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Introduction: The necessity of studying the peculiarities of the structural organization of the

testes is determined by its participation in performing important functions for the body e

making spermatozoa and the production of male sex hormones. Despite the presence of

works devoted to the study of the peculiarities of the structural organization of the testes,

many questions remain unresolved or require clarification.

Materials and methods: As a biological test object used white Mature rats male Wistar rats at

the age of 2 months. Seminal glands of male rats were used as a trial material for study.

Tissue samples was investigated using a digital microscope Axio Imager.M2 (ZEISS, Japan)

with software for image analysis AxioVision SE64 Rel. 4.8.3 and ZEN 2011. When sight-

seeing microscopy studied morphological features of the structure of the testes, and then

determined their morphometric parameters.

Results: Found that in rats-males aged 2 months in the testes, the proportion of interstitial

tissue to the area of convoluted seminiferous tubules is about 1:30. It is shown that in the

period of puberty of male white rats the highest percentage of the total amount of the

spermatogenic cells are Mature male sex cells e spermatozoa. Second in quantitative

terms are male stem cells spermatogonia.

Discussion: Development and sexual differentiation of the testes is a complex process. The

most important indicator of the structural and functional development of the testis is

characteristic of the spermatogenic reservoir. The obtained results clearly demonstrate the

maturity of experimental animals.

Copyright © 2015, Anatomical Society of India. Published by Reed Elsevier India Pvt. Ltd. All

rights reserved.
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1. Introduction

The necessity of studying structural organization peculiarities

of testes is determined by their participation in performing

important organism functions e the production of semen and

the pathway of male sex hormones.1e3

Despite the presence of someworks devoted to the study of

the testis structural organization peculiarities,4e7 many

questions remain unresolved or require clarification.8e11

The aim of this work was to study morphological features

of the male albino rat testes in connection with the formation

of reproductive function.
2. Materials and methods

White mature male Wistar rats aged 2 months of postnatal

development, weighing 200e250 g were used as a biological

test object. Altogether 50 animals were used. Seminal glands

of male rats were used as a data for study.

The experiment was conducted during the year indoors

when the temperature of 22e25 �C and a relative humidity of

67e70%. The animals were housed at the General mode of the

vivarium, had free access to feed and water.

The animals were killed by decapitation under ether

anesthesia with chloroform (1:1) in compliance with the

principles of humanity as set out in the directives of the Eu-

ropean Community (86/609/EES) and the Declaration of Hel-

sinki and in accordance with the rules of carrying out the

works using experimental animals.

The weight of the testes was measured using analytical

scales Sartorius (Germany).

Seminal glands of male rats were used as a trial material

for study. For histological examination, tissue samples were

preserved in 10% solution of neutral formalin. Preserved

samples after rinsing in running water were dehydrated by

placing in alcohols of increasing concentration and embedded

into paraffin according to the conventional methodology.

Histological cross-sections of seminal glands were prepared

10e15 microns thick, stained with haematoxylin-eosin and

examined by a digital microscope Axio Imager.M2 with the

image analysis software AxioVision SE64 Rel. 4.8.3 and ZEN

2011.

Photography products produced with a digital camera

AxioCamMRc5 (ZEISS, Japan), followed by image processing in

Abode Photoshop Elements 11.

The morphological features of the seminal gland structure

were studied during summarizing microscopy with the sub-

sequent determination of the following morphometric

parameters:

1. The thickness of the testis tunica albouginea;

2. The number of convoluted seminiferous tubules in the

same visual field, the cross-section of the convoluted

seminiferous tubule and its lumen, as well as the surface of

seminiferous epithelium and its thickness;

3. The number of interstitial sites between convoluted sem-

iniferous tubules in the same visual field and their surface;
4. The number of myoid cells in the wall of a convoluted

seminiferous tubule and the surface of myoid cells and

their nuclei;

5. The number of Sertoli cells in the spermatogenetic

epithelia of a convoluted seminiferous tubule, the width of

the basal part of Sertoli cells and the length of their apical

part, as well as the surface of these cells and their nuclei;

6. The number of spermatogenic cells of different kinds

(spermatogonia, spermatocytes and spermatids) in the

seminiferous epithelium of a convoluted seminiferous tu-

bule, the surface of spermatogenic cells and their nuclei,

the length and the thickness of the flagellum of late

spermatids;

7. The number of spermatozoa in the lumen of a convoluted

seminiferous tubule, the area of the head and the nucleus,

cervix width and tail length;

8. The number of Leydig cells in the interstitial site; and the

surface of Leydig cells and their nuclei;

9. Ratio of the interstitial tissue surface to the surface of

convoluted seminiferous tubules in one visual field of the

specimen.

