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IKTRODUCTION 

The dorsal, holocrine, skin gland of the kangaroo rat 
(Dipodomys )  is an area of modified and enlarged sebaceous 
gland units in the mid-dorsal skin over the arch of the back. 
It has been found in all examined species of the genus and its 
gross seasonal and sexual variations in size and secretory 
activity, differing from species to species, have been described 
(Quay, ' 53 ) .  The present report describes the microscopic 
structure and composition of the gland, as it appears in the 
species agilis, spectabilis, 'ynerrininzi, ordi, cleserti, and pama- 
rnim%nus. The taxonomic arrangement follows that of Set- 
zer ( '49). 

MATERIAL AND METHODS 

The specimens studied and their data are listed in table 1. 
The techniques used may for convenience be divided into 
histological and histochemical categories and are as follows. 

Histological techiziques 

(1) Ehrlich's acid hematoxylin and eosin; (2)  Heiden- 
hain's iron hematoxylin (Bensley and Bensley, '38) without 
counterstain ; (3) Taenzer-Unna acid orcein method for 
'I wish t o  thank W. H. Burt and E. T. Hooper of the Museum of Zoology 

for facilities and for the opportunity of examining specimens in their care, and 
Robert Smith for aiding in the collection of specimens. 
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elastic fibers with azure A counterstain (Lillie, '48) ; (4)  Foot 
method for silver impregnation of reticulum (Bensley and 
Bensley, '38) with hematoxylin and eosin or azure A counter- 
stain ; ( 5 )  Heidenhain's modification of Mallory 's connective 
tissue stain (Azan) (Bensley and Bensley, '38) ; and (6) buf- 
fered azure eosinate method (Lillie, '48 : 83). 

Histochenaical t e c h k q u e s  

Romieu reaction for  tryptophane in proteins (Glick, 
'49) ; (8)  Berg ninhydrin test for a-amino acid groups (Glick, 
'49) ; (9) Mallory's iodine reaction for amyloid as amended 
by Lillie ('48) and with a preliminary wash in 1% acetic acid; 
(10) Xasson's section method (Lillie, '48) for demonstrating 
the argentaffin reaction ; (11) ) 2,4-dinitrophenlhydrazine re- 
action (Lillie, '48) ; (12) Nile blue A after 10% NBF fixation 
and using saturated and 1% saturated solutions of Nile blue 
A (otherwise as in Cain, '47) ; (13) Sudan black (Lillie, '48) ; 
(14) Oil red 0 (Lillie, '48) ; (15) Oil blue N (Lillie, '48) ; (16) 
Windaus digitonin reaction (Lillie, '48) ; (17) Baker's acid 
liematein test ( '46, '47) with and without previous pyridiiie 
extraction ; (18) polarized, ultraviolet and visible light. 

(7 )  

DEVELOPMEKT S N D  MORPHOLOGY 

The sebaceous glands budding from hair follicles in the 
dorsal gland area enlarge when the dorsal gland is becoming 
active. At the center of the dorsal gland area are the seba- 
ceous glands of greatest development. At the periphery are 
those of least development, showing the transition from 
unmodified to modified glands (plate 1 : 3) .  In  most species 
each group of 6 to 7 hair follicles and associated unmodified 
sebaceous glands is replaced by one greatly enlarged seba- 
ceous gland (plate 1 : 3) .  The enlarged gland units are at 
first ovoid and slightly lobulated. I n  all species except spec- 
tabilis the continued enlargement of the gland acini occurs 
primarily by proliferation from the basal cells along the 
bottom of the gland, imparting a high conical shape to the 
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gland unit and limiting the lobulation to its base (plate 1: 
2, 3).  I n  these species the lobules are short and pressed to- 
gether, so that the interlobular septa are very thin. In  the 
species spectabilis, the exception, the enlargement of tlie 
gland units occurs by proliferation from the basal cells on 
all sides of the sebaceous parenchyma and by buds from the 
sides of the ducts. The result is a complex of lobes and lob- 
ules radiating in all directions from a central duct or ducts. 
The lobules are frequently long and are usually not pressed 
together (fig. 1). 

