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Maturation of the Rabbit Alveolar Macrophage during Animal 
Development. II. Biochemical and Enzymatic 

Studies 
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Aln:olar macrophages (.-\Ms) obtained from 1-day·-old rabbits 
showed high len:ls of phospholipid. protein. DNA. and RNA 
compared to those obtained from 7-day-old, 2H-day-old. or 
adult rabbits. The surfal·lanl material released in alveoli during 
the perinatal period is extemively phagocy·tosed hy AMs, and 
appears lo he primarily responsible for high phospholipid con
tent of these cells. The high protdn, DNA. and RNA levels of 
AVls may result from phagocytosis of cellular debris. 

Of the six lysosomal enzymes of A Ms studied, acid phospha
tase (AP) and lysozyme activities showed a decline in the first 
postnatal week. In AP this was followed hy no significant 
change. A steady rise in lysozyme activity after the seventh 
postnatal day was observed. The activities of cathepsin I) and 
DNase did not show significant changes, whereas f:1-glucuron
idase and RNase activities of AMs increased significantly 
within the first postnatal week. 

The activities of glucose-6-phosphatc dehydrogenase (G-6-
PD ), 6-phosphogluconate dehydrogenase (6-PG D ), lactate de-
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hy·droJ:l'naw (I.IHI). and malall' dl'hydroJ!l'IHISl' ('.\1Dlll in 

AMs appl',trl'd high in AMs of I-day-old animals l'Olllparcd to 

other timl' periods studil'd. Following a significant ckdinl' in 

thl'Sl' activitil's in thl' first 1>ostnat:1I "l'l'k. a pl'ak was ohsl'rHd 

in the al'lh·ities of G-<1-PD. 6-P{;I), and 1.1>11 at 2H d:1ys. 

Speculation 

A hii:h rnncentration of phospholipid in A Ms ohtainl'd from 

newborn animals suggests that AMs play· an important role in 

the rl'mon1I of eXl'l'SS surfal'lant from thl' newborn lung. A 

relative increase in hexowmonophosphate shunt aclh·ities ovl'r 

glycolytil' or Krebs cycle activitil's afll'r hirth and an incrl'aSl' in 

lysozyme aclivity· after thl· first postnatal "eek may· contribute 

to thl' capacity of AMs to kill and dl'grade the mkroorganisms. 

Ah <.:lllar rnacr, ,ph;l/!l'S c, >nstitull' the· 111a j, >r ph ;t /!< •c·,·t iL' dc· 

knsc· ,lf the· lun/!, Alth,Ht/!h u,n,idcT;tbk re·se·arc·h h;1s hccn 

dirc·cll'd in the· past tll the· studv llf the· 111< lrphlll, l!!\ ( I 7 . _N, .i•1 . 

~I). cnzymnl"!!Y ( !(,_ J:-:). 111L'lablllic: hc'i1 ,l\illr (_,, 511. -;_,), ;ind 

funl'lilln ( 10. 1-i . ."\h) "f Al\h in adult anirn:tls. littk i, knt1\\n 

abllttt their rnaturatilln durin!! animal de·,·L'lllplllc·nt. 

As described in the prcviou, re·port (h:'i). a drarnatic increa,e 

in the numhn llf la \'a/!: thk Al\h "f rabbit, \\as llh,c·rTe·d durin_l! 

the· pc· rinatal and p,1-.tnatal perillds. l'nnninc·nt 111,lrph"l"/!il' 

cl1an/!e's nbsc·n ·l'll durin/! thi, per illd included 1.kcrc·:1,in/! !,!hc·,l

,L!e'n stllre·s . .tl'L'ttllll!iatinn t>f lipid dnlpkts . inneasc· in the· 

prominenCL' of the C,olgi apparatus. and an increa,e in the 

amount of rllll,L!h c'IHlllpla .smic rL'liculum and the· m1111bc·r t1f 

lysllSlllllL'S and mitlll'ht111dria. In thL· prL·se·nt rq1t1rt sc·\c·r;tl 

biochemical paramc·ll'rs llf the· rahhit ,\M \\e·re· ill\c'sti,L!all'd 

durin/! animal dL·,·e·lnpment 11ith a spl'l·ifie· L'mpha,is ,in the· 

study llf the de\'elt,pment ll f l\'StlStllllal and ll .\idati1·c· e·n11·111c· 

activili L· s. h,ith ,if \\hich arL· kn,l1,n tll p:trticipate· in the· rn c· ta

hlllic functillns 1lf ,\i'\ls ( .' ). 

M,\TIRl ,\IS AND 1\11 l'IIODS 

,\Nll\1,\1.S 

Ah·L·lllar rnal'l"llpha!,!c's we·rc 1lhtaincd fnnn Ne\\ Ze·aland 

\\hill' rabbits ,lf both SL'.\l's (ll and II Rahhitry. R,,L'k1ilk. 

