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GENERAL PROPERTIES OF THE SUBSTANCES

UNDER INVESTIGATION



The Biochemical Role of Lastic Aecid (7)

The seope of the research work undertaken and presented in

this paper is related to cancer research. Warburg (10,?1) '

first noted the abnormal acidity of §§§ggqgggwﬁissues ana‘

was able to identify the acid accumulated in tumors as lactic
seid. He desecribed an experiment carried out in vitro with
tissues, normal as well as cancered, and found that the supresw
sion of glyealysié, which occurs in general in normal tissues in
the presence of>oxigeng failes to oceur in necplastié tissuesg

or is of much smaller extent than in normal tissues. As an ave-
rage he calculated the lactic acid fgrmatidn due to aserobic
glycolysis as 0,075 mg per hour per mg‘af gluéose added, az com-
pared to 0.001 mg lactic acid formed in normal tissuég“ﬁﬁ&ér the
same conditions. From his experiments Warburg aeéueed; that the
meahauism of glycolysis was disturbe& in maiignaﬁt cells and
that the tumor aaﬁstitutes"a foreign body within the animal ox
human body.

¥, Bernhard (2) was able to neasure the lactic acid éoﬁéeﬁtraﬁicﬁ
in vivo and found a content of .30 toi.ﬁﬂ %‘ih malignéﬁ% tiSsuel

as compared with .15 = .17 % in normal tissue.

I+ was the idea of Noysn (6) %o find noutoxic substances which

would be preferentially absorbed By cancered cells gand wsuiﬁ aid
in recognizing them in the body ab an as early stage as possiblea
Seresning a wide variety of possible subsbances @myaﬁ found the .
premetallizged dyes‘mcst_guitgbleg particularly the chromium derie
vativas.\?he dyes are nontoxic, and will noi precipitate in the

blood. They offer the further advantage that the echromium can be

' irradiatéd before ihcorporation into the dye molecule and thai
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any accumulation can easily be dedected by measurement of the
radicactivity. The advaniage of chromium lies in the fast of
its relatively short half life period of 26 days and the low |
energy of its radiation. Theréfore, any hszardous side effects

are unlikely %o happen.

Premetalized Nyes (1)

The incorporation of e.riain metals in complexforming dyes with
the purpose of improviag yarticularly the 1light fastness was
practized since long by treating aeié’dyes after their appli=
cation 1o ﬁh$ fiber with §hromium salts. Investigaﬁicns to
simplify the éying procedure led to the development of dyesituffs
which could be applied in ome bathe. A complex dye molecule was
gr&yareévﬁy eoordinating one complex forming dys. meleeule to

one metal atem‘(fig.3}, before application %o tie_gﬁbstanee to
be dysd. These dyes are simple to apply to the fiber, execpt

for éha fact that é high quality even dye level is obtained only
aﬁ hailiﬁg temperatures and in strongly acidic dye baths. Due to
this disadventages a further development of the premetalized dyes
took place leading %o‘ﬁhe ad#ent_af products which eould be
gpplied in neutral or slightly acidic solutions at normal tempew
raéuresa They éiffe: from the protoiype by‘ineluﬁing two dyee
forming wmolecules honded o énevchrcmium moleecule and are fre-
guently designated as 1:2 complex in eomparison with the 1:1

conplexes of the sarlier type {fige2).

The dying mechanism is sssumed an ionic bonding of the dyestuff

to the basic groups of the fiber as well as au absorption by the

& ;
pﬁlyétiéevehaih (1,3). The water solubility is affected by hydrow
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-philie, but normally not ionlzed groups as the methylsulfon-,
sulfonamid—,‘an&‘aéylamincngreup‘ The molecule undsrgoes sol-
vation, probably under formation of hydragsn.bridgesQ~The pre=-
méﬁaliée&-éyea are prepared: by resecting the sodium salts of

the complexforming dyes with-tfivalent chromium galts or with
chromates in 3 suitable medium under the influence of heat, in
general at the boiling point of the resction medium. The dyes
formed in this way behsave as sodium salts of strong acids as has
been concluded by Schetty (1a) from the fact that their titra-

tion characteristics coincide with that of hydrochloric acid,

In" this work the 1:2~éemglexes eculd net be used becsuss the
free aeids of these complexes show a relatively low water solu-
bility, particularly in the presence of other salts. The messu-~
rement of the "true pH" in the malignant tissue is very much
subject to dissgreement beitween various suthors (7): and secems
also to vary considerably with various types of tumors., There-
fore, a precipitation of the dye within the living body might,

lead to unforeseesble complicstions. The dye used in this work

e

belong to the Ultralan series (ICI), that is te the 1:1 com-

plexes. The dyes had been tested in various organic and inorgae

ni¢ acids at a wide rasuge of pH-values without & noticeble changse

in selubility and appearance afier one week of exposure.

The Choiece of iaterial for Fxperimentation

The proteinic material to be used in the experiments of the pre~ .
velling investigation had %o fulfill certain reguirements:
a - the conditions of tissue "in vivo! should he reproduced

oxr approached as fair as possible,



b - the material should be readily available in suffie
cient quantities,

¢ - the material should be easy 1o be sitored snd handled,
and

d = the material‘sheuld.allcw g fairly constant reproducs

tion of experiments.

