revealed 
with 3,3’-diaminobenzidine (Dako®). In negative 
control sections, the primary antibody was 
replaced by BSA. Sections were counterstained 
with hematoxylin.

The intensity of the immunohistochemical reac-
tion was quantified by a blinded investigator. 
Ten seminiferous cross sections were evaluat-
ed per animal and classified from 0 to 3 accord-
ing to a scoring scale (0 = absent; 1 = weak; 2 
= moderate and 3 = intense) [17].

Statistical analysis

Statistical analysis was performed using 
unpaired t-test. All analyses were performed 
using StatSoft Statistica 7.0® and the level of 
significance was set at ≤ 0.05.

Results

Biometrical analyses

Body weights did not differ between Idua+/+ 
and Idua-/- mice of the same age. The relative 
testicular weight was higher in Idua-/-3m mice 
compared to the controls (P = 0.022) (Table 1). 
The epididymal biometric parameters did not 
differ among the different genotypes (Table 1). 
Interestingly, the absolute and relative prostat-

ic weights were lower in the Idua-/-3m group (P 
= 0.002 and 0.02, respectively). The absolute 
seminal vesicle weight was decreased in the 
Idua-/-3m (P = 0.004) and Idua-/-6m (P = 
0.004) groups, as were the relative weights (P = 
0.016 and P = 0.001, respectively) (Table 1).

Sperm analyses

The DSP, and consequently the number of 
sperm per testis, were significantly reduced in 
the Idua-/-6m compared with Idua+/+6m mice 
(P = 0.007 and P = 0.007, respectively). No sig-
nificant difference was found among the 
3-month-old mice (Table 2), although means 
are similar among 3 and 6-month-old Idua-/- 
groups. Additionally, there was no significant 
difference in the percentage of abnormal sperm 
in mice at 3 or 6 months. However, the frequen-
cy of tail-lost sperm was higher in Idua-/-3m 
group, compared to Idua+/+3m group (0.047) 
(Table 2).

Plasma testosterone analyses

No significant difference was detected in plas-
ma testosterone (Table 2).

Testicular histopathology and histomorphom-
etry

Signs of tubular degeneration, such as disor-
ganisation of the seminiferous epithelium, vac-
uolisation and presence of tubules lined with 

Table 2. Characterisation of sperm, hormonal and testicular histomorphometrical parameters. Values 
are expressed as the mean and standard deviation (parentheses)

3-month-old 6-month-old
Idua+/+ Idua-/- p Idua+/+ Idua-/- p

Sperm counts
    Sperm number in the testis (× 106) 25.6 (6.7) 20.7 (3.9) 0.197 27.7 (1.5) 23.3 (2.3)* 0.007
    DSP (× 106) 5.3 (1.4) 4.3 (0.8) 0.196 5.8 (0.3) 4.8 (0.5)* 0.007
Sperm morphology
    Abnormal sperm (%) 63.3 (6.0) 67.1 (15.7) 0.63 58.2 (5.9) 55.7 (7.8) 0.577
    Tail-lost sperm (%) 9.0 (5.24) 20.87 (10.04)* 0.047 19.0 (7.17) 20.32 (7.96) 0.789
    Head-lost sperm (%) 9.60 (4.51) 19.07 (8.15) 0.052 18.20 (4.76) 17.79 (4.91) 0.897
Hormonal analyses#

    Plasma testosterone (ng/dL) 1051 (299.7) 4191 (3025.0) 0.09 2402 (1413.0) 2139 (2130.0) 0.938
Testicular morphometrical parameters
    Tubular diameter (µm) 184.6 (8.6) 181.3 (10.8) 0.611 196.5 (13.8) 198.0 (12.9) 0.865
    Epithelium height (µm) 56.3 (2.3) 54.1 (3.9) 0.307 54.9 (3.8) 58.7 (2.5) 0.102
    Frequency of interstitial area (%) 15.19 (3.90) 32.21 (4.22)* 0.0002 20.62 (1.78) 27.03 (5.89)* 0.048
Idua+/+3m: 3-month-old control group; Idua-/-3m: 3-month-old knockout group; Idua+/+6m: 6-months-old control group; Idua-/-6m: 6-months-
old knockout group. Unpaired t-test. *p < 0.05 compared with same aged Idua+/+ group; n = 5 animals/group. #n = 4 in Idua-/- groups due to 
the lack of plasma volume for chemiluminescent analysis. DSP: daily sperm production.
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only Sertoli cells and characterised by few or 
absent germ cells, were observed in all groups 
(Table 3 and Figure 1), especially some of the 
Idua-/-6m mice. However, the frequency of 
degenerated tubules was not statistically dif-
ferent between Idua-/- and Idua+/+ mice of the 
same age (Figure 1F). Sections stained with 
toluidine blue suggested an accumulation of 
acid substrate, possibly GAGs, in the interstitial 
compartment of Idua-/-6m mice compared 
with the Idua+/+6m controls (P < 0.0001) 
(Figure 1H-K).

