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ABSTRACT 

Clara cells are flDTl-clliated olle oIairway stem cells [hal ha·.>e been demonstrated in 

the l)ronchlDles oj most examined adul t mammallall species. Certain features concern

ing tile ultrastructural morphDlogy and the way by which their !! ecreiDry granules w-c 

rele(l.<:;ed Jro m the cytoplasm are still a matler q{ much dispute. The pl!rpose C!f (itis 

sfud" was to assess fn conducting airways q{ normal neDnalal rabbit lungs: (1 ) the cel

ILllar morpl1ology alld ullrastnlCtural peculiarities oj Clara cel{$: and (2J (he way ')y 

wllie /] their secretory graJJule~ are released. Samples of histologic normnl /issue were 

lakell/rom ten lungs obLainedjrom one-day-old rabbits and w ere processed accordillg 

to s la ndard techniques oj light and tran smission electron microscopy. The: Clara cells 

hod w ell-developed apica l p rotrusions packed with veslcula/ed smooth endopiuslllic re

tictllwn a nd numerous electron-dense granu les. Ciliary body-like structures w ere ob

sen.II. ... -'d in some Clara cells. Tile gro nules ~{Clam cells were spherical or Dunl and th eir 

IIlalrix was composed of botl, dense wld DJ less electron-dense- Illoten"als. SOl lIe Qr ,Iw"1 

were encountered w be located immediately helow tile luminal membrane. Morplwlogi

cal cvidenceJor both merocrine and apocrine mode of secretion was demul1s tratect. It is 

su99Csled that the neonatal rabbit Clara cells may play crucid ro les both as secrelD'-V 

(md progenitor cells in the normal epithelium oj the distal. cDnductlng airways in lIeona

ial mbbi/S. 

INTRODUCTION 

169 

The CIanI cells are non-cilia fed and non -mucous eplthel\al cells \vithin (h e- lining of dis/al 

cond u cting aiJways. They were firsl described in the human respiratory epitheliulIl o f fhl' periph

eral condncting airvtays (Clara, 1937), and were defined maInly by theIr dis tinctive cy foplasmlc 

granu les. Indic:aling C:l secretory funcHon. Numerous electron microscopic studies performed In 
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J11amll1al~ have shown consideral>k InterspeCles heterogeneity In botl~ morphology. and dls lr'jbu 

Uon of tlwse {'cBs (Plopper et at .. 1990; Plopper et a1.. 1991). An uitras tructul-a l Ch<.lt"actClisUc 

of Cla rn n:lJs is the presence of ekclron-dcnse membrane-bound granules (Bedettt et al .. 

1987). Ttw CI<tra cell secretory gr<lllule~ have been shown to va ly con siderably in si ze. shapes 

and texture o f the contents (Kuhn et al .• 1979). Several biochemjcal and immunohistochemical 

studie s (Singh and Katyal. 1984; Sfngh et aI., 1985 B.b; Bedetil et a1.. 1987) have Identified 

three ml Clara cell-speclOc proteins. 

The Cl;tri.\ cells have been found 10 contribute to cell renewal 1;\ hamster bronchial epithel ium 

in the stcady state (Breuer et aI., 1990). TIle proliferative response of the bronchiolnr cplLheli

um arter {.:xposure of rats to N02 (Evans et al .. 1978) or 03 {tum et at, 1978H g<Jses is pre· 

dominanlly clue to Clara cen division. Grafting Isola te cell fraeUons of rilbblt bronch iolar epitheli

um highly enrich ed in Clara cells onto denuded tracheas results In nn epilhelium containing 

both Clar<l CocUs and ciliated cells. resembling bronchiolar epithelhtr.l (Nettesheim et at, 1990). 

Thus. th e Clara cell is an Imp0l1.a nt cell type regarding ce ll renewal In conducting £Iirw<lY eplthe

Jlu m In boih health and cUsease (Sham!, 1989) . 

To on .. I,nowlcdge. few ultrns\ru r.turol s1"udles have heen devoted to elUCidates the llitras t.ru c 

(unll mo rphology of neona tal rabbit Cla ra Cell s. Thus. the aim of U,e present study wus to s tudy 

in nOl"llwl neo natal rabbit airway epithelium, the ultrastructural peculiarities of Cla ra cclls . 

