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A i'RKLLMlXARV lllSTOLOLilCAL S'rL"l)\' ()[•' TllK ( )\ ARV
OF THE KANGAROO RAT DIPODOMYS

ORDll COJ.UMIUANUS

ke.\.\"1':th l. uuke
Department of Zoology

Duke University, Durham, X. C.

IN TRODUCTIOX

The kaii;4ai'u(j rat, Dipodoinys ordii colunibiaiius Mcrriani, is a

inemheT of the Heteromyidae. and is well represented in the semi-

arid portions of the central Utah rei^itjn of the Great Basin.

The literature dealing directly with Dipodoniys appears to l)e

rather limited. Grinnell (1919, 1922. 1929) has described the geo-

graphic (listril)uti()n of Dijxxlomxs and some new species from Cali-

fornia. N'orhies and Ta\lor (1922) published a paper dealing with

the life liistor}- of the genus. The implantation of the blastocyst was

studied Iw' Lee (1918). and a brief analysis (jf the placentation and

fetal membranes was published by Mossman (1937 a). Midgle}'

( 1938) described the visceral anatomy from a comparative point of

view. Other papers dealing with iliis group may have been pub-

lished, but I have seen only those mentioned. In this paper a pre-

!iminar\ histohjgical study of the kangaroo rat ovary is described.

MATERIA!. AXD METHODS

The material consists of the ovaries of 42 animals. Thirt\' of the

specimens were taken alive, w hile 12 were dead in the traps. Although

a }ear-round collection is highl\' desirable for a study of this kind,

only animals taken during January (19 animals). March (1 animal),

April (2 animals), June (1 animal), July (3 animals). August (1

animal), and September (15 animals) have been available for study.

All the ovaries, with the exception of two sets, were fixed in

liouin's tluid. The two exceptions w-ere fixed in Allen's B-IS modi-

fication of liouin's liuid. Most of the ovaries were sectioned at seven

micra. although some were cut at ten. Sections were mounted seri-

ally and stained with hematox_\-lin (both Delafield's and Rhrlich's)

and eosin.

I wish to thank Dr. X'asco M. Tanner of Brigham Young Uni-

versity, Provo, Utah for sending me the ovaries of 18 of the animals.

The animals were collected about two miles north w est of Provo, Utah.
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OIJSERVATIOXS

General Description. The ovary of Dipodomys is small (1.3 x

1.3 X 1.9 mm.) and is non-lobulate. It is covered 1)\- a ver\ thin

ij^erminal epithelium whose nuclei are similar to those of mesothelial

cells. In some ovaries small i^roups of cells of the ijerminal epithelium

penetrate the thin tunica albuginea, and some of tlieir nuceli are en-

larged. Here and there oocytes are to be seen with their outer sur-

faces Hush with the surface of the germinal epithelium ( hg. 1 i.

The peripheral region of the ovary, below the tunica albuginea is

usuall) occupied b\- a \arying number of oocytes and growing folli-

cles. The o(jc\tes may occur singly or in nests of two or more (tig.

2 I. Follicles in which the granulosa is made up of several layers of

cells are usually found deeper in the ovar\- than are the smaller folli-

cles, although both large growing follicles and Graafian f(jllicles are

to be found relativel}' near the surface.

Unless degeneration overtakes a follicle the mature (jraahan folli-

cle frees its ovum into the oviduct by the process of ovulation. Some

or all (the origin of the corpus luteum is beyond the scope of this

paper) of the remaining cellular layers of the ruptured follicle are

modified into the lutein cells of the corpus luteum. If degeneration

occurs in any follicle in \\ hich the thecal layers are differentiated, the

cells of tlie theca interna metamorphose into the interstitial cells of the

ovar\-. IJetween the follicles are found spindle-shaped stroma cells,

interstitial cells, and fibrous connective tissue containing blood vessels.

The Growth oi" the Follicles. The primar}- ooc}tes usually

lie in ihe outermost i)art of the cortex. The}" are small ( 13-18 micra

in diameter) with a round, centrally located nucleus (10-12 micra in

diameter). The oocytes are naked, as a rule, excepting for one

or two small fibroblastic-like nuclei which lie against the cell membrane.

Oocytes are found: (a) immediately below the germinal epithelium;

(b) within the tunica albuginea: and (c) below the tunica in the

cortex. Throughout this paper the follicles will be designated as

types 1. 2. 3. and Ciraafian follicles.

Follicles of type 1 are as a rule ftjuiul below the tunica albuginea,

although in some instances they have been seen just beneath the ger-

minal epithelium. The ova of such follicles have a diameter of 16-26

micra with a centrall\- located nucleus approximately 12 micra in di-

ameter. The ova are surrounded l)y one complete layer of cubic

epithelial cells, resulting in a follicle of 26-48 micra in diameter. Oc-

casionallw especiall}' in the larger follicles of this type, a rather deli-
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cale zona pellucida is seen around tlie ovum and also a basement

membrane can be seen between the follicle cells and the stroma.

