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HISTOCHEMISTRY 

Histochemical Localizations of Polysaccharides 
in the Developing Human Aorta 

THE papers by McKay et al.' - 3, the recent publications 
by Bartone•, and others•, suggest that interest is increasing 
in embryological histochemistry. Consequently, it was felt 
it would be of value to note briefly the aortic histochemical 
polysaccharide investigations made on 12 human embryos 
ranging from 2·5 to 20·0 mm, crown-rump length. Serial 
sections from 10 per cent buffered ·formalin-fixed material , 
prepared by the paraffin process, were made from normal 
embryos of 2·5, 3·0, 5·5 , 5·6, 6·5, 6·6, 10·0, 13·0, 14·4, 
17·0, 19·0, and 20·0 mm . crown-rump measurements. The 
bulk of the embryos were obtained incident to hyster
ectomies with two of tho older specimens coming from 
spontaneous abortions. The sections were serially stained 
for examination by the following microtechnical6 and 
histochemical techniques': ( 1) h remotoxylin. and eosin; 
(2) Goldner connective tissue stain; (3) periodic acid-Foot 
stain for reticular tissues; (4) orcein elastic tissue stain; 
(5) Best carmine method for glycogen (diastase controlled); 
(6) original and Rinohart-Abu'l Haj modification of the 
Hale colloidal iron procedure for acid polysaccharides; 
(7) alcian blue method for acid polysaccharides; (8) 
McManus periodic aoid- Schiff technique for neutral poly
saccharides; (9) catalysed glacial acetic acid lead 
tetraacetate procedure, also for neutral polysaccharides. 
Metachromatic localizations8 wore used, but not for the 
entire series. In the light of the form of fixation and the 
routine mounting, it was felt best not to include these 
sections in this discussion (these localizations resembled 
those obtained with the alcian blue technique). It was 
felt that this series of methods would adequately disclose 
the polysaccharide picture in the developing aorta and 
the relationship of those localizations to the forming 
connective tissue components of the embryonic vessel 
wall. 

Tho 2·5 and 3·0 stages showed positive neutral poly
saccharide localizations in the endothelial-perivascular 
areas, accompanied by weak and irregular acid poly
saccharide localizations. By tho 6·5 stage, both forms were 
well demonstrated in the fibrils and interstitial substances 
of the perivascular tissues. Colloidal iron localizations 
preceded and were always stronger than alcian blue 
colorations throughout tho entire series. It is interesting 
to note that alcian blue colorations tended to be stronger 
and more sharply defined in the younger and older 
embryos with more irregular localizations in the middle 
of the series. A definite vessel wall was evident by 13·0 
mm; but the histochemical picture was unchanged . 
However , by 17·0 mm stronger n eutral polysaccharide 
localizations were present in the developing medial and 
adventitial elements and in the intimal, now orcein 
positive, membrane. Acid polysaccharide localizations 
wore similarly present, especially in the interstitial sub
stances . At 20·0 mm, all localizations were present as 
noted, and orcein elastic fibril staining was very evident 
in the forming medial coat. At tho same time, argyrophilic 
responses were seen in fine fibrils in the medial and, more 
definitely, adventitial zones. Glycogen, as demonstrated 
by the Best method, was not well localized in the aortic 
areas of this series in contrast to positive findings reported 
in other invostigations'-3 • This may be explained by 
differences in fixation and choice of methods. Positive 
Best localizations were noted in other than the aortic wall 
in certain of these embryos. 

It is difficult and unwise to draw specific conclusions 
from scanning experiments such as those described here. 
It does appear, however, from this limited series of embryos 
that, by the 20·0 mm stage. the developing aorta has 
attained a definite histochemical polysaccharide distribu
tion pattern not unlike that of the young adult. 

I thank Drs. Henry Russell and Ray Motley, Wesley 
Hospital, Oklahoma City, Oklahoma, for their aid in 
securing the embryos used in this work, which was 
supported by grant H 190707 of the National Heart 
Institute, Public Health Service. 

