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SCANNING ELECTRON MICROSCOPIC
STUDIES OF THE HUMAN NASAL MUCOSA
IN NORMAL PERSONS AND IN PATIENTS
WITH PERENNIAL RHINITIS

I: Cilia and Microvilli

By
NIELS MYGIND & POUL BRETLAU

The upper respiratory tract is under constant influence of the
inspired air, which has an unphysiological temperature and
humidity and furthermore contains microorganisms, other
particles and potential allergens. Particularly the anterior
third of the nasal cavity is charged by these influences to such
a degree that it differs from the rest of the mucous membrane
of the respiratory tract. When this part of the mucous mem-
brane in patients with perennial rhinitis has to be examined, it
is therefore important to be aware of the fact that it is not
possible to compare this nasal mucous membrane with a per-
fectly normal one. It is only possible to compare it with mucous
membranes, which have been exposed to one injurious factor
less.

Lenz (5, 6) recently published papers on scanning electron
microscopy of the normal human nasal mucosa and of the
mucous membrane on the inferior concha in patients with
perennial rhinitis of such a severe character that conchotomia
was necessary. We have preferred to take biopsies from the
anterior part of the inferior concha, which has given less tissue
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tor: ekammatlon, but on 'the other hand p0551b111ty f;o_'  exami
“ing a larger 'p'art of the patlents Wlth perennial rhinitis. Scann-
_ing electron microscopy- (SEM) is-a method of 11"1Vt&st1gat1m‘11
"in which' the results depend on the method used for prepara-
':_'_"."tibn, and in which there is-a. constant risk of artifacts. We.
-:_.:'?_':_"itherefore examined specumens from different methods of pre-
'-:'paratlon and a series of correspondmg spemmens in trans
?;._-mlsswn electron’ mlcroscope (TEM) and in anoptral contras
- (AC). As other authors have- gwen detailed descrlptlons o
_.'”-fthe human nasal mucous membrane in T]:M (3 4, IT), it
- “intended in this work to use TEM only as a supplement to-
"..SEM investigations ancl if possible, to disclose artifacts. -
* As the surface of the mucous membrane in normal persons.
and in patients with. perenmal rhinitis is very similar with onlyi"i;.":f
- small dlfferences, as will be seen later, this work will not be:”
~-divided into a normal and a pathological section, but into two'
~ papers of which the first deals with cilia and microvilli and the
- second with structures, which have connect1on with the forma'“" .
~ tion of the secretion. - L
~In this paper it is of special mterest to examine, Whether an:ﬁ_’-:'
B allergen—mduced destruction of the cilia takes place in the
- human chronic allergic mucosa as it has been found i in sens
tlzed ammals after an allergen challenge (2) |

. Fag I. o
x 28. Alr -dried specmen The total biopsy from the anterior part of the mfenor-’_-’ ;
" concha, The biopsy is 2 X 3 mm. In the middle part of the biopsy is seen a mark
after the biopsy-forceps. This part is useless, but as the picture shows, there are._i'
parts of intact mucous membrane suitable for mleroscopy, especially in the rlght,_"_g
upper corner of the biopsy. -

Fig. 2. B

X 225 Alr drzed spec1men Corresponds to the area marked on Fig. 1. Wlth thls'._l
magmfacatmn of survey the cell-boundaries can be seen, and an impression 15_':“_
 obtained of the ratio between non-ciliated cells (dark Wlth regular surface) anc'l-'.
cxhated cells (hght with irregular surface). ' 3
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- 'ered '

: were postflxed for tWO hours at'4° C wrth z per cent osnuurn tetraoxnde (buff-
with, sodmmcaeodylate to pH 7,2—7,4) After dehydratron in- ethyl alcohol
" the. blocks were: embedded m Epon Seetmns were cut: by a Relchert ultra-rmero-'-__'
- tomé. UM 20 Semlthm SECthI]S were analysed m AC. Ultrathm sections were:
doublestamed with lead ‘citrate and- .uranyl . acetate ‘and transmrssnon electron
: mlerographs were obtamed wuh a ZelSS EM oA eleetron rrueroscope : -
The spec:mens for SEM were after dehydration in ethyl aleohol transferred toi::.:-
benzene After alr drymg or freeze-drymg the spemmens were mounted on: Stubs-‘:_'.:
“and. a conductlon coat of gold was deposrted in vaeuum* The specxmens were'{-_--
studled ‘with. a Cambndge Stereosean Sz,

