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INTEOfJUCTIOli

Progress in our lmowl~)dGe of the h1atooheln1stry of.

rm.teopolysac(:ha\r1des, YtlUCOpl'otoins and ItluoQ11plda,. has not kept

pace with the progress in our knowledge of tbeir chemiatry_

Sufticient data. however, haa been aocumulated to Indioate their

wid••pr.ad d1atrlbut1on and important role in biologioal proo......

We shall attempt to fravte7 t.he hlatoohe»doal _thode ....l1abl.,

in order to v1_ the baokground that led to the development ot ou.r

new ox1dation .taining teehn1e. ane also the possibility ot adapt1ns

other l'11etl~od3 .frequently ~a.d in the chemical laborator7" for

hlatoc11elra1cnl abud1eo. This should be tetlsl'tll. wh(tn the eh.em.lcal

atruature 18 ktlO1lll1. 'Ywo excellent revj."wa ware ",r1tten (!.:o7er 1946,

St8e~y 1946) on the ehend.etry of the polY8I1e~har1de. lndlcet11'li the

conatItuents obta1ned all the identified product. of hydrolysis 01

the oarbOhydrates. 111e r ••d.r or tho!e rev1~w8 soon realiz•• the

taet thAt the h1ato(\hem1cal tlGthodB thus f~r <levelol)ad do not identity

1n tl.sue ••ction. the specific carbohydrate derivativ•• , or even

eoptll'ate the claef'ea R8 propo88d by ttl.-"e author••

J'ethods in use tor the h1st~chenueal ident1fIcation of glycogen,

.arbdhydrflte-prote1na, hy.lu~on1c a~ld, cll1tln, 1,2 glycols and the1r

.2}.12osen:

Glycogen was one of the t11'st OtlrbohydrateR to be dtunonatrate4

in tIssue 8ections. Bensley (19iS9) 00l11pal"ftd t;hree met.bods tor the

mlero8cop1c""onatl"at1orl of. e1ycogen. namel,.. i-3eat'. carmine, the

iodine method. ant bauer' 8 (1933) mortifioation 01' the Peulgen teohn1c •
•""1
':g SalIva d1g~8t.1on eontrole ...,.,. used .ino.. non" of the three l'lethoda

--..
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81mple sttd ninE methods .u~d not tnie:roehomionl tests. 'rhe•• methode

are th(H'flfore not apao1.i'1.o. LUllen (lfl44:) ]Jl'opOtse<1 ft oonvenient and

rapld j)l'OnflctUl'e .for st~:L"l1.:i.ng ;:l:'reogen with Best\'a oal~t!~n., and

employe<1 celloidin to hold the rieparaffiniae<l 8$ctlo118 to the »llde.
-

Mane1n1 aud I;flrry (1949) found that the iodine metbod tor glyoolen

could be made ~erman.nt by tr~8t1ng with • dilute aolutlon of

..rout-ie .ulphate wherew1th t.he glynflgen granul•• ret..a1ned. a depoalt

ot merouric 1OO14e. H1t"hell IUldwialooki (l~') utij,,1sed Pap'.

(1929) awf'1onlnnfll e'.lver reticuluM method 'l.~o", th••talnlng of gl70osen.

Acern-d 1ngto th. authors tllls method. oOl1parftd favorably with Beat t.
carmine flnd 1,tu)4\ltr' S J!1Athods. HowfJver, the dr-••back of t.be 1t~ _thod,

•• lu}tn1t;ted by the 9uthoru, wae that .tn addition to glycogen, the

metho<t n180 sta1ntld the reticulum fib()rs 01' connflct1v8 tissuo. Wan7

other oubotf:.lnceu, ~uoh 148 pher~()ls I ur~. C flCitl. glutnth:tone. vItame C,

etc., mAy lnto'''1'srl,:l by l"F)d\tcine s11vf4r. Acoording to Gomorl (194e),

hi. modification eliminates phenols And l'tric acid. lie uaed chrCDio

acld t,,, lj.herate aldehyde groups i.rl the cflrbohyQrate, \Vrtloll

sUbsequently reduoed anmwnlacal silver. Arzac (1947) working in

Mexioo dev~J.t)p8d a silver rl1ethod for glycogon and later i\rzae and

Flares (1949) rav1••~d the available silver methods and r~commended

8BrlOn1acal silver after treatment with chromio acid. None of the

t.f!tchn1c8 W&l'S thouGht to be 6p~eli'ic. in viltw of t.h" fAct that

ch.ro:mlc acid 1. too severe '.ill oxidant, and thf\t .l(Uany tJ\l11~tl'JlOe8 111

t1saue. cal:" possibly reduce ailver, thnre. &orA objoet1.ons to it. WI•

•• a m1 crochemical reaction.

Carbohydrate-Proteins:

Another aapeot of carbohydrate microacoP7 1. the demonstration

ot carbohydJ'=t~-proteln(macQ-protelne) complex•• in tissue .ect1ons.

The two oQrly stains for mucin were mucioarmine (Mayer la96,Dresbach 1947)
and muc ihae r l1at in (r/~ayer 1896,
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La,dfft,. 19f)()}. P;1thel" of these stains, "hen prepared. 8ucce••tul17,

otten g1vfllnt~ns. !\t!\lnj.ng of mtlci.n~ but the U1~thode arta not

rellab16, and the staining flolutlonr& deteriorate quickly at rooa

temperatu.re. 'l"h. thlonln (Mallory 19S5) ataln for mucin also beloq8

to this clltegory of stains tor mucoprotein.. The,. are all baa.d OIl

the arf'lnlt1 ot muoin tor the dye by a proo8.a of adlorptlan.. L.a.

(19S8) round that it • mixture ot equal part. or dlaeetln and water

1. allo.ed to atanet top ae"eral months, and it eudan black D 1.

pre.ent in such. solution, it wae found to 10•• gradually it. ta'

.taining propert1es and '.natead it stained Ii1ucl11, 1n both frozen and

paraffin ~ect1on.. I..eAch proposed to eftll thtt atain muoiaudan.

li1drolye15 of ~ud.n black H, w1th acetic aald ••• found by Leaell to

produ.cf;t II !olutlon \1<][;10h also ataln~~d 'J1\lcin. L~ach (1047) developed

the use of L1sl"1tt!'ck brown as 9. stfii.tn for wat9r·stable and water-labile

mucoprotelna. 'rhe stain, l'bleh '.8 a combination ot 2 'Molecules ot

m-ph"nylenad1em1ne with 1 moleeul. ot tatl"'.zQ-m-phenylenediant1ne,

••• used in strong alcoho11c 801\\tlon in the pre.enoe of ferric

chlol-1de. 'l'he Method wa$ b1ltO meana .el$ct~1ve 'n ita 8te1nlng.