The material found mest suitably in this line was aninmsl sking

: |

throughout the experiments calfskin wss useds The dehaired, but

%

otherwise wntreated skin was stored im a2 10 % salt solution, %o
whiéeh enough vhenol was added to avoid bactericlogical destrucs
ﬁi@ﬁ. The skin was not subjected to any degreasing treaiment,
because the absence of any grease was c¢onsidered as a severs
deviation from "in vivo" conditiouns in spite of the higher
absarétisu'r&tes which eould be exspected by using degressed

naterial,

The Chemical Strueturs and Properties of Hides {4a, 9)

Theﬁdry matiter of the hide econsisis to about 80 % of proteins
whieh can be described as nmacromolecules build up from a1§ham
éminé acids linked tagéiﬁey hy'peptide bonds. Thus, the general
structure of the ?feteins can be given in the féllawiag manner:

( -VH.CER.COm )_

whereby R eymbolizes g side chein extending from the back bone or
‘polypeptide chain, The side chain may consist of =& single hydro-
gen stom, but may be rather complex, including aliphatic chainsg,

arcowatic groups, and hetoroeyelie aromatics. The groups may exert

hydrephobie or hydroohillis properties, dependingkcm charactice



vistic substituents as alcohols, ethers, thiols and thioethers.
It are %h@éeuside chains which determine the properties and the

functions of ths’prcteiﬁs.

g

pateing can be elassified as fibrous or globular according o
their configuration. The leather forming portion of the hide cone
sists of an interwoven network of fiber bundles of eollagen,; the

most important conatituent of the hide because of its resction

=

ith the tanning agents in the course of leather manufacture.

The glebular proteins are essentially invol#ed in the vital proe
eééses within the tissue. Their funciioning requires solubility
in water or weak salt solutions, whilevthe fibrous or structural

proteins are not soluble in these solvents.

The main step in leather manufacture is the tenning, either vegee
table tenning or chrome tanning, toe the latsr of which some con-
gsideration will be given in here due %o its similarity to chrome

The Mechanism of Chrome Tanning (4b)

The fixation of chromium on or in the hide during tanning is
assuned as deposition of a highly basic, inscoluble chromium come
pound,. Different investigators differ in their consluzions from
@K@erimental'resﬁlts whether this eompound is mersly deposited

1,
oY wne

3

her it is combined chemically with the skin proteiuns.

o

Shuttleworith sbtates several resasong complicating the development
of satisfectory theories of chrome tanning; the most important

of which is involved with the bonding mechanism beiween proieins




and chromium ténﬂing,cﬁmﬁleﬁes.
The multifﬁnctienal character of collagen proteins makes it
possible to visualize the following bonding mechanisms, cited
in order of inereasing bond strengths

I - Flectrovalent or salt link,

il ~ Noupeolar adsorption,

111 ~ Residual valency or Van der @aai‘s foreces,

IV - Hydrogen bonds,

V¥  « Coordinate bonds involving shared pairs of electrons

and

VI - Gévalen% bonds.
Phe marlier theories dealt with absorption, residual valences,
and salt formation, but particularly, imprevementa in the knowe
ledge of the chemistry of chromium compounds are responsible
for the rejection of these theories 1o be aeeegfgd as yriﬁary

bond mechanisn,

“Coordination theories allow three interpreiations, nemely coor-
dination of nitrogen atoms of the amino - group enly, bridgav
formation between amino and carboxyl groups, and coordination
of carboxyl groups only. Several researchers have proved that
hydroxyl-groups and the peptide-backe-bone of the proteins,iﬁg

if at all, responsidble only for a very minor amount of chromium
uptake and that the bonding mechanism takes place by residual
valence and/or hydrogen bondage,

In view of the fact that a wide range of organic earboxyl groups
are capable to form stable eonrdination.cémplexes with trivalent

chromiung ions under chromium tannage conditions and that sarboxyl



groups incapable of forming coordinated compounds with chromium
do not seem to exist, Shuttleworth (4b) concludes that at least
& part of the chromium fixed to gollagen has undergone coordina=-
tive bonding with the carboxyl group.‘ﬁeaminatian or protection
6f the aninc groups vefore ehrome tannage does not result in a
vemarksble deecresse of chromium uptake, while esterification of
the carboxyl groups before tannage reduees‘the chromium uptake
substantially, From these facts as well as from other experimen-
tal evidences Shuttleworth coneludes further that coordination
of proitein carboxyl groups to chromium is the main reaction in

chrome tannage.