A few ~specimens for - SEM. were postflxed in 2 per cent osmlum tetraoxlde,:
‘others were fixed in ‘isoosmolar 2,5 per .cent glutaraldehyde solutlon and forf'-:.
other speelmens agam, the duratron of fncatlon was . altered None of these'-'___-;

* We used the method of freeze—drymg, wluch in. detarls is descrlbed by Narre-
- vang & ngstrand (9) ' : g

_ Fig. 3. L _ o
X 630 Freeze dried spec1men -In this place of the. b1opsy the c111a ‘are seen as
honeycomb network It is difflcult here ‘to see the’ boundarles of ‘the cells The::
scattered round grooves w1th elevated edges are: goblet cells wlneh have expelled”'

thElI' ‘secretion. In the’ upper part of the plcture it 15 ]ust posslble to see other:'-"-f
goblet cells W:th ‘apocriné secretion. ‘ )

L Fzg s _ iy N S
X 1.200. I‘reeze drled specrmen It is seldom that the c:l:a in the anterlor part of'ﬁ_

.the nose. form a ‘thick carpet, however, on the speelmen presented they are found_""'.'
L as very close rows: separated by cells with microvilli. .






"'5”0/3' of thern were. it for use. The rest had to be_ re]ected
'”-':;elth'e' because the eplthellum had been squeezed or torn off,
or because the l)lOpSY durmg mountmg on the: stub hacl bee |
”'_’tumed m a wrong dlrectxon, or because the: surface was’ co_\ :

" ered:by a blanket of MUcous. However, it.can be’ said, tha Al
“thiese -small. blOpSles are. treated very carefully ;they do give

- good and usable specimens, although 1t is selclom that the__;
- whole surface can be used. (Flg 1). ' s

- “Witha magmflcatlon of 200 times it is easy qulckly to' look"{_ :
'__over the specimen and get an impression of its fitness foruse.
Inaddition information is obtained on the main lines of the -
surface structures and the ratlo between cells Wlth and W1thoutf'_'3_ 'i
'_c111a (Fig.2). | S
- By higher magmflcatlon it is often p0531b1e to see the bound
- aries of the single cells distinctly. The surface area of the cells-_'-_f_ :
: _"_Va-r_les-_appremably-and_ the shape can b_e- -Cll‘Cl_ﬂal‘._-aS-Well_;-as

| Fig. 5. | - o
X 2 400. Freeze dned specimen. ‘The cilia are found in groups, and each group'_'__ -
. whlch correspond to one cell, consist of about so cilia. The cilia are erect, but: not'_""- :
quite free- standmg in this specimen, although it has been freeze-dned Betweeni_;-
“the groups of cilia 1rregular bunches of long, matted microvnlh are found e

F:g 6. o _
X 12.000. Freeze drled speelmen ‘The smgle cilia are erect and as' free-standmg_ -
'as poss1b1e thh the method employed The upper tenth- part.of the cilia are bent_f_'

“30° in the stroke-direction of the C111a W1th thls magmfxcatmn the surface of the'f-
“¢ilia appears smooth. . :






they are -found 1n a honeycomb pattern, in- rows or in separate:"
."__1sland _"where the single island corresponds to one: cell (Fig:
3=5 ) If it is aciliated cell; the cilia are spread evenly over the
: _'Whole surface of the cell and there are 40—50 of ‘them. This
- number of cilia’ apphes to the majority of cells,. however, the .
" number may vary from 25 to 150 cilia per cell. A few. free- -
| "btandmg cilia on a cell are not seen. While the cilia in the air--
- dried- spec1mens are found in’ lumps and are somewhat flat-
~tened they are in the freeze-dried specimens more erect. and~"
'free-standmg (Flg 6 and 13) By high magmﬁcauon the sur-
- face:is irregularly uneven in SEM while this is not the case- in
TEM- (Fig. 7'and 9). ‘The length of the cilia has in AC been_?-
measured to 4~6 pm, and their thickness i in TEM tobe 0,3 .
In SEM the corresponding figures were 3—3 m.and 0,3 pm,
In 1/3 of the ‘biopsies: from patients with perennial rhlmtlsg-_“.
“bunches of cilia were found which were totally flaccid, matted
-together and often of varying thickness, undoubtedly theyf_i'_
were destroyed (Fig. 10-11). The majority of c111a from';_.-”:
| patlents however, had a: qulte normal appearance ;