The use of. metachromatic dyes for the sta1ning or the eulturl.

ac1d oontAining polJ1lacchflr5.de6 h.~ lJedl'l Llost 1nter"at1ng. Th.

essent!al i.dell behind this phenomenon 18 that.. under eel'tam oendltl0D8,

the mucoid COltlpotU'ld acquires u color whtcll cli.t1'ol's from 1;r~., color ot

the orIginal stain. Variou.s th~)orlti. have bean proposed to account

tor the met"chromatic pro'pert~1$8 of oert'lln dye. like toluidine blue,

.ethylene blue and other d~'e8 of tilt") qu:tnone-1M1d.o group. K~11.,. and

Jiilller (1935) gave Iln intel'fltsting 1ntArpretatlon of the thear,. or
metaohromatio stain1nes. AOu()1~(1:tnH to them the dyoa possess.

"dilution sh1f't Tt
• Ir very eoric~enf;:r'QtH('-, 0,.. vor'1 dilute solutions,

the dy8 exists in the violet or blue form 'l'lth "mt'y:tng pro!1ortlon8 of
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.ach tona fSxlatlng 1n oonoentrat1onl bet"een the•• two extre....

More reoentl,.. Michaella and Or.nlok (19&5) made quantitative

apectrophotometr1c stud1•• whereby the., proY"d that the sh1tt trom

blue to p,lrpl. was due to pol,mer1zat1on of the 4,.- molecule.. the

alMp1. form of the d7. POi ...... the normal color (pure blue),

where•• the pol,mera are purple to p1nk, d.epending on the degree of

polym.er1zat1on. 1\lcoho110 aoluti1ona of the dye show only the blue

colorat1.on. tlleret'ora wben a m.etaobrOlnetlaa111 stained tissue 1a

treated w1th alcc.i:a.Ql. the purple form of Metaohromasia inver-labl.,

d.i ••pl>eara.

According to the extensive wor!t of tho ew••dish investigator

S71vAn (1941, 1945), the _taohromat1e ataining by toluidine blue of

mucoid oomvounds co~tQ1n1ni po17sncchnr1d~ Bate~s of sulfuric ac14 I,

.peoltlc fox· thea. cQrnpot,.nde, prOV1(10d ttAat the toluidine blu8 method

of L1.on (19Z5. 19~6) 1. atrlct17 .d1lel~od to. Acoord1ns to Glick

(1949), S~·lv&a. (1941) l4ade a thOl-OU.gl'1 study ot th111 m'.tr.hod. 8y1.,.

emphaalzed tho t.ct that IJtal,.n :1etachJto:m.at10 eta1n1ng can be

obviated by the prOlilpt r0ri1ov.l ot. \¥Qtoru~1' alcohol atter ataining,

wher••• the h true" atalnine 1••s8ur~ b1 the pre••nee of alcOhol.

In it. presence the red stain itt eh.aract"r1stlc or, end speeltlc tor,

the po17Acchar:!.de au.ltnt." i.n t i8sue.. The r~.tlve pla,._ an 11Ilport.ant

role in t.he preservat10n or tl~el. compounds. Holmgren and Wll.n4er

(1~3'7) found ttiat .f% 01u,10 lead ..eetat••olutlon •• s an excellen\

flxatlve ro%" t18suee to be at1.l.1ned Jlletaer.roJnat1cally. Sylv6D u.ed •

ndxture of basic lead acetate and tort"ltl11n Itl O1-cle" t \) reduoe the

period requ'.red for fixation. 'Jille t1lne for at.ir11r.,.g waa shortened b1

ageing of'. the dye. and when l11or. '~nt.na. staining was obtained the

alcohol concentration In the dye solution wae not too high. An

alcohol oonoentration of ao~ or higb.er. in the staining aolut1on
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brought out the moat cell granu.l•• beaut1tul17. H... and HoUand...

(1947) cla1.med to have overCOlil. the loa. ot _tachrOlUttlc etre.t

while doh1"drat1ns in etrona a100ll01.. The,. .acl·lbed the sucoe•• of

their technio to the change of pH of the ataining and w.ehins nulda

trom aold to alkaline. out of • Yorlety ot fixativ•• they found that

zenker'. lolut1on with acetio acid gay. satlafaetor7 r88Ult., wlthou'

the addition of sodium eultat.. 'l'h.,. .1ao tound that metacbroma.ta

wa. preaervod when the ••ct1ons wer~ tr$ated with 0.5% pot.aalum

permanganate. The p1'oceduxaa, howttver. was admitted to have SOlU

dl.advantagee.

He.pe1man (1940) olaimed thAt i"he two fl'):Mn8 of polysaccharIde

••ta..a ot 8ult\U"la aold (ohondroS.t1n sulf'tl.rle ae1t\ t.nd mucoitin

au1.furlc acid) could. be ditterentiated from one auoth8r in t" ssu•

••Ot1on8 by means of toluidine blue atain. With extpf.'n'le dilution. of

1.1,180,000 of the dye 1n equeous solution the cll.ondrolt1n mater1al

ata1ned v101_t-red oolor I 1¥hile tiJ.e iilacaltin oompl.ex r811181n~d

un.tamed at tha\ dilution. In ord.. to explain thI8 differential

.t.1ning the author aaaulUd that the .ttxt aet1on of chondroitin

aulturl0 aoid tor the purple fOrM ot the dye W88 greeter than that of
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dl.advantagee.
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un.tamed at tha\ dilution. In ord.. to explain thI8 differential

.t.1ning the author aaaulUd that the .ttxt aet1on of chondroitin
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_thylene blue and OOoUpa8ture t I polychrtQDle methy-len. blue, HeJl1pe1Jaan
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matrix or adult and embryonic cartilage, as well as chondroma. and

obondroaarcomaa, (a) the walls of artallies witb .mucoid degeneratIon



(aorta, pulmonary, renal fin.d umbil1eal arterIes) I (3) heart ...1.... ,

(4) sclera, (5) tendon, (8) intracellular mucus and ••orations ot

th.e ep1tlu.11almucou8 glands (r9~p1-r'l!lt~or7, 8fllivar7 and gastrolnteet1nal

inoludlng th088 ot benign intestinal pol1Ps and mucoid carc1noma..

billa,.,. and panoreatic d\tets), (7) \lharton'. jelly, and (a) the .\l0014

sub,tano. of egg yolk. Thi. 11.t. acoord1ng to the author, Inoluded.

practIcally all or the tissues from which the Above mtbstanc•• h.~

been 1so1Hte(~ ehI)Jdc4111y. Acco;pd 1ng to f::l1nk {1949} the claims of

l1empel.l18nn'lI <11 :rfa1"fttlt1al P1a1;ho\1 for st1l1.n1ne ohn~dr'T~_ t In and. muooitin

sulful·1e acids ho'"e llot; he~n (~onf~:.I'l'1nd .. "net uev~r1\l Bttor'npts to do 80

have tal1~d.

ft'he etfect of vlt!t~11.n C; on r1uoooolyaaechar1(la l11"odnct1.nn in wound

healing -m:'t stud.l.,d, by ,?~nne:r un(1 P$.lfour (1949).. ThA "uthOl'"
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c~neltntl'l!'ticn (~:e1er 194'7) I !'\nd l')uelecprotelna (\·a.J.oe'k1 et a1 1947).

