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A, INTRODUCTION

Increasing knowledge in physics and chemistry has
stimulated research on high polym@rs, ¢r to use anmther
term, on macromolecules and on their spplicetions in
various fields. The definition of maéromolecnles‘given
in 1922 by Staudinger and Fritschi states that a macro-
molecule is & compound with more than 1,500 atoms and
" with a molecular weight exceeding 10,000; dissolved it
shows eolloidsl properties and cannot be ﬁialgzeﬁ.
Before this statement made by Staudinger and Fritschi
"supramolecular™ structures were given yarious names as
for instence "bioblasts". They were thought to be
built of particles “which'canﬁct be seen under the
microscops and whose groperties such as assimilation,
growth, and propagation are strictly differsnt from the
atoms and molecules dealt with in physics and chemistry”
(Hertwig, 1923), Although it was agreed in ths differentv
research contres of physical chemistry that the old
concept of "bioblasta™ or "biophores” should be abandoned,
hiologists‘as recently és 1923 were raferriag to and
definring warious bialogical materials, which were neither
incrganic nor living, as "bioblests™., This is the more
surprising as, before this time, Emil Fischer (1906) |

thought that proteins were composed of small molecules,



and aven ag far back as 18?? Naegeli and Schwendensr
pgstulated a supramolecular grouping of living material
this was‘beliaved to be formed by the linkage of
molaéulés and wﬁs described as a micellar aggregate.
Heyer and Mark (1928) stated that micellar agaregates
are bundles of main~ﬁa1enay‘chaias;- these chelns were

| boelieved to de ihe units from which substances of living
matter were made i&ey@r end Mark, 1940), The theory of
micellar aggrepates was accepted until the macromolecular
structurs of compounds maé demwnstraﬁealby Staudinger |
and Lithy (1925), Faworth end Peat {1926), Gonsden,
Gordon and Hartin.ilﬁév} and others, and the synthetical-
1y produced Substances were compared with natural
products sueh as hyﬂracarbons or, to a lesser extent,
proﬁeins. ”Until'récenﬁly scientists wers unable to
produce macromolecules synthetically. The importence

of the synthesis of high polymers lies in.the fact that
it may greatly facilitate the understending of mocro-
molecular structurea in living matter.

One of the first substances used was palyoxymethylene
h_(Stauainger, 1928). A polymer homologous series of
palynxyﬁeﬁhyiene diacetates can be achieved by gradusl
degradation with acetic anhydride. Such a series is
called polymer homologous bocause it c0mpfisﬁs chainé

of molsculss of uniform structure but of &ifferént size.
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Formulae of polyoxymethylene derivatives
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The size of such a macromolscule is expressed by the
| degroee of polymarisation, i.e., the number of units
‘which forms the molecule. | ‘
Another method of obtaining polymer homologous

series is the addition of methanol and sulphuric acid
to polyaxymethyiene.whieh'leads to tne'furmation of series
or~ehains of pnlynxymethyleneazmethyl others’ (Staudinger,'
19?5). There is a szmilarity between such & Synthetic
product and, for instanea, cellulose and, as s subatance
‘with similar thﬁieal and chemical properties of
callulose, @ series of pelyoxymethylege\has»beanvusea;ﬂ
The dégraaaticn of polyoxymethylene dgyeh&s on its
vsolﬁbilityg .Polynxfmeﬁhyieneﬁiayﬂrete for inétance’
possessea an OH ende-group 3:;& NaOH . can attack the mole-
.cule there, whereas the CHs end—group in pol;nxymethyl-
'eneaimethyi ethars prevents the breaking up of the
molecule and thus its solubility in an alkaline solvﬁnt
(Fig, 1). A ééa;l number of endugroups;veften less
tﬁan"lﬁ of the fotal mﬁléenle, may thug‘iﬁfiuénae.the
| chemical reaction of such & macromoleculs very markedly.

; Anoaher cumpmund whieh.has been useﬁ as a model far
typical colloidal suhstances, eSpeczally'hyﬂrocarbens |
such as rubber, is polyﬁtyrol. The palymsr homol@gous
series of palystyrcl reacts in many ways similarly to
isoprens which forms- the basic mnlecule of synthetic
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rubber and resembles it in its ability to form highly
viscous sclutions-anﬁ in its elastic properties
(Staudinger, Geiger and Huber, 1929;v 8taudinger and
Frost, 19&5; Staudinger, Brunner,'Frey, Garbsch, Signer
and Wehrli, 1929). The formule vapclyﬁtyral is given
in Pig. 2. |

Properties of macromolecules.

There are many physica»chemical properties which
distinguish high polymar substances from the low polvmer
form, Soms of the more importent are listed below,

(1) Owing to the ehain-rarming character of carbbn,
oxygen, and nitrogen, basic molecular structures consist
_mainly of these etoms. On the other hand small molecules

can be ¢omposed of practically any atoms,

{2) Naeromcleeules can possess different chemical
pr@pertles without changing their basic structure.
Ghémically speaking,‘thé mabrcraﬂieal doaes not change
bﬁt its énﬂsgrogp.may change. (This is‘éf great
importanee because macromolecules ars in Past the
skeleton of 1i§ing matter; it is the cellulose structure
which gives the cell of a plant its stability end poly~
pepfiaes which build up the wvarious cells of an animsl,

(3) The pH, solubility, polarity, permeabllitv, and

densxty of a eubsbance may change without necessarﬁly



: iﬁvolving a dhaﬂge in'£ts basie high'polymer strﬁcfure.
{4) A macromolecule allows an infinitgiy'graater
~ varietion in the composition of its atoms than does a
'sméliimnl@eulei It follows that substitutes cen more
sucéeaafully‘be‘linke&‘on to}# macromoleculs than on to
smpall molecules. - | |
| (5) The different physj.cel stages of high polymer
substances reaemble th0§e of protcplasm whereas low '
mﬁleeular forms do not. |

(6} Eaeroradicals nave physical praperties ranging.
" from & low visccsity»to & jellyblike formatian.,_ihere
cag‘be‘a grédual change from the cne rarmvtovthe cher,
In;proteplasm, the>sama'basie caﬂstellation of aminé
acids can be used to form such_diversa’mglecular‘
structures as blood proteins, or pfnteins\of horny,
elastic,'or ¢éﬁneeti&e tissuég _The living sﬁbstaqce
mekes use of this property.of‘high polymers occurring
'in aifferent forms and reacting in various ways without
changinglits baaialstrudtﬁrea Small molecular cempcuhds:
do not show %hesa intermediate stagas heﬁwean a liqpid
and a soli& phaae anﬂ cannot be used to form the matrix
of living matter. | | | : |

{7} Solutions of macfomolecules.are'célloiaal’
Twhereas small .molecular éompdﬂnas are not;' The colloidal

properties of a macromulecular ‘solution (e.g‘ its
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viscosity) can be used fo caleulate the molecular wéight;
smalllmolacules, not\@oasessing colloidal propsrties, |
| cannét be used for viscosimetry. | |

(83'?ha‘viﬁcnsity_cf macromolscular solutions
Gepends on the concentration aé well as on the shape of
'vtha molscule, fAfsolutian.cf glycogen, spherical'ih
shape, shows.avguch lower viscosity than 6he containing
the same am@unt:of céi;ulose dhrivatives, which sre
linear in shape; this again does not epply to small
molscular @ampaun&é, | B

‘(9) Ail mécramnleaﬁiar sélutions are polymolacular,
They‘are\mixﬁures of molecules of diff@r@nt Biﬁé but of
.uniform strﬁature,'wharaaﬁ in small molecular smlu#ion |
the molecules arevusually-uniform in size snd shape |

‘whether they appear in a solid, ligquid, or gaseous form.

Ihe use of macromolecules ip medicine _

| H igh.polymers*were first used ag calléiﬁal substances
in 1897 in order to in@fa&se-ﬁne coagulability of blood
after hasmorrhage. They used gelatin for their purposs,
end gelatin was used agaiﬁ extensively in the 1914-1918
war as a blood volume ezpandeﬁ @H@gﬁn; 1815} but,

vﬁiﬁﬂﬁ shack sometimes followed the infusion, the

ﬁse of-gelatin_preparahions‘was discontinued. Ig Spite .

veports .

-af many%againat gelatin preparations; the Extra Pharms~



copoeia (Martindaié,_lgﬁz) stiil 1listed gelatin as a
plood volume expander. Another property of gelatin,
namely its diuretic action, was applied in medieine.
Aftor the infusion of 10% gelatin solution into patients
smfrering‘from.ascités and nephrosis it was found that |
their condition improved tScatt\and Ryan, 1951).

Gelatin has also been used a8 part of the treatment for
undernourished patients (Koop, Riegel, Grigger and
Barneé, 1947} . _ _
| Palyvinyipyrrcliadne,,oxypolygelatin, and dextran
are other high polymer substances used with varying
suecess aﬁ'blaadvvnlnﬁa expanders., The most obviously.
un&aéirablé'affects of madtcmblecules injected as blood
voinm& expanders are: | | ‘ | |

(1) Incomplete breakdown of the high polymer substance.
' {2) Storage and tissue irritability
(3} Ailergic roactions (Kabat and Berg, 1953

Glynn, Helborow and Séhnson, 1954) .

' After injéctian of carbaxymethyicellulosa the growth
of benign glant cell‘tﬁmours was observed {Werthemann
end Vischer, 1951) and the Kupffer cells of the liver
- showed a foamy cytoplasm, while the'reticulum cells of
the spleen coantained aany vacuoles {Narat, Capella anﬁ'
Cangelosi, 1952). | |

High polymer compounds such as‘methylcelluloseyére



used in laxatives, c.g. "Tylose” end "Methocel® (Schultz,
1849). The mucilaglnous properties of these colloi&
&ubsiaﬁcés led to their'ﬁseiin cases of duodenal ulcer
(Brick, 1949; Hufford, 1951) and greater relief hes.
be;én reported than with the use of ;an.tac‘iéﬁ drugs as stated
in‘the Extra ?BErmﬁccpoeia (mﬁrtiﬁ&aie, 1952, 1988}, -
Tha stabilizmng or emulsifying actimn of high polymer
subﬂuances and their nse as aarriers of potant, quicks«
acting drugs, led to the. praduetian of sorbiten
‘darivatives. Examples of‘these are poly@thylane-glyaal;
- or pclyathylenawleammarcially known!as'?ﬁlysorbas\ér 1
Carbowax, - } o | |
Synthetibrﬂr‘semi-synﬁhetié haeromaleaalesfhave
héen introduced succeésfully as anticosgulants, Xylan-
'vaulphuric acid ester (Huaemann, Kaulla and Kapesser, |
1947), polyanhyﬁramannuronie acid (Seifter, Begeny, 1948)
as well as dextran sulphate (Ricketts, 1952, )1954~
Rickettﬁ and Walton, 1653) show a chemlcal conflgurataon
similar to the chondraitin~sulphuric aciﬁ estar, koown
as heparin, Heparin is very quickly eliminated by the
bodf, while the sulphuric acid sater of‘xyian may be
8tored in the Eeéy forf&s-longiéé 14 days CHOffmanng'
‘ Husemanﬁ, L3tterle, Wiedersheim ana‘ﬁerﬁlain, 1953);
| The degres of polymerisation of this ester is the factor

which‘infiuences its rate of excrotion from the body.



Experiments with xylan-sulphuric acid oster-35S showed
that the smnliér‘the molecule the greater the rate of
excretion of 358 in the urine {Husemann, Hoffmana,
Lﬂtﬁerla and Wiedersheim, 1952). It is interssting to
note that not.oﬁly xylan‘but also callulese substituted
with 503 shows anticoagulant propsrties, dbut the higher |
the degree of polymarisation of the produect the greater 
its ﬁcxieity {Wicdersheim, Hertlein, Busemenn and L8tterls,
'1953). L o

The ability of pign polymer substances to combine
‘with'tha active principles in therapentic.arugs and to.
allow their gradual release into the blood stream is of
toxicological énd,therapeutie'value‘{?sﬁersen and Ton-
nesen, 1950). For sxamples, the taxiaabin&ing properties
of polyvinylpyrrolidone led@ o its introduction into
~ tetanus therapy {Schubert, 1948) and it has been shoﬁn
thaﬁ tetanus toxin linked to starch and other polymers
of high molecular wéight doee not cause desth in'miee
injected with 10 times the lethal doss of the
unéambined toxin {(Hurmel, Hertlein anﬁ'zH11ner, 18553
Wiedershelm, unpublished}.

However, as experiﬁentally induced and humen tetanus
differ in charactér, 1t is not advisable to draw |
Qonalu&icﬂs from encouraging findinges in laboratory experi-

ments on animals. For meny years scientists have tried
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to repl&cé'bene by ¢alluloid, and aeuxﬁm-ana plastic
surgaons experimented in chis field with varying SucCCess,
Only after macromolecular chemistry aavance& sufflciently
{from 1940 onwaris) were-surgeons abla 0 make use of
stable, hard, and transParant mterials such @s'mﬁthyla_
acryiatea Méthylacrylate, unllke eslluleid, does not
‘show any shadow when used in X-ray photcgraphy.

' Another hish ‘polymer: substance is oxidized cal)ulose,
and its ﬁerlva%ives which are used in surgery. to combat.
. haemorrhages. I% should be noted that these substances
aéuld not be applied as permanent surfaceldressings
aihce they inhibit the formetion cf\epithelinm;
 polythens sprays usod asg plastic ﬂraséings show the same
éisaﬁvaatage; in the fisld of thoracic“eurg@ry‘polytheﬁe,
sphefea-have been used with success as thorax plombages.
As chemlsts have been dealing with macromolecules for
only é compa?ativély shorﬁ-time, it is surprising how
nany macramolecules and derivatives of macrcmolecules
are alreedy in use. |

Bioblasts, protomeres, or biophares belmeved by

biologists of the last century to be 1iving_unips,,wera
found %o Ee‘high palymer substances and meny of_their
yhysico»chemical properties &ave been eluéi&éteé, This

is very encouraging as the variation of compounds due
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20 ~ 2s00  2x10® Bicosapeptides



to isomerism is already chsiderable, even in the range
of mécromglecules with a low degres of polymerisatioﬁ;
In Tabies 1 aﬁa'2 thé possiblavisomers'of‘hyﬁrocarbéng |
anﬁ amino acids of relatively 1ow molecular waeight are .
given (Fieser and Fieser, 1956),

The number of possible combinations of living matter
having much higher mbleéu;ar weights than single hydro-
carbons or amino acids, are uniimited. For instance ih
a protein with a molecular weight of 120,000 eonsistihg
of zevdifferent‘amiab acids with about 1,000 amino acid
-vuniﬁs, the number of poésibie isomers is. approximately
101278 (Pedern, 1950). All the water molecules in 325 :
miliion cubic mileé, épgrgximaﬁely tha’vmlume of all

the oceans of the world, give a figure of 4 x 1046 only,



Starch chains

Fig.4 Basic unit and structure of branched high
polymers used to study their biological activity.
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—0 "
HO'H 1
dx, O"
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‘ ' J 10-H

i “i(r
» (2, 3,6-lri methylgl l,lcosc) / CH,

(2,3-dimethylglucose) : —0
N, HO-H [ }

Amylopectin and g thyeogen (K. H. Meyer)

m((‘um branch

Fig.5 Glycogen and Amylopectin molecules are similar,(Meyer

and Mark,1940;Manners,1957).The length of a unit chain of

amylopectin varies between 17 and 26 glucose units,depending

on the type of starch investigated.(Greenwood and Robertson,

1954 ;Brown,Halsall,Hirst and Jones,1948;Hassif and McCready,

19455.Amylose however,consits of linear units as shown in Fig.4,
{on average 150-200 glucose units per molecule).

Fig.6 Molecular structures

“for glycogen.l)"Tree"form
(Meyer) ; %Comb"form(Stau—

dinger) ;3)"Laminated"form

(Hawotth) .Linear chain re-

. presents 1:4 linked D-glucose

- residues, ———< represents

interchain linkage type,l:6

in form nos.l and 3.In form

t no.2 glucosidic llnkage of

type 1:2;1:3 and 1:6 is

postulated R represents free
reducing group.(Greenwood,1956).
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Fig.3

a) Basic unit and b) structure of
some linear macromolecules used

Cellulose

Methylcellulose

Mannan

Xylan

Cellulose-sulphuric
acid ester

Xylan—sulphuric
acid ester

Cellulose~glycolic:
acid ether



-Table 3

Palysacchari&e derivatives used to study their
- chemical structure and biological activity -

' Phwsiccnchemicai :

Substance properties
vmetnyleellulose‘ _ - Burface’ aettve,

 Mannan and Xylan

,Gellulose-glyeolic',w

acid ether

Xylan-sulphuric
acid ester
and '

cellulose-sulphurie .

