1 PHARMACEUTI CALLY ACTI VE SUCCI NYLATED PROTEI NS COMPRI SI NG | RON The pr esent
invention relates to succinylated proteins, having a degree of ng B

ion of from20 to 5 100% containing fromO0.1 to (&
iron, obtained by the treatnent of succinylated proteins mnth -
at suitable pH intervals. The conpounds involved, which are
¢ tolerated, are characterised by an optinun1bio-avai|abi|ity of _
the iron. 10- Iron. which is present in all bodily tissues, plays a ‘C

conpl etel y indi spensi bl e physiological role. It is part, and an essenti al
conponent, of haenogl obi n, nyogl obi.n and the enzynes: catal ase,

fumari c- dehydr ogenase, peroxi dase, cytochronmes, DPN 15

cyt ochronoreduct ase and netal | of | avoproteins, such as ferroflavine. The
ti ssues of an adult human body contaln from 1. 5 to Sg of iron of which

60-65%is concentrated in theBHA LATEDSt 18- 30% i S
linked to the ferritin proteins and haenDS|der|n Iocallsed inthe liver,
spl een, bone marrow and cel |'s of thRERQEEINS,COMRRISING IRON- system The

remai nder is distributed in the various enzynme systens nenticned

The preseht,invention relates to succinylated
| proteins, having a degree of succinyiation of from 20 to
5 100%, containing from 0.1 to 20% by weight of iron,
obtained by the treatment of sucqinylated proteins with
iron salts at suit;ble pH intervals. The compounds
involved, which are cbmpletely ﬁole;ated, are

characterised by an'optihum Bio-availability of the iron.

10 Iton.-wnich is present in all bodily ;issues, plays
a completely indispeﬁ;ible physiological role. It is
part, and an essential component, of.haemoglobin.
myoglobin and the enzymes: catalase,
fumaric-dehydrogenase, peroxidase, 6ytochroﬁes, DPN-

15 cytochromoreductase and-metalloflavdp:oteins. such as
ferroflavine. The tissues of én adult human body
contain from 1.5 to 59 of iron of which so-sst'is

concentrated in the



& above , in nyoglobin (approximately 4% and in transferrin (approximtely
0.1 %, the [err] gl.obulin for the haenmatic transportation of .the iron.of

i ntestinal ori gin. It is capable of linking at physiological pH val ues,- :
t’;yp i ron.atonms in apractlcally i ndi ssoci abl e manner. 10 The iron - .
requirenent is satisfied in part by the use of endogenous iron (deriving
fromsthe destruction of old red blood carpuscles) and in part by the
atggrptiOn of exogenous iron. The absofption of the exogenous iron takes -
pl &€e al ong the duodenum and the upper part of the jejunumand it is 15
accunmul at ed pr est@nonasd | yodgusthes) iweilstThe-51% sts nathed ogh cale $yppinim of
iron deficiency is hyperchromc si deropem c.anaem a whose prinary causes
may vary: chr GoEeRaengRd M@E‘@S%%lﬂ-ﬁg Lsradésed tip Fast ledﬂbad@@a?e%b cRQn# or

neopl asi a; deficient di ts .4Qr absor s s the cas
di arrhoea; i ncrégsed e!q'd‘is‘rg %, 516 hsi?ﬁrgl et‘ﬁ‘p?ﬁg%%cy,‘ | &% at i on,

infectious di seasangbs is WAd ¢18h PD&hGn this| ¢8R QN enPRé | S RMs! ﬁ@ﬁéi@@as

such as the adm nistrati on of ACIE and corti sones. The' nost® suitab

therapy is tle aivieni,sin atyoglobini fanp*o‘ﬂimateij add)i m&yme*mmi‘erhmanaem c
condi t.i on V\,hen his condition 25 derivesg froman actual_iron deficiency.
However ; Samprogapately fedo aam'zl‘?cfilqySem.ﬁfé'b‘r‘:\r d8retae R SBRTEE: s

connect ed WI t h Hﬁséxgga*o{o QG @he Uss fo r%pgsem% oriDEn m)e%- ‘ﬁ"sd%gaolised

phar maceut i cal r-0s preparations hoe sed on-veryTvari orgarm ¢ and
©of linking at physiological pH values, two iron atoms in a

practically indissociable manner.

10 The iron requirement is satisfied in pax®t by the use of
endogenous iron (cderiving from the destruction of old red
blood corpuscles) and in part by the absorption of exogenous

~iron. The absorption of the exogenous iron takes place along
the duodenum and the upper part of the jejunum and it is

15 accumulated predominantly in the liver. The first vathological
syrptom of iron deficiency is hyperchromic sideropenic arnaemig

; whose primary causes may vary: chronic haemorrhages taking |

élace with gastroduodenal ulcers or neoplasia; deficient diets,
or bad absorption as is the case with didarrhoea; increased

- 20 requirements, for example in pregnancy, lactation, infectious
diseases etc.j bad metaboliz utilisation; particular treatments

such as the administration of ACTE and corxtisones.

The most suil table therapy is t..e administration of iron. Tais
effeﬂt:.vely reduces the ansemic condition when this cordition

25 derives from an actual iron de‘:.clency. However, it is in general
accompanied by undesirable side effects cormnected with the troe
ol vector used for the iron. "."he rpost widely used vrarmaceutical