Md.). (iroups "f 3- 22 rabbits of each of thL· fnll, lll in,1! a,L!c's 

\\en: cmplllyed : I dav (ll --20 hr): 7 and 2:-: days aftL·r birth: and 

'/0 llr more· da,·s aflLT birth (L'onside·rL·d adult) . 

ISOl.,\TI< >N 01- \1,\CROl'II ,\( d · S 

AMs \\L'rL· nhtained bv tral'he·llhronl'hia l la,·a/!e ;1, tkscribL·d 

in the pre·1 ious rc·port ( <,:',) . In nrdn to llhtain a sulliL·ie·nt 

qu :1ntity of cells. suspensions frnrn littnrnatl's llf the 1-da,-nld 

and 7-day-old animals \\L' re· pollkd. Afkr la,a /!c', the· cc·!!-. 11ne 

11ashed and centrifuged ;1t r t1\l) tll thre·e time·s at I :'iO "- g II ith 

KrL·hs- Rin/!c' r plwsphate· huffn. pH 7. 2 (h2). llllldifie·d Il l c·nn

tain I .S mM C.i · ·. The cell suspcnsinn was adjusted to a final 

c·tl11c·c·ntralillll llf 5- 1 (I >< IO" c·c·lls/ml. Th e· \'iahilit\' llf cc·lls in 

suspl'nsion \\as al11 ;1ys lllllrl' than '15 ', \\he·n a"ayl'd I>~ 1ryp;1n 

blue e\clu,i,rn method and al\'e·obr macrllphagL'S constitutnl 

apprn,imatdv 'l:'i' , of thL· ce lls in suspension. Aliquots llf these· 

suspensions \\l'l'c l'l'llHll'l'd fllr thl' rncasurernent llf phllsphll

lipid. prolL'in . D N,\ . and RNA and thl' rl'rnaindn 11as '"nicalL'd 

for t,\li I :'i-scc in ten als at I 'i kiltlL'yL·ks/sn· c•mployin/! a Bill

S<lllik II sonicat,lr (6 7 ) for tktl'rmi11;1ti,lns ,lf sc·,·L·ral L' nl.l-' llle' 

aL·tivities. 
Thl' fllllo11ing reagents cmplovl'd in th e· prc·se nt studio 11erL' 

tlbtained fro m Sigma ( 'hc·mi,·al ( 'nmpanv. St . I .lluis. l\lll. · L·alf 

thymus DNA (type· I): YL';l'-t RNA (t\()e :\I): 11 -nitrllphe·n,·l 

ph1lsphatc: p-nitrophl'n\'l-{:l-1)-glucurnnide: b,lVillL' he' lll1lglobin 

(tvpe I): ly,lphilized Microc,1<'c11s lrsoil<'iktic11,: crvstalline L'!,!/! 

whilL' lyso1.yml' : glul'ose· -<>-phosphate· nwnlls<ldium ,alt: N ,\ DI I 

(,L!r.tdL· V) and ll\alal'eLtte· (/!l'aLk I). 

Ill<)( 111 ' \tl<" ·\1 :\SS,\YS 

/'/,f/ .\/1/lf//i{'ii/ /)('[1 '/"llli/11//if/ll, J'hllsJlhll(ipids \\ L'l'e' e·\tLtl'tL'lJ ;ts 

dc·srrihL·d ll\· h ,kh rt ill. ( 2S) and phosphllrU s ,, as qu ;111titatc·d 

h, the· m c· thlld "f llartktt ( 7 ). ,\pprll\imalc'h I IO" L'L'll s 

11L·rc used fll r the· ;tss;I\·. 
l'rot, ·i11 l>,·1, ·n11i11t1tif/11 . l'r,,tc·in \\;ts Lklc'rmine·d I>, th e· me·thlld 

,,f I ""rv, ·1 ill. (44) usinl! b,,,·inL' sL'ntlll albumin ;ts st a ndard . 

. \'11,-f,·ic ,. \cid l>ct<'l'lll i;1<1li ,,11. 1)'-i ,\ ,,as L'\traL'le·d frllm e·c·lls 

bv the· mL'llwd ,if l.e·v\ ;1 and Ke·lkv (41) and mc·asur c· d hy th e· 

rnL'lhlld of Burt,111 ( ( _, ) 11 i1h 1l\eT11i/!ht cn l, lr dL·,d, ipment ;11 

.n l'urifie·d c:tlf tll\mus D'-i,\ 11as use·d :ts st;1nd;1rd. R'.\ ,\ 11as 

e·.\traL'lnl and measured as docrihnl h,· Schnc·iLkr (.~4) . L' mpl,,,-

in i.: \'c·ast RN ,\ as ;1 standard . ,\ppni,i111;1lc'h I • I 11" L'L·lls I\L'rL· 

used fllr L'ach llf the,e assavs. 
l:n ; ,l'//1( ' .. ls.Iii_\'.\. Th e f,lll,ll\ill ,L! e·n1. \lllL' actl\ilie·s 11c re· me :1-

Sl!IL'd : arid ph,isphat ;tsL' (,\P). {:l-D-.!!IUL'lll"llllidasc· ( /3- (i) . 