Penn.,. and !~.lf·ou:r .er.un.bl(~ to t"lnd rJetaC'\hrOmJttlc what.noe. 1n

the wounds of gn1nsa plg~ (!epleted of vltal"'l.:tn C, but within twelve

hour•• rt~3'" 1ntrll!l'\Ut,lIoular 1n jeetlon of v1taM1n .c to dflpleted anl..1e

the matao'hl'Ol~IlULt. resp",aaretd in tbe l~r~a.
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poly.uu.'So!lar.1d•• OI' lJ1'toteins. '?he oombined iran Wfl. then demonstrated

by means or tho l~~$ian blue reaction. In order to prov~ the

1dentltlcat1on ofhyaluronlc f\oid Hale u••d hyaluronldll" for th.

cOlltr"l. Hlnehart Rnd Anul-Ha j (1951) ~ Ytork1n.g f'r'om th. bAS10

pr1no1ple pro aont6d by Hale. Diod Ifl"d the mttthod without using any

speni.l f1.x.. t1on, wera ,,1,18 to p,.-epe.re an 1,.on complex wh~.ch thq

claimed was lI'1ore .tabl., ill • :nore acid solution. J'han th.& 0011014.1

iron usad by U.le. Aooord1ng to the •• author., when it wes oarrl_

out l1't th., 1,1gher acid concentl-e.tlon. 'the atain proved. to bf3 more

..leotive tor "old po.l7a.flCcha:.t-1dG8. ~lyalu.:r{)Tlida8e digostion oontrol.

werQ also lt80d 111 tha1r lIx.,ptitl"1..l;1enta.

M~9.1.J.~91X~~~oJ~-l.~_1.'te~~

The neu.tralpolyaaooharlde found in chitin haa attracted

hl.tochamiata tor it occurs in sane plant.s, rung1. fallimuls .. IUlQ.

orustae•• as akeletal material, where 1t 1'unct1ona Q~ 11 highly

reai.tent I)1-oteet1 V. 8ubtttanoe. Chitin 1·eq",,1re. softening for the

preparation ot' paratf1n ••ctiona. MurJ"'tay (1~~7) ua~ui a chlox·..l

bydl'ate-phenol reaeftllt for softening chitln. f":he .eotions lJJI4y then

be stained by • VIll t 1ety of methoda; Zender, Lathe. Mayel-, Ho.fft'lal1 and.

Orton (IJ8e, 192B, p. 515).

Cw-'rent l.Q8thod;a in 'q'!!l LOf"s~flll1lng flldeh~dea a.(t81· their llbf,U'stlO1l

from th!....EqlXs.ccharid'HiI,=

SUb.equent; to thepubllcatlon ot 11 method 0Y' laulgen and Volt

(1~2') for the h18toohcudcel ldentlflc& t10n o.t" "pln~Iaaloge; ..:·r in

tISSuefl, carbohydrate oomp()ul1.de have been ,.hH.H)IU~tl'ai#f;H.l In tissue

seotions uti11sing the ':jch.1.f't reagttnt. l'b.e ·~wo l;Mi jor r~.u\c t iOIle 1n

these methode are the liberaticln of' aldtthyde groups in the polysaccharide

ohain after the treatment of' the 8ecl.,loua with an oxidant. a.ad their

1dent if1oatlon b1 tbe purple colf)l' they pI·oduce with .t'ucl~s1n sl...lturoua
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acid (rSj~). In ueuer t a (lw~~}) method chromio aoid .88 used .,. the

ox:l.dant. i.S }!otehklss (1948) poin1; s out I the al<teliyd6 gl'orps pro4Uee4

by ohromic Geld .1"e destroyed b:r furttl&r ox.idation 1r tI1('~ubQt1on 1.

prol011ge<l, Ilotwlth~tand:1tlg tr'e fnct that little is 1;~nO\lln obout chromio

a~ld o.xid~t.ton. Sim11arly the 118$ (,! potas:JiunJ. par:{iQngahate

(Cnsell:'1 1942, Lillie 194?b) (HId of sodium persulfn1;. (tign.er-a1 1940)

by r'~f\la!)'r.t1da (1923~ 1934), rn'ld its oxIdation reaetlont' were revlewed

o~r Jackson (1944). The nt~th..,c1 was l~tA)r ttpplled to tissues by

MeManua (1946), Lillie (1947., b). nnd Hotebk1~. (1948). Other

publlontlnna (~te-Manua 1948a, h, MoM.nus at 81 1951) d.••lt w1th the

appllcnt;3_on of the poriodic ae1d-Hch1ff tachl\10 to the kidney. 'the

!unne nLtt'hor (1948e) rov1Awed the h!stolog1oal nnd h18toehomical u•••

or pei·iocU.c t\ctd and. ~,ntrodu(,Htd tret te~hnl0 for frozen ~ftct1ons.

Gs.tchpole (1947) ualne the P.:'I S :rnetl?oo demon.8tratad stainable

material bellaved to be Q cQrbohydl'nttlt in t'he ~ells of theatlterlor

lObE' of the pltulta:r1. P1tulter1es wer-e8tudied in various atag•• or
physiolog1cal activity, and pr~11mln.ry studias ShOW8d a e1ycoproteln

materiel to be Associated w1th tlle gl·amtles of eafJtI'st1on 0611"••

In a later report (~ateh:pol.(1949) found the PAS pos1.t1v9 material

in the basophil eell. was increased after e.stratlon both in female

eand male rata. It ••• hl,~h in the dloee1;rua part of t~he oestrus

oyole, and decreased progr$ss1vely throu.gh the cyole. On th4to ••l.

of its solubl11t1 propertl•• ~nd ph1.Io1og10.~ oorrelations, part ot

---~..._--~.~.---~~----~--~---'-------------""'_.
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this 1".t<u-!_ol .... identified as fallio.le atbsJ.1at1ng 1";;OI"'on.. lIe .as

unable t Q :dEtnt~.i':l i.;l.Q a~i.11nAbl. l"1.1iltarlal that ac(-;u.muluted in the

basOl}ld 1,. ntt(tt- thy,"oiclectOL11. J,c('or--J.1ng to ?Eu.rlUI (194':J), the _thud.

cau be Ltsod as a h1stoche=1cal teat for tbe looa11aatlan at the

gona4otl"Ol)u1c hor;.cot:uJ, "hiGh ..a3 fwnd to 'bepr.aont in the baao-a...lla

anc :.n t.ho ., colloid" ot both th, stalk wld the parenchyr.a ai'tho

bypoph:rs1a. ~~1t",..11~;.rl,. 'J:ohuran-;;uplosala (1951), applr....r.,,; t~h. P}\.CJ

technic .. c~n~ to t.ho conclusion thn.1~ the basopb.11a Us tt.• tllltor1ox~

lobo of thtJ

out;1!~t nt' I.C'rli a.s (\ :r'tHlult of tld1"'~ntll l;y~)()function. C~ver1lely, tl~e

hyallnn ;..,n:J(J:)hi11.c nhnnJtlS 1.n Cu.s}L~.ngf.s (1.18~tl~fll and of'tin" lnjftot1ona

with htgh 18v~ls of o1roulnt1ng cnr1;1cal horrtone.