4
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I norganic acid salts, gradually introduced into therapy in the hope of

zi ng the above-nentioned side effects. Per os specialities are

_'gg ore marketed based on inorganic 5 salts of the type of: ferric .
N\ jde,- ferrous sul phate, ferric phosphate, or even organi'c salts; such =/
as,Nrtrates, cholinates, aspartates, fumarates, gluconates, glycinates,

| act at'es, oxal ates, succinates. In the case of deep intra- rmnuscul ar .
admi ni stration the ferro-dextran cOngl®x is proposed 10 whilst, for iv. ~
treatnments (for sideropenic anaem a in which per os treatnent has fail ed)

use i s made gbrtde dripk@adEdd idkeCBEBLEXon WarkGasfSE Hgahiesgndatter types

~ of conpl ex the stde effects may take the formof allérgi'c reactions,

t enper at ure EReessnirt acddhyallsl grafually \indsioduced npttadshepadynyid n t he
case of intr@nuecular,iregtnpnt, and, even anaphyl actic shock, thronbo-

phl ebi tis and3gi AR AoFFIRtHIG e PROTIRRDEEENEE $1de effeatment®ed n the
case of per gg LYSANERNeUSIAY AMLAL | AlisRR5 0. 00 1AC sabgug PNt | oned

conmpounds, t he=si cts are 1 n genera gastrorntésfrnar 1esions, with

necrosi s afidsaktd wrmithentpbe (4B Mfeotisc BHIYTARES férrEUst sEEPhHLES, Cases, and
diarrhoea and voniting. In addition low tolerability nakes the
admi ni strat i 8pTHkC SROERBAES arfAR PVEROPTEIME GaltBcuduch asy oiteateasy nini ni se

side effects _jt,has been_suggested_.that food should be takep 25 at the sane
time, but thf’é°’r£”afc’°r?seoﬁ?$%%€%eﬁsdn*W‘?’Fﬁeﬁ’e 5&8&‘7%%& 5@?7??-%%/‘%?’

absorption ofa¢ftdd,00xa%afed Ukic®hatls ! NErCRAROSIdd ¥ bep! {16-100ds
thenselves. It has in fact been ascertained that the absorption of the
iron from prepseekamadmninistration the ferro-dextran complex is prcposed
10 whilst, for iv. treatments (for sideropenic anaemia in which
eer;gi treatment has failed) ﬁse is made of the ferro-dextrin

complex.

In the case of these latter types of complex the side effects
may take the form of allergic reactions, temperature rises,

15 tachycardia, lsucocytosis, iymphadencpathy in the case of
'intramuscular treatzent, and even anaphylactic shock, thrombo-
dhlebitis and circulatory coilépse in the case of i;v..treatmentg

In the case of ggg.g§ treatment using formulations based on
the above-mentioned compounds,the side effects are in general

20 gastrointestinal lesions, with necrosis and perforation of
the mucous membrarnes in nore serious cases, and diarrhoea and
vemiting. In addition low tolerability makes the administration
of suitable amounts of iron difficult. In order to mirimise
side effects it kas been suggested that food should be taken

25 at the same time, buv this is in contradiction with the prcven
- variability of abscrpfion of the iron as a function of the -

compesition of <he foods themselves. It has in fact been

ascertained that the abscrption of the iron from preparations



Fs optimum when the patient has fasted. in addition, gastric irritation,is
foll owed by the use.of antacids which., in turn, reduce absorption and ~
aggravate the anaem c state. Consicderable progress in iron therapy, i

Qgpticularly:by per os 5 adm ni stration, has been provided with the oY
iAtroduction onto the market of ferritin based specialities. Ferritin

ferrrc globulin and represents the npbst inportant iron-containing prote .
Fq;;he bodi es of mammal s. The commerci a+ $product is extracted from horse
sptten as a raw 10 material. Its iron content is 20%in ternms of dry

et LS PrOL! B Bflen S0 SRELLAD ndl Sa0el®l O BAAYEIAN oflore

approxi mately 44570 surround core crystalline oxide~p

ron. This is suiirebt€sion iBefoItowadbffi tie alge0ds antacids #oickl,ubhetiin,
water. Ferritin based treatnent does not result in the gastrointestinal
side effects ari Feducelatisegpthen fnd sgsrTaRatgdbe- aranmignsdateon
derivatives. ts use is, however, restricted both as a result of the very

ki gh cost of the 'f%ga 'a% EEEHSi 20 tdneih 8%, s S 4189 gt f

l:i Mt ed ayailabip%?§io ggﬁr %s o) seg?ractlon. #ﬁ%’g??or artE ﬁ%gé¥§P§§

ghow t hat the gpatifiniSration, (s tteeni prdvided with ptiepdaesodictdloaocspts on

W thout side effects nmay be a protein carrier. Many proteins have a certain

affinity the market of ferritin based specialifies. : :

E Ferritin is a ferric globulin and represents the most important
i:onpcontaining protein in the bodies of mammals. The

; commercial product is extracted from horse spleen as a raw

10material.

Its iron content is 20% in terms of dry weight. Its protein
portion, apoferritin, has a molecular weight of approximstely
445,000 and surrounds a ''core" of crystalline oxide-phosphate
iron. This is suitable for per os administration as it is

18 soluble in water.

Ferritin based treatment does not result in the gastrointestinal
side effects arising during the use of tke above-mentioned
iron derivatives. Its use is, however, restricted both as a
result of the very high cost of the raw material and, in

20 particular, as a result of the limited avaiiability of sources

of extraction.

.The prior art appears to show that the optimum carrier for the
iron for the purposes of absorption without side effects may
be a protein ca:rier. Many proteins have a certain affinity

25 for iron. Certain types of protein of animal origin (serum




25 for iron. Certain types of protein of animal origin (serum -5

proteins, organ proteins, oval bum ns,
protein) have therefore been testedvfor.use as carriers. The

ﬂﬁtion between inorganic ferric salts and the above- 5'nentioned -’
iJis leads to the formation of ferroprotein

X eutic interest is, however, under-
characteristics, including: - the imsolubility of the derivatives obtai n&g

deri vati ves whose

| act oproteins) or vegetable origin

Sk

m ned by a series of negative ’

.when the percentage of iron linked to the protein reaches val ues 10greater

than 0.5% -_the.difficulty.Q n the.i Siqhj L .
fracti on of q‘hoga%tlg%éll 61%%%3555%?% ? uoh:%é.;ohgg% ! clc%lr?(ﬁo%%%ﬁés_fg%é

al yati ng what
insolubility,

is actual |y 4dgelead1t Oobii@ind(@beh Nordtbi)ahaté Adr@Tors SeerPrREIBHt ated in
the form of hydrated oxides 15 which nay cause severe gastric |esions; -
the | ack of fwhwgenastgarmigrsenpositional stability with respect to iron of
these derivatives. In addition, in the case of sone proteins,

~
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derivatives whose therapeutic interest is, however, under-

mined by a series of negative chara¢te:istics, including:

- the fasolubility of the derivatives obtained when the

percentage 6f iroﬁ linked fo the.protein_reaches_values

10greater than 0.5%;

- the difficulty or even the impossibility of evaluating

what fraction of the total iron content, under such conditions

£ insolubility, is actually linked to the protein and what

fraction is co-precipitated in the form of hydrated oxides

15which may cause severe gastric lesions;

- the lack of homogeneity and compositional:stability with

respect to iron of these derivatives.

