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High-magnification observation of seminiferous tubules
through the tunica albuginea by two-photon laser
scanning microscopy

Vincent Achard1,2, Pascal Weber3, Georges Mercier1 and Marie-Pierre Blanchard4

Testicular sperm extraction is widely used in the treatment of male infertility in cases of non-obstructive azoospermia. Identifying

spermatogenetic foci within the testes is critical for testicular sperm extraction. Two-photon laser scanning microscopy (TPLSM) is an

autofluorescence-based microscopy technique that allows observation at a cellular level in the depth of fresh living tissues and does not

require any histological processing (fixation or staining). The wavelengths previously used have shown no phototoxicity on sperm. We

used TPLSM to detect spermatogenetic foci in fresh mouse testicular parenchyma without disrupting the tunica albuginea. Fresh

surgically retrieved testes were observed using TPLSM within 1 h after extraction. Contralateral testes for each animal were observed

using standard histology. Using TPLSM we were able to observe and measure the diameter of seminiferous tubules through the tunica

albuginea, similar to the histological control. Structures within epithelial tubules were also observed, although their nature has yet to be

identified. TPLSM is a real-time microscopy technique that could detect spermatogenetic foci.
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INTRODUCTION

In non-obstructive azoospermia, testicular sperm extraction com-

bined with intracytoplasmic sperm injection has proven to be an

acceptable line of treatment.1 However, testicular sperm extraction

is a blind procedure that does not identify the focal sperm-producing

areas of the testicle until after tissue has been excised from the patient

which implies the disruption of the testis inner connective capsule (the

tunica albuginea) to allow access to the parenchyma. Preventing this

disruption could limit the risk of immediate vascular damage, and

secondary complications.2 Detecting spermatogenesis through the

tunica albuginea during surgical time using a microscopy technique

would increase sperm retrieval.

Two-photon laser scanning microscopy (TPLSM) is based on an

excitation by two photons emitted at a very low time interval,

which causes a higher energy electronic transition in molecules.3

Therefore, it is a high-resolution laser scanning microscopy tech-

nique that allows for deep imaging inside biological tissues.

Because it reveals autofluorescent molecules within the tissue

(riboflavin, NADH, folic acid, etc.),4 it is possible to observe struc-

tures in fresh tissues without histological preparation or staining of

the tissue. The ability of two-photon-based microscopy techniques

to explore tissues at a cellular level, along with their low photo-

xicity related to the long wavelengths used,5,6 makes it a promising

tool for spermatogenetic foci detection. Our objective was there-

fore to use TPLSM to observe testicular parenchyma through the

tunica albuginea on freshly retrieved testes in mice without any

drug administration to the animal or tissue processing prior to

observation.

MATERIALS AND METHODS

Animal experiments were performed as recommended by the experi-

mental guidelines of the European Community and performed in

accordance with the NIH Guide for the Care and Use of Laboratory

Animals (1996). Three adult male C57BL/6j mice were obtained from

Charles River (L’Arbresle, France). After lethal sodium pentobarbital

intraperitoneal injection, testicles were removed by laparotomy.

Confocal imaging was realized within 1 h after extraction on the left

testis using an upright TCS SP2 microscope (Leica Microsystems,

Wetzlar, Germany) equipped with a Plan-Apochromat 320 water-

immersion objective lens. Two-photon excitation was provided by a

mode-locked Titanium-Sapphire laser system (Coherent Inc., Santa

Clara, CA, USA) tuned to 800 nm. Imaging was processed by applying

the water-immersion objective directly on the connective tunica albu-

ginea, which remained intact through the experiment. Fluorescence

emitted by the tissues was collected in a range of 700–1000 nm on the

confocal system photomultiplier.

The contralateral testis was fixed right after killing in Bouin’s fix-

ative, and histologically processed for staining using Masson’s tri-

chrome technique and microphotography. Tubule diameter

quantifications were done on a total of 32 tubules (half for each
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microscopic technique) using NIH ImageJ software after calibration.

