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Simple procedure for assessing relative quantities of
neutral and acidic sugars in mucin glycoproteins: its
use in assessing cyclical changes in cervical mucins
C B GILKS, P E REID, P B CLEMENT, D A OWEN Department ofPathology, University of
British Columbia, Vancouver, Canada

SUMMARy A simple histochemical procedure for assessing relative amounts of neutral and acidic
sugars in mucin glycoproteins, and its application in the study of cyclical changes ofhuman cervical
mucins, is described. This procedure, the saponification/selective periodate oxidation/borohydride
reduction/alcian blue pH 2-5/periodic acid Schiff (KOH/PA*/Bh/Ab 2-5/PAS) method, uses a

selective oxidation step to remove the PAS positivity of sialic acid; thus only neutral sugars stain
positively with PAS, and acidic sugars (0-sulphate esters and carboxyl groups) stain with alcian blue.
This differs from the KOH/Ab/PAS technique which stains sialic acid residues with both alcian blue
and PAS. Applying the KOH/PA*/Bh/Ab 2-5/PAS technique to the study of cyclical changes of
human cervical mucins, a decreased neutral:acidic sugar ratio in the secretory phase mucins
compared with those of the proliferative phase was found. This difference was not seen with KOH/
Ab/PAS staining in the same cases.
The techniques and reagents used in this procedure can be easily applied in a clinical

histopathology laboratory.

The alcian blue pH 2-5/periodic acid Schiff (Ab 2-5/
PAS) technique ofMowry' stains magenta sugars with
oxidisable vicinal diols and anionic groups (carboxyl
and 0-sulphate esters) aquamarine blue (aqua). Sialic
acids contain both vicinal diols and carboxyl groups
and stain purple. Consequently it may be difficult to
use the Ab 2-5/PAS method for the histochemical
assessnient of the relative proportion of neutral and
acidic sugars in mucins because changes in sialic acid
concentration can be obscured by the dual staining of
this residue.

During studies on the histochemical analysis of
human cervical and intestinal mucin glycoproteins, it
became important to develop a more specific
procedure for assessing relative quantities of neutral
and acidic sugars in such mucins. Several studies have
shown that under certain conditions sialic acids can be
selectively oxidised with periodate ion.2' Recently
Volz et afi have shown that treatment with 0-4 mM
periodic acid in about 1 M hydrochloric acid for one
hour at 4°C (selective periodate oxidation (PA*)) will
completely oxidise all sialic acid residues without
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producing noticeable Schiff reactivity in carbohydrate
polymers containing only neutral sugars.78

In this paper we describe the use of PA* in the
development of a histochemical technique, the
saponification/selective periodate oxidation/boro-
hydride reduction/Ab 2 5/PAS (KOH/PA*/Bh/Ab
2-5/PAS) technique, for the assessment of the relative
quantities ofacidic sugars (0-sulphate esters, carboxyl
groups) and "neutral sugars" with periodate oxidis-
able vicinal diols (hexoses, 6-deoxyhexoses, N-acetyl
hexosamines) and its application to human cervical
mucin.

Material and methods

Specimens of Sprague-Dawley rat liver, salivary
glands (sublingual, submandibular, and parotid), and
gastrointestinal tract, obtained fresh at necropsy, were
fixed in 10% formalin-calcium for periods in excess of
seven days. After fixation "swiss rolls" were prepared
from the colon and the entire small intestine plus a
strip of stomach.9 All the tissues were routinely
processed in paraffin wax and embedded in Paraplast.
Studies were also performed on formalin fixed,
paraffin wax processed blocks of surgical specimens of
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a human stomach, cervix, and colonic adenocarcin-
oma containing adjacent normal tissue. Specimens of
normal cervix (n = 46) were obtained from hysterec-
tomy specimens and specimens of endometrium from
each case were independently phased according to
accepted histological criteria'" by two of the authors
(CBG, PBC). Sections cut at a thickness of 5 gm were
stained with haematoxylin and eosin, the Ab 2-5/PAS
method of Mowry,' and the PA*/Bh/Ab 2-5/PAS
method described below. The latter two staining
procedures were preceded by saponification with 0-5%
potassium hydroxide in 70% ethanol for 15 minutes.
The saponification step was included for the follow-

ing reasons. Firstly, Park, et al have shown that the
mucous cells of the rat descending colon contain
neutral sugars which are only PAS reactive after KOH
treatment (0-acyl sugars)"; similar sugars have been
shown in the colonic epithelial glycoproteins of man
and rabbit (P E Reid et al, unpublished observations).
Thus the KOH step is necessary in a general procedure
to ensure that 0-acyl sugars, if present, are PAS
reactive. Secondly, theKOH step ensures the complete
oxidation of sialic acids with PA*78 and therefore
avoids the possibility that any side chain 0-acylated
sialic acids which may be present are de-0-acylated in
the subsequent steps of the procedure and contribute
to PAS reactivity attributed to neutral sugars. Finally,
in the KOH/Ab 2-5/PAS procedure the KOH step is
necessary because PAS reactivity will depend on the
presence or absence of 0-acylated sialic 'acids. As in
this study the results obtained with the KOH/Ab 2-5/
PAS procedure were compared with those of the
KOH/PA*/Bh/Ab 2-5/PAS procedure, the inclusion
of the KOH step in the latter method ensures that the
procedures are as comparable as possible. Diastase
digestion can be inserted between steps 3 and 4 in the
method described below if desired.