Morphometric measurements were performed with a

zooming in 10 � 10, 40 � 10 and 100 � 10.

Resolution of the resulting images was 1300 � 1030 pixels.

A number of informative indicators characterizing the

state of the spermatogenesis in the testes of male albino rats

were counted on the basis of quantitative data obtained by

cytological examination of the testes.

These indicators include:

1. Spermiogramma e percentage distribution of spermato-

genic epithelium cells in one convoluted seminiferous

tubule12;

2. Index of spermatogenesis e ratio of the sum of all counted

cell layers in one tubule to the number of all counted

tubules.

Spermatogenesis index was calculated by the formula:

Is ¼ P
a/N, where “a” is the number of layers selected in each

tubule (first layer is spermatogonia, the second layer is sper-

matocytes, the third layer is spermatids and the fourth layer is

spermatozoa); “N” is the number of counted tubules13;

3. Index of relaxation (tension of spermatogenesis)e the ratio

of all spermatogenous cells to Sertoli cells in one convo-

luted seminiferous tubule12;

4. Index of maturation e the ratio of young (spermatogonia,

spermatocytes) and mature forms of seminiferous epithe-

lium (spermatids, spermatozoa) in a convoluted seminif-

erous tubule;

5. Index of meiotic activity e the ratio of meiotic cells (sper-

matocytes) to the sum of the remaining germ cells in

convoluted seminiferous tubules;

6. Germinative index e the ratio of spermatogonia to Sertoli

cells in one convoluted seminiferous tubule.14

Statistical processing of digital data was performed using

the FStat and Excel program codes. Testing of statistical hy-

pothesis was carried out by Student's t-test. When testing
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statistical hypotheses, the accepted significance points were

p � 0.05. Mathematical treatment of morphometric studies

was performed using the correlation analysis method.
Fig. 2 e Convoluted seminiferous tubule. Stained with

haematoxylin-eosin. Zooming 40£ 10: 1 e spermatogonia,

2 e spermatocytes, 3 e early spermatids, 4 e late

spermatids, 5 e spermatozoa.
3. Results

The external inspection of the rat seminal glands showed that

they are pinkish-white in colour, with smooth and elastic

consistency and have elliptical shape. The weight of testes

was 0.588 ± 0.014 g. Plus, the weight of the left testis is a little

bit higher than of the right one.

With low power ofmicroscope a pink stripe that goes along

the edge of the specimen is noticeable. That is the tunica

albuginea composed of indurated cribriform tissue. The bulk

of the testis is formed from convoluted seminiferous tubules

of spherical or ellipsoidal shape, cut transversely or obliquely

(tangentially). Seminiferous tubules are separated from each

other by a thin shell of interstitial connective tissue, which is a

thick wall of spermatogenic epithelium at different stages of

development. Sites of interstice between the convoluted

seminiferous tubules are sited evenly, mostly triangular in

shape. In the center there is a convoluted tubule lumen,where

produced spermatozoa emerge. Even with low power it is

noticeable that different stages of spermatogenesis are

happening in different tubules (Fig. 1).

With high power it can be seen that the genuine tubule

membrane consists of connective tissue fibers. There is a layer

of loose connective tissue outwards of the basalmembrane, in

which the layer of myoid cells of scaly, lunate and elongated

shape is sited. Myoid cells are evenly sited over the entire

surface of convoluted seminiferous tubules. Inward of its own

shell, separated by a basal membrane there is the spermato-

genic epithelium.

The histological examination of rat testes showed that the

first outer layer of the spermatogenic epithelium in the con-

voluted seminiferous tubules consistes of sperm cells with a

dark optically dense nucleus and a narrow cytoplasm rim

lying on the basal membrane of spermatogonia.
Fig. 1 e A cross section of seminal glands. Stained with

haematoxylin-eosin; Zooming 10 £ 10: 1 e convoluted

seminiferous tubule, 2 e seminiferous epithelium, 3 e

tubule lumen, 4 e interstitial tissue.
There are spermatocytes closer to the center of the tubule.

They are large cells with a large nucleus and a broad round

cytoplasm rim.

The innermost layer of convoluted tubules is presented by

spermacides. They are small cells lying in several rows with

bright nuclei. Early round spermatidswith spherical nuclei are

in the central layers of the spermatogenic epithelium. Late

spermatids are in the layer adhering the tubule lumen and

have an elongated shape. Some late spermatids have flagella.

Fully-fledged spermatozoa can be seen in some tubules.