| | .. Figp S e
Original magnification X 6.360. T'ransmission electron.microscope picture ofa
ciliated cell. The: cilia have a smooth surface and-are of a homogenous size..
Bemeen the: cilia. thin mncrov:lh are found, ‘consisting of cytoplasm w1thoutjf'":' :
- ‘structure and surrounded by a lengthening of the cytoplasmi- membrane ‘The fll'St_:_'_.: .
part of the microvilli often has. the shape of onions, but. has otherw1se a smooth"-';

surface and uniform thlcknes_s _It car be’ seen, that a few microvilli are _blpamte_
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2 -hese are often at thelr ba_se omon-shaped Wlth a dlameter__f;_:.'_':
o -;approachmg that of the c1ha The rest of the microyillus hasa -

~ constant diameter and a smooth. surface Tt not seldom: to
~find a single microvillus split into two. In SEM it is surprising
- to see that all. cells, apart from. goblet cells and: squamous-
 epithelial cells, are completely covered by ‘microvilli close to-
- gether: (Flg 14). It is charactéristic that the length of the
*microvilli is different from cell to cell, but homogeneous on.

"-_the smgle cell, Wthl’l shows that microwlh develop syncromc-_

- ally on the cell.

~In non-cnhated cells several hundred m1cr0v1lh are found'f’ :
| 'and on the ciliated cells 3-4 times as many microvilli as cilia,
-however, this ratio varies considerably. In the air-dried SEM:
specimens the microvilli are thick and blunt, while in the
freeze drled they are more thm and d1screte._ ln the gold

Fig. 8. L
Orlglnal magmﬁcatlon X 6 360 Transmlssmn electron m1croscop1e p:cture of a-j-'
‘biopsy, which after exammatlon in the scannmg electron microscope has been_-_
embedded in Epon. The semithin section can give some 1nformatmn in anoptral':
contrast, but for ultrastructural studies ‘the preservation is' poor. On plane sur:.

~ faces ‘the: gold layer’ was found to be about 100 nm, but in the ‘section shown it i :_
somewhat tl‘llCl{BI’ as it is sectloned obllque ' '

Fzg 9.. N . Sl
X 23.000. Air-dried specunen At high magmfu:atmn the surface of the clha 15'1"
-n-regular, mdependent of the. method of preparation, due to unevenness in gold-'
. coating as the surface of the cilia is smooth in the transmlssmn electron mxcro-’_
scope, even in high ‘magnification. It should always be remembered that in- the_-

scanmng electron - microscopic spec1mens one does not see the ‘reality”, but al:
ways “a snowcovered 1andscape” B






“'-.;’_"The-:___act that small b10p31es:0f the mucous membrane can g
- specimens. ‘suitable for SEM; makes it pOSSIble to carry
_corresponding examinations from other parts of the respir
tory tract. It must, however, be remembered that the. smalle
- the - b10p31cs are made the more unsuitable spet:lmens are ob-
~ tained, furthermore, alarger number of specimens have to be -
~examined ‘before quantitative ‘differences beétween the two.

| 'groups can be shown. This may be part of the explanatlon,?-'?j
‘why it has been possible for Lenz (5, 6) on removed inferior -
concha in a higher degree to show differences between the’

" normal and the allerglc mucous membrane as he found thatin
“the allergic mucous membrane there was a reduced number of -

_ cilia and m1cr0v1lh and furthermore, mcreased e1110genes1s It
has been possible for us to a- certain degree to verify some of_._'_'f_
these observations in. nasal polyps (7). Another part of thef_:.'f
.explanatlon may be that the anatomical conditions are differs
ent on the inferior concha in total and on the place of our"
biopsy, and that Lenz’s patients had so pronounced symptomsfjﬂ-f-

cand a macroscoplc abnormal mucous: membrane that it was-in-

dncated to remove the mfermr concha, Whlle our patlents WCI'C:..':

F:g. Io.

X 2250 Air-dried specnnen from a patlent with perenmal rhinitis: In part of .
.the- speelmen the cilia lie flat and matted Much secretmn is seen espemally in
lower half of the plcture S '

Fzg II.

