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ABSTRACT 

Leydig cells have been found to be either unidentifiable or at apparent low numbers during routine histologic examination of bowhead 
whale testes. Therefore, fonnalin-fixed, paraffin-embedded testicular tissues from 14 bowhead whales were retrospectively examined to 
determine if immunohistochemical staining could aid in identification of Sertoli and Leydig cells. Multiple intrntesticular samples were 
examined when available. Scrtoli and Leydig cells were differentiated using inhibin and eulrctinin stains. Significant whale length and 
seasonal differences were not found; however, a trend toward increased staining intensity was noted for autumn harvested whales. 
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INTRODUCTION 

Obtaining a better understanding of the reproductive process 
is of particular importance in endangered species 
management. Such studies are especially challenging in 
migratory species because indices of reproduction may be 
affected by the intense physical demands of migration. 
Additionally, migration patterns often coincide with the 
breeding season, as is the case for bowhead whales (Balaena 
mysticews) in Alaska (Koski et al., 1993). The traditional 
timing of bowhead whale subsistence hunts in Barrow, 
during the spring and autumn, affords an opportunity for 
sampling and evaluating reproductive parameters at two 
periods in the annual migratory cycle (O'Hara et a/., 
1999). 

Biologists are interested in physical indicators of 
reproductive success. In testes, Sertoli cells are sustentacular 
or nurse cells for the developing gametes that arc positioned 
basally within mammalian seminiferous tubules (Banks, 
1986). They provide the physical support upon (or within) 
which the spennatogonia are embedded (Banks, 1986). They 
also secrete oestrogen and are metabolic regulators for 
developing gametes (Faulkner, 1969). Thus, they participate 
actively in the movement, development and release of the 
gametes. This participation makes them potentially valuable 
reproductive indicators. Similarly, Leydig cells are also a 
reproductive indicator because of their role in secreting 
testosterone, the male sex honnone. Leydig cells are the 
interstitial cells of the testes and are located within the septal 
connective tissue (Banks, 1986). Testosterone is the key 
stimulus for development of secondary sex characteristics 
and reproductive prowess (Faulkner, 1969). 

Morphologic parameters (gross and microscopic) of testes 
have been used in many species to aid in assessment of 
reproductive status (e.g. Kobayashi et a!., 1996; Chapin, 
1997; Hopkins and Spitzer, 1997; Short, 1997; O'Hara eta!., 
2002). For example, in immature animals and during the 
nonRbrceding season in seasonal breeders, the epithelium of 
the seminiferous tubules is quiescent, with only scattered 
spennatogonia and Sertoli cells present (Banks, 1986). 
Examination of testicular morphology in bowheads has 
shown Leydig cells to be either unidentifiable or in low 
numbers in animals expected to be mature and active 
(O'Hara eta/., 2002). This inability to identify Leydig cells 
in bowhead whales compromises the assessment of sexual 
activity and seasonality, which are currently not well 
described. In humans, differences in the quantity and quality 
of Sertoli and Leydig cells have been demonstrated by 
immunohistochemistry (Forti eta!., 1992). 

Although oestrogen and testosterone markers have been 
used to identify Sertoli and Leydig cells, respectively, 
additional markers have been identified and provide a means 
of identifying nonRfunctional or inactive cells. For Sertoli 
cells, testisRspecific proteins (i.e. inhibin and androgen 
binding protein) may serve to identify their presence (Forti et 
a/., 1989; Bergh and Cajander, 1990; Vleigen eta/., 1993). 
Specifically, inhibin is a peptide honnone that is a product of 
primarily Sertoli cells and minimally Leydig cells (Bergh 
and Cajander, 1990). Likewise, calretinin, a calciumRbinding 
protein important in neurogenesis and neuroprotective 
mechanisms is thought to correlate with androgen status in 
males and has been valuable in identifying Leydig cells 
(Lephart et a/., 1998; Lephart and Watson, 1999). The 
purpose of this study is to identify a technique to specifically 
distinguish and describe the Leydig and Sertoli cells in 
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bowhead whale testes. This information will be used to 
consider seasonality and interpret testosterone data and 
unusual cases, such as pscudohennaphrodites, in animals 
harvested in the autumn and spring. 

MATERIALS AND METHODS 

Sample collection 
Testes were opportunistically collected from bowhead 
whales by the Department of Wildlife Management, North 
Slope Borough, Alaska. Historically, testicular samples have 
been collected from three locations, outer (near the tunic), 
middle and central (O'Hara et al., 2002). All specimens were 
fonnalin-fixed, paraffin embedded and prepared on glass 
slides for staining and histologic examination. Standard 
haematoxylin and eosin staining protocol was used for initial 
light microscopic examination. 