Their dark elongated heads are directed to the tubule pe-

riphery, and their tails hang down to the tubule lumen (Fig. 2).

Spermatozoa in the lumen of convoluted seminiferous

tubules are arranged in groups of 6e8 along the outline of the

lumen. The head of the spermatozoa has the form of a hook

(Fig. 3).

In the testis interstitial tissue consisting of loose connec-

tive tissue, blood vessels were detected. There are large oval or
Fig. 3 e Spermatozoa in the lumen of convoluted

seminiferous tubule. Stained with haematoxylin-eosin.

Zooming 100 £ 10.



Fig. 4 e The interstitial tissue of the testes of male albino

rats. Stained with haematoxylin-eosin. Zooming 100 £ 10:

1 e interstitial tissue; 2 e Leydig cells; 3 e blood vessel.

Table 2 e Morphometric indicators of the interstitial
tissue of albino rat seminal glands.

Indicators The digital value

The surface of interstitial tissue, m2 1226.14 ± 103.75

The number of sites of the interstitial tissue

between seminiferous tubules in the same

visual field

42.56 ± 2.26

The surface of a Leydig cell, m2 40.44 ± 1.30

The surface of a Leydig cell nucleus, m2 10.82 ± 1.06

The number of Leydig cells in the interstitial

site

9.20 ± 1.20
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polygonal Leydig cells with large spherical nuclei along of

them. They are sited alone or more commonly in groups of

5e7 cells. The total number of glandulocytes in one site of

interstice ran up to 10e12 cells (Fig. 4).

The morphometric studies have shown that the thickness

of the testis tunica albuginea of male albino rats is equal to

35.23 ± 3.42 m.

The morphometric characteristics of convoluted seminif-

erous tubules of male albino rat testes and the interstitial

tissue sites surrounding them are given in Tables 1 and 2.

The ratio of the interstitial tissue surface to the surface of

convoluted seminiferous tubules in the same visual field of

the specimen is about 1:30.
Table 1 e The morphometric characteristics of convoluted sem

1 2

Indicators The digital value

The number of convoluted seminiferous tubules

in the same visual field

34.68 ± 0.94

The cross-section of a convoluted seminiferous

tubule, m2
45469.74 ± 1746.76

The surface of a tubule lumen, m2 8878.17 ± 832.41

The surface of the seminiferous epithelium, m2 36591.57 ± 1243.36

The seminiferous epithelium thickness, m 36.62 ± 2.34

The number of myoid cells in the wall of a

convoluted seminiferous tubule

19.44 ± 1.42

The surface of a Myoid cell, m2 10.63 ± 2.55

The surface of a myoid cell nucleus, m2 1.14 ± 0.30

The number of Sertoli cells in the seminiferous

epithelium of a convoluted seminiferous tubule

23.84 ± 3.16

The surface of a Sertoli cell, m2 189.73 ± 18.59

The width of the basal part of a Sertoli cell, m 13.39 ± 1.04

The height of the apical part of a Sertoli cell, m 15.78 ± 4.14

The surface of a Sertoli cell nucleus, m2 15.82 ± 0.73

The number of spermatogonia in the

seminiferous epithelium of a convoluted

seminiferous tubule

52.44 ± 1.46

The spermatogonium surface, m2 27.58 ± 2.07
The study of the spermatogenesis process showed the in-

tensity of this process in male albino rat testes (Fig. 5, Tables 3

and 4).
4. Discussion

Development and sex differentiation of testes is a complex

process. The most important indicator of the structural and

functional development of testes is a characteristic of the

spermatogenic layer.1,15

The total content of spermatogenous cells including sper-

matogonia of different degrees of maturity, spermatocytes,

spermatids and spermatozoa was counted to assess the forma-

tion of the spermatogenic layer of experimental animals. Plus,

indexes of spermatogenesis, relaxation, maturation, meiotic

activity and germinative index were taken in consideration.

The count of spermatogonia started from the 60th day of

postnatal ontogenesis because according to modern ideas of

the spermatogenesis processes of rats in the neonatal period

almost all the spermatogenous cells are gonocytes.16 The

formation of the first spermatogonia dates back to 3e6 day of
iniferous tubules of albino rat seminal glands.