R:'-Jasc . DNase· . hsll /. llllc' . c·athc·p,in I) _ (i-(,('1)_ h-l'(il)_ 1.1)11 

and \11)1 I. Rl'acti,n1 ratn ,,f :ti! c'll/\llle ass.l\s \\e' r<.: linear 

thl"tlll /! hllUt the· spc·c ifi cd inn1halion pe·ri,lds. The· suhs1r;1 te· con

L'c'lltrati,rns 11 cre· llptim;tl. l ·. 111.\lllL' activi1ic:, 11c:rl· pr,ip,irti,lnal 

Ill the· prlllc'in l"lllll'c'lllr;1tillll uscd 11ith111 thl' spe·c·ifie·d range· ;111d 

11c· rc· e·,prc'"-c·d as units/ 2.:i ;, Ill'' ce·lls. 

,. \ci,/ l'hmpl1<1tilsc · //:C 3 . /.3 .:!.J. The ;tssay mi,turc for AP 

L't nll;1inL·d a fin .ti conce·11tratinn ,if J 4() ml\1 slldium arc·L1te· 

hufkr (pl! ~.11). K m\111-nitrnphenvl phll,phall'. and 11.1-11 .2 

mg macropha/!e' protL·in ( (1) . I ncuh:tt ions II e·re· performnl in 

tlltal \lllt1111e· ,if 2 .11 ml f,lr I~ min at .,7'. ThL· rc:action 11as 

stllJ)JlL'd h, the addition llf iL·e·-rold I 1\1 Tri,-11(1 huller (plf 

S .~ ) cn nta ining 11 .4 i'\l K,111'0, as su/!gc·,tcd bv T,nriani (hi) 

and the· c,tincti,Hl mc:a,urnl at 421111111. 

{:l-l>-(,'/11c11ro11itl11s,· /FC 3.:!.. 1.3 ! ) . {:l-(i 11as me·asure·d using 

11 -nitl'llphe·n,l-,6-D- glurnronidc: as ,ubstratl' (h), ThL' assay mi,

turc· c:n nuined al ;1 final ,·1Hlce·111r:1tillll I 110 rni'\1 Na ,t-'L'la ll' 

huffl'r (pit ~.O) . h.S 1111\l glurun,nide. 11.1-11.2 mg macrnphage 

J11' ll ll'i11 in ;1 tntal \'lllurne· n f I . I ml . lncuhatillns \\e'rc· carric·d 

,iut f,l r 15 - _,(I min at _,T and thL· rc·;1ction 11a, stopped by 

additi"n ,>I I .. ml 11.~ 1\1 ,odium c;t1hllnate-hic·;11·h,lllate· hufkr 

a s LkscrihL·d by lbrre·t t (h): thL· abs,,rbancc· ,,as me·a,ur.:d at 

4 20 11111, 
C11tl1tp.,i11 I> (/:'C 3 . ./ . ./.:!.3) . ThL' a .,say for cathl'spin I) was 

h:tsed , lll thL· rncth, id de·,crihi.:d bv Anson ( 2). Purified bovine 

he·m,1/!loh in in 0.02 5 N 11( ·1 at a fin a l concL·ntration of 2' , 11·as 

inc·uh;1tnl 11ith O. l-11.2 Ill/! man\lpha/!c' prllll'in f()r ."\(I min at 

_, T in an assa,· , -,llurnc· ll f 2. 0 ml. ThL· re·a cti ,Hl '"" st \l ppL·d hy 

the· additilln () f 2.11 ml ire'·L'llld ~', tr irhl,11·,1aL·etir ac·id . Soluhi

li 1.nl pr\lll'in dc·/!radati,111 prlldllL'h IIL'rc· me :1s ured at 2KO nm 

afte'I" prllJ)e'I" diluti, ln of the filtr;ttL'. 