'?i1elock1.. ~U'.d ,D61'1.!H'OY (1940 )\H~ :tng the r-.i\S teehn10 on the placffnta

to gljCogcn nl'U1 rn.teua,were utair~e(l. ii.. mlb8tnn\~e or tUl1T.own ('.01'dpoe1tloa,

acoording to thon" was stsJ.ned In the crytoI'lasn of glntK:tllar epithelIum

thAn b,. the P;\;1 technic. PosIt1ve atQ'rl~ne .r!.nt~1l"'11\1 "nEt a1$0 ,fou,ne.1n

the nf..vn.al b~ &nu aniInal ,placonte t1nd if). th~ eel) 8 or chor1oep1thftlloma

(Pearse 1949). i.()co:l l d1ng to tLo fluthor t.hls raay 1"QP1'U8Elnt the

chor!onlc gonttdotropb1n.
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A carboh7drate (gllcogen) was demonstrated b7 the US8 ot the

PA 8 _thGC1 1n h..... blood. and. bone marrow cella (VIaobat.ln 194e).

It wa. ,found that the tnt.nett,. of th", ata1nlng reaot1on in the

mle101d cella increased wltb their matu.ration. Ya.8WU et ..1 (1981)

_de ••hort ,~udy on the PAS pos1tive .torial in blood. and ban.

_rrow oella and.pr••ol'lted their f1ntUng. in tabular !OrDl.

'1'11. u.a8 or the PAS technic tor the demonstration of poly••ocharld.e.

in normal tint' d1••• l!ed akin wae reported by stoughton and '''ell. (1'10).

Nor_l skin diaplayed lntefl'. oolor.'tion at the junction ot the del'lda

and iiplde:pr.l1s, in tt:e wall. of bloodv.s~.l., Jrtast 08118, some

fibroblast., 8Eitnile oorium from exposed .reas, hair follicle.,

••bflceoua al-t.nt18 &nd'JIl()otb muscle. The lHUCOpol7••ocharid•• of .k1Jl
'~¥,'-':

were investigated chem1ca11l by Meyer and Cherts. (1~41). (}eP8h

(19484) atud1ed. the ba••ment IT'.embran.. in akin, developing kidney t

thyroid gland. and lun.g of normal organ8. lie found • hOl:1ogsneoua

compon~nt 01' the ba8emtmt mem'hrnne,whleh b. thought '\faa oontinuous

w1th the ground 8\,lbatanoe of cOIUutcl;;lv. t18:iue. 'Th. morphological

change. thGtt occurred during hlatogentls1s and inflammatIon augg••te4

to £Htrah that the bassm.ent membrf:tne was a highly labila, :\10d1fl.bl.

at1"'.lcture. .A Jlore d$talled studY' W.' r"'r.,ort~d later' (Gftrah ~nd

C.tehr>ole 1949).

Oerah (194.9alreported th~ presenoe of PAS p..,,,lt:t-:T. TtUl'.~1.1 1D

th. form et granule. in the Golgl appar'.tu. of th6 rabh1t find the

guinea pig int~stine. P.rtae and :'lores (lQfi2) d(.,'m.on:9trat~d Go181

.one., after fixation in Ortt;'. fluld .. by thr~Hj tscbn1ea; P,AS, ohromio

acid-ailver, and ,periodie aeid color"d fuohsin. "~h6 tItrel) naethods

gave essentially s1:tdlar !·aeults. He considered d1screpeneles to be

du.e ttl thet Issue'. physlological status' and the Influence Ij~ .fixatiOl1.
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PAS positive material was fourld in the eolloid or thyroid

fol11c19~ rogurdl~ss of th~1r 8tnte of act1v1ty (Oorsh 1947).

-rats 8nd of rats tY'eatE\d with notssRit'tm iodide, t.ihyrotrnph:S.e ..xtr~ct

of the antftr lor lobe of the pitui tary ~ or "lth au Ifagu8nldine. Tl'J.•

nuthor stat.ed -~hat Itt lft&st 8 pert of the vi-sua11zed rnatt'trl.al,

(Gersh 1949b).

}'01:' a thorouc;h aurvey or the d1,st:r1lJ.lt1on of PAS retactlva

mat~l':lQl in th6 fltdult rat 'W6 rafer to tho work of Leblond (19tZ)),

which inolude!t 66;.'1.gttr.-.s illustrating various tissue. IUid organs.

delnOl!st'1"'atlon of fnng1 in animal tissues. ':lhe toohnio 1s bAIng

ap,,}11ed rotltlnoly in seme LO$',l t;al lal)()!aRt;ories.

l\rZaC (1~4a, 1950) stlld1"d the;1QsfJ5.bil.tt:r Qr ~eplaclng

leuoofucbsin b7 C0101*+*d b&ut1c i'uchs.1n for t,hs' h1etoohem1oal

df}.'110rlstratlon of the "let shydes produced after periodic acid ox1dat lone

.lie f'ou.nd that, the colorect hag1c fu.chs1n g8."8 ldfllnt'.Cell results when

It was usttd :in p1t100 of ita leuco,..form. lie conoluded. that It ooulc.l be

used &8 ~ reS8-:lht for (1.eteet1ng alc1~hyt1.a tn tissues, wIth cartn:111

prQctlcHl IHhrantages thus rendEH'1ng the t8cbnl~ 1e8s expenslva, simpler,
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DeDlpS8Y et a1 (19..50) obeaerved tb"t, besid•• reveal1ns

polysaccharide. in t1esue sections, per10dic ac14 a1ao brought about

the fOrrilQt1on of st:rongl;r acid., basoph111c?,.oupa" which were not

ident if1ed. 1-1'.8 flt1thor8, 11owever, suggested that sulfide ~nd

sUlfi'J~lryl erOup8 mieht be oxidized to the co:rresponding aulton10

ao:.\da whioh could aooount for the increased basophilia or tissue

pr ot.eln~ .ftax' l;er led1 0 Hcl<1 o)(~:1da t Ion.