In  all species except spectabilis the basal cells a t  the bot- 
tom of the gland unit proliferate to form a hard pillar of 
secretion which extends intact through. the neck of the gland 
and out to the surface (plate 1 : 2, 7). In spectabilis the secre- 
tion breaks down within the duct to form a soft oily material 
(fig. 1). In  the examination of dried skins of Dipodo~?tys for 
dorsal glands (Quay, '53) the hard pillars of secretion were 
seen in all species except spectnbilis. I n  this species the dor- 
sal gland was detectable as an area of excessively oily and 
matted fur (see Vorhies and Taylor, '22 : 6). 

As the amount of sebaceous tissue increases in the dorsal 
gland area, the skin becomes thicker. In  merriaini the un- 
modified skin with inactive hair follicles adjacent to the dor- 
sal gland area is .20-.30mm in thickness. In the center of 
the most active dorsal gland areas the skin thickness is 1.30 
mm. This increase is primarily in the dermis. The undesqua- 
mated layer of the epidermis is 6 7  p thick in unmodified 
areas and increases to 70 ~1 in the center of active dorsal gland 
areas in rnerrianai. 

The more densely packed the sebaceous tissue in the dor- 
sal gland area, the fewer the hair follicles. What few hair 
follicles are visible may or may not be active. Usually when 
one of the dorsal gland area hair follicles is active in hair 
formation, nearly all are ; however, none of the follicles l;vi!ig 
outside the dorsal gland area may be active. Or when tlie 
follicles in the unmodified skin outside the dorsal g!and 
area are active, none of those within the area are SCJ. Thus 



DOISAL HOLOCRIKE SKIS GLAND 



166 W. B. QUAY 

the activity of the hair follicles within the glandular area 
is frequently out of phase with the activity of the follicles 
in the surrounding uninodified areas. This was apparent in 
the dried skins examined (Quay, '53) as well as in histo- 
logical preparations. 

The only sexual differences noted in the histology of the 
gland area are quantitative ones which require statistically 
significant samples for adequate description. These are not 
yet available. 

HISTOLOGY 

Pnreiachyrna 

The ducts of the glands are composed of stratified squani- 
ous epithelium which is continuous with that of the epidermis. 
In  both the upper part of the gland necks and in the epider- 
mis of the dorsal gland area the granular layer is distinct 
and continuous, and the cornified layer is thick. In  the epi- 
dermis outside the glandular area the granular cells are ex- 
ceedingly rare and the cornified layer is thin; the single 
o r  double layer of cuboidal basal cells is the primary one 
seen. Deeper within the necks of the gland units of the dor- 
sal gland area the granular and cornified zones become thin- 
ner and finally are lacking and the basal cells become squa- 
mous and overlapping. In  this region there may be 4 to 5 cell 
layers, composed of squamous cells, the superficial ones paler 
than the basal ones below. Deeper yet, the duct epithelium 
is reduced to a single layer of squamous cells continuous 
with the basal cells of the sebaceous acini. In  glands that 
have been actively secreting for a longer time, as shown by 
higher pillars of secretion, the stratified and thicker type 
of duct epithelium extends farther toward the base of the 
gland. 

In niost respects the sebaceous cells of the D i y o d o ~ i y s  
dorsal gland units are similar to those of unmodified se- 
baceous glands in this and other rodents. However, they 
are distinguished in histological preparations by two fea- 
tures: (1) the presence of a very large vesicle within each 
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cell, and (2)  resistant eel1 walls and intercellular material 
which tend to hold the secretion mass together in a column. 
These two features are most highly developed in D. deserti 
(plate 1: 7, 8). The tall pillars of sebaceous cells described 
in the flank gland of the water rat (Vrtis, '30) resemble the 
secretion pillars in the Dipodornys dorsal gland, but differ 
from them in the fact that they are composed of immature 
cells rather than highly modified dead cells. Similarly there 
is some resemblance between the tall cell columns in the femo- 
ral organ of Lacerta (Tolg, '05) and those in the Dipodo- 
rnys dorsal gland. 