We did not observe any statistically significant 
differences among the Idua+/+ and Idua-/- 
groups in the diameter of seminiferous tubules 
and epithelium height. However, the frequency 
of interstitial area was higher in Idua-/-3m (P = 
0.0002) and Idua-/-6m (P = 0.048) groups 
(Table 2).

Immunohistochemistry

Cross sections stained with anti-caspase 3 
were more intensely labelled in Idua-/-3m mice 
compared with the corresponding controls (p = 
0.04), but no statistically significant difference 
was observed between the 6-month-old groups 
(Figure 2). No difference was observed between 
the Idua+/+ and Idua-/- cross sections stained 
with anti-bcl-2 (Figure 2).

Discussion

Due to the multisystemic nature of MPS I, a set 
of tissues and organs has been investigated in 
animal models to elucidate some of the effects 
of improper GAG storage in different cell types. 
The reproductive system is usually an impor-
tant object of investigation in understanding a 
variety of syndromes, and must also be exam-
ined in animal models of LSD, such as MPS.

Furthermore, no study specifically evaluates 
male or female reproductive parameters in any 
of animal models of MPSs. Until the present 

been reported in MPS I women submitted to 
therapeutic interventions [20, 21].

Male reproductive organs, such as the testes, 
epididymis, ventral prostate and seminal vesi-
cles, require androgens for maintenance 
throughout life, and testosterone is one of the 
most important hormones involved in this func-
tion [22]. Although the testicular and epididy-
mal biometric parameters were not reduced in 
the Idua-/- groups, the absolute prostate weight 
in the 3-month-old Idua-/- mice and the semi-
nal vesicle weights in both Idua-/- groups were 
decreased compared with the control groups. 
However, the concentration of plasma testos-
terone was not statistically different between 
the Idua+/+ and Idua-/- groups, suggesting that 
the testosterone biosynthesis at least is not 
impaired in Idua-/- mice. Similar results have 
been reported in a knockout model of a lyso-
somal glycoprotein that is associated with 
LSDs such as Gaucher, Tay Sachs and meta-
chromatic leukodystrophy [23]. All reproductive 
biometric values were decreased regardless 
the concentration of plasma testosterone, 
which was higher than or equal to the levels in 
the control group. This evidence suggests that 
storage of substrates may impair the hormonal 
response that would result in tissue growth. For 
this reason, further investigations into the tis-
sue androgen concentrations and signalling 
mechanisms mediated by androgens are 
important to understand this growth impair- 
ment.

Garcia et al. [24] have characterised the murine 
model of MPS II and have demonstrated 
increases in the relative weight of the kidneys, 
liver, spleen, brain and even the testes and epi-
didymis in 10-month-old mice. MPS I and MPS 
II result in the accumulation of dermatan and 
heparan sulphates and manifest similarly [2, 
24]. Organomegalies were frequent in our Idua-
/- animals, especially in the Idua-/-6m group; 
however we did not visibly note testicular or epi-

Table 3. Qualitative histopathologic analysis of testes
3-month-old 6-month-old

Idua+/+ Idua-/- Idua+/+ Idua-/-
Degeneration 1/6 1/6 2/6 4/6
Necrosis 0/6 0/6 0/6 2/6
Interstitial alteration 1/6 1/6 0/6 6/6
1 histological section/animal; n = 6 animals/group.

moment, there is a single study related to 
the frequency of pregnancies of female 
MPS VII mice submitted to copulation with 
normal and knockout males. They demon-
strated an improvement in sexual behav-
iour provided by the enzyme replacement 
therapy [18]. In humans, testicular histo-
pathological signs were detected in a 
19-year-old boy autopsy with MPS II [19]. 
Regarding pregnancies, some cases have 
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didymal organomegaly, as observed in the 
heart, liver and brain. We only detected an 

increase in relative testicular weight in the 
Idua-/-3m group, which was not observed in 