In addition, in the case of some proteirs, including those

derived from milk, the presence of sblﬁble iron derivatives

20with a considerable amount of insoluble derivatives.have been

observed at various pH values, the composition of

Tthese soluble fractions being extremely variable as a furction

of very slight variations in the experimental parameters.

It has now been s"'_risingiy ascertained that, by carryiﬁg out

25 succinglation of the above-mentioned proteins under suitable

conditions (the process normally used to obtain protein succinyl

derivatives for use in foodstuffs or animsl fcdder) it is



of very slight variations in the experimental parameters. It has nOM/been
surprisingly ascertained that, by carrying out ZSSUCC|nyIat|on of the _ .
above-nmenti oned proteins under suitable conditions (the process nor
%d ed to obtain protein succinyl- derivatives éér use foodstuffs or
dder) It i's 6 possible to obtain, by reacting these with iron.
ferroprotein derivatives having a-high iron content which are stable,
sokubl e at pH values of'nDre than 5, have diverse but reproducible iron

cOrtents, are abl |ng 5| 50 ﬁﬁg}ybgﬁ?ﬁ&&t{?mh s vhen gy nistered

orally mnthout caus astric Ie5|on type. In rats,
daily oral adm n'ﬁé:rz%tplreﬁeiﬂrde?ﬁ\ﬁ(iri%‘éUﬁé\Vﬁ'uﬁ%Y%ithxﬂéﬁ d¥nende evi dence
of any gastric lesions and had a high degree of tolerance. 10

According to the yhisbhearei avabile.osoluhdecat sptpm\ludedoarmolre)rthder Bvative
containing from Q. ron bound to succinyl ated Eroteln

20% by, wei ght qf
havi ng a degree cﬁa"seu%évﬁﬁfeoltl?‘bﬁ t%P‘PﬁBﬁ#‘Q%Pti(f%G%‘Bfngﬁtcﬁ adienh
f fi
groups. ~ §n part\/@ﬁl&r rt&bg:%% ga‘n?nm\,;ﬁtshwgengré)&ﬂxqﬁ@ bP8a 9“1?13 R4 eRREE! 1 C

types of derivati egree o succln ion grater
than 70% contai néilﬁliﬂi@rQikbaélff@é)thyo\ﬁetﬁbtgﬁtdﬂco'lesﬂo’ﬂ'W n Wnth a
degree of succinyl ation %reater
rats, ly oral administration for 20 consecutive days
did not provide evidence of any gastric lesions and had

a high degree of tolerance.

10 ~According to the present invention, there is _
provided an iron derivative containing from 0.1 to 20%
by weight of iron bound to succinylaﬁed protein having a
degree of succinylation of from 20 to 100% of
succinylatable groups. In particular there ére

15 provided the following specific types of derivative:

Milk protein with a degree of succinylation grater

than 70%, containing more than 4% by weight of iron;

‘Ovalbumin with a degree of succinylation greater

than 70%, containing more than 4% by weight of iron; and

20 t Soya protein with a degree of succinylation greater

than 70%, containing more than 4% by weight of iron.

There is also provided a pharmaceutical preparation,

characterised in that it contains succinylated proteins



than 70% cont ai ni ng more than 4% by wei ght of iron; and 20 Soya
proteln with a-degree of succinylation greater than '70% ' cont ai ni ng nore
296 by wei ght of iron. There is also provided a pharnaceuti cal o
ératlon characterised in that it contains succinylated proteins 65
2l ning iron as the active pr|n0|ple according to the invention, .
together with a pharmaceutical carrier or excipient. In the case of rats,-
t he conparison between 5 condi ti ons cg sideraem a, after the oral e
admi ni stration of equivalent anounts of 9%on in the formof ferrous

sul phate, hore spleen ferritin (Sigma, Saint Louis, M ssourl) and

ferroprotein | fon0XeS | d t ed as
described in %Sfﬂa"i?ﬁn%esifg g]sshtlt)l\i/:lvgdgtxkﬁ%g g?l%éip%ge%% c [ r% evel s
produced by t 1 VA2 r t i espect to those -
produced by féﬁ%iﬁijﬁg?ﬁg%atg %Egegrgfgﬂ edBMgP@LQQufﬁééﬁT%&ﬁ 1?50 15 b)
t he haemati c ar @xdipient .pr oduced by the derivative of the present -

invention, with respect to that of standard ferritin, are higher (approx.
1.5:1 on average) wi thin the six hour period of the experinent (see Table

In the case of rats, the comparison between
5 conditions of sideraemia, after the §ral admiﬁistration
of equivalent amounts of iﬁon.in ;hé form of ferrous
sulphate, hore spleen ferfitin.(sigma;hSaint'Louis,
Missouri) and ferroprotein derivatives from succinylated
milk proteins, prepared a§ descfibed in Example 1,

10 showed that:

a) the haematic iron levels produced by the derivative
of the present invention, with respect to those produced
by ferrous sulphate,: are prolonged in time (see Table

1X):

15 b) the haematic iron levels produced by'the derivativé
of the present invention, with respect to'that of
.standard ferritin, are higher (approx. 1.5:1.on'éverage) :
within the six hour period of the experiment (seé Table

X).