~.S tnd lc~t$d f1'o:rq ftn abs~ract 1>y IJ10tl{$ (19528.) stud 1a8 'W())"O

l~ac1() on p~riodle ~\c.td ox~.dat:lons or tlsstl.$ oe(}t~.ons undor vf\!lyj.ng

condltiOl'~8 cf t;lma, t~en:perat.u:r·a rl\nd eon~tltntt'st1on.

t8e:JnJ.c as l'e"'~t\li1"l.~ :'"Jolysaeeh811 1c1e strnetuHI (Jculnloz l~)fjO). !l'he

author questions the v911dlty of the PAS r8get1on tor det l1 0tlng t,h.

pre s~nce of acj!t {'!~nt tree hydroxyl grou p'8 w1th1.n the chain of tbe

polysaccharido. E......ted that f'numeroulf lugar. having ~llch groups,

such na cellou~!.os8, !I'1Hthyl o{-D-gluoopyrenos1de, methyl n-Acatyl-Q(-n....

Glucoaamlnlde, e1vft sa n4J8at 1ve r'aactlon n • Some .trong11 rettct lng

suba Lvueea such us h:TElllJ.ro1l1c acid-and chItin consume only 0. ve'r'J

small 1L""110unt of pnrlod1e acid (0.1-0.4 mole for ee.~h repeatlllg un1t)_

while wlder the tunne cond.1tiona, starch, glycogen, ar.d cellulose

COflSt.:1flud one jl"101fl for 9Elch pair- of adjacent f'r•• hydroxyl groups.

LIllie (19t30) SW:3Gst ..d tl:at the ,pi~::; reaction "hould be l:nterpreted lila

Indlcetlng tih6 prelillfU1ce of 1,2 glyeols,the1r .:'11no, or substitutod

a:mlno v!4P1~nts ,without lnfe:rance as to thfIJ muoopolysaocharide

str-uctu.ra. I,1111e t'e!EH-red to tl:a pQper by Jeanlo~, but ,,'ithout

CO!ilHHlt tng on it. WQl.rnan (1950) repnrtnd that tho Pi\S technic could.

bo uead to derttOnstrate the presoneo of double boncts of ttflsaturated

ffi.tt~1' aoS.da, Hnd nonoluded that the t.oohnln .a. not specific !'or

cQ.rboh~tdrate8. The raport of Wollnan regarding his findings w1th
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periodic acid w•• strona17 critici••d b7 Lilli. (1951). Lbo'. and.

:c..venport (1950) noted a .!milo-it,. 1ft the atain1nl pioture ot Foot1'.

(19:58) mf'tthod tor reticular t1sRue and the PAS technic.

We btl.... _en able to d••elop a t8ohnl0 utilizing lead tetra.oetate

as a mild oxidant prl<)J.· to tl'eat_nt with Schlft'. reagent. '.!"he work

1. preaented below.

A new methpd tor the hl,tqqhemlo~ 1dentlrlca~1onor 1.2 glY9018'

The fflctthat 1...,\ tetra.estate (LTA), like period1c fieid, 1.

comj1only used by organ10 che!111ats as a spec1fic ~(~n~ftIlt for 1, 2

glycol., 8uggetsted to us tr~& iH)su:thillty 01' adopting it for U8e in a

hl.toehe1'l1cal technic. Cr1.egee (1931) lnltl.ted the use nr f./i"A tor

the study or 1.2 glycola and r$viewedt;he problem. (1948). By oomparing

the oxldative oleavage of 1,.2 glyools by vat-iou! oxidants (manganic

aoetate. eobalt1c ao_tate, thallio acetate, c8rl~ 8ulfat6 Qnd L~A)

Cr1oge~ at al (1933) ooncluded that LTA was the super10r oxidant for

this purpose. 1.'11$ work of Cr1egee (1934) indicatea tllat L~L'.A IIUld

per1od'.e ee1d react aJ.m11arly w:J.th 1,2 g11co1a, or variants in which

th9 hydroxyl group lsreplaced by a primary or eeeondary amino group.

and that the rate 01' oxidation by each reagent 1. more rapid for cla

than for trQ~8-g1yeola. In the same publication Cr1egee notes that

neither oxid1sing agent 18 oonelatently superior, ne..-ertheless
,

lmpOl"'tant differenoes oxist in 1ndlvidual compounds. LTA oxidis•• e(-

hldrnxy aoids wlter$Q8 period1c acld readily oxld1z••~-hydroxy aldehyde.

and~-hydroxy ketone.. '~B two b••gents differ a180 with respect to the

kind of solvent in which they funotion 'bfJat. Oxidation with L'llA can be

carrlf!d out in inert solvent! (Crt"'Bfle et al 1933), ae "'jell ss in the

presftno& of wat8r (haer .t. 9,1 19~~). however water is the ;,n.ost suitable

aolvftnt 1'bP periodic acid oxidation.
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From 1ihe atand.oolnt of hiBtO(~baFli·stJ·111twOl,\ld appear tllat when

L1'A alld per1odio aoid are used separa'liely they might be of value 1n a

comparat1". atudy ot CQIllpound:j ~rieldlng to fl8Ch of the ee oxidant••

~~. oxidative cleavage or 1~2 glycols with the formation. of

ald~l.rY'{j&a, ..id.oh arFJ sUbsequently At.1tUtd violet with F:JJ~~ redlY be

representod as follows:

-C-OH
1

-C-OH
1

1
-0:0

.~b(Cl13GOJ)4--~> 1
.0,0
~

Pr.2.rnt1o~ of nel8enta;

1. Lead. tetrllQotattt_ L'llA wal prepared according to an adaptation

ot tho m~thod. or l::lmroth lind !:obwaltzHl' (19£~) and floGlenahan and

lioehet (1938). Into Il <11·y 500 co. Je:rlGtI)!l1eyer fll\8k# p-rovlded w1th •

••ohanism ff.)r contll'Hl0U8 stirring, was nlao$d 70 ee. of glac1al eo.tic

acid and 5 cc. ot acetio anl''''1drlde. 'the !~laas rod stIrr$r waa :tn••rted

paper to :?r~vent .xc~s81ve :rlOlatllre fro:.ll leaking into the flask. 'lb.
, • • .. ~

tlaak WBS heated to 600C (55-80) on e. water or glyc.ln bath. Twelve

grtun. of red lead Pb304. (Mnl1nkrodt) wars added to tho flnsk in on.

gil. portIons, ellre being take-n not to add the el.1bsequel:d.. portion.

berore the content. or thft flasl':: heC9m6 oolourless... Artier the reaotion

••• oomplete, the aQlutlon " • ., f1.1ter'!'ld while stlll tiot on n Buchner

tunnel using auot1on. Thie atep el'ou,ld be d.one 88 quIckly as poss1ble

cthll)"l,e r1rY'.tala of J1PA wIll depo~lt on the PttcLnet' fUIlnel. The clear

tiltrate wss al1o'Wfl!Jd to eool at room tf:ropel"ature. 'Jr! coolll:tg the LTA

o2.7atal11z•• out •• tine wh1te needleE'. Rlilpid cooling in lce-cold
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_ter mould. be .",oldM a. It w11l 81ao oau•• cJ'1atalllaatlon ot the

glacial acetl0 ao14. The aupernatant fluid waa decanted and • quantity

ot treah glaolal 8cetl0 aold wbloh .a. Just euttlclent to make •

••tur.ted 801ut1on at pooa temper.tUN ft. added.