Riho1111clc<111' (l:C :!..7.7./f>). The· assav f,lr R.Nase cnnsistl'd 

(h) nf 3.0 Ill/! ve ;1,t rihonurkic :1 L"id . 200 mi'\I sodium acl'lalL' 

h ufkr (pl! 5.11). and 0 . 1--11.2 mg manllphage· pmtl'in in a final 

,,ilum c· llf 2.0 ml. :\ftn inruhati,ln f,lr JO min at 37° thL' 

rc·a cti,Hl 11a, tnminate·d hv the· additilln llf 2.11 ml pcrchlorir 

:tc·id-uranyl acL'lall' rca/!ent ( 10 /! II( '!(), • 0.2:- g uranyl 

ac·e·Ltk hrllU)-.!ht t\l I 00 ml 11 ith II atc·r) : aflc'r standin/! f<l r hO 

min at -i · the insilluhk prL'L'ipitate· 11as dise·artkd by L'entrifu/!a· 

ti,111. the· supe·rnatant \las dilutL'll. and the· ah,,1 rhancc· wa, 

1111..·.1-..urcd ;1t 2h() 11111 . l'h1..: lldlHlllll)\c ..., \lf ...,t)luhili /1...· d R~ ,,\ 

pr, ,duch \\e·rc· c;1kula lL'd ;is de·,c rihe·d bv de·l)u,·e· ,·till. ( I 'I) _ 

l>cu.nTiho1111c/e//sc ( l:C 3. I . ./ J-, / . DNase· acti1·itv was mea

sured ('1) as f,lll ,11\s : 1.5 Ill~ c·;tlf thvmus D N:\ : ~00 1111\l s,idium 

ac'l'l a tl' hufkr (pl-I :, .0) l'\lntaining 21HI 1111\1 p\lta"'-illlll chlllride : 

and 0 . 1-0 .2 mg macT11pha/!L' prlltl'in 11e·re· ine·uhatnl f.1r _"\(I rnin 

at 37" in a final \lllUmL· llf 2 rnl. ThL' rc·aL"tion \\a, thL·n st, ,ppe·d 

hv additilln "f 2 ml icc·-r,ild IO ' , (11 /1) pl'rchl,Hir ae·id. AflL'r 

allll\\'ing to stand for 20 min at .i0
• thl' imnluhk prL'cipitatl' \\as 

rc· nHl\'e• d hv ce·ntrifugati,n1 ;ind the ;1hsllrhanL'L' llf the ,upe·rna

tant \\'as measured ;1t 2(,0 nm. The nall<llll\lks tlf nuclcn1ides 

lihc·L1lL'd 11erc· cakulakd as tksi.:rihL'll by dd)U\L' 1' / ill . ( l 'l), 

/,1·.10;\'III<' (/:'C 3.:!..f.77/. Lysn1yme activitv was Lktcrmined 

;1ccordin!! to the ml'lho d llf Slrn!!ar ,·1 al . (5:'i) and l.itwad t-i2) 

\\ith minm nwdific·;1tillns. Tll a 2.~-rnl suspc·n si,Hl ,,f h ·"phili1.l'll 
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.\ficrococrn., l_r.10,frikric11.1 ( I (I mg/ I (I() ml) in h/1 ml\1 potassium 
phosphatL' hufkr. pll 11.2 . 0.1 ml ll'S1> t nnL· '"luti,,n (4 - 2~ unii-. 
egg whitc l\'sozyme) or 0.1 ml manoph:1gL' h<llll<>!,!L'llalL' contain
ing 0.11.'i-0.2 111g prntcin 11nc adlkd. ThL· d1angL· in ahsurhanL·L· 
at -l.'iO 11111 11 :is 111,·a,urL·d in1111L·diatl'II' and 11 :1, fullo11L·d up 1<1 
l_-2 min. ,\ unit <lf lysu1y111L' 11:1S ddinl'll :is that anwunt ,,t 
c·nzyme 11 hid1 cau,L·J a rL·duction in thL· ah,,irhanL'L' uf a 
l\licrncuccu, ,u,pL·nsi,111 h1· 0 .001 :1t 4_-:i() 11111 in I min :1t pl! h .2 
in 2.111111 rL·:1ctilln 111ixture and u,ing a light p:1th <lf I ,111. 

G!11C11.11•-r,-plt,1.1plwre Oeh_rclr,,ge11(1.1c' ( l:·c. I . I . I . .J9 J. G-6-PI) 
11as mea,Lll"L'd hi' lhL· method ot l\larb (4.'i) . ThL· ass:11 mixture 
,,,ntain.:d .'iO 1111\1 glycylglyL·inL· hutkr ( pl! 7 . .'i). 20 111!\l l\lgCI, . 
(I. I mM NADP+. 2 mM glurnsc-6-phosphall' (monosodium 
,alt) . and 0.1 - 0 .2 mg macn,phagL· pr,11L-in in a fin:tl 1·,1lu111L· ,,f 
2 . .'i ml. The innL·a,e in ah-.. ,rhanCL' 1, a, 111L' :1StlrL'd at .'411 11111 
(molar extinction codficient of ~:\DPH at 340 11111 -- h.22 x 
l(J' ; cm ' mol '(3.1)) . The unit of acti1it, 11a, desnihL·d as that 
amount of L'll /.ymL' 11hid1 11ill ,,xidil.L' I 11111,11 µlm·,,-.e-h-plw, 
phatL' h> h-phllsphogluconatL·/ min at pH 7 -~ at 2.'i " in thL· 
pre,e nCL'(lf '-1 .- \ I) I' - . 