Such dal .. ! might be crucial for species comparlson. for elucidating developmenlal events . and for 

confll'mill /.! Ulclr suggested fun ctlonal role such as their contrlbuUon t.o the proliferation eom

j)artmen( ilnd their r ole as progenitor ce ll s within the distal conducting airway::. . 

MATERIAL AND METHODS 

Ten onc-day-old apparently healthy New Zealand White rabbits were coUc .. ll..xl lronl a loen l 

farm. Anaesthesia was Induced with sodium pentobarbitone (60 Olg/kg. IP). Theil' l:hesls were 

dpene(l alld samples were taken from the dlfferenl regions of the cr,:nial and caudal lung lobes . 

por ngh! Illicroscopy. tissues were Ilxed in 10% neulml buITcred fonllalin or Gouin'S lluld . They 

were thell dehydrated and embedded 10 parof"f1n . Pa ramn sectlon ~ or 5-6j.l1ll thlde were prcpared 

<md s1.i1lnnl by Ha rrts Hematoxylin ;.lnd !.::osl ll (H&e) for gcncrni s tudles. the periodiC' ;J Cld/Sel1ilf 

(PAS) tech nique (with and without saliva digestion) to demonstrate glycogen and t1 Clllr(:l1 IllUCO

substanc.t"-; and Best's carmine fm' conOrming the presence of.£!:lycogen. ["or electron microscopy. 

selected hmg pieces were fl)(ed for 12 bout'S ill 2.S%glulnraldehydc in cacody laho b\lller adjusrcd 

to pH 7.4 . Ancr rinsing with the same bu(j fo l". the tissues were pc".J.Ilxccl in 1% burfered osmium 

tetroxide li>f 2.5 h at 40C. The specimens were Ulen quJcldy rinsed in buner and dehydraled In a 
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graded se ri es of ethanol. and were embedded In poly bed 8 12. $<.;:nl thln sectJons were cut and 

~talned wilh an aqueous solution of 1% toluidine blue for light micruscopic orientation and se

lection of terminal bronchioles. Thin sec tions of the tennlnal bronchioles were mounted on 

fo"ormvar-C'Oated copper gelds and double sta ined with uranyl acetate and lead citrate and exam

,'.led w1th <l JEOL lOOc transmission EM at 80 kv. 

RESULTS 

By ligh t microscopy. the Clara (;elJ 'vas cuboidal to columnar in appearance wll,1 a spherica l 

nucleus a nd a dome-shaped apical projection (fIg. lJ. The cytopltlsm of tJle Clara cells generally 

displayed a negaUve PAS {Fig. 2) and Best's cann{ne reacUvlty. 

By eler:I.ron mIcroscopy. The Clara cells had a cy toplasm of m"Jderate electron density . The 

nucleus was basal. elongated a nd had 'o va riable complexity of form. Tht: nuclear contour was 

Infolded Wig. 3). The a pIcal portion of tbc cell Invar1ab1e projected into the lumen of Ule ailways 

and was packed with numerous vesiculated smooth endoplasmic reticulum (Fig. 4) . The gran

ules of Clal'a cells were readily identified as electron-dense structw'es located In the apical cyto

plasm IF'i¢s. 4. 5.6). 

The granules of the Clara cells wcrc spherical or oval In shape and membrane-hounded (FIg. 

4, 5 . 6). Their matriX was composed both of dense and of less electron-dense materials. nle dis

tributional pattern of these two materials was variable from one granule to a nother. The limiting 

membrant: of the granules showed a regular contour Wig. 4. 5. 6). Some granules were encoun

tered lo be located immediately below the luminal membrane (Fig. 6), The cluse proxlmily of 

some of these granules to the apical membrane might suggest extrusion of thc!'c d C' (ron-dense 

vesicles by a merocrine secretory process. In some secUon. apocrine secretion was indicated by 

extension of the apical cytoplasmic projection of Ole Cla ra cell Into the airway lumen trig. 6). The 

luminal projection of the cell usually bore numerous short mtcro'.-iJiI {Fig. 61 . A well developed 

juncUon compJexjolned the Claro ceils to their neighboring cells (FI.q:. 4). 