The high heat stability of chrome tanned legther, incressed with
respect bo vegetable tanned specimens,; lead to the conclusion

that bridge formation between neighboring protein chalins should
preveil, thus setting up an ihtereonnected three-dimensional
network.‘ﬁeweverg a final proof of this theory was not yeit posw
sible, particularly because of the difficulties in interpretation
of Xeray dif%raetian patterns; Chromium exide in taunaning solutiouns
exists in olested form, that is in ehains of the paittern {r « § = (r
and is has besen saloulated that the chain length of a four-chromiunm
complex is about 24 A, This would be approximately the miﬁiﬁum
distance between two free carboxyl groups from projeciing side
chains of neighboring peptide chains. Thus, effectiive bridging
between adjacent proteins requires a considerable chrowium takee

ups while Yeray diffvaction photographs become unclear with ine-

greasing chromium oxide conltent,
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The Application of Lactic Acid to Animal Skin

s when placed in acid or alkaline solue

73

The swelling of hide

¥

is a long kunown fact. The swollen state of the hide may

wf

fote

on

ko
i

he gonsidered 23 equilibrium state hetween the solutilon pcﬁer

of the solvent and the adhesive forces keeping the individual
protein molecule in solid structure. It has been caleulated (4b)
that the distance between two main chains of proteins is about
10 A in the dry state and 17 A in the swollen state. Vickerstaff
(9) mentions a caloalaéio&a aceording to whieh the distsnce of
protein chaing in wool is of tﬁe order of 40 A in the swollen
state. The leather manufacturer makes use of the swelling action

to control the rate of diffusion of chromic aeid into the skin,

The swelling as described was the first effect to be observed
when the hide was placed in the lactie aéid bath., By visual
inspection it was obvious that the effect became more pronounced
with inereasing concentrations of laetic acid in the bath.
Hessurements of the hydrogen ion eona@ﬂtraiien of the lactiec

acid bath indicated that zn eguilibrium distribution of lactic

fde

zeld between hide and bath was established after abouit 22 hours,
The lactic =zcid in the hides nust be assumed in s sitate of trus
adgorption or fixed by ionic bonds to the amino groups of the

protein. This is concluded from the observation $that the pH

W
@

=]

f & freshly prepared dye bath decreased remarkably during the

Lk
R

i

first part of the dying periocd, while the pH stayed almost
constant over the entire dying period when the dye wag added %o
the lactic aecid bath. In the former case the decrease of the pH

is attributed to o readjusitment of a new equilibrium distribution
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of lactic seid (fig.V,VI),

Dying of Animal Skin with Premetalized Dyes.

Gustaveon {4b) and others are reported fo have invaﬁtigatad
abssrpticayphenamena_en hiées‘§y the use of hide powder.
Thisg éréeti#e was ﬁet followed mainly for two ressons, one
ofrwhieh is technical nature, ih@ other being of theoretical
ecnsz@erati@ﬂ; The later reasan is basaﬂ on the abservatlen ef
Smith (8), that gelatine aﬁé giue is of lower grade when prew=
pared from dried glue stocks znatead from fresh ones. ihus a
chemieal ehaﬂge of tge hide might be assumed wmth possxble ine
fluences on dye absorption rst%a and eguilibriun alstributlcn

of the aye betweea hlde and liquor. The tecnnzcal reason agpea
ared in the difficulty %o segar&tevihe hié@ powder from the
liguor, ?articularly Whenrthérdye liéuor ﬁas te be insladeé in
the éeterrznatlan of abaergtisn ratess Flltr&tl@ﬂ by the aid of
filter paper weuld give raise to false r@aults as the dye weulé
be sbsorbed by grereferenee on the paper, ané 8 eentrlfuge power=
ful enough ;@r seézmeﬁtatian of the fzne gewéer was not avazlable.
Also, pewéerlsatlﬁn waula eensitu%e a ée?aatzen from the approesch

of repreéueiﬁg eanditiens uf tlssue structure ”1n vxve“

In 8 yrevicué‘éhapéer similarity between éying with chrome dyes
and chrome lbsnning wés mentioned, However, Qamparisen’shculﬁ not
be driven to far. While in chrome tanning 2n olated compound of
chromic axidé‘is cooréinéted ée the free sarboxylic acid group
of & side c¢hain, the dyes under e@ﬂﬂld@raﬁisn posses strongly

vanzzable acid groups as the eulfeﬁzc aeld groups in view of this

fact Bird (3) reports the following bﬁndzng mechanism of premee

135
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talized dyes on wool (figed)s If this bonding mechanism is
agcepted it can be scen that thres differcnt bonds participate
in kecping the dye molecule at a cortain position, namely
ionic, coordinate, and covalent bonds. Further more, depending
on sterie econditions the dye molecule can be atiached intra-

or initermclecular,

?iekersﬁaff {9} has devided thé aminoe aseids found in natursl
proteing into four main classes accerding o their chemical
ngturs:e
g~ amine acids yield 1Ag naﬂ-r»act¢VE side groups, into
which he 1nclu§es axygr6111€ in spite of its gula

hydroxyl group on the argument that this group is mueh

~less contribudtive to gbsorpiion of dyes than other groups.

be anino seids yielding basic side groups, whose number
is very important as Jdeterminant of the maximum amount
of acli dyes wﬁ1c4 can be combined with the fibers

c-‘aﬁin@ agi&s.gialﬁing acidie side groups as the carboxyl
greu@'whieh'&ighﬁ be.in the form of g free acid or as
amide by asmbiﬁatién with awmonia,

d= amino a;iéﬁ ecapable of linking two polyptide chains.
Cystine,; the only wember of this class, is snalyzed in
sufficient guandtities only by hydrolysis of wool.