6-Pho.1p/10g/11co1w((• f)ch_rclrogc•11t1.1c ( /:"( I. I. I . .J3 /. The: 
111cthod employnl for thL· ass:11 llf 6-l'(i[) 11a, idL·ntiL·al tu that 
<lf Ci-(1-l'D except that /1-pho,phllglurllnatL' 11 a, u,L·d a, ,uhstr:1tL' 
(46) . 

L(lc/t11t· I>eh\'clrogc11(1.1c 11:·c· 1././ . .!7/. The method L'lll
ploynt for thL· assa\' of LDII 11:is similar tu that ,,t lkrn,tL·in 
and L1·.:rsL' (11) . ThL· a"ay 111i,turL· c,1111ained 100 111\I "'ilium 
phosphatc hufkr (pll 7 . .'i). 0.0') m\1 :"J:\DII. ().(17 1111\I -..,dium 
pl'rUl'ate and 0 . 1 and 0.2 111g 111arr,1phagL' prllll'in in a final 
,,ilumL· of_,_() ml. The decrea,L' in ahsorh:111L"L' 11·a, lllL'asured at 
:qo 11111 against a rderenCL' 1·u1cttc uintaining tlll L'nz1·111L' 
prntcin (molar e,tincti,111 codficiL·nt llf N,\1)11 at J4(1 11111 -
1,.22 x 10'; cm' mol '(33)) . :\ unit "f acti1·it1 wa, ddincd :IS 
that amnunt of L'llzyme 11hich 11ill reduce I nmnl p1Tu1:1tc t,1 
lactall' /min at 2.'i '' in thL· presL-nL·e llf :\i ,\DII. 

Jlolarc Dl'hnlmg,·11t1.1l' (E( " /././.3 7 /. The method of Du
pourque and Kun (23) 11as used for the assa\ of l\lDII 11ith 
some 1110Jificatill11,. ThL· a,,ay ,y,tc111 uin,i,IL'd <lf I OO 111!\I 
s<ldium phosphalL' buffer (pll 7 . .'i). 0 .0'1111\l :--J .-\DII. 7 . .'i ml\1 
,1,alacetatc:. and 0. 1-11.2 mg cnzy111c prntcin in a final 1,1lui11L' 
of 3.0 ml. The reactilln 11as follo11L·d hy lllL':tsuring till' denL·a,L' 
in ,1h,,u·h;11h.:1.: al _\ ... HJ 11111. Tht..: unit ~•I ;11..:ti, ily , , ~1-.. tkfith.:d a-.. 
that an1<1unt llf enzymL' which ,,ill rL·dUCL' I llllllll <lXal :1L·L'lalL' Ill 
malatc/min at 2.'i 0 in thL· prL·,ence of N ,\DH. 

STATISTIC.-\! A'.'\AIYSIS 

The rL·,ults ,,t thL· enzyme assa\'s arL· prL',ented a, mean 
acti1·i11· (unit,; 2 . .'i x 10'; L·ell,) :c: Sl-.f\1 . St;1tistical anal\'sL' ' 11erL· 
pcrfor;11ed by empl"ving Stu1k11t\ r !L's! ( 22). · 

RI .St:ITS 

rhL· rl·,ult, ,,I ph<lsph,ilipid-1'. pn>lL'in. D:-- .-\. ;111d R:-- ,\ 
dl'lnmination, , if ,\\Is obtained tr,,m animal, al diffL'rL'nt 
postnatal age, arl' ,ho1111 in Tahk I . It may hL· ,eL·n :hat thL· 
highest C<HlCL'lltration, of each llf thol' ,,H1,tituc111s I\L·re prL·,c·ll 
in thL· .-\1\h of ne,1horn animal, . aftL·r ,1hirh a l!radu,tl LkdinL· 
\\:ts llh,L·ned in later age group,. :--;" ,ignifiL·:11;1 variatillns in 
;111\' <lf these ,,,n,tituL·nts in .-\\Is IIL"rL· <lhsrnL·d aftL·r 7 da,, . 
,\,; ;1ppr<lximatl'il 20-fold ncc·,, in thL· :1 111<n111t of ph<lspholip.id
P 1\as ,,h,erved in .-\\Is fr,1111 ne,1 hllrn anim;tl, 11 hL'll L"lllllparnl 
to :\\ls from adult animals . Thi, L"<HTL'lalL'd ,1ith thL· lan!L' 
numhL·r, of phllspholipiJ indu,ion, SL'L'll al thi, til11L' ((15) . Tl1e 
proll'in c,Hicc·ntration of ,\:\h frllm llL'l1hor11 animal, ,,a, ahllut 
I .h-fold higher than that ohtainnl at other pL·rilld,. The ();\/:\ 
conrL·ntratilln mL·a,urL'd in :\\ls frllm llL'II horn animals ,, a, 
:1pprll\i111atl'ly 2-fllld higher than th :tl ,,htainnl at l:1lL'r tillll' 
pL·rilld,. ThL· R:--:\ L·ontent of ,\fl.ls ,hlllll.'d ,imil;1r d1alll!L., 
11ith k1cl, approximately .'i - fold higher :11 birth than at l;i'ter 
PL'ri11ds . 