In somc Clara cells, tht.: cytoplasm contained many free ribosomes. The luminnl sllrl~'lce of the 

cell Invariably bore microvillI. alUlough the aplcfll projection was not always pronounced (Fig.7). 

In these cells. smooth endoplasmic reUcu lum was limited . Large areas of rough endoplflsmlc re

ti cu lum were seen. usually 1n the apical portion of U1C cytoplasm (FIg. 7), Few electron-dense !';e

cretory vesicles were encountered Wig. 7) . These cells were connected to adjacent cell by <l well

developed JuncUonal complex (Fig. 7). 

In some other secUons . the Clara cell besides having the characteristic aforemenlloned ultra

structural morphology, they contained basal bodies-like structur~s that were encountered prl-
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marily withi n the apical cytoplasm (FIg. 8. 9) . In these cells the smooL'l e nc.loplasm ic reticulum 

seemed to be breakIng down to fonn vesicu la ted area s {Fig. 8. 9). 

DISCUSSION 

In the pl'esent study. the cytoplasm of the neon ata l (abbit Cla ra cells generally dis played a 

negative PAS and Best's carmJnc reactivity. 1bere Is much d isagreement in the lite ra tu re as to 

the reaction of C lara cells to mucu s s tai ns. partjcularly PAS. It Is generally accepted tha t Clara 

cell do not s ta in With PAS (Nlden. 1967; Kuhn et a1.. 1979). In contras t to the present resul ts. 

some authors h ave demonstrated gra n u les In Clara cells wtth PAS (Azzopardi and Thudbeck. 

1969; Roth. 1973) or Its electron microscopic equivalent PATO (Cub and Conen, 1971) . Based 

on PAS a nd Best's carmine reactivity as well as the u ltrastructure f;rlteria, the prescnt s tudy 

provided h is tochemical a nd ultras truc tural confi rmation for the lack of glycogen In the Clara 

cells of the neonatal rabbit. In contrast to our findings . Massaro and Massaro (1986) provided a 

histoch em ica l evidence of the presen ce of glycogen In Cla ra cells of I -day·old rats. Glycogen has 

been reporled a lso In the dog (Plopper et ai., 1980). n eonata l plgs (Baskerville. 1970). In 3-

and 12·monUl-old calves (Smith et aI .. 1979). and In neo na ta l 2-duy-old Ca lf lEI -Gawad and 

Westfall. 1997). The abundant amount of glycogen [s considered a ~!gn of Imma turity In Clara 

cdls of th t::: rat (Massaro and Massaro. 1986: Ji et aI .• 1995) . m~use (Ten-Hav e-Opbrock and 

De Vries , 1993). rabbit (Flopper e t al .• 1983). a nd h uman (Jeffery et aI " 1992) . Till'; lack of 

glycogen In the Clara cells of the neona tal rabbit that h as b een revealed In t he presen t study 

migh ~ s uggcst that the neonatal rabbit Clara cells a rc p robably more differentia ted a nd more ma 

tured in compa r1.son to other a nimal species. 

Based un their ultrastructural features (the presence of ap ical pro truSions. basal bodies . s e

cretory granules and sER), various morphologicCi lly dis tinct C la ra cell populaUons were recog· 

nl zed in Ule present study. In some Clara cells . a well pronounced apJ cul protruSion 01led with a 

sign ificant nu mber of sER and a considerable n u mber of electron-dense granules were observed . 