8 influence on the dye absorpiion is indirsct in as
mueh cystine is the gonirolling factor of wool swelling
in selventQQ

The moin comstituents of weel and collagen, as obtained by

hydrolysis are given in table (1). From there it is cbvious that

14
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arginine (class b) is present in comparable amounts in wool
and hide proteins and that the aeid dye absorption properties

of these two substances‘sheuld not differ significantly.

The main factors influencing anj absorption process are the
absorptivity of the absorbant, the concentration of the absor-
bate, and the temperature., Different seds of eipariments have
beeﬁ deviced in order to obiain insight into the mechanism of
the absorption of the yremetélized,éyes on animal skin and %o
evaluate the impact of the factors mentioned on the rate ef
abaorption. I éhauld be mentioned in advance, that the uncere
tainty of kneéle&ge about proieins and particularly about the
proteins of skins and hides does not allow for to much generali-
zation of the experimental results. Facing these difficulties,
the author had the feeling that a methematical treatment of the

subject as the evaluation of rate constants was net justified.

Ihe absorphiviity of the Animal Skin. The internal structure of

the absorbant and the availability of spots to which the absore
bate ecan be attached is determining the absorptive power of the

absorbant.

The varviations to which the skin had been subjected were the
soaking in solutions of lactic acld of variocus cencentration.
The swelling of the skin caused by the lactic acid is due to an
inerease of the distanee betweeg individual pglyéeptide chains,
From this fact it can be con¢1uﬁe& that an inerease& éegree of

swelling will facilitate the penetration of soluble consiituents

A2



into the structure of the skin. Thus, an inerease of lactic acid
concentration is expected to inerease the absef?tian rates of the
dye, as long as it is accompanied by‘an inereased degrse of swele
ling. A second effect of the presence of lactic acid within the
‘skin is the $np§ressien of ianisatien of acidic¢ groups as the
carboxyl group and the favoring of the formétion of polar groups
of basic character and the ionization of base groups. Particue-
larly, the smino-group { -EHE) will readily accept a proton in

the form of the hydrogen ion to yield an "smmonium" ion ( -NH, ).

5
In this manuer the amina-grauylis protected from the immediate
ferm&tien of = esén&inate bond with the dye molecule, a faect

whieh is utilized by the dyer by application of leveling agents (3).
It is sssumed that due %o this effect the passage between indi-
iduyal polypeptide chains is less readily blocked by the depesition

of & dye moleecule. Experimental support for this assumptian'i&‘

the fact, that under otherwise equal dying conditions the depth

of dye penetration into the interior of tbe skin was inereased

with higher concentration of lactic acid.

Viekerstaff (9) and Baek (1) state the theory, that dying follows
& two step mechanism, of which the first one is a mere surface
gffeet being ra%hér répid, while the second step consists of the
penetration of the dye molecule into the interior of the fiber,

a relative slow process. The ionization effect as ecarried out
above would not be in contradiction to this theory. The rate
inerease of dye absorption Wﬁthiiaetie acid congentration would

then be explained as an aseceleration of the second s8tep.

AR
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Experimental evidence has been found to support the

theoretical eonsiderations above within the range of lactic

scid concentration as applied., In particular, fig, VThnd fig, VITI.
illustrate these aspects and show the initial rates %o be

incressed up to 100 % as compared withcutziaeiie acid.

The Concentration of Dye in the Dye-Bath. The concentration

¢f the dye in the dye bath has been‘varieé in certain limits,
However, the results of comparable experiments appear to be

ineonsistent suggesting a higher chromium fixation from baths

of lower acid concentration (of. fig.IX and figeXIT] or a large

difference in chromium upteke under comparable dying conditions,

The explanation must be sought in the disuniformity of the skin.

 Therstensen (4¢) devided an unspecified hide into five areas

and,éétermineé the sbsorpition of ekrsmimm from a chrome tanning
bath on different parts of the hide. Ee did not only find varige
tions of aver 50 % of chromium. fixed on the sample, but he found
algq differing distribution patterms wi%hin gamples from diffe-

rent areas by conducting stratigraphic snalyses,

inother source of uncertainty was introduced by the fact, that
the weight of the skin was éetermiﬂeé;asva.wgt,weighﬁy
Atmospherie conditions as the air humidity might very well be
agsumed as being of influence on the moisture content of the

sample,

26



Temperature. Comparative experiments have been conducted at a

temperature of 37 ®¢ and at room temperature. As might be
expected, the rate of absorption was vemarkedly inecreased at

the higher temperaiure ( figas XIV-&XVTTT}.