20 . Bearing in mind the high degree of tolerability'of
the product, its low toxicity (éfeater than 4,000 mg/kg
in Swiss mice), the'hi§hli;on levels which may be
obtained and the ease of supply of the raw materials,
the use of the derivatives of the present invention

constitutes a clear improvement over the state of

(%]
w



X3. 20 Bearing in mnd the high degree of tolerability of the
product, its lowtoxicity (greater than 4,000 ng/kg in Swiss nice), they.~ .
high iron | evel s which may be obtained and the ease of supply of the s
material s; the use of the derivatives of the present invention 25
constitutes a clear inprovenent over the state of the art of iron

treat nents. The physico-chem cal characteristics of these succinyl
fernroproteins, as nentioned above, are=r&producible and stable as shown in
the non-limting exanples. The absence 5 of iron which is not linked is
shown by the complete+.degree ok ldJ ty in an al kaline nmedium '
(conditions ir1:3%ec%§Fh§gi$¥§$ %bgg%égﬁﬁgécipitated as hydrated oxide) of :
t-he preparations obtained fromsuccinylated proteins.and an iron salt. The
present inventi dhet peyeicn-chenliias: cHaradeeristiosess thegdisuechaye not been
known up to now, characterised in that they contain anmounts of iron which
may vary as per cERFIBRSteinsy &ﬁn%ﬁﬁ@¥Q@Pdaﬁgﬁﬁ?a(ﬁreVEQEFQQﬂQihéﬁoﬁndns whi ch

have been succin d I pUS, . de e d in.that they are designed to
suppl y bi o- avai %ﬁgﬁggi?%ﬁsht\éo rra%mT% S W 'E%fpﬂseﬁ(ﬁﬁp %sga?rblpoFH?%%‘E nal
l:esi ons when &d@isberadcd akl Mot asirda@Wis bihdwie bobhoVi 186" REEfe i Ve
by way of non-limting references.

: . of solubility in an glkaline medium (conditions in which

the iron ion is precipitated as hydrated Qxide) of +the

preparationé obtained from succinylated proteins and an iron salt.

The present invention therefore relates to derivatives,

[ PR PN P QN

10 which have not beer lmown up to now, characterised in that
they contain amounts of iron T«.rln.:i.ch. may vary as percentages,
and amounts of animal or vegetable proteins which have been
succinylated to various degrees, and in that they are desisned-
to supply T'Jia-iavaila‘::_le iron to mammals without causing

15 gastrointestinal lesions wher admiristered orally, as sheown
by the following Examples given bty way of nbn-limitins |

references.

Thése derivativesmay be used as .the active principle in the
Preparation of pharmaceutical specialities for use in the

20 treatment of anaemia caused by a lack of iron in mammals,
this paten%t therefore alszo relating to any pharmaceutical form
of administration containing these dsrivatives as the active

Principle for human or veterinary use.

The invention also relates tc a method for the preparation
25 of the succinyl ferroprotein derivatives characterised in tast

)

succinylated proteins are reacted (in = manner known ner

s
~
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These derivativesmay be used as the active principle in the preparation of
phar naceuti cal - specialities for use in the 20 treatnent ‘of anaem a caused

» jyck of iron.in mammals, this patent therefore also relating to any . ;:
gdeut i cal form of administration containing these derivatives as the
principle for human or veterinary use. The invention also relates to
a method for the preparation 25 of the succinyl ferroprotein derivativeS..
characterised in that succinylated proteins are reacted (in a manner knowsd
per se) 8 with ironions at a pH of frgm2 to 10, preferably at a pH
close to neutrality, in aqueous solvents, and.in that the products obtai ned
are isolated fromthe reaction mediumby precipitatin at a pHin the range
of 2-4, this 5 | atter pH range being provi ded spontaneously or by
acidification. As an alternative, the reaction product nmay be isolated by
the renmoval of thaighl deee kdnscat: BePBHPhHEr dfed@n tadiOstRepferadlyahticeacl ose-
to neutrality. EXA%EL? 1 10 . Prepatation-0f¢5@6 w/ i ron derjivatives from.
succi nyl at ed” pr ot @FnS*8F® whd REYRTPR 1 58nat? 28AFBE APHYCDRwARIEE EB-bended
in 6 litres of 0 eadbagetd GHaaRnCaPdd sdidiaaTRERE K rediibhng and pH .

control. 500 g of succCinic. anhy le were added
medium by precipitatin at a pH in the range of 2-4, this

5 lattei pH range being p:bvided spontaneously or by
acidification.  As an alternétive, the reaction product
may be isolated by the removal of the solvent after the

pH has been adjusted to a value close to neutrality.
- EXAMPLE 1

10 Preparation of 5% (w/w) iron derivatives from

auccinylated proteins of whole milk powder

lkg of milk powder was suspended in 6 litres of 0.3M

sodium bicarbonaﬁe and, with mechanical stirring and pH
control, 500 g of succinic aqhydride were added in

15 successive portions, the pH being maintained within a
range of between 7.5 and 8 by means of the addition of
4N NaOH. After the addition, the mixture was stirred
for 2 to 3 hqurs at ambient temperature. During this
time the suspension was completely dissolved. The

20 opalescent solution was centrifuged or filtered until

almost clear and slowly acidified with HC1 up to pH 3.



15 successive portions, the pH being maintained within a range of betmeen
7.5 and 8 by nmeans of the addition of 4N NaOH After the additi on,
meMemm;mlwedfm 2 to 3 hours at ambient tenperature. DuringftH
tine the suspensi‘on was conpletely dissolved. The 20 opal escent solU ”
was centrifuged or filtered until alnost -clear and slowy acidified with
HCl uUp to pH 3. 8a The precipitate forned was separated by
_ cegﬁrlfugatlon or filtration and re-suspended in water (approx. 8 litres).
solution was added until it was conpl etel gadi ssol ved (pH approx. 7.5).
Centrifugation was carried out and the clear solution was re-acidified
to pH 2.5-3 by neans of the addition of HCL. The precipitate was
recovered by filtration @hed@hmnmﬂ@ga@|tnrmgﬂjwwashenhnatdﬂ &y HO sol ution
having a pH of 3. The resjdue, constituted by the succinyl ated rotelns

(whose degree of sucEFH§Féﬁ??ﬂfHﬂﬁuP8 Bblﬁ%ﬁqﬁﬁf 3ad reangnendeds Fh%a%ﬁr
amount of succinic aQH%BE&# é’slaﬁ.reﬁ')n t!%i‘%pﬁf%%‘iu@&ﬁﬁ“ﬁ?sedamﬁeunwi Sj p\as

90% wi th respect .to t groups
was completely dissolved (pH approx. 7.%).