Du.. to the h1dJ"01781a of LTA in the pre.enoe ot molatur., and. the

diffioulty ot It.epins the or,.s'als in • dl'7 condition under .euua tor

long perlOC1s, a ••turated solution in glaolalaoet10 acid at roOll

t ••peratuN .as tOUNt to " praotloal.

8. L'l'A .tandFd lo111:t1onl. The ••turated. UlA 801utlon was ••••,..4

b7 the lodometn 0 _'hod of Hoob.' an4IlDOlenahan (1;89). To 4 00. or

the L1'A solution .a. add84 8 00. of .. solu.tlon contalning IS p. ot

.odium. aoet.te and I ga. ot pota••i,. 1041d. pep 100 .c. The liberated

iodin••a. then titrated. with 0.1 .. thiosultate us1nC .tarch •• an

indioa'.-. Dilute .tandard solut1ons. whene...er ne.d.ed, were prepa.re4

1:»7 appropriate dilut10n ot the stook solut1on with the de.ired sol",n,l.

Th. nora11t1•• ot the.. ,oluttons "1" rechecked b'1 titration.
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.~tl&QSM Proot4VIlJ
Aft... 1'1-.t1«& 111 • 1~ ao1utlc of tOB*llD sa ~ alcohol.

'be '1••_8 ..... eabedded 111 paratfla, ...tlO1\a weN out .t Sr. and

4.paraft1l'l1••4 1ft X7101. TwO _thoda 8N d.va1opec1. 1n which 41ft.NII'

.01...... were UHd..

!ttbgd A. Th1••thod. 1. applicable to proced.... whlob 111"01"

tb. UM of L'tA 1D slae1al acetio 801d, or 1n • m.1xture ot fleet!. ac14

aDd uteJ-. (1) Br!llC ••ott.. down to water, and place 8 minute. fA

the ox1dat1QJl bath of IlIA (Ir.~ at the t1tae of app11eat1m ••

••t •• 1. uae4 •• tM 411\1-'). (8) naoe a a1nut•• 1n ltmA .olut1_.

(a) _811 with dln1114t4 wat.r. 8 obana••• <.) IIm... 1D Soblff Pft~

tOft 80 rdnut••• (S) Weah with 8Ulturou.a ao14 r1u., a chaDg•• of 8

Idnut....ob. ee) Walth with ..veral ohuaa•• of _'-r, dcydftte, e1...

aDd lIIOQJlt •

..1;hpd Dft, 1bla ..thOlll•. applicable to prooecltaHe 1IMOb 1DYOl.

the UN of UtA 1ft glacial ••tl0 aold d11uted .,1'11 orpnl0 aolwa'.

auoh .. benafme or tolu... (1) w•• the dep'Ntt1n1a•••ctt•• til

the ... OI'gan1o solvent u..4 1n the o~tlOft bath, and ox141. t.

a SII1DUt... (a) w•• .,1\h abaolute aleobol. br1Ds down to water. 8DlIl

proceed .1 111 -thod A, atartma w1th atep I.

RXPf~lIKEm.'AL

I' •• tOUDd de8ual.»1M to choo.. a 801• .,.' t .. LTA that would

_rye .UGh .-nlto14 Pll"POM8 •• to enbance theetabl11t7 of IffA, to

"ph. or r84llG. e,tt••t1v.l,. the oanoen1a-atlCft or acetl0 8014, aDd

to prov1de a 1*l1ua 1n which LTA tunctl.. beat and aeta qu1etl,.

.1t~ atl7 d.t~.l etreats to the t188.. Wltb thia •• an

objeotive the tollotltaa experSaenta wre oonduoted.

r
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St.bl;Litx oJ IlIA .g~!!tl9!1' in 'G.B' amt organlQ .edla, !'he

oriterion ~ stability ot theae solution. ft. 'based upon lodOMtr10

tltratl.a. A atook solution of LTA in glaclal acetic .01d, kept 1n

• t1ght17 .toPPfWed oont.1ner. was found to be .table over a period

ot 4-8 ...ks. A solution ot LfA 1n glac1.1 Icetl0 .01d, when 411ute4

w1th.n_qual voluae ot ••ter we. stable tor at l ...t 6 minute.. Mum

.took LTA .olutlon wa. diluted (ltS) with e1ther abaolute methanol 01'

ethanol. the deoo.position or IffA wa. negligible within 6 minut....

After 40 m1nut••• the .elallanol m.ixture ahowec.'l COIllp1ete 10ea ot LlfA,

wherea. with the _thanol m1xtUJ.'le the. deeompo81tlon was 14%. Ifh.

at'bl1lt7 ot IJrA, wh_ toluene and ben••ne .en u.e4 aa the diluent••

1a shown in table 1.

Itteet or 'f1ll or Oz1d'l&on on Sta1n~. ~l••u. ..etlon.a ....
ple.e" 1n elthe•• 0.018 or O.08U LTA solution, prepared. b7 dl1nt1a1

stook LTA solution with .1ther ben.en. or toluene, tor var11ng length.

ot ts.. (1. 6 and. ao Il1nut•• ) • The results are pr••ented 1n table I.

Ettect of Ooncentratl. ot L'1'A onSt,1nly. Portionl ot IJrA atook

.01u1;1011 .ere 411.t.4 acoord1na to the tollow1ns .ob.... One Hrl••

conaleted of dilutions rang1nc tr~ 0.09-0.006 N ..de with glacS.al

aoet1c ao14. I_ed1ate17 betore u.e equal vo1uae. of ••ter are added

to .ach and. the tls.u•• are atameet aooorc:l1ns '0 _thod A. The "_1'.
aN presented 1n tabl. Ita. A ••concl I.ri•• ot dilatlon. rang1l'ls tro-.

o.<>aa-o.Ol& H ••" made with ben.en•• and • third wIth toluene. Serie.

land a ..re stained aocord!ng to method B. !he re.ults ar. pre.ented

in table all.
acetic

OxIdatIon in guelalA.old conal.te4 in placing t18aue ••otlona tor

& minut•• in an ox14atlO1l bath of a aaturated lolut1on ot L'1'A. '!'hl.

a. ]i'or purpo••• ot compar1801l .erial .ectlon. of the kldne,. and
lnt••tine or the rat weN u••d throughout th••• experiments.
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Table 1. DecomposItion of LTA 1n • mixture of acetic acid
and ben••ne or toluene

Table 8. Ette.t ot t1_ ot expowre ot tl••ue. to LTA

Ben••M

0.0 8
'lolufIlt.

o.

StainIng intensiti•• , 111 this table and 1n table. Ia and Ib" are

d••ignated •• t to 5... t:l extreme1,. fa1nt, 1. • ta1l1t, •• • talr.

a•• good, ... • al1pt17 oyerat.iIled, 6.. • o....i-.t.1ned.