Figure 1. Histopathological evaluation. (A) Normal seminiferous tubule; (B) Tubule with desquamation of immature 
germ cells in luminal portion (asterisk); (C) Sertoli-cell-only tubule. Note the vacuolisation of Sertoli cell (arrow 
head) and the absence of germ cells; (D) Signs of necrosis. Note the fragmented or shaded nuclei of germ cells 
(arrow head); (E) Disorganisation of seminiferous epithelial histoarchitecture with loss of cell layers; (F) Frequency 
of degenerated tubular sections. Raw data separated by median (bar). Unpaired t-test; (G-J) Toluidine blue stained 
testicular sections from Idua+/+3m (G); Idua-/-3m (H); Idua+/+6m (I); and Idua-/-6m (J). (J) Note the presence 
of vacuoles (arrow) and the staining intensity in interstitial compartment; (K) Quantitative analysis of the staining 
intensity with toluidine blue. Unpaired t-test (*P < 0.0001), compared to Idua+/+6m; n = 6 animals/group. Ep: semi-
niferous epithelium; I: interstitial compartment; L: lumen. ROD: relative optical density. Scale bar = 50 µm. Staining: 
hematoxylin/eosin (A-E) and toluidine blue (G-J).
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Figure 2. Immunohistochemical analyses. Testicular sections stained with pro-apoptotic caspase-3 (A-D) and anti-apoptotic bcl-2 (F-I) antibodies; (E, J) Quantitative 
analysis of the intensity of the immunohistochemical reaction. Top right images represent negative controls. Unpaired t-test. *P ≤ 0.05, compared to Idua+/+3m. 
Scale bars = 50 µm and 100 µm for negative controls.
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Idua-/-6m mice, possibly as a result of a dispro-
portionate growth between the testes and body 
during the animal ageing process since testicu-
lar absolute weights are similar among Idua-/-
3m and Idua-/-6m and body weight is subtly 
lower in Idua-/-3m group.

Evidence of subfertility and infertility, such as 
reduced litter size and frequency of pregnancy; 
have been reported in some studies using ani-
mal models of Sandhoff [25], Niemann-Pick [9], 
Gaucher [7] and Krabbe [26] disorders, which 
are all categorised as LSDs. Some of the stud-
ies have detected a lower affinity for the oocyte 
pellucid zone and suggested impairments in 
sperm maturity [7, 9, 26]. In our study, we 
observed a decrease in DSP that was signifi-
cant in the Idua-/-6m group, although Idua-/-
3m presented similar values, suggesting 
impairment in spermatogenesis, which was 
confirmed by the marked histopathological 
alterations observed in 6-month-old group.

Histopathological signs, such as interstitial 
GAG accumulation, Sertoli-cell-only tubules, 
vacuoles and epithelial desquamation, were 
expected since heparan sulphate proteogly-
cans are found in the testicular and epididymal 
extracellular matrix and are important for sig-
nalling during spermatogenesis and sperm 
maturation [27, 28]. We observed a high vari-
ability in the frequency of damaged tubules 
among the Idua-/- animals. However, the 
tubules from all Idua+/+ animals were notably 
healthy with a low frequency of damage.

Six-month-old knockout mice (Idua-/-6m) pre-
sented vacuoles in the interstitial compart-
ment, which have also been detected in 
8-month-old Idua-/- mice [29]. Toluidine blue-
stained sections suggested deposits of baso-
philic material in the interstitial compartment 
of Idua-/-6m mice regardless the frequency of 
degeneration and signs of necrosis, probably 
as a consequence of progressive GAG accumu-
lation. Toluidine blue staining was more intense 
especially in Idua-/-6m group and the percent-
age of interstitial area was higher in both Idua-
/-3m and Idua-/-6m groups, which suggest 
structural changes in interstitial compartment 
of seminiferous tubules.

Sperm morphology did not differ between the 
Idua+/+ and Idua-/- groups, in contrast to the 
differences observed in other LSD animal mod-
els [9, 30-32]. Interestingly, we observed simi-

lar percentages of head-lost and tail-lost sperm 
in the Idua-/-3m and Idua-/-6m groups, which 
were significantly higher than Idua+/+3m 
group, suggesting that MPS I may confer age-
related sperm fragility. However, we are cur-
rently only able to suggest that MPS I interferes 
with spermatogenesis in a quantitative but not 
necessarily in a qualitative way.