Immunohistochemistry 
Immunohistochemical staining success can be limited by 
antibody specificity for the targeted antigen. Therefore, 
species variation can result in false negatives. Lack of 
specific antibodies for whale tissue antigens necessitates that 
a chosen target (protein, cell type, product), and associated 
antibody, is fairly well conserved among mammalian 
species. This stu'dy included testosterone (rabbit 
anti-testosterone 1), oestrogen receptor, progesterone 
receptor and androgen binding protein (mouse anti-human2) 

antibodies for staining testicular tissue. All four of these 
resulted in negative staining, most likely due to species 
variation of the antibodies for these products. Antibodies to 
inhibin (mouse anti-human3) and calretinin (rabbit 
anti-calretinin4) yielded positive results for both Sertoli and 
Leydig cells; however, preferential staining was noted for 
Sertoli cells by inhibin and Leydig cells by calretinin. 
Therefore, inhibin and calretinin were used in this study to 
identify Sertoli and Leydig cells, respectively. 

Immunohistochemical staining was performed by the 
University of Miami Pathology Reference Service 
Jrnmunoperoxidase Laboratory, Miami, Florida (USA). A 
labelled streptavidin biotin procedure was used (Nadji and 
Morales, 1983). Biotin (Vitamin B6) has high affinity 
binding to avidin (egg white protein), which allows these 
molecules to be used for 'tagging' different proteins and 
other molecules. The reaction between biotin and avidin can 
serve as a low-energy, high-efficiency method of binding 
substances that are otherwise difficult to bind. In brief, tissue 
sections approximately 3~m thick were cut from paraffin 
blocks and placed on glass slides. These slide preparations 
were dcparaffinised, rehydrated and treated with 
J~h02-methanol to block interference from endogenous 
enzymes. The specific primary antibody was added to the 
preparation and conjugated with biotin. Next, the detection 
molecule (peroxidase) congugated to avidin (strepavidin 
peroxidase) was added and this preparation was incubated at 
room temperature for 30 minutes. Specific binding of biotin 
to avidin allows for localisation of the detection molecule 
over a target antigen, which can then be visualised by 
addition of a chromagenic substance for the detection 
molecule (enzyme). Slide preparations were viewed under 

1 BioGcncx, 4600 Norris Canyon Road, San Rnmon, California, 
USA. 
2 DAKO Corporation, 6392 Via Real, Carpinteria, California, USA. 
3 Scmtcc tncorporntcd, 3200 Atlantic Avenue, Suite 105, Raleigh, 
North Carolina, USA. 
4 Zymcd Laboratories, Inc., 561 Eccles Avenue, South San Francisco, 
California, USA. 

light microscopy. Staining intensity was graded on a scale of 
0-4, with 0 being no staining and 4 being the highest 
intensity of staining observed. 

Morphological measurements 
Seminiferous tubules were measured with light microscopy 
as described in O'Hara eta!. (2002) from haematoxylin and 
eosin stained slide preparations. Leydig cells were measured 
with light microscopy from immunohistochemically stained 
slide preparations following Clarke et a/. (1994). In 
summary, two cells were measured from each of five fields 
for a total of 10 cells per sample. The widths and the lengths 
of the Leydig cells (given that they are round to oval 
structures) were measured using a micrometer and the 
averages (of the widths and the lengths) were calculated. 

Statistics 
Means, standard deviation and Student's t-test were derived 
using Alicrosoft Excel 2000. Means and standard deviations 
were calculated for each dataset (calretinin staining, inhibin 
staining, seminiferous tubule diameter and Leydig cell 
dimensions) and within each dataset by season. A Student's 
t-test was used to compare datasets by whale length and by 
season. 

RESULTS 

Positive intracytoplasmic staining was present for inhibin 
and calretinin (Figs 1 and 2). Inhibin staining was generally 
more intense than the calretinin staining (Figs 1 and 2); 
although in two pseudohennaphrodites, the staining 
intensity was reversed. No significant differences {p > 0.05) 
were found in the size of Leydig cells or staining intensity of 
calretinin or inhibin in relation to whale length (Table 1 ). 
The specimens examined were from various intratesticular 
locations. In one whale, multiple locations were examined 
but no differences in staining intensity were noted. 
Significant (p < 0.05) differences were noted in seminiferous 
tubule diameter in comparisons between whales greater and 
less than 12m, but not in comparisons between whales 
greater and less than 9m. Different Leydig cell diameters 
were noted between whales greater and Jess than 9m if 
p < 0.10 is considered significant, but not between whales 
greater and less than 12m (p = 0.16). Spermatozoa were not 
observed within the sections used for these 
immunohistochemical stains. 