During all the exgerimen%S it had been aotiéad thet the hides
in the dye bath were subjected to structural decay with the
e#olutién of a putrid o&cr._%his effect was starting eérlier
and was nore pronounced with samples contalning none ér veryb
1ittle laetic aeié;'A% the elevabed ﬁ&mﬁeﬁaﬁure of 37 °¢ the
decay was accelerated in such a way, that the tests involving

0 % and 1 % lactic aeid eanae&tratiﬁn had to be in%errﬁpteé
after 6 days,‘béeaasé the evaluation of the axperimen%s beséme
unveliable. This decay ean be attributed %o bacteriological
putrifaeﬁieﬁg and in lajer experiments the éecay was largély
suppressed by the addition of about 0,1 % of phenol %o the dye ;
bath. Any ggssiéls influence of pheaol upor the absorption rate

has not bheen studied,

The large seattering of the rate datas for the elevatsd tempe-
rature is atiributed to the decay phenomenen; nainly for twe ‘
reasons. Juring the eause of decay rather small hide particles
were disinbegrated frém the main sample, thus preﬁueing an
inerezse in the énrfaee ares of the absorbant and correspondingly
a rate inerease. Partly due to the disintegfation, but also
influenced by the elevated temperature greasy constituents were
releaged from the sample causing the water re§éllenc§ of the hide

to decrease., Thus, a better penetration of the hide was established.
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The degreasing of the hide resulted in a very tough but
brittle product, whish could not be cut by secissors, but

had to be broken by handicraft« Hools.

Eguilibrium Distribution of the Yying Haterisl.

- In determining the affinity of a dye towards a certain

subatrate 1% is eenveatigﬁal to determine the QQQilibrium

distriﬁutian of the dye between substrate ani séivent undey

various conditions. An attemyt to follow this ppaxis has no%

\éeen successful. The amount of chromium fixed oun hides diffee ;
ring in lactic acid content is represented in table XX,

The samyle$ had been sitayed in Bhe dying bath for three weeks

before belung analyzed, The previcusly mentioned decay makes

the ugefulnes of these datess very doubiful.

The samples of low lactic aeid content showed the usual deecay,

- %he oecurence of small particles in the dye bath lowering the

availability of dye te‘the sample. The samples of high lactic

acid content adopted s very turbid appearence of the dying

~liguer. This tﬁrbi&ity’caulé net be sedimentatsd in a centri-

fuge rated at 6,000 rpm, The turbidity may prevail from products
of hydrelysis of the prdteiﬁﬁ due to the prsleﬁged exposure to

a agqueous solutions of low pH.

Pigs. IX representing the dye bath exhausition under various
conditions, allows the cenclugion that the lactic acid has ohly
a catalyzing effect, that is 8 rate accelerating effect, but does
not influence the equilibrium distribution of the dye between

the phases,.

3y o .
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4.

Thus, it appears %o be necessary bo carry out equilibriuam

detorminations in s carefully controlled manner to avoid any

disintegration of the specimen. The influence of addition agenis

on either abscrption rate or on eguilibrius distribubion Las to

he established in sdvance.

sy y

The Reproducibility of Experiments

Bxperiments have heea’earried out to test the reproducibility of
dye absorption under various concentrations of lastie acid by
ahserving ihe rate of change of eptigal dengity of the dying
liquor, The comparisoa is limited %o samples takeﬁ from one site
of the hideg gamples freg different areas qf the hide, accorxding
to the elassification of Bhorstensen (4e¢) have not been besied
direc$ly. The regglts of a indirect comperison are discussed in
the sectioa:dealiﬁg @iﬁh the dye concentration in the dye bath

(see pe 25 ),

The reproducibility test were conducted by cubting a piecce of
hide into aamgles of suitakle size, and ireating each two of
them alike. The reﬁglts of these tests are represented in fi-
gures XX teXXII. Byxoept for one oase, the agreement of datas is
nearly perfect. The scatiering of the datas of fig . XXITis still
within ascceptable limits. It may be sbiridbuted %o sawall diffo-
r@neea‘in gxperimental conditions beltweon the two samples.

.3

For reasons of reproduciblility the experiments of this work were

conducted in sets, that is for the investigation of the influsnce

35



Rerarve
LIG«HT TRP.NS MITTANCE

12¢

{10 1
‘ T‘Mﬁ{r«w‘
’fOO ' ) ; 1 ! ' ] 1 L ! i 1 I )\
0 100 Zoo 3o0p

/0 ‘
Fia XX Rerropucieiuy or Dye Bescrprion on Cavesnin
Lectic Acip Batn:24t; Dye Suape:C.5%
LAactic Aep ConcencenTration: O%

36




RE LATIVE

Liour Taansmirrance

P

-~

Time L

Boo

200

G

leo T

{50

140

{oo

N
&2
o =
faatae
oY
oo

57



R‘ELHT!VE

Lieut Trens miTTance

Gt

1

! , g o

lio T
1920+
1o

&
Qo
Wy

38



of & eertain variable oun sbsorption rates a compact piece of
hide was takern and out into smaller ssmples, in order to obiain

comparable results,

Summary and Conelusion

The presence of lactic acid in samples of hides hae been found

to sccelerate the abscrption of premstalized dyes om the hide.

"

#ithin the range of experimental conditions the rate increased

.

with the concemtration of lactie acid, About the equilibrimm
digtribution of the dye between the phases nothing conelusive

gould be said.