5 Centrifugation was carried out and the clear solution
~was re-acidified to pH 2.5-3 by means of the addition of

- HCI.



be succinylated in the initial protein as given below was, after drying

¥

undgg vacuum dispersed in distilled water.” It was dissolved by the

MN\O

(fo

n of NaOH up to pH 7.5 diluting 10 the solution such that the final ;
b concentration was approx. 0.04 g/m. A solution of an iton salt
anple [err]) with a ratio of [err]/succinylated protein of 1:10 py

wei ght was added to this solution. This provided a suspension which was .
finely dispersed by neans of nechanixal stirring 15 whilst the pH droppess
to approx. 2.5. Stirring was continued for 3 hours at anbient tenperature

and t he sus&ensi on was then filtered. The solid was suspended i n_water

(appr oxi mat

the soluti Ofbsmeg

| filtered off and

& PFeGoPitRls "RSdTRRRVIRS SV EHL BRA TR QB dP ¥R I IBRRERH ( pH

7.5). The sglytiQ
product in the 'soO

Pk AROL, . etely, &l £qk figlered 20 and the
Peg "B S BT e e R Lo L3 Q2% 1% g ot hods: )

ceohdtetradoy Nen P IRRICRhY B4 oD Hiraiteds afwitbgeH of 2.5 was
ried under vacuum b) the clear solution was dialysed

. agai nst watdegdee ofdenceinylgtdphntdiskde behwasirll ad ehfurtticomed then
: freeze-drijed or dried by. a spr dryer. The fini.shed product yi.elds were
the sane san%fn%uﬁf?eﬂ“‘f%"mc %Bgé%ﬁ’r‘{&i“ﬁﬁgél y""é&%ﬁaﬁgi §+ﬁ° °fhe initi al

powder ed Mydre ,TRE1 ShPd PR WithCledHect" oPERE YloudisCwHESK dREY

be éuccinylatéd in the initidl prbteiﬁ aé”siven below) was,

j after drying under vacuun, disPerSed ir distilled water. It

1 re e wab caSAE T s W

was dissolved by the addition of MaQH up to pE 7.5 diluting

10 the solution such that the final protein concentration was

approx. 0.04 g/ml. 4 solution of an iron salt (for example

i FeCI3) with a ratio of Fe3"'/succinylated protein of 1:10 vy

et saAmadem et et -

P T

The solution, which wes not completaly clsar, was filtered

! 20 and the product in the solid state rec overed using one of

.l seee a = em

weight was added to this soluticn. This provided a suspension
which was finely dispersed by =means of mechanical stirring

15 whilst the pH droppéd to approx. 2.5.° Stirring was continued for
5 hours at ambient temperature and the suspension was then
filtered. The solid was suspended in water (approximately 3

volumes) and was dissolved by the addition of NaCH (pE 7.5).

the following methods:
a) the solution was acidified and the precipitate cbtained

at a pH of 2.5 was filtered off and dried under vacuum;

b) the clear solution was dialysed against water in order to

' . 25 eliminate the sodium chloride and then freeze-dried or dried

by a spray dryer.

The finished product yields were the same and amounted %o

. G .~ ————— ' mamsdm wev= % emet we s



tn Table | (Exanple 1). EXAMPLE 2 5 Preparation of 5% (w/ w) iron
derivatives fromsueccinylated mlk proteins As described in Exanple 1,wh
the variant that the initial product was constituted by 350 g of m'I-;.
yroteinS, previously precipitated frommlk powder by 10 di spersi dR=et"
tffe powder inh water (approx. 5 litres), acidification to pH 2.5 with a

m neral acid and then filtration or centrifugation of the protein solid and
dryt ng.” The characteristics of. the product obtained are reported in Table 1
(Exénple 2). 15 EXAMPLE 3 Preparation of iXn derivatives from

succinylated m |k proteins having differents iron contents The nethod steps
described i n Exanple@proxipately 208 b¥cweight ofn&heaipltidl Rowdsred; | k

powder or previousl 0 precipitajed, mlKk protein whilst, the [err]/
10a succi nyl at ed pF%}grn T%ﬁi??aﬁﬁcﬁéFgfﬁiﬁ&x9fnﬁﬂFfPéﬁﬁﬁ?ftiﬁ? 9§Fﬁ€§£?g:l:10,
0.2:10, 0.5:10 andi}. 2affe PI QtxdmBiei § N derivatives whose characteristics
are shown in'TabIe | (Exanple 3).

EXAMPLE 2
5 Preparation of 5% (w/w) iron derivatives from

succinylated milk proteins

As described in Example 1, with the variant that the
initial product was constituted by 350 g of milk
proteins, previously precipitated from milk powdeﬁ by

10 dispersion of the powder in water (approx. S litres),
acidification to pH 2.5 with a mineral acid and then
filtration or centrifugation of the protein solid and
drying. The characteristics of the product obtained are

reported in Table 1 (Example 2).

15 EXAMPLE 3

Preparation of iron derivatives from succinylated milk
proteins having differents iron contents

The method steps described in Examples 1 and 2 were

used with the same amounts of milk powder or previously

20 precipitated milk proteins, whilst the Fea+/



EXAMPLE 4 Preparation of iron derivatives from succinyl ated egg proteins
: % bunmin) 5 g of oval bumin were dissolved in 100 M’ of water 5

pining 3 g of [cerr], and 2.5 g of succinic anhydride was added in _
S essive portions. to the clear solution whilst maintain- Ing the pH at W
val ues of between 5 and 8 by the additon of NaOH The m xture was left to
react for 2 hours at anbient tenperature. AfQ8r acidification of the -

solution to pH 3 3 i J s, .oht ai ned_whi ch was isol ated by s
centrifugation, Sﬁ??%?%?"b‘? é?tggg%gt ¥\%?1i°alt'.%’ypﬁe IRC AR /99 1£iqdt Benthe bt
re-precipitated salpés 3 A4:10heo50k16, Vi nRCQKg £d .i.fugation and
dried under vacuum The dryﬁgolid tgswgﬁgggngég-?hs'ﬁgﬁﬁ%&églﬁgtb¥°%nd