- aeid ester

Glycag‘en '

@exﬁréu ,

\ :ﬁethylamqugectin
1cmyeth31amylése-

Oxyethyl Stafeh'f’
From Haize Starch

which is composed'o£ 

25% Amyloese and
75% Amylopecting

{Eerr, 1945; Eerr,

Cleveland and
Katzbeck, 1951).

homopolar,

vunbranched molecules.

Ko surface ac%ivity,
homopolar,
unbranched ‘molecules.

WEak‘heteropalar,

. unbranched molecules.

Stromg heteropolar,

unbranched molecules.

Homopolar, strongly

branched molecules.

Eomgpolar,
branched malecules.'

-Homopolar,

branched molecules.

Homoyolar,'
1ineaz.maleculeag

- Homeﬁélar 3
- branched molecules.
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' B. BRIEF SUMMARY OF SOME POLYSACCHARIDE DERIVATIVES:
THRIR CHEMICAL STRUGTURE AND BIOLOGICAL ACTIVITY

it is pbssible to correlate the chemical structurs
of some maeromalaaules with their blological activity.
As polysaccharides are much better understood than any
other high polymer substances the first macromolecules
to be investigatea were xXylan and cellulose (Husemann
et al.,, 1947; Wiedersheim et al., 1953). The effsct of
these substances on the whitaib§dod ¢ell count, on the
erythrocyte éeﬁimentation rate, on body temperature, on
- bloed pregsure, and dh'reapiration, anﬁ'tneir reabsorp-
tion in body tissnes were stuﬂiad. The substances were
used in ﬁiffarant degrees of polymerisation ana‘aie
1isted in Table 3. The‘atrucfures of the substences
listed in Table 3'are<givan in Figs. 3, 4, 5, and 6.
The stereochemical formula of 0E3 is given on pagel.
‘Thcge of methyl and oxyamylopectin are the same as that
of OES, but the hydrogen atoﬁ;at the CHz0H group is
‘raplacea by & methyl (GHg) ra&ieai and an ethylene oxide :
molscule {CHp-0-CH2) respectively.

Actlon on tha white bleod cell count

- The form of the molecule as well as its pmlarity
influenees the vhite blood cell count. ALl homapolar
=auhstances, whether of 10w or high &agres of pelymeri—



;13.

'sation, cause leucopenia whereas strongly heteropolar
substances evoke leucocytosis. Wesk heteropolar

- ¢ompounds 4o nol chﬂnge_the_nafmal wvhite cell count.

The polarity and léngth of»the molecules influence
the oaﬁimentatien rate. of red bl@od eells. Homnpolar
compounds of more than 1,500 & in 1ength increase the
erythrocyte sedimentation rate whereas strong heterepolar
" substénces inhibit it. 'ﬁéék‘hetéroyelér'compoun&s do l
'»hot alter the erythraéyte aedimantation rate,

The injection ar unbranched an& branched homapnlar
molecules raises the beﬂy temparature. Some hetero-
-polar substances are pynagenic-in»theirihigher degrocs
of polymerisation. ’ . ) '

Aet;gn on blood pressure and respiration

'Apart from eelluloge-sﬁlphuric'abid esSter of a high
degres of polyﬁerisatian none of the substances detailed
. above change'&ither the blﬁéﬁfpressure or the
respiration rate‘in‘animalsm The\reabsorgtionvcf
,sﬁbstaﬂces having such ehémieal structures isuﬁepenaent
on the degree of pol;marisation and suhstitution and nat
: on the degrea of ramification. .

As more and more aubstances of macromolaoular

haracter ara uaea in medicine, it becomes of interest
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"to search for eémpdunds wﬁiéh have as few undesirable
propertias as possible. CellulaSG,derivatiﬁes, for
axample, ars not matabaiized by boéy enzZymes, and Te-
peateu injnctiona of prat@ina erten caugs allergic
'reactlons¢ ﬁhe ideal aubstance should be nonntoxie;
nen-allergy»preﬂucing, aasily obtained, and cheap. A
water»solubla starah4der1vat1va,aaxy%tnyi.ﬁtarch, showed
'encouraging reau1ts and the bulk of .this thesis is
devoted to a deseription of its production, pharmacolog-

ical properties, and physiologicel sffects, .



Table & (Continued)

polymer substances.

Fraction Substance

N

20

11

12

5

BR-IEEE- BN B AV A R

Amylose -
Oxyethyl-
amylose ,
Amylopectin
Oxyethyl-
amylopectin
Methyl-

: nmyiopectin

Hethyl- ‘
cellulose

Hethyl-
cellulose

¥ethyl-~

 cellulose

Methyl-

cellulose
- Xylan~

sulphuric
acid ester

Xylan-

sulphuric
acid ester

ﬁagmén'

 Cellulose~

glycolic

: acid-ether

© Time of  Viscosity
degradation number 27

‘not degraded.

 4hmmg;

not &égraded‘
' not degraded

2 hours

‘degraded
. commercially

-,’S'haurs_

13 hours
48 hours
taken from

raw xylan
DF 150

‘taken from

degraded

xwlan'wiﬁh

a DP 50

taken from
bulbs of

tubera salep

taken from

ramie fibres

(Fractions of starch and

 0.1980

0.0425
-'650728'
0.093%
0.0210
0500
. 0.364
Q;165 ':
" 0.050
not degraded .
0.045

0.004

Dégrée’of'
polyme-

rigation

" fasa
© 470
 72@
935 .
- 200
500
60

165

100
12

800

- 800

. ¢ellulose derivatives;)

“Molecular
weight

. 1B6,450

795,@@0" .

' 1301300"l.

209!400.:

, 599006'

. B5,000

6645000
30,000

- 84500

" 33,600

2300

64,000

144,000



Table 4

Liss of‘@olyéacchéride ﬁeriﬁatives prepafe&‘ ’

aize s’arch degrade& hyﬂrolytically at 5896 in n-métbannlfncl.

‘Time of - Viscosity Molecular
. degradation number &y weight

0.1708 2880 460,100
15 " 0.0869 . 1440 233,280

- Degree of

Fraction  polymerisation .

0.0466 . 840 136,100

" 0.0202 330 . 53,460

e ot st B
O R OO0 OSIOWSH SO
n
*
\t
o
]

1 I
|t

et ﬂls?arc‘. using raw . starch and various fraetions of
- hydrolyticelly degraded maize starch.

Time of Viscosity

Degree of  Holecular
. degradation - number Z  polymerisation weight

i - 8 min., = 0.2022 . 2000 - 412,000
2 . . 2.5 brs.  0.0922 920 188,500
3 © 3 hours 0.0508 - 500 103,000
'4; 5 0.0472 - 490 96 , 800 .
6
7

Fraction

® 0.0305 300 61,800
" 0,069 1790 35,000
o 0.0096 100 20,000

ﬁoiecnlér

Degree of
weight

Viscosity ;
polymerisation

nnmber Z

Time of
degradation

- Fraction

£

15 ®

2.5 hrs.

7 hours

0.0460

. D.C869

0.0902
0,0190

460

B70
900
190

94,700

179,200

185,400
59,140
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C.. PAYSICAL PROPERTIES OF SUBSTANCES INVESTIGATED
AND A DESCRIPTION OF THE METHOD OF VISCOSIMETRY USED

A 1ist of ali the fractians of oxyethyl starch {OEs)
and of some other compounds is given in Table 4 and is.
fcllawed by & shgrt‘daseriptipn of‘tha.meaning‘mf;the
dirfersnt synbols used'tb‘expreés the visedsity and
chaiﬂwlengthrofbtha,mﬁleoulesw' A &escriptioﬁ‘of the
preparation of OES is given vn page 21 '» The preparation
of methylcellulose, mannan,'xyian-sﬁlpnnric acid ester,
cellnlosa~sulphurie aeid eater, and celluloaa-glynolic K
| acid ether was carried out in cenjuncticn with Hu%amann
et el. (1954), The viscosity of all these solutions was
measured withﬂestﬁal& visedsimeters of varying eapiilary
width, aaa.the'ﬁeg:ae:af polymerisation {DP) was

calculated according to Staudinger's equation:
pp = .§§,

..Zﬂ represents the viscosity ngmber.nf‘a giien‘sblutien

‘fsghulz and Blaschké, 194&)‘l'qra1 eﬁpraﬁéesithe relative

viscosity which is the ratio of the spesd developed by

Va given solution to~t§at developed by 1ts solvent paésing,

through the capillafy'af the viscosimeter. In other words,
mrel equals the viscosity of the solution (tl) maltiplisd

by its density {d1), divided by the viaeosity of the
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' golvent (t,), multiplisd by'its density (do).
Thus - Y rel = ﬁlgﬁzmﬁégﬂ»

?sp‘is the specific viscasity"i.et the incérease of the
intrinsic viscasity which occurs when a given substance

is ﬂissalveﬁ in a givﬁa solvantg

Thus | o n‘sp 'a Q?xﬁl - 1 (Sﬁgﬁéinger and

_ _ : suer, 1930)
 The ﬂancentration of the solution whase'ysp is to be
| estimated is given as ¢, The speeific viscosity { ysp)
depends on anaincreasés with the concentration {c) of
the sclution measured buty sp of linear molecules with
a higher degree of poiymeriSatian'doés\nct increase
| quita'prcpertiohally;with the a@ncentratian.(c). _

A method of calculating qu at infinlte dilution
can be applied, uaking a series of viscosxty msasurements
“ on solutians of the 3ubstance at dlfferent connantrations;

the v 8p values Qf the solutions are then extrapolated
graphiaally.: | B ' '

Thus, thev.vﬁ.s'cosity number 2y = clim Y sp where ¢ is
expressed in g/L. In the American literaturs one
frequsntly fin&s'thg unit y representing the intrinsic.
viscosity where o is expressed in g/ml., (Kraemer ana



' Substance
methylcenuiase -

'Mannan

Xylan sulphurzc | | .

acid ester

Cellulose sulphuric
acid ester

Cellulose glycolic :

acid ether

Amylop*e étifn |
Amylopection
Oxyethyl-
amylopectin
Amylose

HMaize starch

Oxyethyl-
gtarch

1om0™t
15x107%

3x10”"

‘Table 5.

List of Km values of substances used

Em value

12x10~%
e
| -o@asxm""

- -approx. -4

1x 10
0. 9:110«‘

4 ,

.63}(10

approx.
ix 10"’“ |

6.3x10°F

 Bolvent -

05 .ijacl’.

wooN 0

i L "

. _' Ghloitbform.; |

~ TPormanide

Formamide

(Staudinger,

. huthor |

(Schulz, 1938)
.. (Husemann,1940)

f . (Pfannemueller, -

- 1953)

' (Husemann et al.,

11946)

 (Husemsnn et al.,

9
(Lansky, Eooi

. and Schoch.

1949)

1950)

' (Pfannemueller,

949)

{Standinger and
Husemann 3.93‘7)

X
}
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Lansing, lQ&ﬁ)@; Thus: m sp = 2Zm x 1,000,
ﬁnj values vary'in propertion to the number of the chain~
forming atoms, |

The degree of viécosity of & colloidal sclution was
ana still is given‘in poise or cénfipoise units., These
rapresent abscliute values and their use ought to be
regserved to express the viscosity of pure liquids only,
88 absoiutefviseaaitias of e¢olloidal solutions vary with
concentration. More recently, the relative ﬁnita‘ef' 
7 rel and 7 8p and the derived Zm have been used to
estinate the viscosity of colloidal smlu%xons_an&@,in the
case of 1inaar'm01ecu1es; their degree af‘pclymerisatibni
. As the equatioh PP = ’gé} iﬁﬁicates, each visbasity
number is divided by a constant Km which varies according
to the Substance'measurea, Teble 5 gives the Km values,
,which are usually calculated by estlmating the DP
osmotically end viseosimatrically‘ ‘The Km of OES and
oxyethylamylopectin are not estimated but one ean safely
asgume that 4% will not dirffer mnch fram amyinpactin ag
the hetereganous starch conteins about BO% amglopectin
molecules, - ‘

'The”methdd of using a viscosimeter is simple. The
temparatura of the solution mesmsured must be conseant

an& this is best aehievnﬁ when the vismaaimeter is put



Ostwald Viscosimeter

Fig,7

Standard viscosimeter for measuring the degree
of polymerisation of linear polysaccharides

e - ST
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‘into o wabter-bath with thefmostatically‘ragulateﬁ _
‘temperature, UThe viscosimeter, especially its ecapillary,

must be kept stridgly ¢lean. This apgiies also to the

solution measured., The viscosimeter must be fixed in a

~ yerticel position when put into the water-bath andé enough

f£iuld should be placed into it to'ensﬁre that the upper
vessel can be £illed without emptying the U-tube below
the lower vessel when the solution is pumped from the

“latter to. the former, The capillary of the viscosimeter

ugsed to measure the various substances cught to be of

.such width, or the solutions to be meagured of such

| concentration, thet %y, which is the-time in vhich the

solution pssces from A to B, doss not excesd 5 minutes
anﬁ.t@, which is the time in which the sa1vant'passes
from & to B, is not more than 150 seconds and not less
than 70 seconds. Fig. 7 shows an Ostwald viscosimeter
used to estimate the’viebosity of. linear‘molecules or
molecules whieh.ghnw an inecreased viscosity with en
increase iﬁ length of their molecules. Their molscular
weight‘may be estimated according to the formula |
DP = %%% whereby 2m can be calculateé using the |
equation 1lim m sp = Zm7 'or by applying the formula of

_ C~» 0 ,
Schulz and Bleschke (1941), 2Zm =




sclutions, whésa,vigcasities are independent of their
degree of ga1ymari@ation end their structure, are not
linear bdut uanally'apnerical in shape, as for inﬁtapee‘
glycogen or many prbteins;i The‘viscosity af'sueh
solutions nannet'bavmeasureafiﬁ an Ostwald viscosimeoter,
and their P canﬁet be caleulatad'gecaraing to'St&udinger's
- formula (ﬁP‘ = %%Jnaince ﬁysp does‘nat'cnange with.a
change of the DP, Solutions of such nature usuaslly
fulfil Binstein's equation @%E. x & = 0.0025'ﬁnere
d is the density of the saiutian (Einstein, 1806, 1911;
Staudinger and Husemann, 1935). 7Polson {1956) however,
working on the aétarminaﬁion'of molecular weights of
verious proteins,found that JEB x 4 a1d not equal
0.,0025 but that this figure hds to be raised to 3.27
when the relationship is applied to dissolved protsins,
The estimation of the degreévof palym@risatibnjorjof the
molecular weight of substances which obey the Einstein
squation can %a’carrie& out in various wéys: osmotlcally,
with the ultracentrifuge, using the light scattering
method, or. by means of & specisl viscosimeter f.e. -
Ubbelhode's type or a modificstion of it (Davis and
Elliot, 19849).
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D. OXYRTHYLSTARCH AND ITS COMPARISON WITH
OTHER CELLULOSE DERIVATIVES

PREPARATION OF WATER-SOLUBLE STARCH

- Degradation of starch

_ e
Maize starch was used as a rEW‘mata:iél. 100g.
—of maize starch waé dégradeﬂ‘hy&rnlytically'witn 190m1;
Qf NuHGi in mﬁth&nbl:at:58ﬁﬁgl The fraction of degraded
_starch obtained depended on the duretion of hydrolysis.
- After the starén had heen‘neutralizéd by washing in
»; ﬂﬁstiiled wa%er“it was dried ax 389C. The degiea of
| polymariaation was measured with an Ostwald viscesimeter
‘and calculated accorﬂing to Stau&inger*r squation |
PP = %ﬁ% where DP is the degree of polymﬁris&tion, ZﬂL
is the viscosity number of tha substance measured, and
’KQ is a constent. The Km for starch, meesured in B
formamide, 38 0.63 x 10~% (Steudinger and Husemann, 1937).
"The longer thé starch is-&egraded'in tha‘ﬂﬁﬂclfmsthanol,'
the smaller becomes z7. ‘and hence also the DP and the
molecular,wsight. | ‘
In the present investigation S fractions of starch,
véegraaed for 8 min, . .5, 5, 7, and 9 hours were used.
- None of thess prcducts are waterasoluble, theyAare starch

moleculss with different degrees of polymerisation; i.6.
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with @ifferent molecular weights. Their degrees of
polymerisation, when measured viscosimetrically in forma-
‘fmiﬁe &s & solvent,'Wera in the range of 2,800 for the
highest polymer fraction (8 mi# aegfadéﬂJAan& 330 for

- tha lowest {9 hr degraded); their mgleculariweighﬁs wers
460,000 and 53,460 respectively (Table 4 above).
Productionmqi':x éthfstarcn_
nAchraing to Ziasé.(1955},-water-salnh1e derivatives

of starch can be obtained by treating the starch with -
ethylane qxi&é. In our iabbratcry 40g. of starch weré‘.;
made into alpésté_with’zsml.'of watér'anﬁ‘then'mixad‘with
800nl. of N-NeOH end kept for 4 hours, in an atmosphere
of nitrogen. This is of importance as it is known (Baum
‘aﬁa Gilbert, 1954) that amglbég contains oxyﬁenesenéitive
bonds and is rapidly broken‘ﬁbwn to smaller units (Whist-
‘ler and BeMiller, lgsé)i. This cannot,ha<saia-cf‘any -
ssarcn/ﬁaﬁﬂfgolaticn whén‘kegt at 00C or in an atmosphere
'df nitrqgén {Schoch, Wilson, and Hudson, 1942; Whistler
sndjﬁohnsan, 1948; Witnauer, Senti, and Stern, 1952).