Strorna 

A diffuse network of delicate elastic fibers permeates the 
dermis, even into the interlobular septa of the glands. In 
the upper third of the dermis between glands the elastic 
fibers are enlarged and more numerous, especially in the 
glandular areas of greater activity and depth. In  this region 
many elastic fibers may be followed into the crevices between 
the basal epithelial cells of epidermis and gland necks. In 
the tips of the dermal partitions in D. desertl the elastic fibers 
are very densely woven and are circularly arranged around 
the necks of individual glands. In  most specimens elastic 
fibers are abundant between and beneath the muscle fibers 
of the subjacent panniculus dorsalis (of Howell, ' 3 2 ) .  

The Foot silver impregnation blackens delicate fibers which 
delimit the glands and the sides of the interlobular septa. 
Elsewhere such fibers are diffusely scattered, as also are the 
thicker fibers of collagenous type. 

Mast cells are found throughout the dermis between the 
glands. They are especially abundant in the upper part of 
the dermis where they are associated with abundant small 
blood vessels. A few mast cells occur in the interlobular septa 
of the glands. 

In  sections treated with lipid colorants, dermal fat  cells 
are shown to be practically nonexistent in the active dorsal 
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gland areas, but are abundant in the lower levels of the der- 
mis in the adjacent unmodified skin. 

Large and highly branched dermal melanophores are abun- 
dant and are nearly restricted to the upper part of the dermal 
partitions between the necks of dorsal gland units. 

Histochemistry 

The results of the histochemical studies of the dorsal gland 
acini are presented in table 2. The correlations and inter- 
pretations of the results are included in the followiiig dis- 
cussion. 

DISCUSSlOS 

Cytologicul co?tstitueizts mid  their chaxges 

Granules in the dorsal gland acinar cells are probably 
the first visible structures related to secretion formation in 
these cells. The granules are difficult to remove with sol- 
vents ; only xylene-glacial acteic acid mixture was completely 
successful in this regard. However, at least tlie outer corer- 
ing of the granules contains lipid and is apparently acidic. 
I n  the more central cells particularly, this acidic lipid ma- 
terial contains phospholipids. Similar granules hare been 
described by Montagna et al. ( ’48a, b ; “a, b, c)  using siniilar 
techniques 011 the sebaceous glands of other genera aiid 
Orders. Granular mitochondria in scbaceous cells studied 
by other workers with different techniques have a similar 
appearance aiid position (Wicolas, Regaud and Favre, ’12 ; 
Ludford, ’25) and recent knowledge of mitochondria1 struc- 
ture and composition (Rouriie, ’51) is in harmony with this 
tentative correlation. 

Associated with thc granules are : (1) “neutral” lipid drop- 
lets o r  globules, and (2)  “acidic” lipid caps or coverings. 
The granules lie on the surface of the neutral droplets and 
are embedded in the acidic caps. In  older or more ccntral 
acinar cells the size of the two lipid structures increases un- 
til they finally fuse. The “neutral” lipid droplets are so-called 
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because of their pink color after Nile blue treatment. Simi- 
lar pink droplets stained in this manner have been reported 
in the sebaceous glands of other mammals by Montagna et 
al. ( ’47 ; ’48a, b ; ’49a, b, c). The ‘ ‘acidic” lipid caps or cover- 
ings are so-called because of their dark blue color after Nile 
blue treatment, resulting probably from the presence of 
fatty acids. They bear a close positional and structural simi- 
larity to structures designated as Golgi apparatus in the 
Meibomian gland of the cat (Bowen, ’26) and in the seba- 
ceous glands of the mouse (Mus) (Ludford, ’25) ; however, 
there is some doubt concerning the true nature of the ma- 
terial designated as Golgi material in these two investigations 
(Bowen, ’29 : 503). 