D epartment of Anatomy, 
School of Medicine, 

University of Oklahoma. 

JOHN F. LHOTKA 

'McKay, D., Hertig, A., Adams, E ., and Danziger, S., Anal. Rec., 117, 201 
(1953). 

' McKay, D., Adams, E .• Hertig, A. , and Danziger, 8., Anal. &e., 122, 2 
(1955). 

• McKay, D., Adams, E., Hertig, A., and Danziger, 8., Anal. Rec., 126, 433 
(1956). 

• Bartone, J., Ana!. Rec., 145, 204 (1963). 
' Barka, T., and Anderson, P., Histochemistry, Theory, Pract~ and Biblio

graphy (Roeber Medical Division, Harper and Row, New York, 1963). 
• Little, R. D., Histopathological T echnic and Practical Histochemistry 

(Blakiston Division, McGraw-Hill Book Co., New York, 1964). 
' Pearse, A. G. E., Histochemistry, Theoretical and .Applied (Little, Brown 

and Co., Boston, 1960). 
8 Kramer, H., and Windrnm, G., J . Histochem. Cytochem., 3, 227 (1955). 

Cholinesterase Activities associated 
with the Sweat Glands in the Toe Pads of 

the Dog 
THE nerve fibres innervating the eccrine sweat glands 

in human skin1 •2 and in the paw of the cat•·• and rat• 
contain abundant cholinesterases. This is compatible with 
the fact that the sudomotor· nerves to these eccrine sweat 
glands are functionally cholinergic, though they belong 
anatomically to the sympathetic nervous system. In con
trast, no nerve fibres reactive for cholinesterase have so far 
been definitely demonstrated around thf' eccrine sweat 
glands in the paw of the dog. H ellmann<, who histochemic
ally examined the distribution of cholinesterase in the 
skin of man and several mammals, stated that in the 
ha.irless pads of the dog the cholinesterase activity is 
localized in the secretory cells of the sweat glands, but 
not in the nerve fibres about the glands, though he 
published a photograph which showed a cholinesterase
reactive nerve fibre entering the sweat gland coil. 
Winkelmann and Schmit• also made a similar investiga
tion, but failed to detect any cholinesterase reactions in 
the nerve fibres surrounding the sweat glands of the dog's 
paw. 

Recently, Takahashi', in our laboratory, has found that 
in the toe pads of the dog spontaneous sweating of central 
origin is readily inhibited by atropine, but scarcely by 
dihydroergotamine, and that the sweat glands there are 
highly sensitive to acetylcholine and allied substances 
such as acetyl-~-methylcholine and carbaminoylcholine. 
These pharmacological findings suggest that the eccrine 
sweat glands in the dog receive cholinergic innervation, 
and lead us to assume that the sudomotor nerve fibres 
in the paw of this animal would contain cholinesterase. 
The work recorded here confirms that the dog's eccrine 
sweat glands in the toe pads are supplied with the cholin
esterase-rich nerve fibres. 

Forty-three biopsies of the toe pads were obtained from 
the hind-feet of 12 young puppies aged 1-6 months and 
4 adult dogs under block anrest.hesia with 2 per cent 
procaine. The specimens, unfixed or fixed in neutral 
unbuff€1red 10 per cent fonnol saline for about 1 h 
in the refrigerator, woro cut into frozen sections 25-301,L 
thick. and these were carried through the histochemical 
technique for cholinesterase, following the method of 
Koelle and Friedenwald8 , modified by; Gomori•. As 
substrates for incubation . acetylthiocholine iodide and 
butyrylthiocholine iodide were used. The incubation 
time ranged from l to 3 h at 37° C, and the pH of the 
incubation media was 5·8 approximately. As inhibitors 
for cholinesterase physostigmine (eserine) salicylate and 
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