From the "in vitro" - experiments nothing contradictionary to
the asswaption of a‘preferential abgorption of tée premetalized
dyes Ey'maligéan% tumors can be daduced. Further confirmations
have %o be based on iﬂvestig&tieaa ineluding malignant tissue

in vitro as well as in vive.

Suggestions for Further Begearch

As it seems %s‘be egtablished that ﬁhé presence of laetid scid
has » favorable influence on the abs&rption raéés of the premse
talized éyeg, research should be extendsd to slices of ﬁ&??%f

as well as malignant tissues in isotonie solutions. If the zswe
coenditions of preferaﬁ%ial‘aﬁgafgﬁiaﬁ can be confirmed, "in wvive®

experiments have ¢ be undertaken %o establish distributicn surves

of the dye within the body. This seems to be neeessary in order

[

¥

to assure that the dye, particularly when irradiated, will not



acecumulate at essential sites in the body as the brain,

the spinal mark of the back bone, eto.

The premetalized dyes, and especiaslly the chrome derivatives,
might gein some imporitance in the chrome tamning leather
industries. Of primsry importaunce are the light fastnéss and
wet fastness properties on leathei. Lven though it sscons
unprobably that chrome tanning can be substituted completely
by chrome dying, (because the chromium uptake in chrome tane
niag is of the ovder of 50¢,000 ppm chromium oxide cr about
35,000 ppm chromium in contrast o the average of 300 ppnr
chromium in chrome dying,) the chrome dyed leather seems to
posses altered physical properties with respect to the untreatsd
leather when dried, particularly the brititleness and toughness
gppesrs to be reduced in faver of inecressed flexibilty. 4ny
usefullness of these dyes would be enhanced to the leather

manufacturer could they be applied together with the chromie

acid in the same baith. Thus the compatibility of the premetalized

dyes with the conditions of the chrome tanning bath must be
iuvaé%igateé, aﬂﬁ also, whether thelr use jusitifies a conside-
rable deeresse of the concentration of chromium salts in the
tenning bath. Of main interest in this connechlon would be the
influenece on ghiandard tesits as the shrinkage btemperature and

the available gelatine content afber trestment with premetalized

dyes.

bo




The investigation éf the bonding mechanism between the dyu
melecule and polypeptide chaing besrs more theoresitiecal ime
portance, however could enable the leather masufaciurer to
prediet more precisgely éﬁtiﬁﬁﬁ conditions Tor the development
of intermoleeular coordinate bonds, resulting in ultimste
strength and fastnsss properties of the finishaed lesither.
Studies of this kind sheuld include the determination of the
groups most contributive to intermelecular boeading snd the
sverage distance between thete groupy, in order to enshble the
dye menufscturer o formulste dyes of corresponding moleoular

lengths
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e ?raeedures

The proteinic tiésue uged in these experinments was untanned
hide of calf. It was stored in a 10 = 15 % NaCl « sclution,
to which enough phenol had been added to prevent deterioration
cof - the hide during storage. Aﬁ@?Oximately egual piceces of hide,
equality regarding surface ares as well as weight, were cut off,
- and cleaned at the flesh side of adhering foreign materiale as

.. far as possible,

Diffieulties arose in .the determinstion of the weight of the
erude hides Attempts %o dry the hide completely before treabment
with lactic acid or the dye, were unsactisfactory because the
bonre -dry hide was difficult to handle, The practice followed was
to press the hide over s dry eloth by means of a ¢ylindrical

body and te place the pressed hide on a cardboard until constancy
of weight was attained, The hide was then out into piecces appro= §
‘ximately equal in surface area and weighed., The moisture countent
of the hide was about 50 = 60 % based upon the weight thus obe

~ tained. All calculations as to concentrations of lactic acid and

Lgetie Aeid Bath. The hide-bath ratio was 1:%0 when soid tresatnment

and dying wes performed in different baths and approximstely
1:29 when & 0.1 % dye solubtion was added to the acid bath after
the aecid treatment period being ellapseds From pH-measuremenis
it had heen eoncluded that eguilibriuwsm distribution of lastie
acid between the hide and the agqueous phase, as indieated by

constancy of the pi, was established after 22 hours. The ascid

43



treatment gerlod was %her fore taken as 24 hours in every case.

%ﬁmt@ﬁlo% was na% provided to the baths

The Dye Bathe The h bath ratio was 1430, The dye bath was

preo péreh by aéﬁlﬂﬁ the ap pﬁ@glata amounts of a 0.1 % solution

of the premebalized &ya to the acid bath or to distilled water
iﬁ & sui%able’glasg beaker. The beaker was covered with a watech
giasa to avoid an&ﬁé losses of water changing the concentration
of the batha‘Wheﬁ the e@urse‘af‘aﬁsorption was followed by mese
guriﬁg'th§ change of optical demsity of the dye bath, the bath
was stirred with a glase reﬁrjust before sampling to assure unis
£v’”liy of the probe. UOther ﬁeaﬂs of agitation were not provideds
To sqa&lize dying senditioms it was observed that the sample to

be dyed was lying flesheside down, hairegide up in the besker,

pH-Measurements. A Beckmann pHemoter was used for wmeasuring the

¥ of the solutions when thought %o be necsssarys
the)

