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gtyt  tha t  t111~ antibiotic may be effective in extm-intcs- 
tin:ll amebic infections such :as hepatic abscess as well 
: I Y  In anret~ic col i t~s  :~nd an1el)ic dysentery. 

l4lrren eases have sirlee Ijecn successfully tre:ctc.d, with 
no ~t~c.urrrnt~e of syrnptorn~. 
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Studies on Arthropod Cuticle. 111. 
The Chitin of Limulusl~ 

A. Glenn Richards 
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Througlr ttlc. yeirls tl~c.re h:~s 1)erlr sl)oradic* tliscussion 
:rs to  whetl~er or not the ehrn~ic~:~l clritin is a single corn- 
]~unllti, i(~r11tic:ll in :rll :rniul:rl~ :inti fungi. The collsenlrnx 
of opiniou, 11:1wd on thc chiton:~n oolor test, nitrogen 
r:tlrres, and X ray diffr:~cstion d~:tgrams, is tha t  i t  is  :I 

o t' itlcntical units However,act.t yl gl~rcos:l~ninr& (I, 3) . 
solnt: c~xcel~tio~~:rl h:i\e ~H,C'II recorded that  reclr~irc,raserc 
1'11rtl1erinvrstig:~tion. 7'11~o~lt~qtandingexception within 
t l ~ c  phylurt~ Artltropod;~ is t l ~ r  cuticle of the horseshoe. 
r~r:~ll,I , irr t~~lu.~ E'rknkel Jellinek (4)pol?yphtntu.~. and 

i.iol:~ted:rrlrl rtlcr~tifirtl g l r ~ c o ~ : ~ t ~ r i ~ ~ r ~  
crystals from L~mitlu.\ 

t11:lt were itlcntical with ~ i ~ n i l a r 
preparations from ordi 
I I : I ~ ~cr:lt> nht.lln, hut tl~cair chitin preparation had a lo\! 
nitrogen v:~lr~c, (5.51 % in cont r:~st to 6.89% theore1ic:rl 
for  :~cetvl:~tecl glucos:r~ninr~). On the h:~sis of an:~lysc~s 
gi\ ing a a:~rI)or1-11itrogc'~1 vwltre of 10 to 1 (in contrast to 
Y to 1 for ordinary cr:tl)x 1 they postu1;ltcd tha t  the clritiri 
of  L~m?~lu . \is made up of rrnits similar to thosc. in chitin 
fro111 o1ht.r :trthroyodn, t ~ c t  that  there is  a n  addition:il 
tbtl~yl or two ~nethyl f l r o o ~ ~ s  s~rl)ntitutc.d somewhere in thc 

ilnits which, like the s ~ e t j l  group, :are irydrolyeed off dnr- 

i ~ ~ g  this sug- 
the preparation of glncos:~rnine. To m:rkc. 

gc,.itiort one 11;~s to assurne that  tl~c. alkali plrrifica:rtion i~ 

rc:~son:rhly co~nplete (since chitin, having no knotrn sol-

vent, cannot be .pnrified by rrcrystallization). 
 * 

72einveuCig:rtic~~i.of this *has  ltv(l*- q~~e,utian 11s -to , the 

concl?lsicrn tha t  the purification ~~rocedrrreis a t  f:rnlt. 