Results are given as mean6s.e. Student’s t-test was used for statistical

comparison.

RESULTS AND DISCUSSION

Two-photon microscopy revealed the autofluorescence of several

tubule outlines under the reticulated connective fibers of the tunica

albuginea (‘TA’, Figure 1a and b). The diameters of the tubules

showed no significant variation related to the microscopic technique

used: 212.264.4 mm using two-photon microscopy versus 180.06

4.8 mm (P.0.05) using standard microscopy.

Autofluorescent spikes of moderate intensity were regularly distri-

buted within each tubule (Figure 1a and b). On each laser slice, a spot-

like appearance was observed near the center of the tubule versus a

spiked organization towards the outline. This particular setting was

even more evident on a Z-stack (picture series along the vertical axis)

which shows the three-dimensional structure (Supplementary data).

Leydig cells could be identified according to their shape, typical tri-

angular organization and intertubular situation (Figure 1a: ‘LC’).

Standard microscopy showed the normal testicular parenchyma in

the right testis (Figure 1c and d).

Greenhalgh et al.7 have proposed to use an immunofluorescence

technique to detect the presence of spermatogenetic foci in the par-

enchyma and guide microdissection. In this study, immunofluores-

cent antibodies and crystal violet were microinjected directly in the

parenchyma. TPLSM uses long wavelengths for excitation (infrared

light penetrates living tissues with minimal scattering or absorption);

therefore, the energy transmitted to the tissue is low compared to

other fluorescence-based microscopy.5 Using two-photon excitation

restricted the excitation to the confocal volume. König et al.6 have

studied the photodamage caused by light sources at several wave-

lengths on sperm cells. They found that within the ranges we use in

the present study, no viability or motility loss could be evidenced,

which was not the case for lower wavelengths.

Using two-photon microscopy we were able to identify autofluor-

escence within the testis. The collagen fibers of the tunica albuginea

could easily be identified, along with the tubules outlines. Although

not significant (probably because of the low number of tubules mea-

sured), the decrease in tubule diameter in fixed specimen is likely to be

related to dehydratation during tissue processing for paraffin embed-

ding.8 We detected autofluorescent structures within the seminiferous

tubules that were globally linear, perpendicular to the seminiferous

tubules basal membranes and seemed to occupy most of the height of

the seminiferous epithelium, although this has to be confirmed.

Autofluorescence is a common feature of fresh tissues, whose main

intracellular sources are NAD(P)H, flavins, retinol, tryptophan and

lipofuscins.4,9 Most of these molecules are involved in the generation

of ROS that immature spermatozoa can produce at variable levels.10

Lipofuscins are thought to accumulate mainly in post-mitotic cells;9

therefore, Sertoli cells are likely to be the autofluorescent spikes

observed within the seminiferous tubules, which would correlate with

their particular layout within the seminiferous epithelium. It has been

shown that the number of Sertoli cells was correlated with sperm

production.11–13 Peritubular cells are likely to be the strong autofluor-

escent tubules outlines. Importantly, a limitation in the current state

of TPLSM development is the depth of observation ranging from 350

to 500 mm which restricts the depth of observation to the region of the

parenchyma under the tunica albuginea.

a

c

b

d

Figure 1 Photomicrographs of both testes obtained from the same animal. (a, b) Images obtained by live two-photon confocal scanning microscopy on a fresh whole

testis through the TA without tissue preparation or staining, 1 h after extraction. (c, d) Images obtained from histological fields observed after classical histological

processing of the other testis (fixation, paraffin embedding and trichrome counterstaining) and observation with a regular microscope. Lengths are given in micro-

meters (mm). ST, seminiferous tubules; TA, tunica albuginea.
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In conclusion, using TPLSM we were able to observe seminiferous

tubules and measure their diameters through the tunica albuginea on a

fresh mouse testis without any fixation or drug administration.

Elements within the tubules could also be evidenced and further

experiments are needed to identify them.

Note: Supplementary information is available on the Asian Journal of

Anrology website (http://www.nature.com/aja/).
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