- Nitrogen was bubbled through tha»sciution for 15 min,'.
which prevents the starch from ﬂegraﬁing.fﬁrther as
practically all the oxygen‘ia‘expalla&; 20g.of ethylenc
oxide {boiling point 10.409C) was then introduced in a |
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CHp~0-CHp-CH,OH

Unit of a starch and of an oxyethylstarch |

a) starch

Fig.8

e ——

e

molecule

b) oxyethylstarch



gaseous form inﬁo &h@ starch/ﬁb@ﬁ solution for 30 min,
in the first experimants at rnom,tamperatnre, and later
at +4 to +8°C, The product was neutralized with 2N-HC1
an& dialyzed:with diétilled water until no free c;* ions
' were'ﬁetectabla with Agh0s ., The'01~rrée solution was

concentrated under a stream cr warn aly, precipitated

. with acetone, dried at 38°C, and powdereé. The product

obtained was oxyethyistareh {OES}. The structurs of a’
glucose unit b&rore aad after the additian of ethylene
oxide is givan in Fig. 8, The degrees of auhstituticn of

-

OES can be cstimated, using the starch iodine reaction
ige;»blﬁe, in the case of unsubstituted starch, with
changes through violet and reddish-brown to yélloﬁ‘aa
the degres of substitution of the hasic unit with
ethyiane oxide 1ncraasaa. The dsgrea of polymerisation
was maasurea again, tnis time in 0.5 B-Nall. The values
"ware 2, s 00G, 920, 470 300, and 170, representing a 4'
molecular w&ight of 412,000, 188,500, 96,800, 61,809,
- agd Ss,cﬂo,raSPectivelyi Itmay be argued that ihe values
'#iScosimétrically ébt@ined‘aré not sufficiently accurate
o work“aut &8 gorrect degres af.polymerisatioﬁ or to
f_estimate the molecular weight of a given substance.
- Therefore comparative values of degrees‘of polymerisation

cbtained with the ultracentrifuge, the viscosimster, or
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, Gomparisan of values of the degrees of
polymerisation of methglcallnlose obtained

u81ﬂg viscoaimetry ultracentrlfuge
GHBG % in 'A'{; , Degree‘of pclymerisatinﬂv,f
methylcellulose - Ultracentrifuge = Viscosimeter
26 8 . %
22.8 | 136 135
31,7 200 0 200

"jTable 7

Comparative values obtazned o estxmate-
the length of cellulose nitrate molecules
uaing differant methods. _

L is the length. of the molecule inlﬂ unzts and
11 the molecular weight. ,

L roentgeno- Z.L~viécosimatric WA ygemotic

graphic. centrifuge
129 152 W0 6,200
o ose2 7% 538 30,000
1535 1486 . 1380 80,000

3868 3086 2846 119,000



,by‘rnsntgenegraphié methods are given in Tables 6 and 7
{Staudinger, 1950). From these figures it may be ssen
that the yiscgsimetric,matbod used to calauiatamtﬁe,

' degree of polymerisation of linear molecules is ressonably
acourato. Ubbelhode's visémsimetar'is suitable for -
messuring the molecular weight of sphericsl molecules,
while O8twmld's viscasimﬁter‘is,usaa for measuring the
¥1§near type. 'Aﬁ atargh,:aad thus,éﬁ&, is a mixture of
linadr émylesefand.braaeheé amgiapactin'{mayﬁr and =
Bernfeld, 1?&057 Neyer and Gibbons, 1950) it was
‘necessary to verify that ordinary viscosimetry could be
égpliea using Ostwald's viéccsimeter instead of Ubbel- )
hode's. | ,'_ | , -
The viscasi%y of starch alters with a8 change in the_'
sizarof 1tﬁ»mglecuieé, otherwise the equation DP = _%%%
would not be appligable and Qsﬁwalaﬁs’viscosimater‘wmuld
be 6f no use. On the other hand, the viscosity of
glyucgén; which is a strongly‘hraﬁaheé or spherical
ﬁolacule‘(mhﬁnera,,lgﬁv; Meysr, 1943}, 4065 not alter
when its DP ie measured viscosimetrically using Ostwala's
viscosimeter. Solutions of these molecules, of the same
concentration but of a different DP,'passess the same
,viseosity én& it is impossible to apply Staudingerts .

equation in these cases. Einstein's eguation



Table 8
Comparative values of the QPGCifie:#igéagity ( 7593
of cellulose, starch and glycogen in their
varying degrees of polymerisation

' , "7sp» of: _3759\ of: a '?sp of:
Degree of Cellulose - Starch

polymerisation Ka 5xi0-% Knm 0.63x10™  Glycosen
T om) ST -
V ’ 3’204’ ’ s 1".1 ’ - 3.04 .
100 137.0  17.3 1

5000 405 5L.0 1.4



{ZEQV.v 4 - 0L00285) snould be applied to prove that

- these molecules are spherical in shape ‘and thaf no -
ecnstent ratia_batween zn and DP can be determined.

 Unlike glycogen, cellulose and its &eriva%ives,passess
2 stridt linear shape and do not fulfil Einstein's @qﬁétion,
but their DP can be @stiméted by applying the Stvaudinger
fermul& (DP = ’%%J'as the visccﬁity of | @lutions of
these moleculss does change with a ehang@ in their gize.
It anpears then Lhat starch, as far as its mnlecﬁkw

shapa and iﬁs visecsimetric properties are concerned,
ranges betweeﬂ~the_1inear ¢ellulose and the spherical
glyﬁdgen, Comparative estimstions of the specific

~viscosity {7 sp) of‘ceilulose,‘starch,iana glycogen show
that cellulose end éﬁarﬁhfﬁe.noﬁ gi#@ a édnst&nt‘viscosity
number when measured in variaus degreaes of p@lymerﬁsatian.
On the other hand, . visocsity mea&urements of glycugen of
various degrees of palymerisation always show "the sone
values. As there is a\clea: increase in Z'Z vwhen the
degree of polymafisatiﬁn increases, the squation

DP EZ can be epplied for starch and callulose but
‘nat for glycogen. Table 8 shows comparative velues
bétwaén then sp of eellulose, starch, and glycogen

| which have the same DP, f(’Stauéing&r and Husemman, 1937},
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Production bf>rﬂdicactivé,035

Tae storege and eliminatian of OES was investigated
using OES labelled with 14C, Accordiﬁg tc"the Radio-
chemical Centre in.Amersham, Englend, the l4g ussed wﬁs"
{solated as starch }4C from tohacco'ieavas; The sturch
was producsed by photosynthesis 1n the presence of
145-00g for 10 - 12 hours., After the leaves had been
extracted with 66% ethanol, they'wareimaaeratéd in warm
‘water and ground up to release the starch. The solution
was diluted with 1naetive water-soluble stareh and the
polysaccharide was preeipitated as its iodine complex.
The lodine was removed from the iodine eomplex~with‘alkdli
before the starch was'finaily &riéd;' The specific -
activity was given as”saﬁc/mg@ Altogetﬁer 6mg. of starch-
_14c‘ﬁas mixed with 30g.of Gegraded starch (degradation
time, 8 min) by diéaclving the latter in the usuai way
and usihg'ﬁ«NaOH as the solvent. The Qowﬁare@.14c
preparation from tobacco leaves wasg then-added and the
140 distm.but;et‘i, the solution being carsfully and
thoroughly mixed with the help of nitrogen gas bubbling
through the amixture. ‘

As it wes not quite certain whether the small quanw
tity of 6mg. of 14¢ would be evenly atstributed in Sﬂg.of

non-radioactive starch, samples of the starch were taken



Table 2

Radiaactivity of OES- (BP 460) when measured
as starch/ﬁaﬁﬁ golutien in éialyzing tuhes

, Sémple' ’Weight of Time -Total -’G@p@m.3 Eap;ma _G,pam/g;
number - sample win. counts . . eorrec—- .
' in g» . IR o ted

9171 1836 1435 5446
6159 1232 = 1230 5622

1236 1236 1234 6620

. 1936 1936 . 1945 6746

0.2488 1593 = 1593 1597 6419

0.27%4 ~1970 1770 1777 . 6500

ng.counxer, BHu, No. 5154.EHT 1329 volt The background

Perspex plate and tray in poaition No. 1 'count'was :

End window, lead*caatle. . S 5 :
) _ o . 9 copomo ‘

0.2635
0.2188
0.1864
0.2883

Sur-
face
Hid-
dle

. Bot~
_tam

ﬁ‘P“E”d\w“{

| mabie'ia

. ﬁadioéctivity ef OES (DP 46@; when measure&
ag the final @owdered praancﬁ

Semple Weight of Time Tataix ’c.p;m; Cupeme Copon/g,
- pumber - sample nin. counts . eorpec~ -
' ' in g. o B ted
2027 . 1014 1010 3814
0.2488 1987 994 990 3979
0.2734 2212 1106 - 1103 4034
10.2759 @ 2 2177 1089 1086 3936

The background count was 9 Cupem.

 0.2648

R N
NN
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at different_stagegaaf fhe_proﬁucﬁian of GES—léc; The
e éemissidn of the first'samplea was measured after
the’é%arﬁh/ﬂacﬁ saiutibn wag believed to beladequatelY'
'-mixea énﬁ after it had been h@utralize&'with 2N-HC1
(Taﬁle.g}., ihe‘samplas_werg'takén-while the starch/
NeOH solution wes still in the dielyzing tube. Samples
-1 and 2 were taken from the surface, samples 3 and 4
from the middle, &nd samylcs 5 and 6 from the bottom lay-
er of the solutlan, Yhen the GES had been‘concentrabe&,
precipitatedi arie&,-hnﬁ-powﬂere& ag deseribed on page
22, 1t wes teﬂteﬁ again for itS'/3 -emission. This
time the samples were tékgn‘at randon from the cmntainﬁr;
. ground agein intaia Ver fin@'powaer, and the samﬁiinéQ'

| trays filled, The counting ﬂevica and method were the
same throughmut the exPeriments summarzsaa in Tablss- 10 -
15, The\baakground counts were earriad‘out‘ovar a
period of 20 minutes ar_longefa The wgignts_ara given a
~in grams. Table 10-gives the / -emission ﬁf the OES.
powdar. The dried OES showaﬁ less activity per gram
than the neutralized starch/ethylene oxide Solution.

- It had to be determined whetheor any 14C had escaped

from the dialyzing tube while the starch was being
dissolved in NaOH and neutralized with HCl, or whether

this decrease in radiocactivity was due to the



Radioactivity of the water in which the dialyzing

tubes were immersed and of the acetone used to

- precipitate the dissolved CIES :
Sample weight of Time %otal‘i G.p.m.' C.peme ﬁ;ﬁ.m/g,
number sample min. counts = correc- .
| img. oo - ted
2 15 57
3) 0.2691 10 10 0 - =
- 0.2629 4. 9 < =

5)jce.  ©0-0580. 15 360 24 15
-6§t°“e 0.2 5 188 37 8. '

0.2412
5O
2) ¢ - 0.2634

wﬁ oW W

The background count was O c.ﬁ;ﬁ; a8
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precipitation of the OES in acetone. Samples of water,
- in which the,dia1YZing tubes ware immersed, and of aeeteae
used to pracipitate the OESi3ware taken and the betaw
emission coﬁntea-inhtha same}way»as‘msntioned.abova‘
Samples 1. and 2 ware taken e.hours after the dialyzing |
tubes had bsen put into the water, samples 3 and 4 were
taken 14 hours later. Samples 5 and 6 were the acetone
washings used for precipitating the OES,(Table 11)
| The radicactive OES of a’aegree aflgolgmeris&tian
of 460 was 8issolved in 0.9% saline and injected into
'rabbits weighing 2.8 6'3.0kg.' The amount injected was :
10m1./kg@, the cénéentration of the 0ES, 3%. Seven
houré affer the injsction & rabbit was %illed with
Nembutal and the organs to be examined removed, minced,
washed in aceteﬁég‘ﬁrieﬁvovefanight at 559C, and then
powdered@ Blood taken from the vens caﬁa, urinevfrom
the bladder, and fascos from the colon, were also exam-
ined. The blood cells, dried serum, and fasces were
powdered end the céncentr&ted_urine was examinéd as a
thiék brown smear. Aliquots of the pulverized organs
were transferrad into special trays and their beta-
emission recorded., As the pulverized organs showed ¢ither
a coarSer”or a finer suffacelafter being ground up, and
sometimes an uneven surface when put onto the tray, it

was not ﬁurpriaing'that the values obtained varie& angd
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Radioactivity iﬁ‘various ofgans of a rabbit (2.8 kg) »."‘

- injected with 10 ml. 3% OES-14C(DP 460) solution

Sample  Weight of Time Total C.p.m.  C.p.m. Cop.me/g,
number sample ' . COrrec= o

1.

24

5:
e

4? .
B.
9

10.
1l.

13.
15,
18:

17.
18,

- 19.

;205
21
22,

234
245

Clotbed

blood .

3. Plasma
A, L

Féeceé
o

Urine
Tt

Lugg

Kignay

Puscle
"

ﬂiver,
. ”

.Spleen"
Acetone -

Filter-

paper
0BS
" .

0.4863

0.6620

- 0.5704
 0.6895

0.4898 .

0.5731

1.0638

0.3941

0.42%6

 0.3914

C.4410

0.3712

0.5886

0.4826 -
0.1238

-l

0.5200
0.4130

W N WD W

B ST S S

2

2

- min. counts

. 3337
50

22

on.

iy

13134

13013

 Background: 9 . c.p.m. .

21
118
o33
26

S0

19

a

1

667 -

13

15

10
11

11

12

6567

- 6507

coal

0.

. ted

-

, 65éi

t

¥

t

t

6921

6863

i

i

»

1 it

}

i

i

4

13320

116593
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were not absolute, Cauntévnf,hataoamissinn of Samples
slightly nearér to the‘enﬁewin&@w‘ﬁare higher then for
~ those previausiy measured and great’eare wag taken‘to
| ﬁave_as homogeneous a épreaﬁ and as é%eﬂly.gr@und'tissua
samples &s pm@sibleQ The‘crganS*wer@ washeﬂ_in acetone
and, to find ocut whéther apy lose in asctivity might be
caused by this process, the filter paper and scetone
wefe kept and their possible beta~emission measured. _
Finally samples of OES-14C of DP 460 were put onto e ﬁray
and countsd. The resaité of these en&swinﬁﬁw'caunts are
given in Table 12. | - |

It is obvious that & weak beta-ray activity cannot
bé measured aceur&tély-with an end-window counter zs the
self-gbsorption of beta-emitters is rather high. 4 smell
inaraaée,af the counts above the background eounts'ﬁoulﬂ
ig&ie&té"auma redioasctivity of the organs under investiga»
tion. Tﬁe fact thet only the urine, and none of the
organs investigated, showed any OES-+4¢ did not necessar-
ily mean that there was no radicactivity present. iﬁ the
organs. The experiment was therefore repeated, but a
4% instead of & 3% soiution of 088~14C was used and
30zl. instead of 10ml, injected. Seven hours later the
rabbit wes killed with Nembutal, the organs processed
as described above, and their radioactivity‘measure&;

Samples of urine end fasces were obtained by placing the

<



/' euTeR
FUNNEL
GLASS BULB
, ] BEAKER
\.J\TEST-TUBE

l

Foeces/Urine Sengrster

Fig.9



Radioactivity in various organs of a rabbit (3.0 kg)
injected with 30 ml. 4% OES-14C(DP 460) solution

number

Liver
"

- Kidney

Heart
n

+ Blood
"

Plgsm31

Muscle
ﬂ .
Lung
. i
Spleen
Uniﬁa
4]

o
o

Faeces
"

Urine samples _ Galk
L 1, 24 4 and ?‘hours‘respeet;velyi,

 sample  min. eccunts

in g.

0.3326

0.2465
0.272%

0.2072

. 002449

0.2963

. 0.3865
0.2479

0. 4435

0.2957

0.2543

0.3187
0.2576

- 0.0980
- 0.1620

0.4322

. 66
67
132

51
39

17
27

MR DR W DD WE DN Wi

24
210
3202 .
719
113
33

s
-

WOk W

' Background: 11 ¢.p.m.

143

52
5u

16

43
29

o

22

13
13

9
14 -

17
18

12

il

-8 o
12

19

1601
260 - -

- 57

i1

14
- 10 '

e

‘Sample  Weight of Time Total = C.p.m. C.p.m.
' - correc-~

ted = .