THE SAPONIFICATION-SELECTIVE PERIODIC ACID

OXIDATION - BOROHYDRIDE REDUCTION -

ALCIAN BLUE pH 2-5 - PENODIC ACID -SCHIFF

(KOH/PA*/Bh/Ab 2-5/PAS) TECHNIQUE
I Bring sections to water.
2 Treat with 0O5% (w/v) potassium hydroxide in

70% (v/v) ethanol for 15 minutes at room tem-
perature to remove any 0-acyl groups that may
be present on sialic acids or neutral sugars.

3 Wash in running water for 10 minutes.
4 Cool to 4'C and oxidise with precooled (4'C) 0 4
mM periodic acid in about 1 M hydrochloric acid
(concentrated hydrochloric acid 1 volume, dis-
tilled water 4 volumes) at 4'C for one hour at
room temperature (PA*) to oxidise completely all
sialic acids.78

5 Wash in running water for 10 minutes.
6 Treat with 0-1% (w/v) sodium borohydride in 1%
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(w/v) dibasic sodium phosphate (anhydrous) for
20 minutes at room temperature to reduce aide-
hydes to Schiff unreactive primary alcohols.'2

7 Wash in running water for 10 minutes at room
temperature.

8 Stain with 0 3% (w/v) alcian blue 8GX in 3%
(v/v) acetic acid for 20 minutes at room tem-
perature to stain carboxyl and 0-sulphate ester
groups.

9 Wash in running water for 10 minutes.
10 Treat with 1% (w/v) periodic acid for one hour at

room temperature, to oxidise vicinal diols.
11 Wash in running water for 10 minutes.
12 Treat for one hour at room temperature with

pararosaniline Schiff reagent (prepared by the
method of Barger and DeLamater'3) to stain
aldehydes.

13 Wash in running water for 10 minutes.
14 Dehydrate, clear, and mount.
Neutral sugars stain magenta; sialic acid carboxyl

groups and 0-sulphate esters stain aqua; mixtures of
acidic and neutral sugars stain shades of purple.

Staining of cervical mucin was graded on a scale
from I (aqua) to 5 (magenta). Observations were made
by two observers using a co-observation bridge and a
consensus result was recorded.
Raw data were analysed by the Mann-Whitney U

test'4 and p values of < 0 05 for the two tailed test were
considered to be significant.

Results

The results of staining of the different control tissues
from Sprague-Dawley rats agreed with the known
distribution of stainable sugars.7'"5 The
sialoglycoprotein of rat sublingual gland stained blue
while the neutral glycoprotein of the submandibular
gland stained magenta. The neutral mucin of the
stomach stained strongly magenta but small amounts
of blue mucin were present at the base of gastric pits.
In contrast, the goblet cell sialosulphomucins of the
duodenum stained purple while the neutral mucins of
the Brunner's glands stained magenta. The goblet cells
at the bases of the crypts of the rat descending colon
stained bluer than those located more superficially in
the crypts. In sections of colonic adenocarcinoma
stained with KOH/PA*/Bh/Ab 2.5/PAS, pools of
predominantly extracellular mucin within the tumour
stained magenta while the mixed acidic and neutral
sugars of the adjacent transitional epithelium'6 stained
purple. Glycogen in rat liver stained strongly magenta;
this staining was eliminated by diastase digestion.
Comparing cervices from proliferative phase and

luteal phase, a significant (0-02 < p < 0 05) difference
in the neutral:acidic sugar ratio was seen with
KOH/PA*/Bh/Ab 2-5/PAS staining, with relatively
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Fig 1 Results ofsemiquantitative assessment ofsections of
human cervices during proliferative and secretory phases after
KOHIPA*/BhIAb 2.5/PAS (left) and KOHIAb 2.5/PAS
(right) staining. Higher assessed numerical grades
correspond to higher neutral:acidic sugar ratios.

more acidic sugar present in the secretory phase while
no significant difference was seen with
KOH/Ab 2 5/PAS staining (figure). Overall, there was
more intense PAS positivity with the
KOH/Ab 2-5/PAS technique corroborated by higher
neutral:acidic sugar ratios. Sialic acid will be PAS
positive using this technique.

Discussion

The KOH/PA*/Bh/Ab 2.5/PAS method specifically
stains neutral and acidic sugars magenta and aqua,
respectively. Application of this technique to
specimens of human endocervix shows significant
changes in the ratio of neutral:acidic sugars during the
menstrual cycle. The mucin glycoprotein secreted by
the human endocervical mucosa forms the predomin-
ant solid component of cervical mucus. This mucus is
receptive to sperm penetration for a period of about
five days in the periovulatory period when, in response
to oestrogenic stimulation, it becomes more copious in
amount, much less viscous and less acidic.'7'9

While the protein component of cervical mucin is
constant during the menstrual cycle, it remains
controversial whether the carbohydrate component

changes significantly during a normal cycle.`23
Recently Wakefield and Wells showed that cervical
mucin in the secretory phase of the normal menstrual
cycle has an increased ratio of sulphated acidic sugars
to sialic acids.24 The new histochemical technique
complements these results by showing a decreased
ratio of neutral sugars to total acidic sugars during the
secretory phase. This method, the KOH/PA*/Bh/Ab
2 5/PAS procedure, uses techniques and reagents
which can be easily introduced into a clinical histo-
pathology laboratory, and permits the semiquan-
titative assessment of the relative amounts of acidic
and neutral sugars.
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