During spermatogenesis, apoptosis occurs 
approximately in more than 50% of total germ 
cells. Sertoli cells are responsible to phagocy-
tosis these apoptotic germ cells and degrade 
their components by lysosomal enzymes [33, 
34]. Some studies have reported associations 
between increased caspase expression and 
decreased sperm count, motility, morphology 
and other andrological pathologies, although 
apoptosis is required for normal spermatogen-
esis to eliminate abnormal sperm and to pro-
tect heritable genome [35-37]. Interestingly, 
testicular cross sections were more intensely 
stained with anti-caspase-3 antibody in the 
Idua-/-3m mice, while staining in the Idua-/-6m 
group was not statistically different from the 
corresponding control group.

As the lysosomes are intensely required to pro-
mote seminiferous tubules clearance, we sug-
gest that the disease progression possibly 
interfere in the mechanism of cell death control 
in case of lysosome storage in Sertoli cells.

Our results indicate that the absence of Idua 
impacts male reproductive parameters, such 
as the continued growth of seminal vesicles 
despite normal levels of plasma testosterone, 
and reduced DSP. In addition, we observed tes-
ticular histopathological signs such as intersti-
tial vacuolization and suggest a GAG storage in 
the same compartment, especially in the 
6-month-old mice, indicating disease progre- 
ssion.

The physiological, biometrical and histopatho-
logical changes reported in this study are 
essential for further cellular and molecular 
experiments aiming to characterise the cellular 
mechanisms that might be impaired as a con-
sequence of Idua deficiency.

Acknowledgements

We thank Dr. Elizabeth Neufeld (UCLA, USA) 
and Dr. Nance B. Nardi (UFRGS, Brazil) for pro-
viding the Idua-/- animals, Dr. Daniel Araki 



Male parameters of Idua-/- knockout mice

3496 Int J Clin Exp Pathol 2014;7(6):3488-3497

Ribeiro for histopathological analysis, Dr. 
Patrick Vianna Garcia and Dr. Vanessa 
Gonçalves Pereira for the assistance with the 
study and Ms. Gustavo Monteiro Viana for 
genotypic analysis and suggestions and Camila 
Mendonça Moreira for the initial steps of this 
work. We also thank CAPES, AFIP and FAPESP 
for financial support. C. C. Nascimento was the 
recipient of a scholarship from CAPES, and V. 
D’Almeida is the recipient of a fellowship from 
CNPq.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Vânia D’Almeida, 
Department of Psychobiology, Universidade Federal 
de São Paulo, Napoleão de Barros 925, 3rd floor - 
Vila Clementino - São Paulo - SP, Brazil. Zip code: 
04024-002; Tel: 55 11 2149-0155 (ext. 283); Fax: 
55 11 2149-0285; E-mail: vaniadalmeida@uol.com.
br

References

[1] Neufeld EF and Muenzer J. The mucopolysac-
charidoses. In: Scriver CR, Sly WS, Childs B, 
Beaudet AL, Valle D, Kinzler KW and Volgestein 
B, eds. The metabolic and molecular basis of 
inherited disease. New York: McGraw-Hill; 
1998. pp. 3421-3452.

[2] Clarke LA, Russell CS and Pownall S. Murine 
mucopolysaccharidosis type I: targeted disrup-
tion of the murine α-L-iduronidase gene. Hum 
Mol Genet 1997; 6: 503-511.

[3] Yoshida S, Hiyoshi K, Ichinose T, Nishikawa M, 
Takano H, Sugawara I and Takeda K. Aggravat-
ing effect of natural sand dust on male repro-
ductive function in mice. Reprod Med Biol 
2009; 8: 151-156.

[4] Pichiah PB, Sankarganesh A, Kalaiselvi S, Indi-
rani K, Kamalakkannan S, SankarGanesh D, 
Hwang PH, Cha YS and Achiraman S. Adriamy-
cin induced spermatogenesis defect is due to 
the reduction in epididymal adipose tissue 
mass: a possible hypothesis. Med Hypotheses 
2012; 78: 218-220.

[5] Garcia PV, Arrotéia KF and Joazeiro PP. Orchi-
dopexy restores morphometric-stereologic 
changes in the caput epididymis and daily 
sperm production in cryptorchidic mice, al-
though sperm transit time and fertility param-
eters remain impaired. Fertil Steril 2011; 96: 
739-744.