11
11
61

 59

~ao i

- 1603

350
46

[ ]

33
39
247

184

_

16
28

o3
(1718
508

3469

-

nos. 16, 17, 18 and 19 were taken. after
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 rabbit in & metebolic cage and using a'faeeeSwuring'
separator device. Such a device consists of a funnel
 placed under the animel's cage. The tip of the funnel is
above the §0p'0f'a glass bulb the lower part of which is
drawn into a ﬁarruﬁ;tail~end rastihg in‘a test tubs. Thé
glass_bulb'and test tube are placea in a bauker.t The
‘fmeces fall through the funnel end bounce off the top

. of the glass bulb, thus migsing the test tube, but are

collected in the beaker, The urine flows from the funnel
onto the surfacs of the glass buld, runs down 1ts sides,
and finally &ripé fron the lower tip of the tail-end

of the bulb into the test tuba. The- results of this

- experiment are givmn in Table 13, As'was expécted, the
liver and kidney showed. some activity, The fact thet the
_ lung tissue 414 not show any radiocactivity gave some

~ indication thet OBS-14C is not stored in the lung 5 = 104“
hours after injection in sufficient quantities to be
measured by the endfwindow method. A drawing of the
urinesraeées seParatcr is giﬁ@n~in Pig. 9,

A more sensitive counting device, gaﬁnvaeuum;wor
,saintillation method may show some activity in the lung:
but since thefendwwig@ow method gives good comparative
figures, it is clear that OIS is not atarea primarily in
‘the lung assuming that the ebsorpticn-curve for lung.
%iésﬁe is not wery different fpcm‘that of the liver.



Sample
number:

10

11

12

W OIS

Radioactivity of QESﬁ

DP o,
OBg-t4g

190
190

Acetona

washings

" Backgrounds

Table 15

¢ (DP 190, 870 and 9@0) When |

measured as the fiﬂal powdereﬁ product. -

Time

. MQOtal _ CePeme
‘mine. .

¢counts =

Weight cf
aample
in g.

) 09014
0.042

0.022
0.028
- 0.016

03@36 ;
| 0@025

0.058
0.040

4,246

64843 - 6,843
7,056 74056

9255

o L
UINE B BRI e
@+
L
plet
3¢

12‘e;§ami

8,965 4,452

Cepem.
COITQC~

ted

4,594
4,663
64804

74478

5. 10,000
9,893
8,962
8,617

5,697
5,314

12

25

.Cmpam./g,

315.857-'

588,583
162,000
if178)047

855,000
- 353,321

448,100 .

- 538,562

185,250
2121560

206
625



 'Tab1e 14

Radioactivzﬁy of OES— (DP’s 190, 870 and 900)
- when measured as stareh/ﬂaﬂﬁ solut;on ‘
in the dialyzing tubes :

Semple Weight of Time Totsl C.p.m. c.p.m; C.p.me/g,

- npumber sample min. counts . corret-
- in g. : o ted
1 c.0324 22,626 11,212 11,862 366,111
2. 0.0444 23,458 11,729 12,449 280,383
0.0453 26,036 13 018 13,908 307,020
0.075% 2 10,725 5,362 5,502 74,959
~ 0.0538 14,348 - 7,178 7,434 0 138,178

14,285 7,143 7,393 82,327
15,365 7,682 8,217 108,100
11,978 59939 B 6@305 _ 709071 _
- 12;354i '6_177_;<6.527 ;,93,24211'-

0.0898
0.0767
- 0.0902

A TR

Feos. 1, 2 and % are the tggc middle and bottem layers
respectively of NaOH/OES~-

Nos. 4, 5 and 6 the same layers but for a NaQH/OE$ A4 G
solution degraded for 2.5 hours; and . 1

Nos. 7, 8 and 9 the same layers but for a NaOH/OES—
golution degraded for 15 mnin. .

C

Background: 11 csp.m. '

solution degraded for 7 houré,,{; .















of cellulogsse-sulphuric acid esters 4id not cause any
fﬁrthar>a1taratien of the blocd pressurs even.up tovv
6csésvof €0nmp./kg. and higherﬂdoses'regularly causaed the
death of the¢ animals. Fig. 10 is a record of one such
experiment. Animsls which were given xylan-sulphuric acid
asters before injectian of cellulose-sulphuric acid.
esters did not die when injected with amounts up to
80mg./kg. of the latter. These animals sven tolerated

" 120-160mg./kz. Weak heteropolar cellulose-glycolic

acid sther showsd no toxicity. The branched molecules
of‘glycogen, oxyethylstarch, methyle and oxyamylopsctin,
'dextfan,‘ana palyvinyipyrraliacna had no effect on blood.

pressure and EQSpiratian vhen injectad slowly,

Absorption and highepolymer substances

‘A5 the substances tested varied in their polarity,
surface tension, and degree of polymerisation and sub-
stitution, it was expected thet differcnces in their
rate and degrse orvabsérption would be found.

All experiments were carried out on rats of 100~
120g. in waight. These animals were &nsosthetized with
ethsr and into the hind-paw of each animal 0.5ml. of
the solution under investig&tion wag injected sudbcutan-
eously in a concentration of 1%, Five animals were used

to test eacﬁ substance. One animal received 0.9% NaCl
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(0.5m1.) and the untreated hind-paw was taken &s the
control. The degree of swelling of the paWWﬁas\mﬁasure&
i, 4, 8, 24, and 48 hours after injeetidn.and showed the
rate of absarption of the substence. Maximum swelling
of the hind«paw, as cbserved immedietely after injection,
is in&icated in Fig. 11 at point M, Intermediate degrees
‘Of swelling wera estimated by the de@ree»of‘érinkling cf

. the skin on the injected paw and by comparing it with

the control paw. The wrinkling of the skxn increased
with the increasing absorption of the solution injected.
Figs. 11-15 show the rate of absorption of

‘the various substances tested and t&a curves of 0,95

RaCl absorption used as a control.

- It was of interest to investigate whother samgles
of OES of warious molecular weights would influence the
~activity of the glomeruli. Two experiments were set up
to test the renal funetion in dbgs and an infusion of
_ OES'(BP 2,000 and 300) was given; in both experiments
the animals received 200ml, of OES as a 2% and a 4%
golution respéetively. The animals Wérexanaesthetize&
with Nembutel (30mg./kg.) and creatinine elea:ance was
carried out with Suﬂt&iﬂeﬁ‘infuaioﬂ of 0.1 creatinins |
solution in 0.85% saline at a rate of 5m1‘xpar minute,
Samples of blood and urine were taken at 30 min. intervals

and ﬁhe creatinine clearance caleunlated with a Dubosg



- Effect of GES nn mbnkey kidney cells in tissue culture. o

gable-la |

QES DP 2300

_ Cone. of
OES8 in -
medium

2%

| - pyknotic. PH’ 7.4. e

1%

0.5%

control

0;25% * normal

‘normal

_ Besults .

Harked cytotoxie o

-e‘ffec't:. : 69115 :
detached from
glass and

“Some effect on
tissue cells as

above, but bulk

" of ecells normal
pﬁg 606: ’ )

Qccasional rounded
¢ells but bulk of_
cells normal

_ pH, 6.8.

0.5

control

OES DP*I?G

Conc. Of '
CES "in
medium -

2%

o

#%;. T

" 'glass.

Cells
¢ytoplasm, but

~ 8till adherent to
PH,“Gwla o

glasa.

Cells granular but

sheet intact and
attached tovthe
PH, 6.7+ -

Gells of normal
" appearance. ‘
pK, 608. '

pormal
normal
normal

‘Cell sheets vacuo-
' . lateﬁ » ”
- markedly granular

»



Table 16

DOB, 12 kg. '
Creatinine clearance with sustained infusion of
& 0.1% creatinine solution in O. 85% galiné.
Rate of infusion: 5 ml./min. from time gerc onwards.
Infusion of 200 ml. 2% QES(BP 2000) from.mxn. 240~285.

}Pér;ed, » ~ Clearance . DluTEBiS
in min. = in ml./min.. "in ml. /min
180~210 o - 135 o 0@47
140 o - 0.31
113 - 0.37
114 S 0;70-
115 f - 1.00
- 127 ' 0.66
1367 0.66

- Dog, 10.6 ke. '
Greatinine clearance with suetained infusion of
& 0.1% creatinine sclution in 0.85% saline.
Rate of infusion: 5 ml./min. from time zero onwardsg.
~ From min 285315 infusien of 200 m1.~ - QES{DP 300)

Poriod ' ' Clearance ' ~ Diuresis
in min. in mlﬁ/min. : in ml. /ﬁin.

0 min. start infusion &s in prevzous exyeriment. _

250-255 ' : 106 - 0.64
255—285 ) S : 103 : , . ‘Q &6
p of OES S o o

63 ST '1.00

38 . 1.33

58 1.40

80 - 1.60

3  1.60



colorimeter using the methed of Folin end Wu (1919},
Tables 18 and 19‘éhew‘the figurses for-the'ereatining
Vclsaranee and the diuresis in two dogs, one iﬁruse@ with
OE3 (DP 2,000), the other with QES {DP 300}, In bvoth
experiments the animals received 200 ml, of a 2% and of
e 4% solution. Alth@ugh the infusion with OES (DP 2, 000)
4id not change the elearance rate of crsatinine the
smaller molecule (OES DP 300) clearly caused a decrease

in the renal creatinine clearance,

Effect of OFS on monkey kidney cells in tissue culture

Cortical epithelial eells in primary culture were
used and the cells oultured in Hanks medium (Hanka,ii%%ﬁ}w
Lactalbumsn hyﬂrolyﬁate_ah& ca1f‘serwm in eoncentratiéné
of 0,5% and 5.0% fespggtively wére added, Two fractions
of OFES with DPs of 2;000 and 170 were used, Ehe'higher
polymer fraction was'diéselveﬁ-in & @ahcentratien'of'a%
in Hanks medium to which wes é&@eﬁ 0.5% lactalbumin to-
give & viscous solutibng Further dilutions of this were
made to strengths of 1%, 0.5%, and 0.25%, A 4% solution
@f'ﬁhs léwér—pmlymﬁf‘rracticn was preparaﬁ in the same
‘medium as ebove end diluted to 2%, 1%, 0.5%, and 0.25%.
The nutrient was then remoﬁed from the tissue cultures
aﬁd‘repiaesa by the OKES saluti@hs. The cultures and the

‘controls were examine@ 24 hr later (Tablers). It may be



Table 20

@he?infiﬁence‘of'OEs‘an&‘Hethylcellulcéé-an |

the oxygen uptake of liver homogenates

No. of Hedimm Qo
flasks - “(3.3 mi) V2

v73. --.'5_KZEbs :

L]

X

L LI

7

6
2 Krebs | lus B 7
QES 2%(DP 170) "?a
2

2

1

1

R

o Erebs plus '
- OBS 2%(DFP 2000)

¢ &
“s B

35  Krebs plus
methylcellulose
2%(DP 400)

HRWS 6N e
b= O '3?§=

.« o

e we

| time (min.) 15 30 45 60 90 120 180

ml 0,/mg dried orgen.

" Average

& O
6.9

'5;9'_

220



Effect of dextran on monkey kidney cells

" Come. of dextran
in medinm

%

1%
0.5%
0. 25%

in tissue culture

Bextran DP 380

Results

‘Some granular cytoplasm

but cells still adherent
tQ 51388. ?H’ 661@ ' .

'narmal., . pH, 6.4.

normal. C pHy 6.6.

’ fnomalo ‘ ) ﬁﬂg TG:;B.; )

As the commercial dextran contains 6% glucose,
this becams metabolized by the tissue cells. -
The pH increased with decreasing glucose
concentrations of the dextran. '



wBGe

noted that the greater viscosity of the higher polymer
fraction aémage& the tissue culturs considerably. The
same @xperixent'was then carried out, using dextran
solutions of different concentrations (Table 19). It is
possible that tne:markeavlawering of the pH of Hanks
medium when added to the tissue cultures was due to the
fact that the tissue cells metabolize tho OFS and, further,
that the high viscosity of the high polymer fraction ,‘
when added to the tissue culturs, damaged and killed the

HWarburg sxporiments -
- o P£ind out whether OES influences Op uptake in
tissua cells, two fractions with DPs of 2,000 and 170

were tested on liver homogenates. The values were com-
pared'with'thOSQl@btaineﬁ fram'exyerimeﬁts-with methyiw
coellulose of a DP of 400 (Table 20). I%.mas‘@learly

shown that the lower fractions of OES with e DP of 170

had no effect on tissua-reé@iratien‘whiievOES with a DP

of 2,000 ﬁiminishéﬂ the Ogrﬁﬁtake of liver cells. mbtbyi*
cellulose (DP 500) had the same effect as OES 2,000. In
aﬁditian, the oxyszen npt;ka of liver homogenates, when -

iﬁ contact with two otﬂer high-polymer compounds, was

measured; the values are given as percent of the normal



37

average oxygen uptake of controls. The average Qop taken
- from 8 controls iﬁ Krebs medium waé 7.5 ml. oxygen psr

0ng .« dried organ.'TXylan~snlphuric acid ester with a DP
of 1C0 decreased the é#ygen uptake of’the\xissue cells
by 255 and the eellﬁlaseaglyﬁolicvaeid‘ether with e DP
of 600 decraaaed ‘the oxyeen uptake by 10%. ‘The cellulose-
'sulphuric acid egter was not tested because, as already
stated, its toxicity is very high. It is avidentvuhat
'heterbpalarity decreases the oxygen upt&ke of liver
‘homogenates. Whethéf tne'viacasity‘of hambpolgr
solutions or thevshape*cf thé molecules is responsible

ffcr the decrease in oxygen upteke cannot be sald as yet.

In“orﬂer7ta £ina out which hﬁcteiia‘would grow on
0ES solutions exposed to the open air for 7 aayg, aligquots
of OFS (DP 2,000) and OFS (DP 170) were put onto tryp-
;sinizedVbaeraaga? plates. 0ES solutions with a DP of
2,000 énd of i?O-cohtaihea the following bacteria:
Alcaligenes Pseuﬁom@nas aeruginosa, Flavobacterium, A
sample of hydrolyzeﬂ starch (D? Sﬁoi.whiﬁh was acciﬁentally
left unaavered for 14 days showed heavy grawth of a
species of miecrococ.cus and yeasts. Sﬁaphylocaeeus
aureus inoculatsd to & solution of OESY(DP'B,®00~énﬁ‘1FO}
grew rapidly. “ . | | |
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ity after Yons term edministration of hish polymer.
Soms worke:a'tﬂoage,,maynarﬂ,'W11t, Blanchat; and
Hyatt, 1950; Werthemann et al., 1951; Narat et el.,

1952} have repartaﬁ thet ﬁstnyleallnlose, eérbéxym&thyl»
"_cellﬁloaé;.polyvinylpyrreiiﬁone; 6@Xtran,.anﬂ zylan-
sulphuric acid esters irritate various tissnesg‘;ciant
cell tumours, vaeupleé of reticulum cells, and foamy
eytoplasm of Rupffer ceils'wérelfound an&;xglan—aulgﬁuric__
acid ester and déxtran sulphate'resuited‘in baldness and
- diarfﬁee& {Hirsshbﬁeekg Ea&isan,.aﬁd Pisciﬁtta, 1954 |

 Tudhope, Cehen,'andlﬂéikia,-1958). Ricketts, Walton, van
~ Leuven, Birbeeki'Browﬁ, Keﬁneay, and Burt, hﬂwe?ar; did

not find any tcxic-efrécts after the administratién of .
.aextrén:sulphate;.'This‘may be sxplained by the smell -
~ dosage given (5,000 units) as ggaim 40,000 - 90,000
units given by Hirschboek st al. (1954) and‘Tndﬁoée‘e£ 
al. (1958). |

. It was expected that OES would show similsr results
" end long-term toxicity-éxpariments-were set up. rkébbiib,

- 2-3kg. in weight, were used; for 9 months they received
10 ml. of OES (DP 900) 3 times a week. No allergic
‘reacﬁiqas>ware‘ghéarved_ﬁuring that:pariod. JNb-m@créa :
photographs of the varioué 6rgans-of treated and céntro1f
- enimals can be shown as the slides wers iéat when given

‘to'themnepartment'of'Pamhoiﬁgy'fer comment on tne'aactions‘



According to the mambef-of-the’&apaftmasﬁ‘whé inspected
" the siides, no marked changes in liver, kidney, Spleen,
ﬂr,langa%ﬁré-absaerﬁ, but thers was alightlcangeﬁtian»_
of the lung tissue and vacuoles were founﬁ in the
_reticuium;eellswaf‘tha liver. As imjactions of‘pa1yu
gagehafiaas often cause quite unspocific changes in
tissues, such as congestion ond swelling (Hotzel, 1952),
OES 4id ﬁb@°éif£ar'aignif@caﬂtly,fram mﬁber polysaccharides
in this rospect. These unspecific resctions of tissue
after injection of polysaccharide have given rise to
mﬁch‘@mntrovarsyﬁ and publications eanﬁinue to eppear
both in favour of end egainst the statoment that high

- polymers cauce der&nit@~altératiaﬂs in tissues,

The same slight chenges as montionsd above were
observed in tissue slides teken from rabbits whiah re~"
ceived 10ml, of 6%‘&ext?&avintravﬁnausly twice weekly for
& weeks. Liver end spleen showed slight congéstion, but
lung snd kidney were unchanged es compared with the
controls, , .

