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Functional histology of the sweat gland of the dog

II[. Cytological changes of the apocrine sweat gland and the
quantitative variation of PAS positive materials contained
in the cytoplasm of the epithelial cell following
the pharmacological stimuli

Hitoshi Takahara and Yoshitaro Kato
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o Acki and Wada (1851), Aoki (1955) i RiT
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Table 1. Materials used in this study.
. Age B. W. B. L. s Conc.

No, | Species | Sex (year) (kg) Com) Sudorilic agents (w/w)

1 Mongrel a 1.0 10.2 56 104

2 ” a8 1.5 6.8 48 Adrenaline chloride ”

3 » 2 1.7 0.7 52 (Sankyo Co.) 10-3

4 " 6‘ 2. 6 18.1 63 ”

5 Mongrel é 1.0 10.2 50 10-4

& P & 1.5 9.4 52 Acetyleholine chloride 53104

7 ” "] L6 9.7 49 (Katayama Chem, Co.) 10-3

8 P E 2.2 17.5 65 | L

9 Mong'rel 2 1.6 17.0 &0 Mecholyl chioride 104
10 3 2.2 8.4 54 (Katayama Chem. Co.) 10-8
11 Mongrel 2 a7 10. 2 59 Pl.l.ocarpme hydro- E 10-4.
12 ” & 5.0 23.2 76 chloride {U.5.P.XIV) i 103

B. W.! Body weight, B. L.: Body length, Conc,: Conceniralion of sudorific agents,

light spot . ..*

PAS positive malerials

. d
Chras= 5'-—,1-'—--21 f{X)dXx=-=--in arbitrary unit
di

Cras=KS:

fwhere

=1

Fig. 1

g—zrﬂl)dx"ﬂ-in absolute unit
Jﬂx)d)‘. optical density

A constant dersived $rom the stondaord curve

K -
n
5 : Cell area=R{ %di-nﬁ)
is
R : Diameter of the light spot
di :

Width of the cytoplasm of the cell

#(x}: The curve oblained actually tracing the
material with the light spot

J

Calculation method (scaoning m.) for the guantilative

estimation of Schiff-reactive materials on the apourine

sweat gland of the dog,

OFER L ELOTHES (1961) ORREGLHTT
HL. AECIE =40H8HL Yy X LT HEE0.8mm
DY v F— U EER Uk, LR THERMNEERE
8uoEEED—ETES (B=162X10-3cm®), FiH
whiEPEE, LERR (1960), kRS (1963) o Hibt—
BUp LAboT, £oidWdl Fig. 1 kaptes

FROHLE —ED W T Bl s,

0TH 5. KT 100 38 1w A LT 0.4 mm
Erh— g LTioh 3 EX 1.6 2 0 spot T
& 5. BNE B synchronous motor EMif] LC
autorecorder
& DS 4- SO BOn Itk LTI Lz, Ak
F HIEN T 565 mas iR LA
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CEMTEL T EERG L. AFRE L SN0
@ apocrine FIR L LRk A HaE - RIIR PR AT
B L, R apocrine J1-BREHNNLO£-EETER)
SR EOLANT & 0 R RO A4, DR
ORAIMSE & Y—EoRitET sl b 5.

R AET RO IC L DRSS, bo& L8
Wi Ksd B0k mechelyl T, FEQHE S ~10 3T
RN R 3 0 AR A B bt LBt X b (P
3, Fig. 1), Acetyicholine i b3 5 Rk & Hobtags
M, P R RN T IR BRI M RS A3 i ks 1B
A+ %4 (Pl 3, Iig. 2), Pilocarpine i€ %4 5 B
i, 104 e s LI LIEER LIS Jg S hid 2
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DOBSG LR S, TiD B0 D adrenaline i1
T kA OVERINAEE Set M iz H12453 2 Bted
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MR Zelad 2 ak v BFC7swy (PL 8, Fig. §, 4).
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Heidenhain's iron hematoxylin iitied2 (Pl 4,
Fig. 1, 2.
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MERTLF L RRRE T 5.

Mg~ TR AENTI LRI EN®
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Koo THRBNE I 3 5. &N Hei-
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denhain’s iron hematoxylin i 239w 2 Al B Wik
Ml Hhanc{ifed 5 (PL 4, Fig 3). B3 i
ZhiE Ly SR~ PR TH R {1 ~2 aDks
SEME RIS L, Bl PAS fibkTieii
WieE <, B AT 5SRO Giiss
D by PAS koi—iiabob i, #i
ZONEMK SR NONKETS 20 LI M & s
SRR FIDENTH 5.