di ssol ved by t hedggbyatistesomhbia@chptaderdatasst Hr&Nmivn 15 2 %ié‘a{

sol ution of 0.04(g %rlo%tfgi glm-. A solution of a salt of [err] ? or exanpl e
ferric chloride) VAR fidd -t o t he very -vi scous. solution so as to provide a
ratio, by weight, of succinylated proteins/[err] of 10:1. In these
conditions the pH dropped to 2.6 with the formation of 20 a precipitate

whi ch was recovered by filtration. This precipitate was re-dissolved in

wat er and NaOH was added until it was conpletely dissolved (pH 7.5). After
di al ysis against water, in order to renove t'he sodiumchloride, the solid
product was recovered by freeze-drying or by a spray dryer. 25 The yield of
the derivative was 33% by weight of the initial- -



grotein. Its.iron content and characteristics are given in Table | (Ex

4). 12 EXAMPLE 5 Preparation of iron derlvgglves from succi nyl at ed ;}:};;-

proteins of bovine seruml1.5 g of [err] were ded to 50 nt of a sol ut\

1ﬁbOV|ne serum proteins and the mxture was treated with 6 g of succinic”
ydri de added in successive portions, whilst the pH was kept between the

values of 7.5 and 8 by the addition of NaOH  \Wen the addition was

~canpl ete t he BXAMPLECS \as 1 eft for 2 hours at 10 anbi ent tenperature
i then a pregci.nj i el ' .4 by a
m neral acid. purified

as descri bed 4, ml@ﬁrd%?d | d product was suspended in water and
brought 15 TO . The solution obtained in this way had

added to it a solution of a salt of iron (111) (for exanple ferric
chloride) unt%lgidf resxdaohin siexe dilsazvdded+ipr 00€i miFef wabeéro by wei ght
of 10:1. The pH dropped spontaneously to 2.4 and a precipitate which, when
20 br sughtonteisdng 5 iy KiCOsol wad Padpérpf @@ecinic anhydride was

added in successive portions. to the clear solution whilst maintain-

ing the pH at values of between 5 and ‘8 by the additon of NaOH.
The mixtufe was left to react for 2 hours at ambient temperature.
After acidification of the solution to pH 3.4 a precipitate

10 was obtained which was isolated by centrifugation, purified
by dissolution at pH 7.5 by NaOH and then re-precipitated at
pH 3.4. The solid was recovered by centrifugation and dried
under vacuum. The dry solid was suspended in distilled water
and dissolved by the addition of NaOH (pH 8) so -as to obtain

15 a final solution of 0.04 g protein/ml.

‘A solution of a salt of Fe3+ (for example ferric chloride)
was added to the very viscous solution so as to provide a
ratio, by weight, of succinylated proteins/FeE'+ of 10:1.
In these conditions the pH dropm=d w2.6 with the formation of
20 a precipit#te which wa recovered by filtration. This
precipitate wasre-dissolyed,ip water and NaOH was added urntil
it was completely dissolved (pH 7.5). After dialysis against
water, in order to remove tae sodium chloride, the solid
product was recovered by freeze-drying or by a spray dryer.
25 The yield of the derivative was. 33% by weight of the initial
protein. Its iron content and characteristics are given in

Table 1 (Example 4).



obtained. The solution was separated fromthe residue by centrifugation,
agai'nst water was carried out in order to elimnate the sodi um
and freeze-drying was then carried out. The weight yield of 13-,
derivative, with respect to the initial protein, was approx. 309/
- content and characteristics are given in Table 1. (Exanple 5),,

together with those of the first insoluble residue. 5 EXAMPLE 6
Preparation of iron derivatives from succinyl ated proteins of pigs |iveriw
400 g of fresh pig liver was honogeni zed in a Silverson honmbgeni zer in the
presence of 800 ml of 0.2M 10  J[err] solution, pH 8.3. After '
centrifugation at 9000 rpmat 50[err], the supernatant was coll ected and
filtered throughEXAMPLE[Serr] cel | ul ose acetate nenbrane. 1.2 g of succinic
anhydri de was added in successive portions to 50 ml of clear solution,
ensuring that the pH remained 15 . between 7.5 and 8 by the addltlon of

NaCH. The sol uti gRe s digh! okomnwiv%&iw@'gmmtﬁm%gwwaand then
acidified with recipitate

whi ch was procesgesitéind b Savbn#egerifn i N Exanple 4, with the nodification

1.5 g of Ncho wefe.added to 50 ml of a solution

5 of bovine serum protelns and the mixture was treated
w1th 6 g of succ1n1c anhydrlde added in successive
port;ons, whilst the pH was kept between the values of
7.5 and 8 by the addition of ﬁaOH. When the addition
was complete the rgaction was left for 2 hours at

10 ambient temperature and then a precipitate was produced
by acidification to a pH of 2.4 by a mineral acid. The
precipitate was recovered by centrifugation and purified

as described in Example 4.

The solid pfoduct was Sﬁspended in water and brought
15 to pH 7.5 by NaOH. The SOiution dbtained id this way
had added td it a solution of a salt of iron'(III) (for
example ferric chloride) until it reached a succinylated
protein/Fe>* ratio by weight of 16:;. The pﬁ dropped
spontaneously to 2.4 and a precipitate which,'when
20 brought to pH 7.5, only dissolved in part, was
obtained. The solution was separated from the residue
by centrifugatioh, dialysis against water was carried
oﬁt in order to eliminate the sodium chloride and

freeze-4drying was then carried out. The weight yield of



20 that the final recovery was carried out by freeze-drying of the
sol ution which had been dial ysed agai nst water. The freeze-driéd residug
was suspended in water and 14 brought to pH of 8 using soda. This A?Ct4
prgyi ded a sol ution which was not conpletely clear and which was "
centrifuged. A solution of iron (for exanple ferric chloride) was ad
the cl ear supernatant such that 3+ 5 the (estimted) succinyl ated
tein/ Fe rati o was approximately 10:1 by meight The pH of the solution
dro ped to 2.6 providing a precipitate whichA3was purified in the sane way
as in the previous Exanples. The solid obtained fromthe 10
freeze-drying of the final solution. dialysed against water, had the
characteristics and tR&N feaRRE vatVed, iwithakkepbet Ee@fﬂ?;'eelﬁinﬁ(A'\/P'-E 7
Preparation of iron derivatives fronlsUCC|nyIated soya 15 Proteins 5g
of soya proteins werprestsimmnead appd®®. rHosxaf Takeirawriomitentgady of [err].
The m xture was stirred until conpletely dissolved, the pH being naintained
between 7.5 and 8 byCRARACKAFIETLIAS ORI NMHVeR 4R Table 1. (Example 5),

together with those of the first insoluble residue.