Tahk I . l'//s/11111,il cl1t111g('.I in co11c,•11rr111io11s /If 1iho.,pltolipit!-f'. 
1>mrei11. /) ,\',- \. 1111cl R .\i .- \ ofrnhhit "/i·,·,,/(lr 111111T"f'/"1g,·s 

r\gt.: . I'll< "ph, ,lipid-I'. l'rntl'in. DN ,\. RNA . 
da1·, µµ ii II'; cl'lls µµ / III'; 1·L'II , µµ / III'; cell, µµ / I 11'; cells 

21.7.1 ._ K.X1 3'}:-i '. -+-+ 2-+.S .'.. -+ () 127 .2 -'- -+-+.h 
(-+) ' (II I (-+) ( .>) 

7 ., .hh 0 .h2 2, 7 21 I I . I . I .h ~1'.X :: 7 .-+ 
(h) ( I 2 I (S) (X) 

21' .x., . li..1-+ 15 11 .h .'.. ti .') 2-. .11 .': _'i .11 
(-+) ( 17) (-+) (-+) 

·'Iii . l:i •: ti .II'! 2511 I-+ 111.X :: ti ·' 2., ·' -'- .'.ti 
(XI ( 22 l (-+) (SJ 

' mean .:: Sl-.\1 . 
' Figures in parenthesl's indic:ttL' the number of experiments per

formed . 

ThL· J'llStn:tlal d1;1ngL·, in acti1·itiL·, ,,f hs,>s<l111 :tl hnlr<ll :tsL"S <lf 
.-\\Is arc· illustrated in FigurL· I . . -\ ,ignifiL·ant dn·lillL' in a1·tivitv 
of :\P (P < 0.0.'i) of A Ms wa, observed during thl' first postnatal 
IIL'L'K after 11 hid1 n" significant changL'S ll'erL· SL'L'n . :\ similar 
tkdillL' in thl' inilial a1·ti1·it\' \la ., SL'L' ll II ith 11-... ,1\'lllL' ( ,, 
0.0.'i). 11hid111a, f,1llo11ed hi' a significant ,ll'ad, inLTL'aSL' ( /' · 
0 .0.'i) up to thL· :1dult ,1;1t e. No significant d1:111µc·, in ca thL·p,in 
I) and DNa,L· ac1i1ities 11L'rL· ,n·n during all thL· timL· pL·riod, 
,tudiL·d. 11herL·a, thL· /3-(i and RNa,L· acti1itiL·, llf :\M, ,ho11ed 
a significant initial innL·asL' ( I' 11.0.'i) in thl' first post11:1tal 
IIL'L' K folhmnl hy 11,1 change up to lhL· adult pl'riod . 

The poslnat:tl change, in o.,idatilL' L'nzyme aL·ti1·itiL·, <lf .-\l\h 
arL' illustratL·d in l_. iglire 2 . .-\ftl'r a significant initial dL·L·linL· in 
acti1·itie, Ill (i-h-l'D . ll- l'(i()_ I.DI!. and \11)11 ( /' 0 .0~) 
during th1· first postnatal IIL'L'K. a peak in acti1itiL·, of (i-h-l'D. 
h-1'(,D. and I.DI! ,1 a, llhSL'l"IL'd at 2S days. No furthL·r ,ignifi
cant d1angL·, 11crL' ohsl'J"VL'd in thL· aL"ti1·itiL's <lf (i-6-PD and 
MDII hut significa nt declines in thL· acti1·itiL'S of h-1'( ii) and 
1.1)11 11..:re ,,h,cr1nl hl'IIIL'en 2S davs and thL· adult pcri,1d ( I' 
. (I . (I .'i) 

Disc ·t :ss1< >:--
The rL·sttlts llf thL· prL' SL' llt i111·L·,tigatio11, rL'VL·al that ,\Ms 

undcrgtl pr,1found d1angcs in 1·L·rtai11 hi,K·hemical constituL·nts 
and L'il/\'111e activitil', during p,,..tnat :tl pL·rimls. ThL· mammalian 
lung L'Xhihit., ,ignifiL·ant hi11chemical (4. 27. 34 . .1X) and struc
tural ( 11. 12. <,()) changL·s during the perinatal period 111 
roponsl.' 111 envininmental changL·, ;111d these change, mav hl.' 
rdkcll'd in those L'Xhihi1nl hy ,\M,. 