_>< 11, 200 It seems that adJacent parts of the. smgle c1ha are of varymg thlckness i
~in. the specm‘len from a patlent with. perennial rhmltls :






- 'beh)w 'What has been calculated in most of the mvestlgat n
-_-Where TEM has been used (Io, 11). S
| The destruction of c111a, as shown in’ some areas in’ 1/__3‘
_'___'the b10p51es from: the patients, cannot be explalned imme-
| -3d1ately as.4 dlrectly aIlergen—mduced destructlon Agamst this
it can’ be said that it has not been’ possnble to find’ destroy_ 5
~ cilia on'the surface of nasal polyps (7), and that the larger
~part of the. eplthellum in patients with perennial rhinitis had
"qulte normal cilia. Another possible explanatlon of the oecu_"_"l_'
ence of the destroyed cilia can be a change i in amount and vis:-
' --'COSlty of the secretion. and that the mucous membrane: on th if'_-
‘swollen inferior concha possibly has been pressed against the
floor of the nasal cavity. Tt ‘must, however be stated that the"-_
':ma]onty of-cilia have a normal appearance in normal persons_;_
as Well asin patlents w1th perenmal rhmltls |

Fzg Iz, _ _ :
Orlgmal magmflcatmn X 8oo. Anoptral contrast m1croscopy of sem1thm sect

of Epon-embedded - specimen. On the surface of the ep:thel:al cells is seen.pa
quite thm microvilli and partly thzcker mha '

Flg 13 L .
>< 7 400 The cilia are erect and relatively free- standlng, as. they are in-a freeze-i'
dried specimen. In the lower left corner short, growing cilia are. ‘seen, whu:h 15,
seldom’ the case. In the rmddle of the picture a cell with raicrovilli ‘of medlurn
length is seen. In thIS specimen the rmcrowlh are thm and d:screte '






. are SEB‘H o

SEM 1nvest1gat10ns have shown how dlfferent results can’_}
" be obtained by different methods’ of preparatwn (1, 8). It is
" therefore necessary. ‘to be cautious-in mterpretmg results ob
- tained by only.one procedure and although it is not possible on-
":"-"'._human biopsy: material to perform Iarger 1nvest1gat10ns con
_cerning ‘the methods, it Wlll be wise to try.some different
‘methods of. preparatlons In this work the time of flxatlon ha:
- “not been. critical, but the'method of drymg has been important, :
asthe freeze-drled Spec1mens have glven the best presentatlon
'_'_-of c1ha and mlCl‘OVllll. . o B

Fzg 14

X 2320 An' dr:ed specnmen Non-c;llated ep:the]lurn with distinct- cell bound
~ aries. All cell siirfaces. are coveréd by m1cr0v11h close together; The surface

" the single. cell is homogenous but there are differences in the appearence of 'th
L nucrovﬂh from cell to cell In the rlght side of the. plcture some erythrocyte

. _ Fzg 15 .
’ _)( 1L 600 Alr-drled specunen Three cells ‘with microvilli uf d1fferent length

o ._Mlcrovﬂh of the. smgle cell are generally of the same length thch means ‘that >

- the growth of microvilli ‘on- the slngle cell is- synchronized.- The rmcrov;lh are._:_-

th:ck and blunt as they are. in. air- drxed spec1mens, butin. scanmng eIectmn_f.':':-‘
: mICIOSCOPIC Specunens they are never as. thin as in- the transm:ssxon e]ectron "
- microscope, as the th:ckness of the gold Iayer 13 of the same order as the dlameter

- of the mlcrovﬂll
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SUMMARY

30 biopsies from the anterior part of the inferior nasal concha
from normal persons and from patients with perennial rhinitis
were examined in the scanning electron microscope and an
equal number were embedded in Epon and examined in anop-
tral contrast and transmission electron microscope. 20 per cent
of the total area was covered with cilia, which were found in a
honeycomb pattern, in rows and in islands. The ciliated cells
were covered by 40—j50 cilia, which were 3—6 pm long and
0,3 pm thick. Every non-ciliated cell was covered by microvilh
close together with a maximum length of 2 pm. There were
marked differences between the appearance of adjacent cells,
but the surface of the single cell was homogeneous. The only
observable difference between normal persons and the patients
with perennial rhinitis was the occurrence of destroyed cilia in
1/3 of the biopsies from the patients. It is concluded that in
the scanning electron microscopic specimens there is always a
risk for artifact and the results depend on the choice of pre-
paration methods. Fixation in glutaraldehyde, ethanol de-
hydration and freeze-drying from benzene is a method of pre-
paration, which 1s found suitable for the purpose.
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