Optieal Density. The determination of the optical demsity of

sélatiané wae necessary Tor the chromius snalysis of the dyed
hlde ae well as for rate determinations of the absorpiion process
4 VWisher Lleetvophotopeter was employed for this purpose.
ﬁan@ehreﬁa%ig 11@&% ﬁas chialned by suitable choice of s filter,

depending on the eolor of the solution to be examineds



ﬁclarmm@trle Lctermlnatlsn of Ghrsmzum 1n Greanic

_attcr {5 12}
Ofganza material is alg@sted by th@ action of caﬂaen%£3téé
sulfuric and nitric acid, fQIIQW@Q by hydrogen pﬁrﬁzld@. The
cieromiuvm is oxidized Yo hexavalent state by ammonium persulfate
and determined colorimetrically by ueage ef éiﬁhenylcarbaziée
yielding a soluble violet colored compound of unknown composie
tion, The guantitative determination is earried §u£,by means of
& calibrated photoelectric abscrptiaﬁeter.

Reagent solution are diphenylearbazide of which G.05 g are
dissclved in 5 ml of glaecial aeetic aeid and diluted o 5 0O nl
with water. A standard chromium soclution is prepared by diluting

5,8 ml of N/10 potsssium dichromate solution to one liter with

water iu a measﬁrimg flask, The resultant solution contains

0,000 010 g of chromium per ml,

The instrument used in this experiments was the Fisher Photo-_
electrometers It was calidbrated by determining the optical &aﬁsify
of solutions of known chromium content containing 2.5 ml Qf s
sulfuri¢ acid and being diluted to 50 ml with water aganinst a blane
containing ne chromium.

The resulits are présenﬁeé graphically in s calibration curve used

for veading of the chromium of the sample (figJXT1II),

divhenylearbazide reagent solutions has to be prepaved freshly

x

cegach time when reguired, because it is subjecd to slleration on

<3

gtorage leading to substantial errers, Une gram of the represen-

%

tative sample is weighed into e 100 ml ¥jeldahl flask and a mixbure

of five ml of coancentrated nitric scid and three ml of concentrated

sulfurie scid ig added. The mixture is wormed until reaction conmences

LIS
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tial vigorous reacition has

ot

3

fobe

and boiled down rapidly alter bhe

hen the golution begins to éarken the flagk 1z removed
from the’seuree ofigeat and swall‘par%i&as Gf‘ﬁﬁﬁs&ﬁt$?3*ﬁ nitrie
acid are addedy followed sgain by sirongly heating.
repeated until the solution. fails ﬁé’éafken and remsins pale‘yéllaw
in wsolor. Lasi %raé;@ of o¥ganic matier gre destroyed by thé addition

of small portions of hydrogen peroxids and successive Heating wndil

the solution: becomes guite colorless. After slight cooling of the

@

and the

o
fe7)
©

gsolution in the flask 2 guantity of 10 mnl of waser is add

econtent of the flask is heated zapldly to fuming for 15 minutos,

CAFter eooling, again % al off wsiler are added and the sclution is

QS

boiled down until white fumes of salﬁ i brioxide appears Then, 25 ml
of water are added to the solution whiech is then boiled gently

antil elear. The final solution is trsasferrsd inds a 250 nl besker
guentitatively, dilubtes bo @ volume of about 80 ml with water, and
ong nl of 3 n/10 siivez nitrate solution and 2 ml of a 10 % ammonium

persulfate sclution are alded. This mixdtuye is bhoiled for about

e

15 @inviss, allowsd Yo cool and dilubted to 100 ml in a messurin

A %0 ml pordion of this solutvion ig plpebisd indo z 50 ml messuring
(53

te about 25 mi with waber. 2 ml of the diphenyle

if)

arbazide rvagend sclubtion are added and the mixiure is diluted o

e
g

U oml conical flask which is then

shaking well, the scolubdion is alice=

. e ryi =i e B
8 ZLa88 OULls 43

S g < PR o o % g e o -
in s previcusly calibrated sboorpiioneters '
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,ﬁiﬁgi(h)‘. RELATIVE LIGHT TRANSMITTANCGE OF DY LIGOOR #ITH SAMPLIS
' CONTAINING LACTIC ACID OF

o

g
5,
un
ey

N
N
-
s

0% 2

0 100 100 - 100 160 100
.5 101.5 10% 105 106 105

1 10842 109 ‘ 110 412 11265
2 192 113 116 117 19745
4 116 119 123 124 125

8 122 130.5 133 137 13645
24 131 15443 160 169 16945
= 160 197 203%

i)
-
fov)
[
no
o

105 200 aze 248 265 260
44 o 218 239 261 275 282

JWPAL DATA TO FIG, VIL
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TIue (DAYS)

T 13&% 5 H

TIMR

(pays)

CR=-CONTENT OF DYE LIQUOR (%)
ACID €O

1 HTENT a@'

o %

s
e
e}
", L

e

12 %

160

50 4de2
18,4 4.7
Te9 61

100 100 100
6204  56.3
2944 24.0
5?s9 9e5

&XPﬁKZﬁEE LAy 3 TAS PO PIG, VIIL.