The ova and nuclei of type 2 follicles are larger than those of

lyj)e 1. The follicular diameter measures 52-68 micra. the ova 26-48

micra. and the nuclei 12-18 micra in diameter. One complete layer

of follicular cells is always present and the beginning- of a second

la}er is not uncommon. The nucleus is still in a central position

within the ovum. The zona pellucida and the basement membrane

of the follicle cells are more distinct in this type (fig. 3) than in type

1. External to and contiguous with the basement membrane are

small fibroblastic cells and delicate fibres derived from the stroma.

These cells and fibres are the anlagen of the future thecal layers.

T\pe 2 follicles are usually located beneath the tunica albuginea.

T\pe ,^ follicles are always situated beneath the tunica albuginea

and are usuall}' rather deep in the cortical region. The ova of these

follicles are much larger than those of type 2. l)eing 52-68 micra in

diameter. The nucleus is also larger. 23-37 micra in diameter, and as

a rule occupies an eccentric position in the cytoplasm of the ovum.

Follicles of this type possess from three to nine or more layers of

follicle cells in the stratum granulosum. The increase in number of

follicle cells is the result of mitosis for different stages of the division

process are quite common, not only in type 3 follicles, but of types

2 and 1 as well. The zona pellucida is very distinct in most follicles

of this type and both thecal layers are present. The cells of the theca

interna are larger and oval, or even round, while those of the theca

externa are spindle-shaped. Mitoses are common in cells of the theca

interna, and tiny blood vessels vascularize the layer.

The Graafian follicles contain ova of about the same size (52-70

micra in diameter) and appearance as the ])receding type. One or

several iluid-fiUed antra of varying sizes are located in the stratum

granulosum. All stages of mitosis are to be seen in the follicle cells.

The theca interna of many Graafian follicles is a thickened and dis-

tinct structure in ccjmparison to the theca externa of the same folli-

cles. The ratio of cytoplasm to nucleus is much greater in cells of

the theca interna than it is in the theca externa, and the nuclei of the

former are large and oval or round while those of the latter retain

their resemblance to the stroma cells, with which they imperceptibly

merge. The vascularity of the theca interna is more apparent in this

type than it is in type 3 follicles. A comparison of the diameters of

ova and nuclei of the various follicular t}'pes is shown in fig. 7.
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FoLLiCL'LAK Atki'.sia. All}- (jf the above mentioned follicles ma}'

degenerate by the process of atresia. In general all the component

parts of a follicle undergoing atresia ultimately atrophy. But that

part of the follicle in which atresia is first recognizable is variable.

Table I indicates the amount (jf atresia observed in each ovary.

In some follicles (t3'pes 1 and 2 as a rule) the ovum seems to be

the first part of the follicle to exhibit signs of atresia. The cyto-

plasm of the ovum shrinks awa}- from the granulosa cells, thus giving

the ovum a shrunken, irregular appearance. The nucleus also becomes

irregular in shape and may disappear, leaving a hyalinized contorted

mass which stains heavily with eosin. The granulosa ma\' remain

intact (fig. 4). or it may disintegrate and some of its cells invade

the degenerating ovum.

In other follicles (Graafian, and usually those of t}'pe 3) the first

recognizable signs of atresia are general!}' seen in the follicular cells

and not in the ovum. The cells of the stratum granulosum imme-

diately surrounding the ovum pull away from the ovum, their nuclei

become pycnotic. and these pycnotic cells frecjuently invade the folli-

cular cavity (fig. 6).

The first maturation spindle may form in the ova of atretic folli-

cles of type 2 and 3 and Graafian follicles. (Occasionally in the latter

the first polar body ma\' be formed (figs. 5 and 6). The fate of the

thecal layers of atretic follicles will be considered in the following

section.

Interstitial Cells. In many ovaries, surrounding atretic folli-

cles and scattered throughout the stroma, are masses or blocks of cells

which I have called interstitial cells. The amount of this tissue within

an ovary varies, being practically absent in some and ver}- abundant

in others.

These patches or blocks of interstitial cells appear under low power

as rather homogenous light-stained areas containing several nuclei.

With high power, or better still with oil immersion, the cytoplasm

appears more or less vacuolar, cell membranes are very faint and often

absent, and the shape of the nuclei varies from a smooth oval or

round contour to an irregular, crenated-appearing contour.

The interstitial cells originate from the theca interna of atretic

foUicles. In some atretic follicles the theca interna has lost the ap-

pearance characteristic of normal follicles—the cell walls have dis-

appeared, the cytoplasm has become more vacuolar and has little or

no affinit\' for eosin, and the nuclei have a crenated or irregular shape.

^
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Tliat the presi-iice of llicsc inlerstilial cells nia\' Ijc c\clic or peri-

odic i.s sugi.jested b_\- the varyiiii^- amounts in which the\- are found in

the \arious ovaries. Table 1 i^'ives the relatixe amount of interslilird

cells in each ovary.