Our first nitrogen ;~nalyses of a1k:rli-purified chitin frorrr 

I,ht1ilus \+eJ>e c ,qg r : t b l e  to those of Frjinkel and J r l  

linck; however, using a nrorc een~plrte purific2ation process 

involving prolonged trcvitrncv~t with an oxidi~ing :tgent 

(KMnO, followcld by N:IHSO \ after the treatment with 

I~ot :~lkali ($), we have ol)t:Jnrd :I pure white residue 

which gives a Kjeldal~l 11i1rogt.n rraluc. of 6.06%. This, 


1 Paper No. 2447, S<'it.rrtiti~' Joornr~l Series, Minnesota 
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although significantly higher than the value recorded by 
F&nkel and Jellinek, is  still considerably lower than the 
nitrogen values of chitin purified from the cuticles of 
other arthro1)ods. It is suggestive of the removal of ad- 
clition:~l impurities, but is ~nconclusivt, since chitin is  not 
con~pletely resistant to hot alkali. I n  an  a t t c~up t  to settle 
the j'oint, we had X-ray diffraction pictures m:ide of 
c h ~ t i n  purified from the cuticle of Lmmulua and from a 
local ~pecies of crayfish (Cumbarus ~ p . ) . ~The X-ray 
pictures are identical, and agree with t l~osc previously 
published for chitin (2, 3). We are fotced to coucludc 
that  the chitin units of t a i r r u l ~ ~ sare not substituted in 
the manner suggested by Friinkel and Jellirrek and that  
they are  almost certainly identic211 with those found in 
the cuticles of other artl~ropods. Probn1)ly differences 
(lo occ3ur on the polyrnrr chemical level (5, 6 ) ,  but on the 
(u)nstituent unit level the s~rbstanee appears to  l)e the 
.i:tnlca for  all arthropods. 

Thir finding necessitates :I,rcconsiileration of the cl~em 
icil  components of cuticle. As we have pointed out pre 
vi011sl~( 6 ) ,  there is  no assur:~ne& that  anyone has ever 
prc.yaretl pure chitin. Hincv, unlike celll~lose, chitin is 
not known to occur in any :~pproximation to the pure 
state (usuztlly less, commonly nruch less, t1t:rn half the 
dry weight of the euticlc.) and since no w l v c ~ ~ t  for  i t  i s  
known, all assumptions of p n ~ i t g  have. been b:tsed on in- 

czoncln.qive data. Fol another component to bc. present 
in the extracts studied no~rld require only that  i t  agree 
with chitin in lx ing irrsoluble in and not destroyed by 
treatment with water, we:~k acid a t  room tenlper;~t~lres, 
trot or cold alkali a t  any concentration for  short ptxriods, 
strong oxidizing agents a t  room temperatures, and ordi- 
nary organic solvents, and that  i t  be present in low 
r~nongh percentage not to  greatly disturb the uitrogen 
values. It must also be either amorphous or of nearly 
itientic:~l l:~tticrt! spacings or else the amount presclnt in 
L ? m ? ~ l a schitin would be deteet:~hlc in the. X-ray diffrac 
tion pictures. 

Aeeepting tlre idea tha t  cllitirr is made of the same 
vlnits in all arthropods, the disc~rt~yencies 1)etwrm thcxo 
retical ant1 actual nitrogc.11 values prc.surna1)ly rc.prc.aent 
rlrrremoved components of the. cuticle. Tf we assume that  
the unknown component cont:~ins no nitrogen' wcx can 
make prc~lin~inary estirn:~tc.s of the srnount present b:~sed 
tm the nitfogcn d&FRtinatiorts. (knxkdering only some 
of*th$ recent~v&.lw~s;~w " h : & w6~6%W for lnhstrr ehikm 

(b), 6.45% N as  an alerage figure for  insect chitin with 

6.28% N as  the low value obtained front hardened pu-


parj:i ( 3 )  and 6.W%-W irvthe . h igh& %he obtair~edBy 

rlr for  1,zrnrclus chitin. Calculating OIL the baais uf 6.9% 

N representing pure chitin, we obtain the following de 

grew of purity for  materials studied by thew authore: 

lobster 96%, average insect 94-95%, hard puparia 91% 

:irrtl Limu1u.o 8'7% (the m:~terinl usecl by Frsnkel and 

Jellinek being only 80% purr). 


3s ray p:ltterr~n m:~ile bj Dr. W. ul thoN. I~ip~c.o~nb, 

Vlir~rr~rrtryL)epartrnqbnt. 