5 EXAMPLE 6

Preparation of iron derivatives from succinylated
proteins of pigs liver .

400 g of fresh pig liver was homogenized in a
Siiverson homogenizer in the presence of 800 ﬁl of 0.2M
10 KHCO3 solution, pH 8.3. After cehtrifugation at %000
rpm at 50°C, the supernatant was collected and filtered
through a 0.45u cellulose acetate membrane. 1.2 g of
succinic anhydride was added in successive portions to
50 ml of clear solution, ensuring that the pH remained

15 between 7.5 and 8 by the addition of NaOH.

The solution was left for 1 hour at ambient
temperature and then acidified with mineral acid to a pH
of 3 thereby obtaining a précipitate which was processed
in the gsame way ae in Example 4, with the modification

20 ~ that the final recovery was carried out by freeze-drying

of the solution which had been dialysed against water.

The freeze-dried residue was suspended in water and



z

20 2.5g of succinic anhydride were added in successive portions. The

m xture was stirred for two hours at anbi ent tenperature and brought to a
pFéE§E§.4 by the addition of mneral acid, thereby producing a 1l4a
px-e itate which was purified in the sane way as in the previous ExaaneSJ

The solid residue of the final freeze-drying was suspended in 100 m of
wat er, the pH was corrected to 8 by the addition.of soda and then the 5 .
sol ution, which was not conpletely clearl4was centrifuged. The clear. -
subst ance supernatant was treated with an iron solution (for exanple ferric
chl oride) such that the succinyl ated protein/Fe ratio was 10:1 by 10

wei ght. The pH diraughtsobupl oof & coqspied Spda! arthiss pyovdddd G avduaion
precipitate was fornmed and treated in_the sane way as in the previous

Exanpl es. The solYRiSp#aEnBat (eURRLaTELY| Rheas r%'é‘zé’haf’?l ¥88had the |
characteristics aé]éjnﬂrﬁ?ﬂ ggnt S‘Etsﬁqnqlo\ﬂegfl J‘pb(lf%r e%gﬁﬁ%@& The 15

wei ght yield with respec to e Initial proteln was PHYSI CAL

CHARACTERI SATI ON ¢ obtid el Rzl Qi dAtloViehe FEL3 SdGple¥bh A D SIRGTEhbE
OBTAI NED | N ACCORDANCE W TH EXAMPLES 1-7.

5 the (estimated) succxnylated proteln/Fe f ratio was

approximately 10:1 by weight.

The pH of the solution dropped to 2.6 providing a
précipitate-which.was“purified'in-thé game ﬁay'as in the
previdus Examples. The solid obtained from the

10 freeze-drying of the final solution, dialysed against
 water, had the characteristics and iron content given in

Table I (Example 6).
EXAMPLE 7

Preparation of iron derivatives from succinylated sova

15 proteins

- 8g of soya ptoteins were suspended in 100 ml of
water containing 3g of NéHcoa.' The mixture was
stirred until completely dissolved, the pH being
maintained between 7.5 ahd-a'by the addition of NaOH and
20 2.5g of succinic anhydride were added in successive
portions; The mixture was'stirréd_forltwo hours at
ambient temperature and brought to a pH of 3.4 by the

addition of mineral acid, thereby producing a



~15- The derivatives obtained in accordance w th the above- nentioned
Exanpl es were anal ysed foll owi ng the nethods gi ven bel ow. a) Degree of
succinyl ation This characteristic.was expressed as a percentage of the 5’
syccinyl ated groups with respect to the groups capable of succinylation o
the initial protein. The nethod described by S. More & WH. Stein, J.
Bi ol .* Chem, 211, 907, 1954 was used, involving the reaction of the free
ani ne groups wi'th nlnhydrln . The results a hgagiven in Table I. [0b) Iron
content The iron content was det er m ned, elt%er after hot extraction with
2N HCl or after conplete digestion of the protein by sul phuric acid, as
described in Standard Methods, 14th Ed., 1975, p. 208, APEA- AWMN- WPCF
(reaction with o- phanamtﬂmaltienw)licu&za'ﬁﬁ@m:alfmeé boethy \samei wayadd €ln the)
Spectroscopi c data 1) EPR spectroscopy Al the derjvatives described in the
above Exanpl es shomBHeYWss%ﬁéme%%t r ;RoFod LBeRetABIn ofThBe EPR&hect rum of

the 20succinyl ferr rote| erivative pr r car.dan W npl e
| was plotted for e g d}]ﬁd‘ﬁg gﬁ%cﬁiﬁ%’\%@% ec%%é“ i°f gr gg‘zé %J‘ 5?1
powder and had a vewsvume%cqaako &8y &rRd aaloeiod of %o@a ¥hd Nefersitheal
anpl i tude of approxinmately 2000 G around

5 solution, which was not completely clear, was

centrifuged.

The clear substance supernatant was treated with an
iron solution (for examble ferric chloride) such that
the succinylated prdtein/Fe3+ ratio was 10:1 by

10 wgight. The pH of the solution dropped spontaneously to
2.6.and a precipitate was formed and treated in the same
way as in the previous Examples. The solid obtained
from the final freeze-drying had the characteristies and
iron content as given in Table I (Example 7). The

15 weight yield with respect to the'initial protein was 22%.