BN 2 1ENTIRKLIND apocrine FRREL < M
Lk, +adbL BIRREEDIF~RELFT
PRRSGER & {, W BRoRB®E LE LITRE L.
1T ORI RSy B i3 e 15 0 SR E
45 (PL 4, Fig. 4), #ERIMHM~FEET hematox-
viin gL 1 ~2 o @ EAMAMEELF D (PL
5, Fig. 1), (kWi 457 % Mg PAS kBt
AR ID TRAT 4T 5 & ot DA Rk
{43 (PL 5, Fig. 8),

TEM e 2L 15D apocrine T KR EBICEIH
L, RILMB X0 SN0 e S MK L2
(PL 5, Fig. 2, 4),

PlEo X 3 & RO apocrine FIRIZ RTHEMN T
& 0 S e kR, FO—f & LT
acetylcholine FLESHT X 2K EEANMOE X, KR
AR DPE & I L U OL S OB bEH T & Fig. 2
DEELTED.
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PRI EE L, €O/ e Lo, ARRT
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EEGRE L.
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MM 5 7 5 PAS BUBHEO B0
Fig. $ RT3 iR AR B 560~567 me o
T & 5 basic fuchsin o BBEEA 744,
Eh o PAS BRI 18— Rd. 2RE
R Ll 43 Aa=560~567 mes, 29=500~507
ms# ¢, acetylcholine jifHic & % apocrine FTHER
HMRA Y o= v BLXUNESIM B9 a—F
> PAS QI —LIF o e SPDR LmsfR) o
HhEFi s Fig 4 0EB0THS. chboFilic
L DUERIA G RO epocrine JTIRIZE BOKHF
e Hd 50, ShEAMELROY Y a-F
ERETA LG MAhTES. RTAERRELD
SPDR {J7EA1# 30 73~ 2 T £l MBICE DI
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o—= Height of the epithelial celi

o--=-0~ Thickness of the myoepithetiat ceil
K o——o Width of the fumen
1

( Mean value + standard error)

120 1440
—+ Mminutes
Fig. 2. Morphological changes of the secretory portion of the

apocrine sweat gland following the inlradermal injection of
acetylcholine.
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Fig. 3. Absorption curves of PAS stain in
the apocrine sweat gland of the dog.

Fig

4.

~minutes
Intradermal injection of acetylcholine
-o---: Carnoy fixation

—e— : Gendre fixation

{Mean valug tstandard error)
Responses of the apocrine sweat

gland of the dog to pharmacclogical
stimuli (two-wavelength method).
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Before injection

.".d-|--.- --d2---
OBr 120 minutes after injection
04
E -dh- d2- g3 dé d
ogl 1440 minutes citer injection

--d2-- -dy-- -ds-

Fig. 5. Extinction curves of PAS positive materials contained in
the apocrine sweat gland of the dog at various times after

injection of acetylcholine.

L & G EILERT S, Y a—F 0%
Bhid s CREIMEIE b RO ERERL.

b) WMok L IULER

AT X 0 ko BRI Lk bk
Wi kE L EmENS, Fig. 5 {3 acetylcholine
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% X HKARD apocrine TR CIHRBAFMAEIHC L 38
ik & X MdEHicE a3, Tig6aid
acetylcholine JEiiz & % SPDR @ EXBCE BE
RN ROEYER LIt LT, IEGRoER
Wi & YRS & T 2. TubE, kil 5~10
T SPDR —H5irne Ridd 548, 2 BiliiRic gk
IMEET BB S, Fig. 6-b ik 2 2-
Y OENERLELDT, FRRLECILH NS EL
HEaGhinos, RUOENNSTRITRHSINTE
125 WD X 2 OREI BHT L TEE &Ly
AdhA. 7Y a—¥r CERNEFER 2T
SPDR meh LR, EHEROMBRARNS S
$19* 1015 Spadn S AR A MR R TN AE B,

BlE@E S X @ apecrine {BREHIEING PAS
B RS SR T B 5, 7Y a2~
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g
(3003 b} Glysogen
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-o-,Cim: Total amount of the FAS positive
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Fig. 6. Responses of the apocrine sweat
gland of the dog to pharmacological

stimuli (scanning method).
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Table 2. Percentage of glycogen relative
amount in the PAS positive mate-
rials contained in the apocrine sweat
gland of the dog following the in-

tradermal injection of acetylcholine,

Times after injection Glycogen relative
(minutes amount

0 15, 4248, 09%
5 7.40+4. 45
10 3.24+2.12
15 4.38+3.31
30 6.45+3,93
120 7.88+4.90
1440 14.56+7. 86

* Mean valuetstandard error

Py & LN XAl ERERIDEIHIC Ml T d
%. PAS PHEHTOND 270 o4 v O BT HHT
#bhT & Table2 O LBV E, eccrine FfdD dark
cell W'Y o —4 0 DFIIY AT & TN L
Bl & LT 3 (R o—R SR,

BRITLDA & 313 SRIAT IO Ealic &0 #MET
B, TR S A g 2 AR R T A
A3, Fig. 7 i3 acetylcholine #EHC & 3 apocrine
Ao k& 2oL P R LsbOTH 28, £
N ST DT RIS EUOEE G X b
4 AT L sT& 5. PL 5, Fig 5 i3 [Wikic .k
SIEDOMEER LD TCH 4.