Other cel ls have no a pical p rotrusions a nd their apical cytoplasm c lntalns eit h er n o or very few 

s ER tu bules. very few nu mbers of elec tron ·dense gran u les and large areas of rough endoplas mic 

re ticu lu llI . SI.III o the r Cla ra cells a ppeared to h ave featu res Intem lediate betwl;cn lhc two a fo re

mentioned extrem es and a re m ainly recogn ized through the preS(~ iL Ce of basa l body·l!ke s tru c

tu res wit.hi n the ir apical cytoplas m. Our s ubclassifica tion of C la ra cd !. though a rbitrary. Is 

based on (\efinlUve u ltras tructural characteristics . AJ though many of ou r Iden Ufylng crite ria are 

consistent wi th those of other Inves tigators such a s Christensen et at. (1987) who demons trat

ed the presence of at least three types of Cla ra ce lls In the h amster, there Is no standardization 

In the il terature fo r the cla ssiOcation of Clara ce lls . In the neonatal calf. only one type of Cla rd 
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cell. with il centrally located Indented nucleus has lateral and apical strands of rER and a promt

nent apic .. !1 aggregation of large. pale granules was IdenUOcd (EI-Gawad and Westfall. 1997). 

The quesUon of whether these morphologically dlsUnct forms of Clara cells (\[e considered as 

spec10c cell types or as d1fferent functional phases of tile same cell ty pe has not been elucidated 

yet. In our opinion. the three morphologtcatly distinct Clara ceH types In neonatal rabbIt that 

have beel1 demonstrated In the present s tudy could be Interpreted as different developmental 

:Jhascs for one cell type. The rER lubules seem to be involved in the formation of dectron-dense 

granu les that accumulate In the 'apical cy toplasm. These findinC8 were In accord with those of 

Kuhn et a1. (1979) who c1ariOed tha t the dlfferentiaUon of protein synthesizing rE:R suggested 

an ea rlie r s tage of developmenL leading to fonuatlon of secretory granules by the Gol~1 complex 

in Clara rdls of the rat. The ultrastructural peculiarities of the Clara cells presented here fit well 

with tilOSC reported for the Clara cells of many other speCies. In thIs respect. numerous ovoid se

cretory gr<lnules and an abundance of agranular ER (sER) have been reported in most Clara 

cells (Reid and Jones. 1979; Plopper et al., 19S3; Breeze and Tmk. 1984: Christensen et aI. 

1987). 

There Is a (:onslderoble variation in the ultrastructural features of Clara ceUs among different 

animal spc~ :es. In contrast to the present results tha t have demonstrated tile existence of a con 

s iderable amount of sER in tJle apical region of neonatal rabbit Clara cells. El·Gawad and West· 

(all (1997) have observed a minimal amounl of sER in Claro cells of neonatal ca lves . Sparse 

amounts of sER also were demonstrated In Clara cells of adult ca ttle. dog (Plopper et aI., 1980) 

and human (Jeffery et al .• 1992). 

The cellular morphology of the neonatal rabbit Clara cells (abundRnt sER and numerous eJee· 

tron dense granules) revealed In the present study mtght suggest active detOxillcaUon and secre

tory roles of these ceUs. The lack of Significant amounts of sER In Clara cells of neonatal calves 

sugges led that these cells do not play an Important role in detoxHlcation in this species (EI· 

Gawad and Westfall. 1997). It has been suggested tha t the Clara celis are secre tory cells a nd 

~roduce s urfactant (Ntden. 1967). or thal they produce hypophase (Petrik and Collet. 1974). 

The ways by which the elec tron dense granules are relea sed fron~ tile cells have not been de

tennlned yet. Most of the electron-dense granules of the neona!:.!l rabbit CI:Jr;,\ cells were loca l· 

Ired either in a supranuclear poSItion or lying Immediately below the luminal cell membrane. In 

some cells. apoCrine secretion was a lso jndicaterl by extenSion of the a pical cytoplas mic projec

tion of tbe Clara cell into the airway lumen. Such nndlngs might Indicate the release of these 

granules both by merocrine and apocrine mode of secretion. Some morphological studies have 

Indicated that tbese electron-dense granules may be los t from the-. cell by merocrine secretion 
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(Stinson and Loo.li, 1978; Al-UgaUy et at .• 1980; Pack et al .• 1981; Yaned. and Sirko 