During lalL'r pninds of gL·stati,rn a rathL·r markL·d innl'ase in 
production llf nHtltilamellar hndil', occurs in lung. 11hid1 is 
f<llhmcd hy rL·ka,L· of thL'SC: hodiL'S into lhL' ah·L·oli ;1t thL' OllSL'l 
of breathing (34). ThL·,e hodie, form the sour1·L· ,if surfactant 
mall'rial. 11hid1 uinsi,ts pri111arily llf dipalmitoyl lecithin. alllll!,! 
11ith ,L·1n:tl ,ithL·r pho,pholipid, . ,oml.' prnlein, . and minor 
1·0111ponc111S ,uch a, L·arh11hydralL' ' and nuckiL· aL·ids (3.'i). In 
preliminary ,tudiL'' in our lahoratorv. thL· acellular fraction of 
thL· lunl! la1·:tl!L' ha, hL'L' n , hown t,1 C<lllsi,t mainl\' <lf l:1111L'llar 
:'111d oth~r ,urt'act;111l -rL·la!L'd m1clin ,tructtlrl.'S dcri,:cd trom typL' 
II pL·nunHlcllL'' (h4): similar ,truL·turc, hal'e hL'L·n slwwn Ill hL· 
L' \IL'n,i,·L'ly phag<lc1·1t1SL'll hy :\M, "htainnl in thL· pL'rinatal 
pnilld (h.'i) . In till' present ,1ud1 a 211-fold cxL·ess of pllllsplw
lipid material II a, llh,cr,·L·d in AM, lr,Hn I-day-old compared 
It> adult animal,. furthL·r supporting lhL· ,ugge,ti,111 that AM, 
pl ;1y a majllr rnk in ck;1rance "f ,urfact;1nt matnial (·H,. 4'/. 
h.'i). In additillll. a pllrtion of thL· plw,pholipid of ,\\Is llf 
nL·11 horn animals 111:1, also ari,L· frllm cl, · 11t11 ·t1 mL·mhranL· 
wnthe,i, h1 :\M, during phagocyt,1Sis (2.'i. 211). 

T110 p()s,ihilitic, c.\ist to explain the high pr()kin 1·nntc111 in 
thL· :\M, ,if newh()rns: (I) phagocytllsi, of surfactant material 
and CL'llular dchri,. or ( .! ) clc 11t11 ·t1 ,ynthL·sis similar t,1 that 



RABBIT ALVFOLAR MACROPIIACiL MATURATION. II. 1205 

.!!!. 
Qi 
u 

ID 
0 -

1400 

llXXJ 

600 

700 

300 

100 

Acid pho1phata1e 

r---~~-------<H 

Ly1ozyme 
_______ _,H 

4.5~ 4
.o 1· Cathep11n D 

J. 5 :..-----+---------tl' _j 
JO l 
2 5 

500 1;- f I ON -a1e :tl---t----~I~ 
1200 

1000 

800 

600 

400 

200 

80 

70 

60 

50 

40 

JO 

RN-ase 

O-Glucuron1ddse 

......,___------1~ 

.____. _ ___._ _____ ......... _...___........,~ 
10 20 JO 40 50 60 90 

Age (days) 

Fig. I. Aclivitie, of ly,osomal e111y111e, of alveolar manophagc·, 

obtained from rabbits of varying age,. 

following inflammatory stimuli (2-+). The finding ,if a largL' 

number uf phago,omcs seen in the IlC\\ bllrn ;\ Ms ( 6.'i). "hich 

decrease in si1c within the fir,t postnatal \\Cck. ,uppllrh thL· 

first of thoc pllssibilitic·s. 
The DNA concentration of AMs from I-day-old animals \\a, 

similarity elevated. A large amount of phagocytoscd material. 

epithelial cells. and other dchris could in part account for this 

increase. The accllular fraction prepared from the lung lavagL' 

from 1-dav-old animals showed a significant amount of DNA. 

unlike a similar fraction obtained from 28-day-old animals in 

which no DNA was detected. This finding lends further support 

to the possibility that a portilln llf DNA of A Ms frllm I-day-old 

animals was derived from their surrounding debris. Alterna

tively. proliferation of AM precursors in the lung intcrstitium 

appears to occur hcfllrc birth (I) and it is possible that cells in 

G, phase with diploid content of DNA may enter the alveoli 

during the perinatal intlux llf cells (6.'i). 