Intraperitoneal injection of OFS into rats, 120-
160g.4in wolght, gave similsr results. The animals were
injected 3 times woekly with 4ml. of OES {DP 2,000 end
17¢) in éencan%ratiana of 2% and 4 vespoctively, Liver
anﬁ-apleen-ahawe& glight swolling and the lungs were
'.g'déferm@@ by multiple abscesses. micr@sempicélly the
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remaining functional lung tissue was omphysematous, The
seme, however, could be seen in somo of the control
rata which also shawe& abseesses in'thellunga‘ Ag the
changes in the dirforent tissues sexamined were not very
mariked, the. miercphotographa wers of no help in
establishing c¢learly the slight slterations in the tissues.
The lung tissues of a rﬁtviﬁjecteﬁ with OES and of av
control are shown in Fig, 16, | |

In order ég;%he possible effocts {(o.z2. of storagel
of different fractions of OES on enimal tiscues, 4
rabbits of 1.,8-2.2xg. were used.\.ﬁhree times & week, 2
rabbits received 10ml.of a ¥} solution of OES (DP 2,000)
and 2 rabbits the same dose and amount of OLS {DP 170).
Three weeks letor, all 4 rabbits wers killed 18 hours
after the last injection and the lungs, livars; gpleens,
and kidneys ware placed intﬁ\alcaholia‘piercfefmal snd
stainod with Periodle Acid Sehiff (P.£.5.) (Figs. 17-a0).
‘These miarophotcgraphs indlcete that OES of a high DP is
deposited more oxtensively in the liver, kidney, ond
spleen than OES with e low DP. 'The microphotographs of
lung tissuwe, however, do not show merked differences in
the storage of OES, DP 2,000 end 0ES, DP 170.. But

there 18 a marked diffsrence between these and the control.
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The influence of OES on body temperaturs
Several pclysaaeharidés of verious gegrees of poly-

merisation and pclarity.were'invastig&te& and 1% was found
that methylecellulose causeﬁ an incrnaae:iﬁ body temperature,
unlike suspensions of Sacteria which must be injected in
'higher and higher‘coneentrations'ta achieve tho same 4
effect {Bruns, Hahn, and Schild, 1950; Bennet and Boeson,
1953; Woold, 1958). Cn the aﬁher,hand, equal doses of
mathyiﬁellulosé may be injected for many wecks with a
resulting rise in temperature each time. This'faet was
made use of in testing antipyretié drugs (Enders, Hertlein,
. and Wiedersheim, 1953). Repeated investigations of the
antipyretic action of different drugs on the same animal
can thus only bs made with a pyrogen such as methylcellu~
lose, which causes the same rise in temperature with each.
injection and evokes no tachyphylactic response from the
animal. Figs., 21-33 show'the,cémﬁafisén,betwéenqreﬁeatea
doses of a pyrogenic $ub3tance.aaﬁ_mathyleellulosa.

OES (DP 20}, in various concantr&tiaﬁs, wes injected
into rabbits intravenously and the temperature teken
rectally. Thers was an»immsdiata rise of the body tem~
perature which lasted for 1-1} hours (Fig. 24).

In order to ascertain whether the rise in temperature
was caused by the linear amylose (DP 470) only or bthhe
more complex molecule of amylopectin {pP 935), these
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fractions wére injected separately and the effect on
temperature &eeoraea'(ﬂigs. 25-27). 1In both cases a rise )
in temperaturs was recorded.

- As the bdbranched molscules of amylopectin cause a
rise in body temﬁerature, it was expected that the spher-
ical molecules of glycogen would similarly influence the
body temperature. Figs. 28 and 29 show the sction of
glyéagéa and methylcellulose in raising the body tem-
perature. The control to these experiments is given in

Fig. 30.

The effect of OFS on the white blood ge:

It hes been reported that high polymer substances
when injected intravenously or intraperitoneally alter
‘the ratio of neutrophils to lymphocytes end cause a
leucopenia which is sometimes followed by & reactive
1ymphocytosia‘ The high polymers used were mainly water=
soluble cellulose derivatives (Bucher and Staub, 1940;
Staub and Bucher, 1943; Wiedersheim et al., 1953) or
polysaccharides from bacteria (Poel and Belkin, 1952).
In most of the experiments the intravenous injection
caused & leucopsnia with & relative increase in lympho-
cytes and & subsequent leucocytosis. Some workers state
that after intraperitoneal injection of 2 - 3 ml.of
bacterial polysacchearides, leucopenia can be observed

after 1 hour and lasts for 4 - 6 hours (Poel, 1951).



~43n

Autotranstusion of labelled white cells causes &
retention of leucocytes in the lung and a conséquent
decrease in the white c¢ells of the péripheral blood énd
this lasts for 4-5 hours (Weisﬁerger, Storaasli and
Hannsh, 1850), There are different views as to why
thése changes in the physialogical distribution of the
white cells take place: the mechanical retention of
white cells, usually the large one, dus to the partiel
blocking of thé:capillaries in the lung, 1s said to be
the reason for the leucopenia (Bucher et al., 1940;
Bierman, Kelly, King and Potrakis, 1951,) On the other
hanévsierman,»Kelly,-Petrakia,:coraes, Foater and
Lose [1951) and Weisberger, Cuyton,; Heinle and Storaasli
(1951) consider it to be due to the presence of histamine
or to some spacific activity of the lung.
| The rouleaux formstion of re& cells ané their
blocking of lung capillaries or the stimulation of the-
ACTH mechanism (Recant, Hume, Forsham and Thorn, 1950)
with its influence upon distribution and rolease of white
eells, are also cansidéred to cause the onset of leuco~
penia (Paludi, 1938; Dalton and Selye, 1939; Biernman,
Kelly, Cordes, Byron, Polhemus and Rappoport, 1952
Gatrilove, Volterra, Jacobs and Soffer, 1949). The size
and shaps of the high polymers has little, if any,

influence upon the retention of white cells in lung
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Table 21
HaartﬁLuﬁg preparations. Nembutal ansesthesia.

Total white cell count

in c.mm.

Dog 12.5 kg, , ‘ , ,
20 ml. 3% OES 1 2 3
DP 920 :

6700 4800 2200
Dog,9.8 kg. :
20 z:':l.!i: OES 1 2 3
Dp 170

9000 8800 4300
Dog, 6., 7 ke, .
20 ml,3 3 2 3
methylesllulose , '
DP 3860 G300 060 1800

The numbers l-3 represent:
. 1, white cell count
before the operastion

2, white cell count
with heart-liung preparation
warking

3, white coll count
after addition of
test sudstance to
hsart-lung preparation



capillaries (Wiedersheim, 1953) but the polerity of the
substances changes the number of white cells in the blood.
-The heart-lung preparation shoﬁs that high polymers added
to the blood csuse a leucopenie (Table 21) and this is

| an important faatar in explaining the mechanical retentiou
‘of white cells in the iung.

.The offect of OES on the white blood. cells was
demonstrated using high, medium, and low fractions with
degrees of polymerisation of 2,000, 920, 470, end 170
respectively. The animals ‘used. were. rahbits of no
special hreeﬂ.or sex. The concentration of OES injecte&
was luéﬁ for the high polymer fraction and 4% for the
medium and'iow fractions. It‘is known that the white
'bioé& ¢ell count of rabbits isvaffacte& very much by
embtibnalrstresé {Nice and Kaﬁz, 1836; Hueper, Landsbherg
and Eskridge, 1940) esnd considerable care was teken to
count accurately and the results were compared with those
qbtained'inﬂepéndently by another membsr of the staff.
The resuits showed close agreement (Fig, 51). The normal
white ¢ell counts of tne rabbits used in these experi-
mantﬁ wers comyared with those reported by other morkers
{Cheng, 1930, Caaey, Rosahn, Hu and Psarce, 1%36'
casey, 1940; Scoty, Richards and Loh, 1940; Sturgls
and Bethell, 1943; Wintrobs, 1956, Scarborough (1931)
found ?;QOo'white cells with 41.8% lymphocytes. These workers
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Fig. 35

The effect of injection of OES on the total white
cell count and on the percentage of lymphocytes.
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The effect of injection of OES on the total white
cell count and on the percentage of lymphocytes.
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consider that the variations in the count way be explaine&v
on a genetic basis. |

Spectorts Handbook of Biological Data (1956) gives
36 as the lymphocyte perceﬁtage in rabbits. These figures |
are at variance with those obtained by Faludi (1938) ,
and Bushnell and Bangs (1926) who found 50-60% andvsﬁ%'
respectively in rabdbbits, and are also at voriance with
thoss found by the azuthor whose results in the ¢xperinments
| under review vary between 44% and 707, with & mean of
’S?gvﬁ.‘ The tﬁtal white cell ecount, however, averaged
7,500 which is c¢lose to the figures of the other workers
mentioned. It 1s considered unlikely thet the genetical
variety of the rabbite used cen account for the variation
in normal blood cell wvalues, The.experimsnts by Paludl
were performed in Hungary and those by the auther in
Germeny and South_ﬁrrica. Figs.'32~55ibelqw inGicate the
effect of OES on the white blood cell count and Figs, 36
and 37 give the result of control experiments,
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Inveatigation into the action of cellulose derivatives,
gelatin and fibrinogen; showed that the ESR increased
with an increase in the molecular weight of the substance
injected (Thorsen end Hint, 1950; Ryttinger, Swedin and
Aberg, 1952; Wiedersheim et al., 1953). As the molecular
and chemical structure of the substances investigated
varicd considerably, it was dosirable to use weilaaefined
high—palgmer'campounﬂs to demonstrate their action on the
ESR. The following'substances were investipgated:

Methyleellulose, with a DP of 12, %0, 160, 360,
and 500,

‘Xylan, with a DP of 100.
Xylan~sulphuric acid aster, with a DP of 12 ana 100
and with a degree of substitutian (503} of 1% snd
18% respectively. :
Mannan, with a DP of 400,
Dextran, with & DP of 100 and 1,000,
Glycogen, with a DP of 200 ahﬁ 8,000,
MEthylamyiogeetin, with a DP of Elai
 Oxyethylstarch, with a DP of 170 and .2,000.

Rabbits welghing 2.5 - 3,5kg. were used, the blood
bolng taken from the ear vein 10, 50; &G, 120, 180, 240
and 300 minutes after the injection. The blood samples
(0.2ml.) wore collected in a paraffined dish and mixed
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with 0:08mi, nfiﬁ;aﬁ so&ium\oitrateg The citrata& blood
was sucked into micranipettes (Kowarski; 1931) and the
sedimentation rate measured: Only rabbits witn a nermal
ESR of 1-3mm:/hr. were used and this value taken ac the
base line. The remsding of the ESR values took plaée i,
25.63 and 24 hours after the withdrawal of ths blood
samples which, in turn, were taken 10, 30, 80, 120, 180,
240, and 360 min, after injection. -The 6~hour reading
was ylotted.in all the ocurves given and the ESR, after
injsction of 20mg./kg. of methyleellulose in various
degrees of polymerisation is shown in Fig. 38, ihe‘less
the degree of polymerisation, the 1@95 pranouneed'was the
sedimentation rate of the red blood cells. TFig. 39 shous
xylan and mannan, applied in the same way as methylcellulose,
and its influence on the ISR, corresponding to values
obtained with methylcellulose of a similar degres of ¢
polymerisation., The xylan-sulphuric acid ester, being
heteropolar, inhibited the normal ESR to such an extent
that, 24 hours after 1njecti@n, hardly any sedinentation
of the red bleod cells had oceurred. The poiarity of the
| xylan-gulphuric acid estervdepends on its degree of 203 -
substitution; variatioﬁs in this S03 content of the |
_molecule had very little influence on the ESR. Fig. 40
shows the ESR after insection af Xylan-sulphuric acid ester
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The sedimentation rate of red blood cells sither fell or
was not affected by injections of substances with |
branched molsculoes such as dextran, glycogen, or methyl-

amylopsetin, Dextran inhibited the ESR when the degree
of palymerisééion did not excesd 1,000 thereby confirming
the waék‘of Ryttinger et éi. {1952}, Thorsen and Hint
(1950), and Swedin (1936). These suthors found that
dextran with a degree of polymerisetion of 80O or more
inereased the ESR slightly. Figs. 41 and 42 show the
BSR of dextran, glycogen, and nmethyvlamylopectin. Oxy=-
ethylstarch, iﬂjecté& in the same dose of 20mg./kg. had
no effect on the ZSR or reduced 1t 8lightly, as shown
in Fig. 43. ’
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OBES AS A BLOOD VOLUME EXPANDER

The search for blood volume expenders increased
during the 1939-45 war and produced, amongst other high-
polymér compounds of practical importance, polyvinyl-
pyrrolidone (Hecht and W@esé; 1943), dextran {Grdnwall and
Ingelmann, 1943) and oxypolygelatin (Campbell, Koepfli,
Pauling, Abrahamsen, Dandlikér, Teigen, Lanni and Le
Rosén;xigsci. ‘Blood volume expanders should eventually -
be eliminated from the circulation or metabolized by body
tissues. Polyvinylpyrraiidane, although vsed successfully
during the second worlé war,'is‘not metabolized and only
spall smounts are exersted. I¢ remeins in the body
tissues where it may cause undesirable effscts such as
tissue irritation, growth of fibrous tissue, or even dan-
age to liver and kidney. Methylecellulose of a high degree
of pblymsrisationvkeepa the blocd prsséura of sxsanguine~
ated animals high encugh to prevent shock; it is never-

theless notvmétabolizeﬁ or eliminated from the body

~ tissues and therefore does not fulfil one of thae egsential .

requirenents of blood volume expanders. The preliminery

“investigation of 03 (Wiedersheim, 1956) chowed thet

most of these ceriteris are fulfilled, i.e. it is
chemically inert, non~toxic, non-asllergy forming, end
reedily excreted. The basic material (starch) is cheap
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and therefore the production of OES is less expsnsive
than that of dextran, The controlled stops in produecing
OES guarantes & molecule of fairly uniform size due to
the gradual hydrolysis end thers is, morsover, no
uncertain factor such as bacterial anetivity, as in the
praoparation of dextran with Leuconostoc mesenteroides.
In the experiments desceribsd cats were used to
demdnstrate the effect of 0ES es a blood volume expander,
The blocd pressure experiments were based on the fact
that cets, exsanguinated to a constant blood pressure of
35-45mm.He. would die eventuslly if the blood volume were
"not replenished. This was demonstrated on 8 cats
(Table 22), which died from 1-3 hours after thelr blood
pressuré was lowered to betwesn 35 and 70mm.Bp. None of
thesa cats showed any spontaneocus rise of the blood
pressure after the exsanguination to shock levels. Fig.
44 shows‘oné record of a cat's blood pressure in such an
experiment. For the purpose of restoring blood volume
OES of a degree of polymerisation of 500 was used. The
OES was dissolved in mammslien Ringer as a 4% solution
and infused at body tomperaturs into the femoral vein
of the animﬂl,ﬁwhich had been ansesthetized with
phenobarbitone 30mg./kg. The blood was withdrawn
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Fig.47

Arterial pressure in cat(3.2 kg). A - before exsanguination;
B - after exsanguination; C - 10 min.after infusion of 6%
dextran; D - 40 min.after infusion of 6% dextran.
At | the kymograph was stopped for 30 min.
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Fig.45 Arterial pressure in cat,(3.4 kg.). A - before
exsanguination; B - after exsanguination; C - 10 min.
after infusion of 4% OES; D - 40 min.after infusion of
4% OES; At the kymograph was stopped for 30 min.
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Artarial- pressure in mm. Hg.

Fig.46 Arterial pressure in cat,(2.8 kg.). A - before

exsanguination; B - after exsanguination; C - 30 min.after

infusion of 4% OES; D - 60 min.after infusion of 4% OES.
At } the kymograph was stopped for 30 min.