~.bl. ~. Effeot ot oonoentration ot IJrA 1n 60% acetl0
ac14 on the Schlft re••tlon.

aold

•
0.081
0.01'1
0.011
0.001

Table "b. Erta.t ot concentration ot LTA in tolu.ena and. ben...
on the Sohift r.action.

A
or tolu.ene

O.O~I

0.021
0.018
0.018
0.016

••a.. to ".a.
]A \0 I.
1.

4..
a.
~
1. to a.
1.

"..~
e. to 3....
1. to 2..

,.
h
2.. to a.
a. to I •
1. to a.
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method haa certain d1.advantage.. Glacial acetle acid 18 known to

.au•••••lling etreet, on t1ssues (MoClung and Allen, 1950), and to

retard the ox1dation rat.. (Cr1es•• et al 19Z3), thua requ1ring •.

longer time ot expoaure ot the tissue. Apparently the high oonoentration

or LTA compen••ted tor th. ahort per10d ot ex.posure. However. w1th,

prolonged oxidatlon per iode and high concentrat lon. of LTA (beYQnd an

optimal range>. the probab111t7 of renelering other oompounds in the

ti.su•• au.ceptlbl. to the actIon ot LTA, oannot be overlooked.

With regard to ox.ldation in aqueoul media, theoxldat1on bathe

conal.ted. ot (a) • 111 JII1ztaull• ot atook LTA aolu.t1on (0.125 ~) and

water. The t1lsue••er. placed in the bath for onl,. a minut•• , .hleh

••• adequate t 1Jte tor o~1d.tlon and served ••• preollUtlon as.1nat

exo.s.ive depoaltlon ot PbOs which lsa product of LTA h:rdro1y.l••

(1;) A 1.1m1x,ture or atandard glaclal aoet10 acid solution of InA and

water, in .hlOb the tis.u•••ere placed tor 8 minute.. A solution ot

IIlA in 60% aeetle acid ot 0.017 II (0.011..0.0UN) waa toun4 to ~

opt1al. Fawa. and. Seraldarlan (1947) found that in 50:' acotic aold

the reaotlon w.a complete in 5 minute., before the on.et of h7dro1781.

of IlrA. Both methods ga.. 8atlatact01'1 Naults, however, the u.. of

LTA 1l'laqueou.. _dl. la oon.1d.~.d • handioap trOll the standpoint ot

routine hiatolog1.al teohnloa, .~o. the Hagent baa to be 41acar4e4

ane" u.•• and prepared n••17 .aoh tiM needed..

Oxldatl""'ld.&tun. otaa.tic a014 and toluene or benaene sa".

OptlMl result. with 0.083 N LTA (0.080-0.081 H), .t an expoaure tu.

ot 5 m1nut... Ben••ne a,. be recoanended tor rout1nepurpos•• sin••

it rendeJta the reagent .erv1ceable for a-, da'18. Inert· solvent•• a.

a rule incr..... therea.tlon rate (Orlegee .t .1 1933), and thu8

contr1bute to the ah.-t.n.lnc of the t1ae of .xPOSUN.
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During the in1t1al experiments it ••• obae:rved that the rinaing

or exce.a LTA r.agen' re.ulted in tl~ hydrolysis ot the compound with

sub.equent depoaltion ot PbOS on the slid... FurtherlllOre, LTA ...

found to colorl•• FSA. According to tbe Teohnioal Bulletin ot the

Alro•• Ollamlcal Co. Sequestrer,e (I~DTA) 1•• poWertul compl.xing agent

that r~s nonlonl0 soluble complex.s .ith • large number ot metallic

iona. w. demonstrated 1n vItro .xpertmenta that EDTA Inactivate. LTA,

.a d8t8r~dned lOdametrlca11,. nnd tl~t in ita preaence no ?bOB 1.

formed. It haa been noted. by Sreebny and. !Jlkltwuk (lgSl) that ED'lA

solution preserv•• the .truotural detail and atalnlug properties of

80tt tissues.

];fttegt ot an -DIY!\! on L'l'A r.,.ctant,,* sect10ns of the liver,

heart, k1dney, .-.11 inte.ttne and spleen of the oat .ere Inoubated

tor one hour at ~'100 in 'raka dia.ta.e solution, prior to treatment

with LTA and PSA. Papal1el ..ects.... not .ubjeoted to the action ot

~he ensyme,.•ere run tor oomparison. In the en.,... treated ••otica,

.taining ••s pre'V8nted in the lIver, heart and the o}"toplasm ot the

. diatal convoluted tubule. ot the k1dne7. The amOUl'J.t ot .ta1D.ed _terial

1n th. int••tine ••• not reduced, whil. that ot the spleen •••

• ott.ratel,. decr••••d. 'lb.. 10s8 ot atam1ng in the liver and h••rt

muacle can be attributed to the hydrol,..is of ,glJ'Copn. For an

exhauatlve atudy ot thia k1nd, it 1. neo••••r,. to appl,. man., .n.,....

that act on apeoltla c01lpound. under certain oonditione. A pO.1l1bllt

oontrol for LTA oxldatlon i8 to block the 817001 groupIng 1n such a

••,. a. to o.u.•• it to re.lat the aotion ot L'l'A. Borlo ao14 baa be.

extenaive17 1.1••• aa a blocking agent tor ad j.~ent tr•• hy'dro~l

sroup.. All th......e 1Dter••t1ng proble.a tor tuture a1iw1,..

During the in1t1al experiments it ••• obae:rved that the rinaing

or exce.a LTA r.agen' re.ulted in tl~ hydrolysis ot the compound with

sub.equent depoaltion 01' PbOS on the slid... FurtherlllOre, LTA ...

found to colorl•• FSA. According to tbe Teohnioal Bulletin ot the

Alro•• Obamlcal Co. Sequestrer,e (KDTA) 1•• poWertul compl.xing agent

that r~s nonlonl0 soluble complex.s .ith • large number ot metallic

iona. W. demonstrated In vItro .xpertmenta that EDTA Inactivate. LTA,
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that act on apeoltla compound. under certain oondition.. A pO.1l1bllt
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extenaively 1.1••• aa a block1n£ agent tor .dja~8nt tr•• hydro211

sroup.. All th......e 1Dter••t1ng proble.a tor tuture a1iw1,..
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DISCUSSION

1, 2 glyoo1a ere oxidizable by LTA to form aldehyde. or ketone••

'lbe reaction ma,. a180 be applied to ~-hydrox'1 acIds, ot-amino aolda, and

c(-h7droX7am1nee. Aa. guide to hlato-ohemlcal interpretation, th..

follow1ng consideration. are taken 1nto account.

1. The 8uaceptIb11lt7 of the part1cular compound to the aetlan ot

LTA with the production ot aldehydes. Glycol. with parti~117 or

entirel,. .skeel hydroxyl groupe are more or 1••• stable to oxIdation

by LTA.