3 4

Indicators The digital value

The surface of a spermatogonium nucleus, m2 5.55 ± 1.52

The number of spermatocytes in the

seminiferous epithelium of a convoluted

seminiferous tubule

40.80 ± 1.97

The surface of a spermatocyte, m2 41.19 ± 5.86

The surface of a spermatocyte nucleus, m2 3.35 ± 0.43

The number of spermatids in the seminiferous

epithelium of a convoluted seminiferous tubule

34.80 ± 1.52

The surface of a spermatid, m2 32.69 ± 4.36

The surface of a spermatid nucleus, m2 2.93 ± 0.52

The flagellum length of late spermatids, m 10.08 ± 2.15

The flagellum thickness of late spermatids, m 3.17 ± 0.75

The number of spermatozoa in a lumen of a

convoluted seminiferous tubule

304.52 ± 13.14

The surface of a spermatozoon head, m2 17.48 ± 2.12

The width of a spermatozoon cervix, m 2.97 ± 0.23

The length of a spermatozoon tail, m 20.11 ± 0.96

The surface of a spermatozoon nucleus, m2 1.81 ± 0.56



Fig. 5 e Spermiogramma male white rats.

Table 3 e Proportion of individual types of spermatogenic
cells in the convoluted seminiferous tubule seminal
glands of male white rats.

Indicators The number of cells
in the tortuous

seminiferous tubule

% of total number
of spermatogenic

cells

Spermatogonia 52.44 ± 1.46 12.12 ± 2.71

Spermatocytes 40.80 ± 1.97 9.43 ± 1.61

Spermatid 34.80 ± 1.52 8.04 ± 1.20

Spermatozoa 304.52 ± 13.14 70.41 ± 4.14

Table 4 e The measurement of the functional activity of
male albino rat testes.

Indicators The digital value

Index of spermatogenesis 3.32 ± 0.15

Index of relaxation

(tension of spermatogenesis)

18.14 ± 1.72

Index of ripening 0.28 ± 0.01

Index of meiotic activity 0.10 ± 0.01

Germinative index 2.21 ± 0.17
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postnatal ontogenesis.16e18 According to the data of literature,

the first spermatozoa in seminal convoluted tubules of rats

are formed to 43rd day of life.17

The analysis of the total content of spermatogenous cells

in seminiferous convoluted tubules showed that spermato-

zoa, mature male sex cells, have a greater representativeness

among all the spermatogenous cells in testes of experimental

animals at the age of 2 months of postnatal development.

Male stem cells, spermatogonia, take the second place in

quantitative terms. Spermatocytes and spermatids have equal

percentage ratio to the total number of spermatogenous cells

in convoluted seminiferous tubules that likely can be

explained by the fact that themaximum tempos of premeiotic

spermatogenesis is achieved by this period. It leads to the

stabilization of cell numbers.17,18

Spermatozoa have the largest percentage; it obviously

shows that mature animals go through the stopping of the

spermatocyte apoptosis.18e20

The results of quantitative research of tastes showed that

the surface of rat convoluted seminiferous tubules increases

during the growth of an animal, but it is constant after its

coming in sexual maturity, that's why this indicator serves as
a reliable measure reflecting the structural and functional

state of the male gonads.21

Our findings coincide with those of the literature. It was

found out that when male white rats were at the age of 2

months of postnatal development, the ratio of interstitial

tissue surface to the surface of convoluted seminiferous tu-

bules was about 1:30.

The most important quantitative indicator of the genera-

tive activity of testes is the index of spermatogenesis reflect-

ing the number of genitures of the spermatogenous cells in

the wall of convoluted seminiferous tubules.22 The study of

the index started from the 60th day of postnatal ontogenesis,

as the migration of monoblasts and the first wave of sper-

matogenesis are over by this time.16

This indicator, as the analysis showed, was of high level

(3.32 ± 0.15), that is obviously related to the transition to the

full-fledged spermatogenesis process, culminating in the for-

mation of spermatozoa.

The obtained results clearly demonstrate the maturity of

experimental animals.
5. Conclusion

1. The structural features of the male albino rat testes in

connectionwith the formation of spermatogenesis process

were showed by means of histological and morphometric

research methods.

2. It was found out that when male rats are at the age of

18e20 months, the ratio of interstitial tissue surface to the

surface of convoluted seminiferous tubules in testes is

about 1:30.

3. It was showed that spermatozoa, mature male sex cells,

have a greater representativeness among all the sperma-

togenous cells in testes of experimental animals at the age

of 2 months of postnatal development. Male stem cells,

spermatogonia, take the second place in quantitative

terms. These data were confirmed by such indicators as:

the index of maturation, the index of meiotic activity and

the germinative index.

4. Such calculated parameters characterizing the state of the

spermatogenesis in the testes of male albino rats as the

index of spermatogenesis and the index of relaxation

(tension of spermatogenesis) point at the high reproductive

activity of the seminal glands.
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