T

b

%0

Mean volue

ratandard egror

200

189)|

100

0 5 10 15 30 120 1440

- minutes

Fig, 7. Variation of epithelial cell area

in the apocrine sweat gland of the
dog following the intradermal injec-
tion of acefylcholine.
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Rézumé

In this paper, the authors studied cytological changes of the apocrine sweat gland of the dog by
means of microspectrophotometry induced by the pharmacolegical stimuli, namely, the quantitative
variation of PAS positive materials (mucopolysaccharide and glycogen) contained in the cytoplasm
of the cell. The resulis obtained are as follows:

1} Apocrine sweating has been responded to the cholinergic agents as well as the adrenergic
agents. Systematic administration of cholinergic compound, such as mecholyl or acetylcholine,
forms secretory vacuoles in the cytoplam of the gland cell. But, when injected adremergic com-
pound, none of the vacuoles were observed.

2) Cyclic activity can be evoked by local injection of sudorific agents. Most of the apocrine
sweat glands showed typical apocrine secretion at fifteen minutes after injection. Two hours
later, the epithelin of these secretory tubules are composed of low flattened secretory cells appear-
ing resting stage, All of the apocrine sweat glands were recovered to their normal stage (accu-
mulating stage) one day after injection,

3} Epithelial cells of the apocrine sweat glands contain abundant Schiff-reactive materials
rich in mucopolysaccharide and also contain a little amount of glycogen. Variations of these
materials following the functional cycle were observed,

4) Total amounts of mucopolysaccharide in the cell increase temporarily just after intradermal
injection of sudorific agents, and then, they decrease acutely, This phenomenon indicates the
intracellular synthesis of mucopolysaccharide, the precursor of apocrine secretion, for a short time
after injection, The physiclogical property of the materials may be mechanical defence from the
circumstantial injury like a dark cell of the eccrine sweat gland as well as a regulation of body
temperature,

5) Glycogen in the epithelial cell decreases as scon as intradermal injection of sudorific
agents. From the fact it may be supposed that glycogen is a source of basic energy of apocrine
sweating, ‘



Explanation of Plate 3

Fig. 1. Vacuolated apocrine sweat gland 5 minutes after intradermal injection of mecholyl.
The “wvacuoles " (black arrows) are actually chromophobic secretion spherules extending
alongside of and below the nucleus, Very thickend myoepithelial cells are also observed
(white arrow). H-E stain. x400.

Fig. 2. Apocrine sweat gland 10 minutes after injection of acetylcholine. A large number of
vacuoles (black arrows) bave been also observed, White arrow shows very thickend
myoepithelial cell. H-E stain, X400.

Fig. 3. Apocrine sweat gland at secretory period 10 minutes after injection of adrenaline. Few
vacuoles are observed in the tall columnar epithelial cells. The lumen has been
decreased in width (black arrows) and the myoepithelial cells are increased im volume
(white arrows). H-E stain, »400.

Fig. 4. Secretory tubule 15 minutes after injection of adrenaline, Explanations of black and
white arrows are the same as in Fig. 3. H-E stain. x400.
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Explanation of Plate 4

Fig. 1. Mucopolysaccharide (arrows) in the apocrine sweat gland 5 minutes after injection
of acetylcholine, PAS stain after diastase digestion, }#600.

Fig. 2. Tall columnar secretory cells laden with & large amount of mucepolysaccharide at the
apical cytoplasm (arrow), Fifteen minutes after injection of acetylcholine,
PAS stain after diastase digestion, X400,

Fig. 3. Sccretory tubule showing tall columnar cells with large and dense cytoplasmic granu-
les (arrows), Fifeen minutes after injection of acetylcholine,
Heidenhain's iron hematoxylin stain, 400.

Fig. 4. Secretory segments showing cubeidal cells laden with small and sparse cytoplasmic
granules (black arrows). Capillary vessel has been found in the left part{white arrow),
Two hours after injection of mecholyl,
Heidenhain's iron hematoxylin stain, X400
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Explanation of Plate 5

Fig, 1. Flaittened epithelial cells (black arrows) at resting period 2 hours after injection of
pilocarpine, Myoepithelial cells and the connective tissue sheath (white arrows) are
decreased in volume. H-E stain, X400,

Fig. 2. Low cuboidal secretory cells (black arrows) at accumulating period 24 hours after
injection of adrenaline, White arrow is the same as in Fig, 1.
H-E stain, x400,

Fig. 3. Secretory tubule in resting period 2 hours after injection of acetylcholine. Apical cyto-
plasm laden with mucopolysaccharide (arrow) has been pinched off into the Iumen.
PAS stain after diastase digestion. >(400.

Fig, 4. Apocrine sweat gland in accumulating period 24 hours after injection of mecholyl.
These low cuboidal secretory cells also contain abundant Schiff-reactive materials
(arrows) though not so much as in secretory period. -

PAS stain after diastase digestion, x400.

Fig. 5. Aspects of measurement. Arrows show the illuminated area about 1.6# in diameter
which is situated on the epthelial cells of the apocrine tubule. PAS stain. x400. A);
Control. Refore diastase digestion. B) ;15 minutes after injection of acetylcholine.
Before diastage digestion. C):2 hours after injection of adrenaline, After diastase
digestion,
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