Fig. I. Positive immunohistochemical staining for inhibin with 
identification ofSertoli cells (arrowhead) and Leydig cells (arrow) in 
the testis of a bowhead whale (Ba/aena mysticetus). Bur= I5JL 
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Fig. 2. Positive immunohistochemical staining for cnlretinin with 
identificationofLeydigcells (arrow) in the testis of a bowhead whale 
(Balaena mysticetus). Bar=201'· 

DISCUSSION 

In general, staining intensity was greater for inhibin than for 
calretinin; however, Leydig cells were more easily viewed in 
calretinin stained sections. The variation in intensity might 
be ascribed to species compatibility to the antibodies and/or 
quantity of product present in the tissue; however, two 
pseudohennaphrodites that were included in the study 
displayed the opposite results for staining intensity (i.e. the 
calretinin stained muCh more intensely than the inhibin). 
Therefore, the quantity of antigen that is present in the tissue 
is a more likely explanation for this variation in stain 
intensity than species compatibility. 

Sertoli cells are the primary producers ofinhibin in males. 
Leydig cells have been shown to produce minimal amounts 
of inhibin in humans (Bergh and Cajander, 1990). There 
remains some debate as to whether or not other testicular 
sources ofinhibin exist but attempts to identify other sources 
have been inconclusive, especially in adult mammals (Bergh 
and Cajander, 1990; Meachem eta!., 2001). Germ cells have 

Table I 

been shown to affect the amount of inhibin production in 
other mammals but the effects have varied (Bergh and 
Cajander, 1990; Meachem eta/., 2001; Clifton eta/., 2002). 
Additionally, Bergh and Cajander (1990) suggest that 
inhibin production may reflect both Sertoli and Leydig cell 
function. The intratubular positive staining for inhibin in the 
bowhead whale is presumed to reflect the framework 
provided by the cytoplasm of the Sertoli cells. Other 
intratubular sources of positive staining were not identified 
but cannot be ruled out. It is uncertain if the quantity of 
positive staining for inhibin in the bowhead whale is 
reflective of either Sertoli or Leydig cell function, but 
combining these data with serum hormone analysis (i.e. for 
FSH, inhibin, oestrogen and testosterone) may aid in 
understanding of the reproductive physiology in this 
species. 

Minimal variation in calretinin and inhibin staining of 
testicular tissue was noted by length and season. This lack of 
significant variation in staining intensity by whale length 
was surprising. Sexual maturity is thought to take place at 
approximately 25 years of age, which for males corresponds 
to a length of 12-13m (George eta/., 1999) or 12.5-13m 
(O'Hara et a/., 2002). Therefore, males Jess than 9m are 
considered immature or young adults. Further investigation, 
including serum hormone analysis, is required to interpret 
the positive staining in the immature animals. 

Staining intensity seemed to vary between animals that 
were of similar size but harvested in different seasons 
(83WW2 versus 82KKJ; 96VJ48 versus 85B2; and 80B5 
versus 811-14 versus 98B 19). More intense staining was 
noted among autumn-harvested animals that might indicate 
seasonal fluctuation in function or differences in sampling or 
preservation (Table 1 ). This may suggest a seasonally 
dependent proliferation or 'turning on' of the cells in 
response to increased hormonal production, and additional 
samples are being coilected to clarify this. Increased 
hormonal production in the autumn would coincide with the 
time preceding migration to the presumed breeding grounds. 
Koski eta!. (1993) state that the principal mating period of 

Immunohistochemical staining intensities (0-4) for calretinin (calret) and inhibin in bowhead whale (8alac11a mysticetus) testes. 

Whale Seminiferous tubule Leydig cell 
Whale fD length (m) Y= Season Calrct lnhibin diameter ()lm) dimensions {).1m2

) 