Bléad pressure recordings befors and after eﬁsanguinéﬁioﬁ‘and afﬁerhiﬁfusibna |

L ’ B.P. Bo»pé ) B.Pe B P 30" B.?o 60=- - BsPt 90 -
Experi~ Plasma before after 10 min. 40 min. 70 min.. 100 min.
mental volume  exsan=-  exsan~- after after after  after '
animals expan~  guin. guin. - dinfu~- ,-1nfu$ion. infusion  infusion

dez‘ (MQHSQ) (m«ﬁg') ( sion ) _ (M6Hgo) (M.Hg.) ‘ (m-ﬂgc )
mits gc ' . . _

jt

Dog 1 OHS 135 55 - 1 160 - 150 120
(DP 500) - T :
ditto - 180 60 170 170 . 150 . 130
ditto 165 60 - 175 1200 © 120 120
ditto 160 - 30 - 10 110 100 100
~ditto 170 60 130 - 120 120 s
caiste 135 0 30 - 8 - 20 120 16
ditto 130 3% 115 - 125 100 135 (1)
aitto 60 - 40 . 120 120 - 120 100
ditte 180 = 30 . 120 120 100 - 80
‘ditto 160 2 60 - 120 120 . 100 100
Dextran 150 30 110 0 10 00 9%
». 180 - 40 120 110 100 - (2)
e 130 50 . 110 .. 110 100 . 80
12 " 18 55 165 100 - 8 . 60

(l) Reinfased after 70 min,‘ .  ‘(2) Died after 80 min.
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from the femoral artery and the blood pressure brought
down to}betwéen 30 and S0mm.Hg. It was assumed that any
spontaneous rise of blood pressure would be seen within
10-20 minutes after bleeding. This being so, blood was
again withdrawn until the blood pressure of the animal

' did not rise any further, Perfusion was then started at

a rate of 10ml. per minute until the volume of blood
withdrawn had been replaced. Ten minutes after the
withdrawal of blood and infusion of OES, the arterial

blood pressure 4id not differ significantly from the blood
pressure before exsanguination (t = 28,13; 0,15 P> 0,05},
In svery cass the blood préssure fell within 14 bhours and
the mean blood pressure at the end of this pericd differed
significantly from the pressure before the withdrawal of
blood (t = 2.65; 0.05 P> 0,02} {Table 23; Figs. 45 -
47). Dextran, used in the same way as 0ES, showed similar
results. Fig. 47 shows a record of arterial blood pressurs
in a cat before and after dleeding and infusion with
dextran.

Four cats, exsanguinated by the method described above,
showed & blood pressure of aboﬁt 30mm.Hg,., indicating a
severe collapse of the circulatory system. As a result
of this it was not possible to infuse OES from a-botﬁle

suspended 30cm, above the cats, and therefore OES was



'injectéd at a higher pressure into the'collaﬁséd veinsv
until the blooﬁ pressure reached Sammaﬂg, With the same
exparimantal procedure the infuelan of dextran simllarly
- failed to maintajn the blood prassure in th@qe animals.
The fall in blood pressure after dextran lnrusicn was quite
' marked and indicated that dextran was not superior to OES
a8 & plasma volume expander. As it is known that glamsrob
~ ular caepillaries are damaged if'the.lahk of oxygen is
severe and prolonged enough {Campbell, 19% 6) it is not
surprising that even high mnlecular.sqbstances.paes_
through the plomeruli.. Patieﬁts.suffering from shock
excrete in the urine highmpolymer‘mnlecu;es\6f_m01€cular
weighgjabeut 5?,000»{Grﬁnwa11. Hint, Ingelmann, Wallenius
 and Wil&nder, 1952;(Ywa11gnius, 1954; Pappenheim, 1955)
and dextran mdieculgs éf molecular weight as high es
205,000 can pass from the ca§il1aries int9 tne iymph
(Grctte,'gnudson and Bollman, 1951i; It reméina to be
: seen‘ﬁhethef OES in its higher molecﬁlar‘frnetions shows
the same phenomenon and whether its hiological actions
‘make it a serious cdmpeﬁitoivﬁo dextran,

It shoddl however be realized that the uneritical
use of high-polymer substances in generai; inert as they
may appear to be chemically, can cause nndesxrable

alterations in the physiology of blood an& of body tissues.
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BACRETION OF OES

vTha use of OEstgs a possible plasma valums'expaaaef

made it desirable to Pind out more about‘the'duratian,gr
the blood plasmafOES concentration after infusion. As
the funds to buy tobaceo leaf-14C were limlted only a
few batches of GES—14C weré produced: therefore hydro-
‘41ytica1 iy degraded maize starch with high, madium, anﬁ
low degress of polymerisatian were chosen in orﬁer to
obtein 0ES»14G with & DP Of approximately 2 000, QGO,
and 300 respectlvely. : o ”
|  Then the first batch of OES-14C was prepared the |
-viscosity appeared to be much lower then expected. Com-
parétive viscdsityrmeasurementa1of the samples showed .
that the OES-14¢ prepared from various batches of deograded
starch ahewad a muchvlower‘degrae of polymeriéation.than
~ the non~radioaat1va batches of OES prepared from the
same maize starah. For instance, maize gtarch degraaed
for 8 minutes gave‘a.zy valua‘af 0.,2704 and the OES
prepared froﬁféhis gave a Zy of 0.2020, but the GES~14¢
prepared from ths same batcn had & 27; af 0.0460, It is
1ikely that this ﬁ1fference in viseasity numbsr was
caused by the length of time taken to produce theYGES~146
and, perhapé, by the accidental presence of oxygen as

polysacchorides in.alkaliﬁe solutions underge very

-
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gsasily suto-oxidative degradation (Staudingér and Jur-
isch, 1938; leyer, 1943). 'This epplies to & lesser
extend alsa\ﬁo starch fraction numbsr 4 (ses Table 4),
which was degraded f@r K hﬁurs.'.ﬂthar‘fractians were
-braﬁueaﬁ.from;staréh ffﬁatibn'n&mbers avandvz aﬁd,tre&te&

in the complete absence of oxygen and at‘law‘temgaraﬁurae

. of +4 to +89C, Tho 08S-14C produced showed much less

- degradation when its DP was maasuraﬁlcompéred with that
of the raw material which shovs very little auto-oxidetive
tendency (see Table 4). o ,

The 0ES-14C was tested on 5 doga to £ind the dis-
appearance curve of 14C in the plesma which would indicate
the rate.of exeretion of OFS, which éepeﬁ&s on its mcle*_
 »eu1ar waight, ‘The animals were anzesthetized with
nembutél and in the first experimeﬁtvlémla of 0ES with
~a DP of 460 in 3% 501ut16n was injected inﬁraveneuéiy.
Blood samoles were taken frcm the femoral artery; starting
1 minute aftor injection and continuing at regular
intervals far various periods. The 5ml, blood samples
~ were centrifuged and the plasma kopt in a refrigerator.
| -TWG days aftsr the experim&nt was cempleted the heta-rav
‘enmission of the plasma was measureﬁ. As the plasma
sample dried on an aluminium tray, its surfece was found
to warp and ta break up.  In orﬁer %0 prevent thia,
filter paper was fiprst placed on the tray end, either



Pable 26

Dogs 8.5 kge ' ’ ' A
S ~ray emission of plasma after injection of 20 ml. OES— % 3% (0P 460)

Timo blood - : - N
Sample  taken in w@:ggtlgf Tine Toﬁal © Cepelts - Cupeme - Copemte/g . .
number min. after ;o o-°  min. oounts © gorrece e
| injection & o T ted

334 119 97 .. 3,233
1316 119 9 3,031
8% 79 572 1,357
598 - 87 45 1,153
597 63 st 5,100
520 7 48 1,230
i 8 73 2,281
- 333 66 - 44 14333
488 ‘ ' )

358 59 - 37 x,541
292 58 36" - 1,386
2% - 5 32 1,280
1165 45 2% - 884
172 34 12 500
1 - % 14 éos
1119 . 33 11 498
161 32 . 10 - 4le
188 52 16 434
124 - 3 -9 310
161 32 10 6
- 150 - 30 8 - 363
215 2 7 305

0.030 '
0.032 i
0.042
0.039
0,010
0.039
0.032
- 0.033
0.024
. 0.026
0.025
0.026
g ) 0-@2&
0.025
0.023%
0.024
0.023
0,029
} 90024 .
_ 22 120 . 0.023

‘Bgckgronna,ceunts 22 ¢ .p.m. |
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Dog 9 G k &
/z»}ay emission of plasma after injeation of 10 m1.~OES 3% (DP 469)

- Time blood | s L

Sample  taken in aegggﬁlgf_ Pime Total - C.p.m. -C.pam;v-‘ @.pima/g,

number min. after - 00 min. counts = correc- o
injection g . ted

1 . 0.068
-5 0139
7 0.071
10 . 0.240
20 0.136
60 0.146
9% .07
120 . 0.068
180 0.072
260 . - 0.149

Background count: 24 c.p.m..‘

298 - 56 32 470
3% . 4 o338
67 3% 127
166 - 33 . 64
151 30 o ab

16 29 34
135 . 27
o 27 »
129 26 0 = e
w2 s - -

PN W WO N

¢
t

.3 IR VR UV

fut
-0
BECRU VRV RV EURUEC VRN

0.3 ml. plasma, glueose filter paper metho& - used in.all experiments |
, ~ including Table 30.
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Dogs 9.0 kg. . |
7 -ray emission of urine after 1n§sction of 10 ml. 0ES-T ¢ 2% (DP’#GO)

. 'ﬁigg‘urina . :
Sanple - taken in w® ght of
number -min. after sample giﬁe -Total

Go:ps\ma Oopcmo Gipcmh/ga
injeetion = in g. |

counts D correc-

L ' - ted o
311 . 62 38 19,000
324 65 . AL 20,500
2596 519 495 35,357

1862 312 288 - 36,000

1707 343 319 19,937

© . 1426 285 - 261 13,050

1961 392 - 368 9,436
1657 331 . 307 6,674
2463 483 - 461 20,043

15 _ 0.002
30 . 0.002
90 0.008
120 .. 0.016

150 0.020
180 - 0.039
240 0,046

300 . o 023

R R I N O
[ERVECEVEV RURC RN

‘Backgraﬁh&'deuntz aé'c.p;m@-



treatéﬂ with a-iﬁﬁ‘glucose solution, or glued onto the
tray with an adhgsive dissolved in acetone., It is
egsential that warping of filter paper and plasmz be
prevented sinds the disﬁance £rom the end-~window of the
coutiter must be coﬁstanﬁ for &ll the samples counted,
it %as found thet a sample at 2.Cem. from the end-window
gave 8,039 counts perrminute (e.pems); the same ﬁaﬁple
placed 1;0cm;,néarer'to the end-window gave 10,562 CoDefMuy
a Gifference of 2,543 counts per minute, ‘

The first ekperiment‘was carried ont on‘a female
dog of 9kg, body weight, 10ml, OES of DP 460 in 3%
solution was injected intravenously and the /° -ray.
¢mission of the ﬁlasma.Was counted {Table 24}, It showed
low activity. VUrine, cbliééﬁéﬁ with a catheter, showed
a very high activity of /® -ray emission (Table 25).

' As the activitywof‘the plasma obtained in Teble 24
was low the amount of OES injected was incereased in all
follcwing experiméhts aﬁd aiiﬁﬁots of 0.,3mi. of plasma
were put onto each tray. A male dog of G.5kg. body weight
was injected with 20ml,. of & 5% solution of OES; the
results, given in Table 26, showed a higher,activity;
This dog died of air embolism due to & leak in the
infusion pump, Urine samples from the same anhimal taken
55, 80, and 120 minutes after the injection of 0ES-1%C
sndwed a strong activity at first but this decreased



- - Table 27
» =ray emission of urine after injection of 20 ml. 3% OBS-""C (DP 460)* -
time urdne . s.a ~g 4 o o S |
Sample  taken in ,méﬁtlgf Time Total ~ C.p.ms €C.peme Copim./g,
number min. after o0 min., counts eorree~- - . -
injection - L | .  ted ‘
35 . 0.015 4 6912 1728 1742 11,631
2 8o 0,018 1 973 - 973 960 . 6,857
' 120 0001 2 2067 533 513 44663

Background count: 22 c.pe.m.



Table 28

/6sray emission of plaama after injectioﬁ of 20 ml. 3% QE$ (BP 900) .

_ Tme bleaﬁ S S L
Sample - taken in Weight of Time fTotal  C.p.aa. Copem. C.pen./g,
number min. after sample . min. counts S correc= |

injection in g. S | , ted

97 - 181 157 9,812
708 156 132 . 7,764
7i1 - 142 - 0 118 | 6,555
576 - 11% - 91 . 5,055
536 17 83 4,611
449 - 90 66 24066
396 - 79 55 . 3y235

381 68 . 44 .. 2,044
251 - 50 26 . 1,444
ala 43 19 1,055
573 - %2 . 28 1,473
223 4% - 2k 1,166

37?7 3% 1l o 550
80 - 65 41 2,157

1 0.018
2 0.017
- - 0.018
5 0.018
7 0.018

15 0.017
20 © 0.018
30  0.018

10 35 o0.018
i1 - 80 0.018
12 30 0.019
13 120 0.018
14 180 . 0.020
15 240 - 0,019

Background count: 24 ¢.p.m.
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later on (Table 27). |

| This experiment was repeated with a higher molecular
rraction {DF 900) and blood plasma samples were taken
and counted in the sams way as ‘beforse., The resultin
this experiment Giffered very little from the rasults
in Table aﬁ‘in whiéh an,OES with a DF of 460 was used.
The'highar G.U.M./g. was caused by tho greater aetiﬁity
| of the labelled OIS bui the rate of excretion @as-ap@?@x@
imately the same.: In this,expariment‘aéml; of & %%
solution of 0:5ﬁ14c with a DP of 900 injected intra#enousw
1y into a male dog of 7.:5kg., 'and the results ars shown
in Table 28. The decrease of plasma 14C activity in both
cases {Tebles 26 and 28) showed that the difrérenaexin
molecular size did not aﬁprecia%ly influence the rate of
excretion or ﬁhe‘depasition of 0BS., This may, however,
not be the cese vhen OES-14C with a DP of 2,000 is

used in future experiments.

Experiments in neohrectomised dogs

In order to»investigate whather the decreaSing
sctivity of 14C in plasma is é&useﬂ‘by excretioﬁ or by
the storage of OES in verious tissuvu. 35ml. of & 3%
’aolution of OES {DP 460) was injocted {ntravenously into
a acg which had been bilaterally nephrectomised. As

before, blood samplas teken from the fomoral artery were






- 19 45 - 0.0323

28 165 . 0.0341

Nephractamized dog, 9:9 kg. | s -
‘/ssray emission of plasma after injection of 100 ml. 3% 0BS~""C (DP 900)

. Pime blood “ : - ﬁ
Sample  taken in Weight of Time Total Cipeme . Copems Copemde/g
Ty , sample \ et : .
number nin. after - [ min. counts - correc- ‘ o

injection & 1 . ted |

0.0358 5346 - 536 521 14,4792
0.0335 2837 567 - 553 16,757
0.0345 2028 | 507 591 14,44)
0.0344 1004 502 - 586 14,294
0.0347 - 558 558 536 - 15,314
10,0143 2247 ‘32l - 305 . 21,786
0.0392 2059 -412 © 396 . 10,153
0.0525 2415 483 467 - 8,980
- 0.0321 4051 306 . 490 15,312
: 0.0367 552 . 552 536 14,604
11 10  0.,0344 1004 ¢ 502 486 14,294
12 10 0,0355 - 1675 558 536 . 15,314
130 15 . 0.0480 . 972 486 470 - 10,247
w15 0.0337 ' 885 443 a27 0 12 1558
15 . 20 | 0.0352 . 1354 : 535 12,428
16 20 0.0362 1886 4472 886 - 12,667
17 30 0.0344 851 - 426. 410 12,058
18 30  0.03%90 2608 401 @ 385 9,871
428 428 - B2 12,875
43% 431 415 11,216
706 . 35% . 337 10,212
852 426 810 12,424
- 742 371 335 a, 1255
1464 366 350 = 9,459
731 366 350 9,210 -
794 . 397 381 13,137
1271 319 303 - 10,100
23 283 237 6,97

B0 W e -

O (O~T WA 4204 0 b
~T ISV G PO b

20 45  0.0371
21 60 0.0334
22 60 0.0%34
23 - 90 00434
24 90 - 0.0367
a5 120 | C.0380
26 1200 . 0.0292
.27 - 165 - 0.0299

29  Urine 165 = 0.0491
30 Bile 165  0.1330

Background countt 16 ¢.p.m.
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Nephreetomize& dog, 9 6 kg. Nembutal anaesthesia. l@

/7~ray emissian of plasma after injectzon of 35 ml.’ Bﬁ OEm ¢ (oP 460)

4 Time blood T R

Sample taken in ﬁé;gtlgf TimG Total  C.pemis  Coepelme Cepstae /g ,

sumber min. affer  $97P°  min. counts - correce »
injection “5°1 S ted

1641 273 2u9 5,187
1982 220 196 - #4558
2671 203 181 3,934
1334 190 166 3,531
858 172 148 3,148
1277 159 135 - 2,934
660 165 141 - 2,136
613 123 99 - 2,152
. 351 -0 86 - 1,829
400 - 100 76 1,617
716 102 78 1,659
643 92 68 1,511
506 el 37 787
42 71 - a7 1,021
255 63 39 1,258
284 57 33 1,064

1 0.048-
2 0,043
5 . © D.046
8 0,047
10 0.047
15 ' 0 3 046
20 0.066
30 0.046
A5 0.047
60 0.047
90 0.047
130 - Q.04%7
260 © 0.046
360 . 0.031
420 : O 203 ) 1

o

bt b e et et o
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»Backgrounﬁ.eounﬁs 24 c.p.m.
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,cehtrifuge& and the plasma measured. Table 29 shows that
the radioamctive OES disappeared from the blood stream at
almost the same rate as in the previous experiments
{Tables 24, 26 and 28). | .