EXPLAXATIOX OV T.\1'>LE I

It is realized at the outset that the surve\' summarized in thi.s

table is superficial and ])ossibly inade([uale. ^'el il will serve as a

basis for comparison of the animals makini^" u]) the collection here

studied.

These counts are of one section, as near the central jiortion of

ihe o\ary as could be determined, toi" each animal. The data on the

oocxtes and follicles and corpora Ir.tea are more accurate than that

on the interstitial cells, since the follicles, corjjora, etc. could be

counted, while in the case of the interstitial cells only an estimate

could be made since no \va\" has been found to make a i|uanlitati\e

slud\' of them.

hit.
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TABLE I (cont.)

% Stage

Specimen Date No. No. Foil. Corp. Inst. of

No. taken oocytes loll. atretic lut. cells preg.

91 1/22 13 22 36 ..
''''

92 1/22 19 2,^ 30 ..
=^*

93 1/22 57 10 -+(> ^
*** ^^ """• ^'i"'*^'>**^

94 1/22 15 14 71 1
'^='

-"^ i""^- t^mbryus

95 1/22 44 14 h4 2 ***

96 1/22 67 26 42 2
=^=-^=

12 3/10 6 10 30 2 **

97 4/5 62 11 36 ..
**'=

98 4/5 19 27 ?>7 ..
***

70 6/5 Ti.ssuc unsuited for study 13 mm. embryos

74 7/2 5 3 1
^'^

68 7/10 108 20 38 . .

''

1 7/30 52 9 11 ••
**

3 8/20 4 5 20 ..
***

69 9/1 . . 14 50

76 9/2 14 7 57

9/3 5 '^ 44//

75 9/4 13 11 18 .. **

72 9/7 25 1 / 6^ . .

"^

71 9/8 Tissue unsuited for study

n 9/8 42 15 40 .. **

4 9/15 18 18 22 1 =^=* 8 mm. embryos

llilaminar

5 9/21 4 16 69 2 *** l)lastocyst

6 9/21 88 10 30 1 *=^=* Stage unknown
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of these cells. As has been mentioned before, the\- ;n)])ear to he c\clie

or periodic in nature. The nuniher of these cells in an\- one ovary

varies; their degree of vacuolation varies; in some ovaries their cell

membranes can be seen while in others they cannot ; and in some

ovaries the nuclei of these cells are rather smooth in outline, while in

others they are very irregular. It is known that some other mammals
exhibit a cyclic production of interstitial cells; Rasmussen (1918) and

Guthrie and Jeffers (1938) found this to be the case in the wood-

chuck and ])at respectively. However, any similarity between the

woodchuck or bat and the kangaroo rat in this resjject would be lim-

ited, since the interstitial cell cycle in the woodchuck and bat is corre-

lated with hibernation, which in turn affects the reproductive cycle.

Evidence from this study indicates that the kangaroo rat does not

hibernate, viz., different stages of pregnancy have been found in Jan-

uary, March, June and September (see Table I). Then, too, Table

I seems to show no correlation between the number of interstitial cells

present and the time of year the animal was collected. All this would

seem to argue strongly for year-round activity, which in turn would

have its efifect upon the reproductive cycle.

Although the ovary of the kangaroo rat is probabl\- cjuite similar

to that of other rodents, yet it seems that the study of a complete

C}tologically lixed and well i)repared collection might ])ossibly \ield

some light on ])oints tliat are now controversial.
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EXPLANATION OF FIGURES

Figures 1-6 were drawn with a camera lucida at the magnifica-

tions indicated.

List of abbreviations

bm
f ep

ge

ms
nu
oc

ov
pb
P f ep

th

zp

. l)asenient membrane

. folUcular epithehum

. germinal epithehum

. maturation spindle

. nucleus

. oocyte

. ovum

. polar body
. pycnoctic follicular epithelium

. undifferentiated thecal layers

. zona pellucida

PLATE I

Figure 1. Oocyte just below germinal epithelium, x 970.

Figure 2. Nest of four oocytes beneath the germinal epithelium.

X 970.

Figure 3. Follicle of type 2. The zona pellucida and basement mem-
brane are both clearly dift'erentiated. x 970.

Figure 4. Atretic follicle of type 2. The ovum is hyalinized and
shrunken. Granulosa layer (f ep) is intact, x 430.

Figure 5. (3vum of atretic Graafian follicle, showing first polar body.

X 430.

Figure 6. Ovum of an atretic follicle of type 3. Pycnotic cells of

follicular epithelium have become loosened and pulled away
from the ovum. Maturation spindle is present, x 430.

Figure 7. Chart showing the relationship of nuclear diameter to

ovum diameter in follicles of tyi)es 1, 2, 3, Graafian folli-

cles, and oocytes.
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