~'I'lir unknown component cannot cantnin more nltrogtm 
lhtln chitin does, uncl if it contniue any nitrogen then the 
r.onti~minnnt perr.tv~tn#~ will tw even t l l~her  thnn theme e l -
crrli~tions. 
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We conclude tha t  Frankel and .Jellinck's suggcxstion of 
a snbstitnted chitin is incorrect and tliitt L~nhul7rs alnlotit 
caertainly contains the sanle chitin units as  other arttrro 
pods. Accepting this, i t  follo\vs that  all so c:~lletl purr 
chitin used for analytical work cont:lins a t  least sc.\cl.el 
p e r c ~ n t  of an 11nknomn contalninant, tha t  in lralderletl 
c~aticles this niay be over Ti%, and that  in Ltt~ttrl~ts i t  i5 
cwniridcrably nlore than 10%. The identity of the con-
t;nninant is  :lt present only n matter of co~ljecturct. Tt 
\vonld be of considerable interest to  know whether i t  is 

:IS pet unrecognizc.d con~ponnd' or a percentage of onc 
of the, known wmpo~rents tha t  is so strongly hound to 
the chitin that  i t  is  not rc,nroved by tlrc pn~ification 
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Temperature Measurement inside the Body 
Using a Thermistor1 
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111 recent yo:trs thermistors have been incrctasi~rgly ap- 
plied to tho moasnrenlerit of te~npera.tnrc: in ;inirnal a.nd 
tn:~n ( I ,  3 ) .  A tlrorlr~istor has three i~nportant ad\ra.n- 
tages o v c ~a thermocouple for irieasnrc.ment of tempera-
ture in the h d y .  Thie to i ts  high tempcratnre coefficient 
( - B % / "  C) it is approximately tcn tinies :IS sc.nsitivr 
a8 a thrr~noco~iple,  sensitiv-assurning thc. sarnca order of 
ity of detcac4.ing device. Rf~c>ari\eof i ts  high impc~dance 
(se\caral thousand ohms as  compared to a few ohms) 
lead resistances and switch contact rc.sistances arca rela- 
tivtkly ini important; so i t  is not ncacessary to take. special 
pains in the wiring of :tssociatc~d circuits. Finally, therc. 
is  no necessity for ~naintaining a c,onsta.l~t rcforellco t e n -  
~ x t r a t ~ ~ r e .  

For those re:isolis it was docidod to  incorporate a thor- 
nristor as  the sensitive elenlent in fin(. cathetc~rs for meas- 
uring temperatures inside thca aninwl body. One type of 
caathctcr for  meax~iring the temperature inside joint 
\pacacJ\ :~n( l  muscles (2) consistc(1 of a mdio-opaque plas- 
tic. tul~c. 0.063 c ~ nOD, 0.036 cIn TD,\arying in length 
fro111 15 crn to 1.5 ~nr.ters. Catheters of larger dia~neter 
lr:tvc~ also l~cen rnadc for  intrac:rrdiac and intr;ivascular 

' Biel~vl by :t gvtlnt to t111. l i l~ iv~~rs i ty  fr.olr~of I'enl~sylvi~niii 
'I't~c. A'iltio~~f~l f01. Ilrfantilc~ P:I~IIISS~S. I ~ ' O U I I I ~ : I ~ ~ O I I  

STttt, ~~ossil~ility of a~lotller ty~~tb of substituttvl glucose 
(%h:~in yronp that wol~lel givtt the same htt icr  unit \vitJi a si!lr 
~ ~ ~ I ~ ~ I I S ~ ~ I I Sa s  an Z I I ~ I ~ I I I ~t11~1ylt1tc~I gr011p is c o ~ ~ ( * ~ i ~ ~ : ~ t ) l r .  

ohserrat~ons. Tlre t hc r~n~r lo r  \vas placed flush with one 
end, the lead urircs c o ~ ~ ~ r g  out the other end. 

'I'he thermistor used for this applic:ition was West('lfl 
Electric Type V.597 having tllc~ follot~ing charact~r is t i r i :  

1)i:trneter 0.4 nun 
'I'e~nperntmc coefficirnt :it 38" C - 3.1 %/" C 
1)issipation constar~t (in still a i r )  0.1 mm/" (2 
'l'hennal tirntl constant ( in still air)  1 see. 