The similarity between patterns llf changes in cllntent llf 

RNA and other constituents of AMs studied suggests that the 

high levL'I of RNA of AMs from I-day-old animals may he also 

deriveu from phagocytosed dehris. The elevatcd level of RNA 

at this time may also inuicate a preparatory step for the 

formation llf RE R which I\ as seen tll be increased ultrastruc

turally (6.'i) during first p,>stnatal \\eek and thus 11lluld equip 

for and facilitate protein synthesis. Monocytcs and macrophages 

have heen shown to he capable llf active RN A (I-+. :'i6. 'i 7) and 

protein synthL·,i, ( I .'i . .io. -+3 ). 
Of the six lysosomal cnzvmes studies in AM,. AP. and 

ly"i1yme ,hllwcd a significant decrL·a,c in their activitiL'S be

tween the fir'1 and ,eventh pll,tnatal day,. The change in AP 

activity may be more apparent than real. ,ince thi, activity has 

been ,hown Ill he pre,cnt in the lame liar inclu,illn, ( :'i. 21. 2')) 

1\hich arc phagllcyto,ed in great abundance by AM, at birth 

( 6.'i). In a separate ,ct llf experimenh I\ e have dcmlln,tratcd 

the presence of AP in the accllular fractiun from lun!! lavages 

from 1-day-llld animals. In contra,t to thL· other lysll.,omal 

en1ymes. the lysozyme activity of AM, appears to chan!!e in a 

unique manner. A decline was ohserved in this activity between 

the first and seventh pmtnatal day 1\hich might be due Ill 

accelerated release of this enzyme. In support ,if thi, pllssibility. 

AMs or pcritllneal macrophages from adult animals have been 

,hown tll SL·crcte large amllunts of !y,u1yme. keeping llnly 

moderate amount llf cl'll-assoeiated enzyme (JO. 32) and lvsll-

1yme activity shll1\, almost parallel change, in ,erum in the first 
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rostnatal Wl'l' k ( .'7). In the rre·se·nt study. the ste·ady inne·asc 
in lysozvmc in Al\ls aftn the se·vcnth postnatal dav may hl' 
relall'd to the formatilln llf Ill'\\ lvsosllmcs (6.'i). Unlike· the· 
acti1itics llf L·athcrsin D and DNasc. 11hid1 did Illll slw11 
significant changes. /3-Ci and RNasc activities llf Al\ls increased 
significantly within thl' fiN pll,tnatal week: this mav he· relall'd 
to the arrcarancc llf lysosomal granuk·s during this rcrilld 
(6.'i). Prcvillus wllrk frllm llthn lahuratllrics has suggL·sll'd the 
e·.xisll'ncc llf suhporulations of lysosllme·s in Al\b (.'iii . .'i')) and 
may cxrlain thl' selective increase in thl' activities llf llnly Sllllll' 
llf thl' lysllsllmal l'llZymcs measured in the prl'scnt studies. 
Althllugh an increased numhl'r llf lysllsllmcs 11 as observed 
mllrphlllllgically in the subsequent time pcrillds (bct11l'cn the 
7th and 2iith rostnatal days). there 11crc Illl statistiL·ally signifi
cant increases in the activities of lysllsomal enzymes except in 
the case llf lysllzymc ( Fig. I). This may suggest rnlistrihutilln llf 
lysosllmcs through the process llf division and fusion rather 
than increased svnthcsis of lvsllsllmal cnzvmcs (20). Finallv. a 
full srcctrum llf lysosomal ·enzymes ma;· not he prcscni in 
granules visualizl'd by electron micrmcllpy. 

Thl' activities llf four llxidative cnzymL'S studied. ((i-h-PD. h
PGD. LDH. and MDH) llf AMs from 1-day-llld animals ap
rcarcd Ill hl' high cllmran:d to the other time pcrillds studied 
and may bl' rclatl'd Ill thl' available substrates and thl' ml'tablllic 
and phagllcytic activitil's llf these cells. ThL· high glycllgcn 
utilization. characll'ristic llf thl' l'nl'rgy mctablllism llf thl' tissue's 
of thl' nl'11 bllrn animals. was alsll seen in A Ms llf thl' lll'I\ hllrns: 
a depiction llf rrcnatally accumulatl'd glycllgcn stores and 
simultanellus change frllm glycolytic carbllhydrall' utilizati, 111. 
rrcsumably Ill fat llXidation. was llhscrvcd ( 6.'i). \Vl' have alsll 
rerorll'd rrl'viously thl' appearance of lipid droplets in A Ms 
during the first postnatal 11el'k lllgcthcr 11ith an increase in the 
numhn llf mitochllndria ( h.'i ). a majllr sill' for fat llxidation. It 
thus arrears that glycllgcn provides an l'ndllgcnllus suhstrall' 
pool fur glycolytic and hexllscnrnnllphosphall' shunt (IIMPS) 
activities. The higher activities of LDH. Ci-6-PD. and 6-PGD in 
AMs at birth might he a result llf thl' high Cllllcl'ntration llf the 
suhstrall' for thl'sc enzymes and may in turn facilitall' thl' 
utilizatilln llf the suhstrall' for the gcnnatilln llf l'lll'rgy. Morl'
over. the high phagllcytic load at birth ( h.'i) may alsll cllntrihull' 
to the hcichll'ncd aetivitv llf thesl' l'nzvml's. and as a consc
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