[6] Watson SL, Richards DA, Miodrag N and Fe-
doroff JP. Sex and genes, part 1: sexuality and 
Down, Prader-Willi, and Williams syndromes. 
Intellect Dev Disabil 2012; 50: 155-168.

[7] Yildiz Y, Matern H, Thompson B, Allegood JC, 
Warren RL, Ramirez DM, Hammer RE, Hamra 
FK, Matern S and Russell DW. Mutation of be-
ta-glucosidase 2 causes glycolipid storage dis-
ease and impaired male fertility. J Clin Invest 
2006; 116: 2985-2994.

[8] Butler A, He X, Gordon RE, Wu HS, Gatt S and 
Schuchman EH. Reproductive pathology and 
sperm physiology in acid sphingomyelinase-
deficient mice. Am J Pathol 2002; 161: 1061-
1075.

[9] Fan J, Akabane H, Graham SN, Richardson LL 
and Zhu GZ. Sperm defects in mice lacking a 
functional Niemann-Pick C1 protein. Sperm 
defects in mice lacking a functional Niemann-
Pick C1 protein. Mol Reprod Dev 2006; 73: 
1284-1291.

[10] Xie C, Richardson JA, Turley SD and Dietschy 
JM. Cholesterol substrate pools and steroid 
hormone levels are normal in the face of muta-
tional inactivation of NPC1 protein. J Lipid Res 
2006; 47: 953-963.

[11] Ohmi K, Greenberg DS, Rajavel KS, Ryazant-
sev S, Li HH and Neufeld EF. Activated microg-
lia in cortex of mouse models of mucopolysac-
charidoses I and IIIB. Proc Natl Acad Sci U S A 
2003; 100: 1902-1907.

[12] Camassola M, Braga LM, Delgado-Cañedo A, 
Dalberto TP, Matte U, Burin M, Giugliani R and 
Nardi NB. Nonviral in vivo gene transfer in the 
mucopolysaccharidosis I murine model. J In-
herit Metab Dis 2005; 28: 1035-1043.

[13] Thayer KA, Ruhlen RL, Howdeshell KL, Buchan-
an DL, Cooke PS, Preziosi D, Welshons WV, 
Haseman J and vom Saal FS. Altered prostate 
growth and daily sperm production in male 
mice exposed perinatally to subclinical doses 
of 17α-ethinyl oestradiol. Hum Reprod 2001; 
16: 988-996.

[14] Golas A, Lech T, Janula M, Bederska D, Lenar-
towicz M and Styrna J. Semen quality parame-
ters and embryo lethality in mice deficient for 
Trp53 protein. Reprod Biol 2011; 11: 250-263.

[15] Joseph A, Shur BD, Ko C, Chambon P and Hess 
RA. Epididymal hypo-osmolality induces abnor-
mal sperm morphology and function in the es-
trogen receptor alpha knockout mouse. Biol 
Reprod 2010; 82: 958-967.

[16] Hejmej A, Kotula-Balak M, Galas J and Bilińska 
B. Effects of 4-tert-octylphenol on the testes 
and seminal vesicles in adult male bank voles. 
Reprod Toxicol 2011; 31: 95-105.

[17] Faria PE, Okamoto R, Bonilha-Neto RM, Xavier 
SP, Santos AC and Salata LA. Immunohisto-
chemical, tomographic and histological study 
on onlay iliac grafts remodeling. Clin Oral Im-
plants Res 2008; 19: 393-401.

[18] Soper BW, Pung AW, Vogler CA, Grubb JH, Sly 
WS and Barker JE. Enzyme replacement thera-

mailto:vaniadalmeida@uol.com.br
mailto:vaniadalmeida@uol.com.br


Male parameters of Idua-/- knockout mice

3497 Int J Clin Exp Pathol 2014;7(6):3488-3497

py improves reproductive performance in mu-
copolysaccharidosis type VII mice but does not 
prevent postnatal losses. Pediatr Res 1999; 
45: 180-186.

[19] Nagashima K, Endo H, Sakakibara K, Konishi 
Y, Miyachi K, Wey JJ, Suzuki Y and Onisawa J. 
Morphological and biochemical studies of a 
case of mucopolysaccharidosis II (Hunter’s 
syndrome). Acta Pathol Jpn 1976; 26: 115-
132.

[20] Hendriksz CJ, Moss GM and Wraith JE. Preg-
nancy in a patient with mucopolysaccharidosis 
type IH homozygous for the W402X mutation. J 
Inherit Metab 2004; 27: 685-686.