2. The product. or the ox1dative cleavage bY' LTA of. certain

compounds are e1ther of low mol.eula~ .eight and hence loluble a.
ditfusible .. or ot auch higb L101ecular weight 68 to re.Ist die.elution.

3. The ehemical or physIcal nature or the compound; whether it 1.

orIg1nall'1 pre.ent in solution 1n the cell ot the freah tissue In Wllioh

ca.8 the p08s1bi11t7 of diffusion w1l1 come into play when ord1nar7

technics are emploJedJ or Whether it 1. ohem1oall;r bound to prot oplaand0

ent1tie. thua rendering 1t fixed, insoluble and non-dIffusible.

.. . bt-
4. The aldehyde. produced 1UUst,*,O! such an amount a8 to meet the

.ensitivity requIrel'J.ent. of the Sohl!t reagent.

Th••• faotor. increase tbe specific!t,. ot the method. '!'he

monosaccharIde. and 1ndividual 0{ .amino acid. are ••abed out during

the proce.. ot hi.tologlcal manipulation. The carbohydrate componen\

of RNA and DNA, and the ~-hydroxyam1nes of proteln. are ohent1ea117

aubatituted 80 that the free gl1Co1 grouping 1••eked, and do not

therefore give the react1on. In the caa. ot the ot-amlno .cld8 ot

pr_otelna. their reaotive groups are alao _eked exoept probab17 at the

end of their linkage." and the aldeh,-d.. produced at the end of the

chain de not give • detectable oolor with the Seh1tt reagent.
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The double bond ot unaaturated tatty o01llpoullda 1••tabl. to LTA

oxidation. The common practise haa been to introduoe two OB group.

to the double bond by treatment w1th an oxidisIng agont l1ke hydrogen

peroxide, fUld the glycol thus forMd 18 aUbsequentl,. split by lirA.

Scanlan and S••rn (l~O) h)'druq18ted 01e10 .c1d and oleyl alcohol

with hydrogen p.:roxlde.The h,oroxylated. produota. 9. 10

dihydl-oxy8t6arl0 aol4. ethyl 9 .1Q-dlh,-droXY'8tearate. and 9,10

dlbydrox,.oetarleoanol ••re oxidi.ed by T/fA to 71e1d aldehyde.ldentlfie.

a. pelergon10, •••lale halt aldehyde and 9-hydroxypelargon10 aldeh7d••

All this goes to ahow that the double bond ot Ullsaturat"d tata has to

be treated with. hydroxylatmg agent to yield glyool. that can be

ox1d1sed bY' VrA. In this r ••peot 1t might be ot value to take ••

olrrhotle 11••1' which 1. rioh in eth11enl0 groupings, h7droxylate 1t.

oxidize it by LTA and .tam 1t wIth the Schitt reagent.

The chl.r material. 1n an1mal tl••u.. that are expeoted to rea.'

positivel,. are aubstanc•• auoh a. gl'1cogen, mtteina, mucoid.,

aulfomuctn., cerebrosidea and chit1n. The sulfuric acid eater. ot

polysaocharid•• w111 alao show the at.1n because the7 oontain two

groups tor oxidation In theit- molecule. (tor tormula see I~l.on 191.,

p. 836).

!he applioability ot the method described baa been extended. to.
the demon8tration ot 1, I glycols lnalg••, bact_rial .apaul••• tunsl

and protoaoa (tiae. 1, a••~.nd '1). J;U7ther work on thla line 1. in

prog:r.... Figure. 2, 4:, 6, 8 and 9 repre.ent ......ll.n tissue

preparatldD8 at.tned b7 the technio described in the text.

In conclua1an .. oan state that the adaptation to tissue. of

ox1dation by L'fA baa b.en 8uoce8atul in different media. '!'he ••1actl.

ot • m.-41ua 1e governed t¥r .uoh tactor••• the atabillty of LTA 1n

the ••dlWll. whiob d.etermine. It. tltness tor routine work, the rate

------~~
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of the reaction, the aolubl11t,. of the aubatanoe to be demonstrated

and the prft••rvatlon of the t1n$r structural detail. of the t1asue.

For the mammalian int••t1ne and k1dneJ W8 ~eco:nwend benzene a8 the

medium ..ith Il concentI,.t1on or 0.023 Ii L'l~A and a reaction t1me or IS

minutes.

After th1. work: was oompleted a paper bl Lbotka (1~52b) deallna

with tbe hlatoahomioal ue. of l ••d totrQ~eetat. came our t1.ttent1on,

however 1t only appeared in abstract torm-

The writer.iahea to thank Dr_ W. M. Shanklin. Protft8S0r of

HiatologJ', Dr. George Pa••• , .Proteaaor of PhllM!1aeolog,. and Dr. S. B.

l(erl', Profe8sw ot Blochemistry, for 1nVllluable 8uggest1ona throughout

the preparatlon ot this paper.
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Explanation ot :rtgure.

Pollowing o:ddatlon b'1 lead tetraaa.tate (LTA) all prep.,..atl0118

•••••tained by the Soh1tt reagent.

'ls. 1. Fungu8 (PeI11cl111wa). Oxidation bJ'LTA 1n 60% aoetl0 .elel

(0.018 I). 600s.

F1g. 2. ltldne,. ot I'at. OXidation b7 IIlA 11'1 ben••ne (0.023 N).

COOx.

pis.a. ProtoaoQft (hMl_olwa). Ox1dat1on by LTA 1n glacial acetl.

(0.181 Ii). 600x.

F1S_ ... Llver of rat. Ox1d.t lon by L'l'A 1n benzene (o.023 l~·).

I 600x.

1'1a. 5. 'f••at (TOl'Ulopa18 utili.) •. Ox1dation by LTA in 507; acetic
r

'i
M aold (0.088 N). 615.x.

F1S_ 6. Int••t1M ot rat. Oxidation by LTA 1n 207& aoetlc acid

(O.0811i) .1aix.

Flg. 7. Alga. Ox!datlon b7 I1fA in toluene (0.088 11). 6asx.
Fla. &.t: Intestl_ of rat. Oxidation b;y LfPA in 20;t acet1c acld

, '.J

(0.011 H). 685x.

Flit. 9: nair folliole of man. Oxidation b,. LilA 1n ~n.en.

i\ (0.010 N). 300z.
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I 600x.

1'1a. 5. 'f••at (TOl'Ulopa18 utili.) •. Ox1dation by LTA in 507; acetic
r

'i
M aold (0.088 N). 615.x.

F1S_ 6. Int••t1M ot rat. Oxidation by LTA 1n 207& aoetlc acid

(O.0811i) .1aix.

Flg. 7. Alga. Ox!datlon b7 I1fA in toluene (0.088 11). 6asx.
Fla. &.t: Intestl_ of rat. Oxidation b;y LfPA in 20;t acet1c acld

, '.J

(0.011 H). 685x.

Flit. 9: nair folliole of man. Oxidation b,. LilA 1n ~n.en.

i\ (0.010 N). 300z.
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