8JWW3" 17.70 1983 s 2 50.8 6.2 X 9.2 
83WW2 16.20 1983 s 2 2 102.8 9.2 X !0.8 
82KKI 16.00 1982 F 2 3 62.0 7.7 X 7.7 
83\VW!' 15.90 1983 s 3 2 58.4 9.2 X J3.9 
84WW2 14.80 1984 s 0 0 75.9 
96Vl50 13.60 1996 F 0 0 69.0 
96Vl48 12.60 1996 F 4 4 45.8 8.5 X 10.8 
8582 12.20 1985 s 3 4 39.0 9.2 X J3.9 
8085 10.40 1980 s I 2 44.9 )).6 X 13.9 
81H4 10.00 198! s I I 45.4 7.7 X 7,7 
98819 9.52 1998 F 3 4 50.55 8.5 X 8.5 
82Gl 7.92 1982 s 2 4 37.5 7.7 X 9.2 
80\VW! 7.80 1980 s 2 39,8 7.7 X 7.7 
84\VWI 7.60 1984 s 2 4 42.3 7.7 X 7.7 
Total average 12.30 1.86 2.36 54.58 8.41 X J0.08 
Spring avernge (n=IO) 12.05 !.70 2.20 53.68 8.47 X J0_44 
Fall average (n-10) 12.93 2.25 2.75 56.85 8.23 X 9.00 
Total SO 3.48 1.17 1.50 18.07 1.3312.55 
Spring SO 3.85 0.95 1.40 20.77 1.54 12.77 
Full SO 2.68 !.71 2.05 10.57 0.461 1.61 

Students 1-testb by whale length (<12 I'S >12) 0.83 0.49 0.04 0.16 
Students t-test h by whale length (<9 vs >9) 0.90 0.31 0.14 0.08 
Students t-testrl by season 0.45 0.56 

• Pseudollennaphroditc (PH). h Analysis excludes PH. 
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the bowhead whale remains unknown; however, based on 
data from foetuses found in females at harvesting, most 
conceptions may occur during the late winter or spring. 
Similarly, Mogoe et a!. (2000) reported a functional 
reduction of the southern minke whale (Balaenoptera 
acutorostrata) testis during the feeding season; and also 
found a corresponding decline in plasma testosterone 
concentration. Contemporaneous plasma testosterone 
concentrations arc needed to further characterise the 
observations in this bowhead whale study. 

A significant difference in seminiferous tubule diameter 
was observed between whales greater than and less than 12m 
{approximately the length at sexual maturity). Similar and 
expected findings were not noted in comparisons of Leydig 
cell diameters by whale length; possible differences in 
Leydig cell diameters were noted when comparing whales 
greater versus less than 9m (p = 0.08). Based on their body 
lengths, these whales were most likely pubertal males and 
therefore, their testes were undergoing development. Clarke 
et al. ( 1994) found that Leydig cell size varies with maturity 
and that pubertal whales have Leydig cells that range from 
immature to mature depending upon the location within the 
testes. Adequate intratesticular comparisons regarding 
Leydig cell diameter cannot be made based on the sections 
examined in this study. 

Negative staining results for animals 84WW2 and 
96Vl50 were most likely due to sample handling. Factors 
such as tissue autolysis or prolonged formalin storage prior 
to paraffin embedding can affect immunohistochemical 
staining (Nadji and Morales, 1983). Times associated with 
sample handling were not known for these tissues. 

The positive staining of the pseudohermaphrodite 
testicular tissues is interesting and: (1) may indicate 
testicular function in these animals; or (2) may imply that 
positive staining in normal tissues cannot be correlated with 
degree of function or activity. Tarpley et al. (1995) noted 
that the external phenotype in these whales was female but 
they described the gonads as underdeveloped testes. They 
noted that the cellular composition of the seminiferous 
tubules were limited to Sertoli cells and spermatogonia 
whereas the interstitium was primarily dense collagen, 
similar to that described for normal males. Active 
spermatogenesis was not found in the pseudo hermaphrodites 
and anatomically the epididymis, ductus deferens and 
prostate gland were not present; however, neither were 
uterine structures. The karyotypes of these whales were XY 
and chromosomes were morphologically normal with a 
diploid number of 42. Given these morphological findings, 
the positive staining for Sertolli cells is not surprising; 
however, the positive staining for Leydig cells suggests that 
they may have been. present but were not distinguishable 
with conventional stains (i.e. hematoxylin and eosin) as was 
the case for the normal males. These data show that such 
pseudohermaphroditic whales are reproductively deficient 
based on the anatomical and physiologic studies. 

Future work should include correlation of these 
immunohistochemical findings with oestrogen and 
testosterone levels from archived serum samples. 
Correlating these findings with associated serum 
testosterone and oestrogen levels may aid in interpretation of 
the reproductive cycle (seasonality) of bowhead whales. 
Further, unusual cases, such as the pseudohermaphrodites, 
may be more thoroughly interpreted. These data will 
improve understanding of the reproductive physiology of 
this species, particularly the possibility that male bowhead 
whales vary seasonally in functional maturity and sperm 
production. 
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