CRPIZATION OF HIDE (pom) WITH LACTIC

ACID COETZHNT OF

L:‘\
&

s
R
-3
"

m? 12 “11

0 o . 0 0
174 194 248
322 552 377

374 39¢€ 414 429

IXPERINBNTAL DATA TO FIg, IX-
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1IyE () RELATIVE LIGHT TRANSMITTANCE OF DY&

COWITH LACTIC ACID CONTHENT OF

I

i 105.8
2 111.2
4 115
8 121.8
2 1253
24 13345
48 147.0
96 16845
168 193.0

TABLE: 7 tEXPER

100
101
107
112.2
116.5
125
129.3
136
157.3

181
205

H e
;

100

106

108
115.8
12z
131
157.2
150,
178
202.5
234

7%

100
106.2
109.2

1227
132
138
151

1792 -

206.5
237

THRHTAL DATA T0 FIG. X.
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T1uE {(h) . CR-FIXATION (ppi)

&

8]

120
135
258
340
370
365
510
560
580
515
174 » 650
25e5 670

L *®
W

SOE, S S - NI ¥ B %, S <% PSS N

e

TABL#E: 8 :GAPERIMENTAL DATA TO FIG,. XI.



TACTIC ACID CR - FIXATION -
(%) (ppm)
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QW
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LAGTIC ACID ' : CR - PIXATION
(%) | (ppm)

DATA 0 PIG. XTIL.
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P1uE (h)

<

4

K e s
EXPERIE

AT 20

RELATIVE LIGHT TRANSUIPPANCE (7))

¢ AT 37

100 00
116 129
- ' 137

122 -

SRRUPTED BECAUSE OF DASTRUCTION OF H1s

TAL BATA TO FIG. XTV.
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rINE (h)

* EXPERINE

PARLE 1£: HEPERI

RILATIVE LIGHT TRANSWITTANCE

ar 20 % ¢

100

119

55

AT 37 © ¢

§T INTERRUPTED BECAUSE OF DESTRUCTION OF HIUD

HTAL DATA TO FIG. xv.



© . TABLE 13: FEPIER

-~ eran (b)) RELATIVE LIGHT TRAWSHITPANCE ()

[+ ]

At 20 % ¢ 4?37 % ¢

o 100 100

B
=
n2

S

131,5
142

R
'

24 160 -
b9 - 208
T 203 300
[ - 424
'L195 . 248 -
14 261 -

68 . 514

IEITAL DATA TO RIG., XVI.

-
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P18 (h) RELAPIVE LIGHD TRANSHITTANCE ()
ar 20 ¢ AT 37 % ¢
o 100 100
4 124 _ 134
7 - 145
8 137 -
24 169 -

29 - 225

5% 210 32%

78 - 445
105 265 -

144 275 -
168 - 514

TARLE 14 : EXPERIMENTAL DATA TC FIG. XVIIL.
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PINE (h) RELATIVE LICHT TRAS

ITTANCE (%)

AT 20 © ¢ AT 37 ° ¢

0 100 100
4 125 136

7 - ?(?,705

168 - 168

TABLE 15 s EXPERIMSNTAL DATA T0 BIg XVITL.
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0 mIwE (MIN) RELATIVE LIGET TRAFSEHITTANCE ()

SAUPLE T SAMPLE II
0 100 100
15 102 102
30 : 10442 ' 1046

45 105.8 106.4
60 112.2 1117
15 113.1 11%.8
100 116.8 117.4
120 | 121 121.8
150 124 126,
180 126.8 | - 128.8
270 | 1%2 133
330 137 137.3
ggs 140.8 14%.0

Gi&—-ﬁ@z\?’fﬁgf’f 375 " 267

AFTER 5 DAYS (ppm)

TABLE17: DXPERIUENTAL DATA FOR FIG. XX.
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'f _1,f§xm£ffﬁ:§} | RELATIVE LIGHT TRANSHITTANCE
R SAMPLE I SAMPLE II
::,é o | 100 100
T .' 104 104
v’3§“4u o 107 - 108
s 111 1107
755 , 3 115.5 116.5
e 117 117.5
00 . 19,5 18,5
| 132§ (RS 120 - 121
<f i5§‘_ff'. 127 126
T 132 131.5
- 21% 134 133,5
- ; ?4G : *7 140 139
ST - 146 146
 ';f§5Q :% v 151.5 152.5

420 157.5 158.5

© . GR=CONTIET

| APTER 5 DAYS (ppm) 435 450

- TABLE 18: EXPERLAINTAL DATA TC FIG. XXI.
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TInE (WIN) RELATIVE LIGHY TRANSMITTANCE (Z4)

BAMPLE I SAMPLE IX

o 100 100
15 104 102
30  q08.5 106.5
45 113 108
60 114.5 111
80 117.5 | 114

100 123 118
120 129 123
150 130 125
180 135 129
210 - 139 135
240 144 | 142
300 : o 150 146

360 156.5 149.5

CR-CONTENT

APTER 5 DAYS (pom) 480 440

TABLElS: XEPERI]

s
i

ATA TO FIG. XXTT.
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