[21] Remérand G, Merlin E, Froissart R, Brugnon F, 
Kanold J, Janny L and Deméocq F. Four suc-
cessful pregnancies in a patient with muco-
polysaccharidosis type I treated by allogeneic 
bone marrow transplantation. J Inherit Metab 
Dis 2009; 32: 111-113.

[22] Cunha GR, Alarid ET, Turner T, Donjacour AA, 
Boutin EL and Foster BA. Normal and abnor-
mal development of the male urogenital tract. 
Role of androgens, mesenchymal-epithelial in-
teractions, and growth factors. J Androl 1992; 
13: 465-475. 

[23] Morales CR, Zhao Q, El-Alfy M and Suzuki K. 
Targeted disruption of the mouse prosaposin 
gene affects the development of the prostate 
gland and other male reproductive organs. J 
Androl 2000; 21: 765-775.

[24] Garcia AR, Pan J, Lamsa C and Muenzer J. The 
characterization of a murine model of muco-
polysaccharidosis II (Hunter syndrome). J In-
herit Metab Dis 2007; 30: 924-934.

[25] Juneja SC. Development of infertility at young 
adult age in a mouse model of human Sand-
hoff disease. Reprod Fertil 2002; 14: 407-412.

[26] Xu WM, Chen J, Chen H, Diao RY, Fok KL, Dong 
JD, Sun TT, Chen WY, Yu MK, Zhang XH, Tsang 
LL, Lau A, Shi QX, Shi QH, Huang PB and Chan 
HC. Defective CFTR-dependent CREB activa-
tion results in impaired spermatogenesis and 
azoospermia. PLoS One 2011; 6: 1-10.

[27] Turner TT, Johnston DS, Jelinsky SA, Tomsig JL 
and Finger JN. Segment boundaries of the 
adult rat epidydims limit interstitial signaling 
by potential paracrine factors and segments 
lose differential gene expression after efferent 
duct ligation. Asian J Androl 2007; 9: 565-573.

[28] Cotton LM, O’Bryan MK and Hinton BT. Cellular 
signaling by fibroblast growth factors (FGFS) 
and their receptors (FGFRS) in male reproduc-
tion. Endocr Rev 2008; 29: 193-216.

[29] Chung S, Ma X, Liu Y, Lee D, Tittiger M and Pon-
der KP. Effect of neonatal administration of a 
retroviral vector expressing á-L-iduronidase 
upon lysosomal storage in brain and other or-
gans in mucopolysaccharidosis I mice. Mol 
Genet Metabol 2007; 90: 181-192.

[30] Veeramachaneni DN, Smith MO and Ellinwood 
NM. Deficiency of fucosidase results in acroso-
mal dysgenesis and impaired sperm matura-
tion. J Androl 1998; 19: 444-449.

[31] Luddi A, Strazza M, Carbone M, Moretti E and 
Costantino-Ceccarini E. Galactosylceramidase 
deficiency causes sperm abnormalities in the 
mouse model of globoid cell leukodystrophy. 
Exp Cell Res 2005; 304: 59-68.

[32] Roy A, Lin YN and Matzuk MM. Shaping the 
sperm head: an ER enzyme leaves its mark. J 
Clin Invest 2006; 116: 2860-2863.

[33] Clermont Y, Morales C and Hermo L. Endocytic 
activities of Sertoli cells in the rat. Ann N Y 
Acad Sci 1987; 513: 1-15.

[34] Cheng CY, Wong EW, Yan HH and Mruk DD. 
Regulation of spermatogenesis in the microen-
vironment of the seminiferous epithelium: new 
insights and advances. Mol Cell Endocrinol 
2010; 315: 49-56.

[35] Said TM, Paasch U, Glander HJ and Agarwal A. 
Role of caspases in male infertility. Hum Re-
prod Update 2004; 10: 39-51.

[36] Li YJ, Song TB, Cai YY, Zhou JS, Song X, Zhao X 
and Wu XL. Bisphenol A exposure induces 
apoptosis and upregulation of Fas/FasL and 
caspase-3 expression in the testes of mice. 
Toxicol Sci 2009; 108: 427-436.

[37] Rübe CE, Zhang S, Miebach N, Fricke A and 
Rübe C. Protecting the heritable genome: DNA 
damage response mechanisms in spermato-
gonial stem cells. DNA Repair (Amst) 2011; 10: 
159-168.