In a subsequent experiment 100ml. of OES-34C with
e DP of 900 was injected intravenously into a nephrectom-
ized dog of body weight 9.9kg. { Table 502~ For this
experimenﬁ ar Ericsson scaling unit_(Type'lazlc, Cat.No. -
_12216,_Sérial No. L59) was used together with a lsaé
castlo end-window, as before. - In this experiment the
plasma aetivity decraased 1655“@arkedly than in the
experiment shown in Table 29,

To check‘thé'reliability of the Geigerwmﬂller'%ube
and cr'tha«scaling unit, a plateau count was taken ;nﬁ
;tha /i-emisSiQns between the range of the starting -
voltage {1330V.) and the counting voltege {1@20?.)“%@:@
measured. Fig. 48 shows thé graph of such e plateau
count, which is well within the limits allowed for

experim&ht&l erTor,
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DISTRIBUTION OF OES IN THE BODY -

The distribution of 0ES-14C in various orgens of
va nﬂghreetcmizeé dog was investigated, the organs being
‘excised end prepared for end-window counts. As the
aamples of the varicus powdered organs ¢ould not be
comparably spread on the sempling tray {for example, the
pulverized liver was much finer than the pulverized lung
tissue); the maethod adopted for.egtimatihg‘radiaa@tivity
in pleema and in urine had to be rejected as unsuitabls
for solid organs and another method had to be found.
The organs under investigatian were digested with

Bﬂaﬂaaﬁ, which seemed to be an adequate method of
achioving a uniform solution and a smooth surface‘ The
dissolved tissue, however, being strongly aikaline,
caused a2 chemical reaction betwsen the NaOH end the
' alﬁminium.tray, pesulting in e slow but steafy rise of
foamy matter; there was a graduel incresse /% -ray
emission of the sample and a danger of'cantaminétion-af
the mica,end;winﬂow. This meth@d'haﬁ, thersfore, tg be
abandoned. v : |

. An a%tempt'waq then made to neﬁtralize:the NaCH tise
sue solution but this caused preei@itatian of organie
matter previously dissgolved, resulting in an. uneven

surface when dry. The trays were coated with paraffin?



ﬂephrectemize& dog, 9.9 kg :
~-ray enmission of various tissues after
1naection of 100 ml. 3% OES- 14¢ (DP.900)

Organ ﬁeight cf, Time Total' C.pem. qu.m. c.p.m@/g,j'
: sample min. counts gorrec- -
in g. : o . ted

138 28
146 29

2 - 25
136 27

97
129 26
230 25
201 2%

130 26
109 - 27

192 2
7% 25
360 - 27
300 27

Lymph  0.2700
T 03694
Spleen  0.3716

" 0.3670

- Ridney = 0.3262
" . 0.3620

" Liver 0.3688
" - 0.4056
- phragm O.ﬁl&l -
.Fat 0.3398
e 0.3582

Iong . 0.3407 1
e © 0.3681

o
N W

o\
- ot s
AN VOO

w o _
WA NI BV N0 R W
BE UM SW WL W &N
R VI O~ v s

Ericsson Scaling Unit, Serial No. I 62.
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Wax, but this covering gave insuffricicnt pratectzau. _
Carnauba wax wAS then tried and gave & vory firm coating
. but showed 1ittle imnrcvement on baraffinnwax., Synthetﬁc
rubhar proved to be similarly useless. Finally, tria&s
with sprays of Nobecubtane, & plestic &rasaiag f@r
surgicul use, gevYS satisfactcry rogults as diﬁ Perﬁgex .
‘éiarelvad in chlerafarm into which the trays wera ﬂippaﬁ.
'gg?hctographs of travs under varicus can&itions ara givnn
in Fig. 49, |

Te orgens whose /Qnraf enisslons wore estimated,
wore &ria& for 24 haurs at 589C and small porticns were
woighed and d:ssolv@ﬁ in- 2ﬁ~ﬁaﬁﬁ. The finsl coneentra~
tion for all organs was 13./4m1; of 2N-KaoB (255 solution)
of which G.Oml. was put‘cnta‘the'piastic ¢nated troy end
’ -&rie&. waighiﬁg of samples anﬁ_agating of treys wers
garriéd out ag preoviously a@scriheé, Table 31vshowé»tha
S -ray emiosion of the excised organs. From this teble
it is clear that the activity of OES-14C wag not strong
encugh 1n the different organs to show cleer résul%s |
when counted. This was Que either to the self-absorption
of 1%C in the samﬁlea, or to ths smail-gwaﬂtities of
14C injected. It was not possible at that time to
obtain a 14¢C source with a higher,apoeifié aetiviﬁg and
attempts wers made to obtein results b*'imjecting '

_greatar volumes and higher cancantraticns af 02311%0.



/& -y emisazon of variaus tissues prepare& for o
autoradio@aphy after injection of OBS~ ’40, 3,%.
. ( DP 190, 460 and 90@). |

gat  Weignt = 3% oBs-1% tojected  Survival ‘time
No. ing. - pp. m.l i after injegtion
w30 55 lmew
270 1% o '7}.’0 6 houré.."f' ,
320 190 - 8.0 . 1day
w5 1% 0.0 - 3days
350 ‘ 560 R j;m;o: 3 _"J. hour
280 460 . 7.5 6 hours
265 460 - 6.0  1day
260 460 6.5 - 3 days
50 900  10.0 1 hour
260 90 - 65 6 hours
‘250 900 6.0 . 1day
260 90 8.0 3 days

O @ N O W B W N e

po g p
N = O
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A rabhit (2.7kg ) received 30ml. OES-14C (DP 900) in &
4% solution iﬂtravenously and was Pilled 4 hours after
the injsction. Hone of the_organs investigated gave

‘ﬁ -ray emission stfong cnovgh %o be signif@cantiy
different from the background count. The very slight
‘increase in radicactivity of kidney and spleen was nod
considereﬁ tb_give réliablé infarmatién Qf'the storage -
of OES. | | f
Another rahbit-{ﬁ;akg.) recéivad 80ml.. of'a.s%
solution of 0BS-l4c with a DP of 870;. four hours sfter
1njae£ién the animal was killed and_the organsAwere
excised and prepared for . the ehﬁawindew cmunts. Table
32 gives the results which again showad vary little
activity.

Storage QQ-OES~?4G §n,th ”tissues_xautdradio'ra,h.}
Anaésthetized male rats were injected intravenously
(thyroid vein) with verious fractions of 0ES-14G.an&
killed from 1 hour to 3 days later. (Table 33).
Samples of the 1iver,-3pleen,‘hear£, lung, end kidney
were prapared ﬁistoiogioally as follows:
The tiésues were fixed in Bouin's fixaﬁive;'embeﬁ&a&
in the usual manner, snd cut into the thinnest @nssible
sebtions»{qﬁéﬂ)‘ ‘A wgt mounting technigue wes applied

'in which the tissue sections float on werm water to L



Table 32
Rabbit, 3.8 kg.

-ray emission of various tissues after
in,jectz.on of 80 ml. 5% OES-14¢ (DP 870).

Organ Weight of Time ﬂ?etzal CeDotlie GQp.in_ C.pe.n./g
sample nin. counts correc- :
in g. , _ » ted _

_mdhey 0.4734 25 614 228 9 '_ 9
Heart  0.5683 5 159 32 13 23
Ciwmg  0.4120 10 - 120 12 - -
Iiver  0.4890 10 21 - 2 - 2 4
'Spl-eeh 0.6264 10 82 8 - =
Plasma  0.0835 20 865 43 24 289

Background: 19 C.p.m.
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Fig,50

Technique of mounting tissue Section,using the wet method
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remove wrinkles!‘Vﬁith the heated blade of a knife one

or more sections wers separated from the ribbon and

seooped up by placing the KTB plate below them in the

water ih_ordar to obtain a permanent mounted section

on thu_emuisisn,{?ig. 50}, The plates were carasfully dried

under & stre&mlcf warm alr, pressed together very tightly,

sealed in a light-proof box, and stored in a refrigerator.
Although the exposure time for weak 3 «rays cen bé

6 months or more (Boyd, Casarett, Sltmann, ﬁbonan»ana"

Salomon, 1948; Skipper, Nolen end Simpson, 1951;

Boyd, 1955) the first‘hatchg using Eaestman D19 develop-

er and 3% hypo as a fixative, was developeﬁvé months

later. All the films were blank. A further 2-4 months

AXPOSUres tima seem_£o be advisable before the final |

: aepositioﬁ,of 8301 cén be traced. On ths other hand, it

15 possible that the OES-14C used wos too weak to give

results.

Investigation into storage of radicactive slvcogen

It was of interest to £ind ocut whether the OES-14C
could have besn metabolisod and detected es glyecogen-
l4¢, A pabbit weighing 2.6kg. woas injected intravenously
with 6ml. of 1.57 solution'ofV0E$-14C {DP 360) at © a.m.,

5 p.fs, ond again, the following day st 8 a.m. and was



© killed 3 hours thereafter. The liver {63z.) was.axcise&
and the glycogeﬁ eafimatéd, using the method of Stetten,
Katzen and Stétten {1956) and Stetten, Katzen and Stet-~
'ten {1958}, whish was modified by Zwarenstein and
 yan der Schyff (1959) and reads as follows:

The liver was homogenized with 107 trichloracetic
.aciﬁ (TGA) using 5m1} TCA to 33..liver, and centrifuged
for 5 minutes. ?ha residues wers agaiﬁ axtracted with
Bml. 5% TCA, aentrifuéed‘ and 1.2 vol, of 95% ethanol
were added tévthe deeanted,supernataﬁt Tiuid, mixed; and .
kept for 3 min. The mixture was sentrifuged, the
precipitate dissolved in twice distilled water, and 95%
ethanol added to ths dissolved precipitate in a ratio
of 6 parts éthangl to 5 partsvof the glycogen in solu-
1 tion. The glycdgen was’precipitated egain and the
'3qlutién centrifuged for 3 min. This stage of thé-
production of‘glyccgan_was repeated 5 timss, The super-
patant fluvid surné& from clear to milky, inﬁicating
that the electrolytes hed disappeared from the glycogen
ih solution and thus prevented the latter from being
fully preeibitaﬁed. As this means a graﬁuél‘lossiof )
- glycogen one drop of 1ithium bromide (satuﬁated solution
of lithium bromide in 95% ethaﬁal) was added and the
full amonnt of glycogan precipitated. Nothing remained



~ Table 34

Rabbit, 2.6 kg.

/2 —ray emission of liver glyco en after
, 1nﬁection of 18 ml. 1.5% QES~ s (DP 870)

,".Sémple . Weight of Time Total C;pnm; G.y.mjrwﬁ.psmmlg'" -
Ko. sample min. counxs . correc- -
- dng. . o ted

Glycogen 0.0586 _5’: - 35 ' ?'  .-4_1 -

o o235 0 72 7 . = =
Ta 005 5 3% 7 - =
Moohel  0.0037 3 33 11 & 1,333
‘aleohol  0.0188 3 24 8 - -
Alcohol ~ 0.0011. 7 50 I 2,
Alcohol 0,001 10 88 7. - - ~

I SRV P R VR

'_-Eackgroua&:‘v? CoPafle
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in solution and was thus h@t lost by decantation.
vFinally, the glycogengas washed twice in each of 525
. and 950 sethanol, twice in»absmluta ethancl, and twice
in ether, and was then put into a vacuum desiccator
together with phcsﬁhdrus péhtbxide and-aried for 15

~ minutes. Ths glyﬁdgén and the different ﬁashings were
put onto the counting trays and the b _ray‘eﬁissian
counted in the usual way*(Table 34}, To redicactive
glycogen was dotected., Judging fram previous eXpériments :
(Tahlesiﬁl and 32) this may have been due to self-

| abscrption of 14 in the éamplea, or to the fact_tnat

0ES was not m@tahclized to liver glycogen.
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TOXIN BINDING CAPACITY OF OES

as already stated, high-polymsr substances heve been
used %o angmeﬁt the therapeutic effect‘af drags
(Pedersen ot al., 1950) end the poseibility of linking
bacterial %axinsvta macramolédules.hés been tested in
airferent‘1abarataries.(Schubért, 1949, 1950; Hummel &t
el., 1952), The prophylectic and curative effect of
high polymers such as polyvinylpyrollidone {PYP) in
cases of diphtheria, tetanus; end botulism intoxication
were desoribed by Schubert (1948), Krech {1952), and
Diegkhofr ahd Luawig {195@), The detoxicating sction
of PVP was'rirst thought to be due to the oese with
: ﬁhich it was excreted, thus allowing'tha attached
: téiiﬁ ﬁn~§aea through'ﬁhe'glomeruli« 1t was, however,
soon established in these experiments that, although
the,texin often appeafed in the uriﬁe together with ths
PYP, it was sometimeés not found there; viﬁ these cases
it was“thougﬁt that the éézophoric group of the toxin
was combined with the PVP. lwhatevar view may have B
been held it is certain that a complex is formed between
the toxin and the macromolscule. ‘ '

~ In the prosent investigation OFS and methylcellulose .
witn a degres of po1ymerisatian of 920 and 400
respectively were used to test their toxin-binding
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properties. Throughout the experiments mice weighimg
'20;25g, were used, The tétanus toxin was obtained from
the Virus Research Unit, Cape Town. Travan (122?)'and 4
Munch and Garlough (1935}, and many other workers _
defined and estimated the lethal dose and on-the‘basié
of these investigetions the LDjgp was estimated. ;Unlikev'
the LD of most drugs, the LD of tetanus toxin can be
estimated for & particular day only. For example, the
LD for the 3rd day 1s stronger than that for the Bth
day, an&'sc on until a point is reached whers 21l the
animsls show some signs of tetanus intoxication but none
die. | | |

The LDjpo for the Sth day~wasaﬂf¢:tetanus toxin
per mouse in 0,2ml. Istrati solution {Istrati, 1938),
This solution was used to prevent the rapid'weakening
of the toxin which occurs when the latter is diluted
and keﬁt in 0.9%NaCl. Istfati solution consists of
44758, NapPO4,0 2H20 in 400ml. distilled water.plus
1.25g. peptone, previously dissolved in 1,25ml, distilled
water. Toxin, having a LDjgo for the 5th day was used
throughout the experiments but was diluted with an squal
volumé of O.Q%Eaﬁl directly befors inﬁeatian. This
' dilution wes necessary as it had been found that too
severs an intoxication obscured any signs of protective

aetion by high polymers injected with the t@fih; in









=G =

such cases no mouse survived the 15th day.

In the first experiment injections of the toxin were
given intramuscularly into the hind-leg and 48 mice,
separated into 4 groups of 12, were used to establish
the LD3p0 for the Sth day. In the second experiment
another 48 mice, grouped as in the first experiment, were
injected with the toxinm LDjgo for the Sth day diluted
with equal parts oé 0,9% NaCl. The results of these
two experiments are given in Figs. 51 and 52. As
indicated in Fig. 52, all the mice died within 15 deys.

In the third experiment 36 mice, separated into 3
groups of 12, received the same doses of tetanus toxin
as given in the second experiment, but this time tdgether
with OES (DP 920),  In order to obtain this mixture OES
was dissolved in the tetanus/NaCl solution to 4% and i%
was hoped that the toxin would 1link on to the OES mole~
cule and thus ‘be very slowly released into the blood _
stream. Fig. 53 shows that 70% of the mice survived.

In the fourth experiment the same number of mice
wore used and the same dosage injected ss in the third
experiment but the tetanus toxin and the OES (DP 920)
were injected separately (Fig. 54). 428 of the mice
survived,

In the rifth experiment methylcellulose with a DP
of 500 was dissolved in tetanus toxin to form a 2%
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solution snd 1njectea separately inté 12 miée; Another
12 mice were injected with the same dosage éf‘tetanus
toxin together with methylcellulose. . The results in
Fig. S5 show that for the separate injections the
survival rate was 25% and for the ﬁambzned injectioas,
67%. The rasults were similar to those obtained with |
separate and combineé 1njeétiohs of omS (Dﬁ 920} as‘
shown in Figs. 53 and 54, ) |

In fhe sixth experiment iniections were given
intrapariﬁaneally into 24 miae. 12 mice received
tetanus toxin plus OES (DP $20) and 12 mics received
tetonus toxin only. Fig. 56 éhows that the tetanus
toxin plus OES resulted in a mortality rate of 41%, as
against é mortality rategof 100% for the tetanus toxin
only. | |

The Seventh experiment shows the effect of OFS
given 6 héurs after an injeétios of tetanus toxin into
the hindleg of each of 12 mice. I% had no influence upon
the onget and fxnal development of tetanus {Fig. 57) but
it wes obsorved that the course of the intoxicetion was
milder and the stiffening of the injected legs less
severe. The doses and concentrations of tetanus toxin
and of OES (DP 920) were the seme as for all these

experiments.