I 

Since i t  Mas supplied with two 0.025-~nm bare p1;iti 
nunr leads 8 I ~ I I I I  long, i t-was Ilcxcc.i.iary l v ~ t h  to si,licc~ 
these wiles to a pair of copper leads, and to insu1:lte tlrc. 
p la t innn~ wircxs and spliccd junctions fro111 each olhcr. 
Yo. 40 en:~nrel covered c.oppcxr \ \ i ~ r  \+;IS uqed for the I ~ ~ : I I I .  

- -~ -- ~-

O F  
~-~ - .- .- ..-

Sui~t.rior vena c:rvrl . . . . . . . .  98.9 
Corollary sinus . . . . . . . . . . . .  99.0 
Itight ventricle . . . . . . . . . . . .  99.0 
I'uln~onary artery . . . . . . . . .  98.8 
Infilrior vena cav:~. . . . . . . . .  !)H.H 
I l r ~ a t i ~ .vein . . . . . . . . . . . . . .  98.!) 
Renal win . . . . . . . . . . . . . . . .  98.4 
Azygos vein . . . . . . . . . . . . . . .  !jS.(i 
1~'enroml win . . . . . . . . . . . . . .  Rli.8 
Remornl artery . . . . . . . . . . . .  98.0 
'Uhiglr n~usc.lr ( 2  ill.) . . . . . .  !W.5 
'I'high surfit(-12 . . . . . . . . . . . . .  92.8 
1:ec-t;rl . . . . . . . . . . . . . . . . . . .  !)$.I 

. . . . . . .  .. 

*: I<(IOIII  t r l r~ l~c~.nt~~rc~73.0" F. 

.I connc~rtiolrwas effectctd k)g wrapping two tnrns of the 

p1;~tinu111wire tightly rtl1011t tlre copper load. A condnet-
ing silvor 11a.stc: was t l ~ r n  apy)liod to assure satisfa.ctor,v 

cxloctrie:tl contact. I n  order to  ins11l:ltc the two platiumn 
wires fro111 ctaclr otlrer, a very fine rayon thre:ld'm:ls 
wr;~l~pccltightly along each wire boginning :it a point on 

lhe coppctr wire a littlo 1 1 e l o ~  the ,j~lnrtion. The whole 
; ~ s s c ~ n t ~ l , ~\ran then tlippc,cl into ;L 1i:lkelite solution, car,. 
1)cting talcctn not to ilnmcrse thc: thermistor bead itself. 
:\ft,er the I~akolitc had l ~ r e n  l~akod, thct whole assomblp 
was threaclctcl t l ~ r o u g l ~  The end rx)n- the plastic tnl)ing. , 
i,aining the thctrmistor \\;:is then scaled with a wnall 
:in~otint of ~~olys tyro~rc~,  again I)cting t ikon not tocare 
coat the ther~nistor 1~eacl wlrieh prot~uded a few tcnt,lln 
of a ~rrilli~noterIteyond tlre ond of the tube. 

l'tre unit \v:ts eonnec~tcd into a (;or~v(:ntior~al\Vhe:r.t,-
stone bridge 11sing a RRut)ico,l gulvanonietor of sensit.iritY 
0.007 pa/~nln as  an indicating instrumctnt. For rccordir~g 
pnrposcts, the, output of the, I~ridge\va.s connorted to rl 

pen-writing oscillogr:rl~h. 'rho oac'rall accuracy of' tllc 
device \vas + 0.05' C!. 

V:rscul:cr :n,d other t~c~m~~era t r :~~es  withobtainetl t,llc~ 
111t.l~mistor units are sllown in T;rl~ir1. Tho dog was 
1111d(:r h(1avy Eenil~ntal :~nc~stlresi:t. The cathetcr >\Tas 
p:tssc.d thronglr the right oxtern:il ,jngnla.r vein, and jt,q 

~wsition w.ns reeognizc~d rorntgenoxcopieally. 