1981). EI-Gawad and Westfall (1997) suggested that the presenC'e of apical granules In Clara 

cells of the neonatal calf suggest a secretory funcUon, which Is presumably merocrine at this 

early st.a gc of development. Several studies (Heath et aI. , 1976: Etherton et at. 1979; Pack et 

al., 1980) have suggested that Clara cell may also undergo apocrine secreUon. It has been pro

posed tl1<1 1 {his apical cytoplasmic bleb Is a fixaUon artifact (Jeffery and Reid 1977). Other 

stud ies using several preservation techn lqoes Indicate that this is not the case. and that these 

profiles may genuinely represent a poc rine secretion (Etberton et aI., 1979). Some authors sug

gest that I.>o(h apocrine and mcrocrlne secretions occur in Clara cells (Stinson and LooaU, 

1918: Pac k et &1 •• 1981; Peao et al., 1993) . 

The gnmules of the Clara cells of the neonatal rabbit that weJ"l~ demonstrated In U)e present 

!; (udy weI"e similar to those described by Stinson and LoosH (197S) ia the Clara cells of the ter

minaJ bronchioles of mice. Many a uthors (Etherton et aI •• 1979; E-.. ans et .ll.. 1975) consider 

the Cla ra cell granules to be mitochondria and It has 'been suggested on the ;X'5\S of a u toradto

r,raphtc cvidence (Etherton et aI., 1979) that these ~mltochondrl~ of an unusual structure" pro

duce long chain fatty acids. 

Our obselVaUons Indicate that Clara ceJls may develop cilia whUst In the process of secreUon. 

It Is, Uler~fore, conceivable that both Clara and cilia ted cells are progressive stages In epithelial 

turnover. In addItion lo a secretory role . [t has also been proposed that the Clara cell Is a precur

sor of the other types of epithelial cell (Evans et aI., 1978). Cells wuh Clara ceil-like cytoplasmic 

inclusions bearing cilia were seen (Pack et aI., I9BO). Thus Clara cells may undergo metamor

phosis Lo become cllJated cells. A clear progenitor relationship between the bronchiolar Clara 

cells a nd ri lla led celts has previously been demonstrated in the lerru!nal bronchioles of neonatal 

calves (Marei and EI-Gawad. 2001). 
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Fig 1 Light photomtcrograph of n('olwtai rabbll bronchiolar epllhelium showing Clara ce ll (C) 
[l1 &E X 1000). 
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Fig 2 : Ll.'tht photomicrograph of neonatal rabbit bronchiolar epithelium showing negative PAS re
arl ion In the cytoplasm of Clara cell (arrow) (PASX 1000) 

FIg 3 : General V1ew for neonatal abblt Clara cell (e) . Note nucleu~ lNJ and apical protrusion (AJ (X 
36001. 
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Fig 4' : Nl·onat<.l l rabbit Clara cell. Nol e mlele l l:"; ( ~n . Cla ra cell granuk : .. (A). sEn. (S). ami j ll flcUO n

,Ii c()lllplex U) . (X 17000). 

Fig 5 : NelHw ln l rahbl l Cla ra (:ell at a h igher magnHk,l!!on , Note Cla ro. cell gran ule fA). (X 28000) . 
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}O~Jg. 6 : Neonatal rabbit Clara cell. Note t.he dos~ proximity betwern Cla ra cell granules (al and 
HI{' IWlllnal plasma m embrane, Note al so mitochondria (nil and bleb- like apica l protru · 
~ i() Jl [arrow) IX 22000). 

Fig. 7 ; Neunatal rabbit Clara cell lC) . Note nucleus (N). only one dense granules (CI. ,'I.-:R (1::) and 
j Ull clion ai comples (J) (X 22000). 
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FIg. B : Genera l view ror neona tal r .. l bbit Ch ra ,:ell [e). Nol e nuc1e lls (N). and basal hodie-like 

sll"11ctures (b) In the upit:c;d cy toplasm IX 1~~UOOl. 

Fig. 9 : A hi¢er magnlficantlon, for fI~ona l al rabl~ it Cb ra cell (e). i'Jolt' nucleu ::. (NJ. sER (S). dense 

gr~ lIlules (Gl and basal bodie-like stl'l.lIyw:s (b) (X 28(00), 
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