DISCUSSION -

Tha many different aapacts of the biolagieal actzen
of #o varieﬁ a groun of polyaacchariﬁ@ deriwaﬁives me?es
it difficult to come to a ganaral conclusion.

, High polymer substances exerted no marked toxic
effect on ths tissuesi No clear pathological changes
vcould be observad 1n sgetions of 1ung, liver, Splaen,
and kidney. Neither the blooa prasgure nor: ﬁhe respira-
”timn wars alffoected.. The speeﬂ of abagrption af high
polymers, injected subcutaneaualy, was found te be
inversely prap@rtlonal»to\the degree:of polymerisatibn“
of the sub tanceé. Strongly heﬁerapclar high polymer
substances seemed ta be an exception and were found to
be very texicu It remains to be Scen whether«this
toxieity was due to changes in thefionie equilibrium
of the blood or to its action on ciréula#ery or regpira-
ﬁory sontres. Tha PAS staining technique indicated
~ that thore was 8 éepesition or GES in lung, kidney, _
3pleeni and liver. The fact that OE8-14G injected into
rebbita, gave no positive regults when /3 -ray emission
of lung tissue was counted indicated ‘that the A2 -reys
were not recorded by the Geiger-iiler end-window mothod
and that the self-absorption of 140 of the specific

'activity used was too high Qr-ihe concentration per
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gram tissue too low,

Repal function, tested by‘measuring'the‘creatﬁnine
clearance, Gocreased after the infusion of OES but
recovered later. The fact that the depression of the
renal clearance of creatinine was greater when OFS of
a lower degree of polymerisation {DP) wes injected mai
neve been en indicstion that OES of o higher DP was
first trapped in ths 1ung cepillaries end then
‘gradually released into the systemic eirculatlonc

~ Tissus cultures of monkey kidney cells seomed to
metebolize OES given in lower concentrations. This is

of interest as it opens up new fielﬁsvin the testing

of wvarious high polymers, known as "indigestible”, i.6.

thoss which are not ‘broken down by saliva or by
pancreatic juice. The pH of the medium which covers

the tissﬂe colls decreases when glucose ig added: the

tissue cells metabolize the glucose, thus lowering the

pﬂi Tissue eells to which DES was given lowersd the

=

pH of the maﬁium as well ana ‘only the higher concentrations .

{i.e. the more viscous solutions) killed the tissue
cells."Novmetahaiizing activity of the latter was

observed. This may have peen'due to a change of the
osmotic pressure within thesé tiséﬁe_aella wh@h in

contaet with the QEB solution.

The effect of 0ES and other high polymer substances

. used in_cail respiration experiments; indicated that
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their viscosity as well as their @olarity=affeeteﬂ the
rate of oxygen uptake in liver cells, It is possible
_ that,fﬁhan put in the Warburg aﬁﬁaratus,'tha £assous
exchange in the tissues was inhibited by the viscous |
layer of OES. The hetarcpolarfxylanwsulphuric aéi&
 ester and the celluloséwgiycalic acid ether also de- .
cressed the axygeﬁ uyﬁakelalthaugh their viscosity is
low comparad ta that of OE3, Further axperimentﬂ in .
this diraction may shaw vhetner the viscosity, the
‘shape, or the polarity of»the molecule is primarily
responsible rorfthé,decrease in cell rQSpiraéidﬁg"'v

The variability of the blood cell eauﬁts;in'ratbits
demands a oriticsl appfoach to 211 such results. The
rapid changes in the number of white cells caused by
_ excitement or pein made it essential to handle the
'animals with care end a staadard technique in taking
and countﬁng blood waa lelOWEﬂa
| The small diameter of the lung aapillariss (46 M}
makes 1% very probable that macr0m91aeules ars blocked ,
whemngasaing thraugn'them. Thus, the bigger white?callé.'”
(granulocytes) cannot pass and consequently their-nﬁmher_;‘
decreasss in the systemic cifeﬁlétiena Lesser degrees
fof 1eucopsnia were obteiﬁé& by'ﬁeéreasing the size of
1inear malecules injeetad. Leucopenia after injection |

of OES was also obaervmﬁ whan using haartalung preparations.
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This again suggastéﬁAa<&ifect blocxing of OES mgiecnles :
in the lung capillﬁries bacause the levcopenia varied
according to the Size of fhe molecule injected. It is
possible that the gremulocytes, being the larger blood
eells; undargo'gradual.seguastnatinﬁ when trapped in the
small lﬁﬁg caplllaries. The relative lym@hccytoéis after
injection of linear,Hhigh viscous substances wes therefore
not surprising. The A € T H mechenism sppeared to play
ne gartvin these gxpariments as it wasynnlikelj that a 
 few 1&?@@ molecules woul&.stimulate this mschaniSm nore

~ effectively than smaller;mbléeules of the same kind.

The results of ths heart-lung preparation EXperiments
indicated &150 ﬁh&t‘the ACTH mschanism.éid;ﬂct alter
the white blﬂad ¢cell count.

As it is known that inaections of granulecytes
inerease tho body temperature, the increase asagezated“
with an injsction of linear molecules was'prabablg aue‘
to the sequestretion of granuloeytes in the lung
capillaries., In all these experiments it was essential
1o use pyrcgem—free water to disaolve and diluts the
substences injactea, Contrary to the re“ults nf
previous expériments by the author, 1t was ahomn.tmat
brancheﬂ moleculesvaffected the body témperature of
rabhits when injected’ in a. camcantration of 10mg./kg.

intravenausly‘
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. It has been QBServéd.that the excretiﬂn'ef'GEs;l4c
was fastef than expectsﬂ Toe fact that the first
fraction of 033-140 although prepared from a sample
of hy&ralysed starch with avhigh DP, dsgraded so rapidly‘
indicated that all handling of starch in sodium nydroxiﬁe

':'selution has to be dome in the complete absence of

oxygen. Only then can s high_polymer Pfraction be ob- |
taineﬁ and this:raméiﬁs longer in the Elcoﬁ stream. Both
O8S fractions ﬁse& (DP 480,5@@ 900) were of too low a
degres of polymerisetion to show any difference in the
rate of disapne&r&nee from the plasma anﬁ it seems fair
‘to conclude thaﬂ OES with a DP of 1,500 or 2 000 wauld
not disappear so rapiﬁly. The disappearance of GES~140 -
from the blood streanm in naphractamiseﬂ dogs indicataﬁ
that there may he‘many perts of the body in whick 0FS
is-stored. Ir 1§ were stored in one or two organs only
even the insensitive method of_enduwinaow‘cdunting.
would have given an indication of this,

e low [ -ray emiSsion-of\&ried cr digested orgeans
of the experimsnté1 aaimal‘diﬁ not allow any final
conelusion as far as\&epcsition of OES was goncerned.

Far greater doses or a higher Specific activity of 14¢

should be administared in order to get clear results _
when using the end-window method. The results ef auto-
ra&icgraphic studies which, it was hcped, uauld giva an



1ﬁaieatign of the duration and site of 0ES deposition
are still negative. As the exposure-tims is long and the
/3 ~rays very soft.(self-absorption), the tirst batch
developed gave nc‘resﬁlts. iﬁe last batch of stilll
unﬁevml@peé éﬁ&or&di@graﬁhS'which.has to be stored inv
the lightﬁ§rooflc3ntainer fox another 4 months, may,give
some results, I this longer exposure time does not
produce results it may be necessary to use 14¢ sourcas
with a higher specific activity or to label the starch
molecules usingeﬁhyiane 0x1d6-14C which is by far the
best way to pro&aﬁé'oﬁs;149. This method mey possibly
give more definite results than those cb%ainﬂa in-the‘
praseat'invastigatibn; Uhfortﬁnately the high cost of
ethylens oxide-14C aid not allow 1ts use in these |
gxperiments. .
| The tmxia—hin&ing propertiesvof OES in methylcellulqse

are siﬁilﬁr ta.thosafof‘@olyvinyipyralli&one; These |
¢olloidal substances ére unlikely to be used thefépeutiu.'
cally as the toxin is usually linked te protein-substrates
long before the ahpe&r&ncagdf'clinieal signs of Hoxicity.
It ia, howevér, doudbtful whether the infusion of macro-
molecular substances will break locae any yrctein~haﬁﬁﬁ
.ﬁoxin and link it onto the macromolecule. In principle
such changes have been observed: ZEvan's blue, when

injected intravenocusly into dogs, is depdsitedvin the

Vav4s



body tissues after some of it has been éxcroted iﬁ’thé__u
urine, An infusion of psiyvinylgyrrcliéoﬁe into‘ﬁags |
previously injected with Evan's bluc caused a transférehcé
of the dys Trom the tissues back into the blood stream
and from there into the glomerular filtrates and urine.
There ié 1ittlie doudt thét>the_éffect\cf the %atanﬁs
‘toxin is lessened once the molecule is linked onto the
high polymer. It is also possidle that the toxin ié-
linked with its toxophoriec group‘anto'the'high polymer
and in this case the toxic effect observed is due to
free tetanus toxin which has not been linkad onte the
macronolecule., . _

The practicel application of this anti-tetanus
therapy'has'se far yielded no encouraging results. ©On
the other hend, the rsllef of spasm and suffering raperted

3ustifies its continued use. )
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SUMMARY

1. The concept of macromolecules is discussed and

their use in medicine described..

2. The relation between biolbgieai actions of-soﬁa‘,
~ high polymer carbohydrate derivatives and their . chemical )

structures are dlscussed.

3. The production and labelling of oxyethylstarch
and oxyethyistarch-14c are described; ‘

4. Investigations on,the Loxicity of some carboav
,hydraté-dérivatives, eépecially oxyethylstarch, were
carried out. It'was_éhown-that=none of these sﬁbstances ‘
except xylan and cellﬁlaSeasulphuric acid esters.df a
'high molecular weight were of acuté toxicity. Respira-
tion and blood pressurs were not affected by'polysacchar—
ide derivatives, whether linear or branched charged or
uncharged an exception to this was the cellulose-

sulphuric acla ester of high molecular welghte

5, Experiments to show the effect of;oxy@thylstarch'
~on monkey tiséue~cells_indicated that the high fraction
(DP‘z,OOO):'affegted the nbrmal'growth‘of cells when the



solution edded to the medium was given in 1% or higher
aoneentratiansﬁl‘ﬁ fraction with a low degree of
pélymarisation {170) elso influenced the growth of
tissue cells but to a lesser degree. Dextran given in
the same concentrations haa ﬁo§5hibiting offect on |

_tisau& colls.

6. Tissus raspiraticn experiments showsd that tﬁe"l
low fraction of oxysthylstarch (DP 1763 41d not inhibit
the oxysen upteke of liver cells vherses methylsellulose
of medium and oxyethylstarchsOf a high degres of
polymsrisation (DP 500 and 2,000 respectively) inhihitaé
the oxygen uptake. 'Xylanwsulphnri@ acid ester and
cellulose~glycolic acid ether-alsé inhibited the oxygen

upteke of liver homogenates.

7. Renal clearance tests indicated that infusion
of oxyothylstareh of a low degree of polymerisation
(pp %00) decreased the renal clesrance for creatinine
ﬁﬁring the time of infusion and for a short while there-

after.

8. The histological findings atter-prolonge&
a§ministraﬁiaﬁ of otyetnyistarch showed little or no |
changs in the organs exsmined but certain non-speeific
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ragctions such a8 swelling and congestion could be seen..
Tais has been reported in similar experiments with

dextran and polyvinylpyrrolidone,.

9. The effects of high-polymer aubstances Gﬁ\the ery#
throeyte sedimentation r&te,fboﬁy temgerature,,ahé.whitg. A
| cell count 18 aescribaa.. The erythrocyte seﬂimantatieﬁgt-‘
rate was influenced by the polarity and length of the
mnlecules invéﬁtigateé.. The bofdy temperaturs was'
jnersased by 1inear»and,[to a lasser extent, by branched
v'mulécules,of hommpélar character.. Homopolar polysacchar-
ide derivatives of lineéraar branched structure evoked
a ieucopenia with spesific gzﬁnulooytopenia eauaing -
reiative 1ymphocytasia.

10 The use of‘cxyethylstérch as a bléqﬁ volune
expander was demonstrated. There is little difference
between the results of expsriments carried out wiih dex~ -
tran and these using oxyethylstarch. However, the
c@mparatively 1¢m aost Orvyraﬁﬁqing stanfardized oxyathylaf
starch is an edvantags. Another edvantage is that, in
the production of oxyethylstarch, ths degradation of the
raw msterial can be controlled as it is not depenaent‘oh

bacterial activity.



11, The distribution ond excfeticn of oxyethylstarch |
showed that ﬁhé substance is reedily excreted in the ~
urine. It was not stored in dne,or two argéns oﬁly but_
'waa_appareatly_wiaaly aistributeﬂ; it is possible that
5elfabs@rptian was too high to show clear resﬁits wﬁen
vihé /3 -ray smission of these organs was measured with

an end-window device whieh is not highly sensitive, b

12, The toxin—bimding,pfoperties of oxyethylstereh

~ were inves tigata&. When tetanus toxin with an,L.Dploo“'

" for the 15th day was combined with oxyethylstarch and

| injected together with 1t the toxicity of the tetanus

toxin decreased and only uﬁ? of the nice died w1th1n 15
days as campared with. 100% in the control expexdmenta
using purs tetanus toxin.,
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1. The concept of maeromolecules is discussed and their use in me—
dicino describeds

2, The rolation between viclogical actions of some high polymsr carbo-
hydrate derivatives and thoir chemicsl structurce are discussod.

3, The production and labelling of oxyethylstarch and oxyothylstarch-
14() are described.

4 :meatigatiansv on the toxicity of som® carbohyirate derivativesy
espocially oxyethylstarch, were anrried out. It was shovn that
none of these subsiances ezcopt xylan and collulose~sulphuric acid
esters of o high molecular weight wore of acute toxicitys. Respira~
tion and blood pressure were nat affected by polyscecharide deri-
vatives, whether 1inoar or branched, ocharged or unchargeds an oxoep—
tion to this was the collulose-sulphuric acid ester of high mole~
cular woighte.

5. Bxperiments to show tho effecet of oxyethylotarch on ponkay tissue
collo indicated that the high fraction (DP 2,000) affected the nox-
mal growtb of cells when the molution added to the mediun was
given in 1¥ or higher concentrations. A fraction with a 1low do=

e o malwoarisation (170) also influenced the growth of tissuc
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6. Tissue respiration cxporimonts showed thot the low fraction of
oxyothylstareh (DP 170) 4id not inhibit the 0xygen‘ uptake of iiver
cells whereas mothylcollulose of medium and oxyethylstorch of a
high degroe of polymerisation (DP 500 and 2,000 roopoctively) ine
hibited the oxygen uptake. Xylan—sulphuric acid ceter and cellulose-
glycelig acid other anlso inbibited the oxygon uplake of liver ho-
mogenatess '

7. Renal olesrance tests indicated that infusion of oxyethylstarch
of o low degrce of polymerisation (TP 300) decreased the renal
cloarence for creatinine during the dime of infusion and for a
short while thorcafter.

8. Tho histological findings after prolomged edministration of oxy-
ethylstarch showed 1ittlo 4y -no change in the organs examinod but
cortain non-specific m»actigm.suc}: as swelling and congestion
eould bo seon. Thin has been reported in similar experiments wi‘éh
dextran and polyvinylpyrrolidonc.

9. The offects of high-polymer substances on the erythroeyte aedi;-»-
mentation rate, body tempersturoc, and white cell count is des-
oribed. The orythrocyte sedimentation rate was influenced by the
polarity and length of the molecules imvestigated. The body



temperature was increased by linsar and, to a lesser extent, by
branched molecules of homopolar character. Homopolar polysacchar—
jde derivatives of linear or branched structure esvoked a leucopenia

with specific granulocytobenia causing a relative lymphocytosis.

10. The use of oxyethylstarch as a blood volume expander was demonstra-
ted. There is 1little difference between the results of experiments
carried ocut with dextran and those using oxysthylstarch. However,
the comparatively low cost of producing standardized oxyethylstarch
is an advantage. Another advantage is that, in the production of
oxyethylstarch, the degradation of the raw material can be controlled

as it is not dependent on bacterial activity.-

11. The distribution and excretion of oxyethylstarch éhowed that the
substance is readily excreted in the urine. It was not stored in
one or two organs only but was apparently widely distributed; it is
possible that selfabsorption was too high to show clear results when
the /3 ~ray emission of these organs was measured with an end-win-

dow device which is not highly sensitive.

12. The toxin-binding properties of oxyethylstarch were investigated.
When tetanus toxin with an L.D.lO0 for the 15th day was combined

st o emdeema o —
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ety e -comparda with 100% in the control experiments using pure
tetanus toxin.