Within and at  one side of each “neutral” lipid droplet a 
clear vesicle develops. It enlarges concurrently with the 
enlargement of the droplet and the “acidic” covering of the 
droplet. The vesicles within each cell fuse until finally there 
is but one within each cell. The content of the vesicles, aque- 
ous or gaseous, is unknown and enigmatic, especially so since 
the excretion of waste materials by the kangaroo rat  pre- 
sents unique physiological problems (see Schmidt-Nielsen and 
Schmidt-Nielsen, ’52). 

As the “neutral” and “acidic” lipid materials become 
mixed in the central cells of the dorsal gland acini, the gran- 
ules become the centers of phospholipid formation. The phos- 
pholipid is then mixed with the other lipid materials and 
with them lines the vesicles of the pillar of secretion. 

SUMMARY 

The dorsal, holocrine, skin gland, a mid-dorsal area of 
enlarged and modified sebaceous glands was studied in 26 
kangaroo rat (Dipodomys)  specimens (species : agilis, spec- 
t abilis, m erriami, o rd  i, d es e r ti, p anawhz tinus) . Glandular 
area epidermis and dermis are thickened; elastic fibers, mast 
cells, capillaries, and melanophores are particularly abundant 
in the dermal partitions between gland units. 
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Observations on tests for  tryptophane and a-amino acid 
groups in proteins, amyloicl, argentaffin reaction, 2,4-dinitro- 
phenylliydrazine reaction, “neutral” and “acidic” ( M e  
blue) lipids, 3 4  hydroxy sterols, phospholipids, color, bire- 
fringence, and fluorescence are presented. Sebaceous cell 
lipids are first apparent in relation to granules which: (1) are 
thinly covered with phospholipid, (2)  adhere to “ n e ~ t i - a l ’ ~  
lipid droplets, and ( 3 )  lie in “acidic” (fatty acid) caps over 
the droplets. Withiii each droplet, a clear vesicle develops. 
In  maturation, the “neutral” droplets, “acidic” coverings, 
and clear vesicles enlarge and fuse until finally within each cell 
there is one large, clear vesicle covered with mixed lipids. 
Tl’ithin this lipid material a-amino acid groups, aldehydes 
or keto groups, and phospholipids are demonstrable. This 
phospholipid is first formed and is most concentrated around 
the granules which persist in the niixed lipid material. Re- 
sistant cell membranes cause the sebum to be excreted as 
a pillar, except in spectabilis. The size and characteristic 
features of the gland are best developed in deserti. 
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PLATE 1 

ESPLdNATION OF FIGURES 

2 Parasagittal section of a typical gland unit with secret,ion pillar. Hematmy- 
liii and eosin. D .  ? t ~ e n i a m i  8, UAI 6169la. X 41. 

Tangential section of dorsal skin, showing transition from groups of hair 
follicles in  unmodified skin to enlarged sebaceous glands in  the dorsal gland 
area. Hematoxylin and emin. D.  merriami 8, D 364. X41. 

Parasagittal section of typical dorsal gland units, showing the distribution 
of lipids. Sudan black. D. orcli 3, 3-C-285. X 64. 

3 

4 

5 Parasagittal section of dorsal skin from epidermis (above) to  panniculus 
(below), showing size and relations of unmodified sebaceous glands colored 
for  lipids. Sudan black. D. merriami $, 3-C201. X 88. 

G Basal cells (below) and maturing cells (above) from the base of a dorsal 
glaiid acinus colored for  lipids and showing the formation of lipid-covered 
vesicles. Sudan black. D. deserti $, 34-189. X 272. 

i Parasagittal section of typical dorsal gland units a f te r  15 hour ether cx- 
traction and 5 min. Sudan black coloring. D. cleserti 3, 3-C-189. 

Enlarged cells from near the base of the gland unit shown at  right i n  figure 
6, showing amorphous and granular phospholipid around the vesicles. D. 

x 24. 

S 

d e s ~ t i  $, 3-C-189. X 800. 
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