CHEMICO-PHYSICAL CHARACTERISATION OF THE IRON

DERIVATIVES FROM SUCCINYLATED PROTEINS OBTAINED IN

ACCORDANCE WITH EXAMPLEs 1-7



A further well-resol ved signal- was present and was al so centered/ 25¢g =

..Q0\ - The shape of both the signals was characteristic of- - 16 -
Nig=epacting [err] .paramagnetic centres (F. Reid et al., Inorg. Chem 7,
14977 1968). All these data showed the presence of protein structures cl ossd

around the linking agent. 5 2. Circul ar di chroi sm The behavi our of the

various derivatives described was also simlar in this case. The circul ar—_
di chroi sm spectrum of the succinyl- figr&£oprotein derivative obtained in ‘~wt
accordance with Exanple | was plotted for exanple. The spectrum was charac-

10 terised by negative actiyity in.the UV _zone. .. This showed an intense
negati ve ban‘#ﬁm’ Y 8&6#&?"266 ﬂ?ﬁoﬁﬁnﬁes T 5@?,3' V€5 negati ve,
centered ar ogdghidted Mank1R8CweRE b 8Ys éd 1 FoALEPI e ithe SpSdHRMB8Ugi Rt below:

predom nance of a "random protein structure (inter alia;: F. Gardelli & P.
Sal vadori - -Ogtical_ 15 Rotatory Dispersion and G rcular Dichroism- He7den
& Son Ltd., &6n e SUCCRBAARIOR 5). 3, WV - Visible absorption
spectra The behaviour with respect to the el ectronic spectrum of the

various deriygid Rardecsrished was exbibdsdd abi 4. derelaregd b BRe UV - visible
spectrum for the succinyl ferroprotein derivative prepared in accordance
w t h Exanpbesuccinylated groups with respect to the groups capable of

succinylation of the initial protein. The method described

by S. Moore & W.H. Stein, J. Biol. Chem., 211, 907, 1954

was used, involving the reaction of the free amine groups with

ninhydrin. The results are given in Table I.
- 10b) Iron content

The iron content was detéi'n_u'_.ned, either after hot extraction
with 2N HC1 or after éomplete digestion of the protein by
sulphuric ‘écid, as described in Standard Metﬁods, 14th Ed.,
1975, D. 208, APEA-AWWA~WECF (reaction with o-phenanthroline).

15 The values are given in Table I.

c) Spectroscopic data
1) ERR spectroscopy

All the derivatives described in the"above'Eﬁ:ampleé showed the
same spectroscopic behaviour. The EpR spectrum of the

20 suceinyl ferroprotein derivative prepai-ed in accordance with
Example 1 was plotted for emple.. The spectrum was recorded
in freeze-dried powder and had a very wide sigmal, centered

~ about g = 2.0, with a signal amplim;ie oi’ approximately ZOOC;I%;m 4
A further well-resolved signal was present and was also centered/

g = 2.0. The shape of both the signals was characteristic of



The spectrum (continuous |ine) does not show absorption peaks but only
very weak shoul der around 450 nm Under WV there was a fairly define N\ 3
shoul der centered around 270 nmand a very 25 intense absorption mﬁthgé;"'

peak bel ow 220 nim 17 Fig. 1 also shows (dashed line) the spectru
ferritin fromhorse spleen as a conparison (Boehringer-Mnnheim. The
adsorption spectra in the visible range are 5 given in Fig. 1 and were

ca(ried out in water. pH 7. The spectTLﬂﬁ(ﬁ horse spleen ferritin under th
$aﬁ§ conditions is also given as a conparison (Boehringer- Mannheim. 4. -
Fl uorescent En $siQtSRECHEIMlOanagnetic BagrkbyO(®SeRAL 681 S6I 0N spectra
are given in Fig.2, in which the continuous |ine corresponds to the

succi nyl ferroftetei Cheati ¥ati18gs 1068) he Allvehesonjatiahehdeed ddshed | i ne of
| act oproteins as such, and the dashed line .to the succinyl ated .

| act opr ot ei ns. Pagsence of ProfRiz: FTRYC HITHhEIPFES rARBK e £28f LiHEM& ot ei n,
due to the pregence of netal. may be seen. d) El ectrophoreses The
e_Iect'rophoreticg %%ces on cellul ose acetate of the various derivatives in
conparison with the.

' 5 2. Circular dichroism

The behaviour of the various derivatives described was also
similar in this case. The ciréular dichroism.spectrﬁm of the'

succinyl ferroprotein derivative obtained in accordance with

Zxample 1 was plotted for example. The spectrum was charac-

- 10 terised by negative activity in the UV zone. ' This showed an
intense negative band with a peak arcund 2Q0 nm and a shoulder,
also negative, centered around 225 rm. These spectral
characteristics showed the predominance of a "random" protein
structure (inter alia: F. Ciardelli & P. Salvadori - Optical

15 Rotatoéy Dispersion and Circular Dichroism - Heyden & Son Itd.,

Ze UV ~ Visible absorpntion spectrz

The behaviour with respect to the electronic spectrum of the
various derivatives described was similar. PFig.1 shows the
20 UV - visible spectrum for the succinyl ferroprotein derivative

orepared in accordance with Example 1.

The spectrum (continuous line) does not show absorption peaks
but only a very weak shoulder around'450 nm. Uhdér UV there
-was a fairly defined shoulder centered around 270 zm and a very

25 intense absorption with a peak below 220 nm.




®

succinyl ated proteins, the original proteins and 18 ferritin are
ninFigs.-3to 6. In Figures 3. 4 and 5 el ectrophorésis traces are

Tunning fromleft to right. The nunbers indicate the traces for s
us substances as explai ned below. 5 Fi g. 3 shows the resul ts™

o~el ectrophoresis carried out on soya proteins (trace 1). succinylated.
soya proteins (trace 2). iron derivative of succinylated soya proteins -
(trace 3). iron derivative of non-succinyl ated soya proteins, soluble ‘et
fraction (trace 4). Fig.4 shows 10 the,results of -el ectrophoresis

carried out on oval bumn (trace 1). su00|nylated oval bum n.(trace 2). iron
derivative of suc | gt V@ fm C tdgre of

oval bumi n (trace %Q"y 1 QQgQ %‘L t(ﬁggbéguﬁ'@)ofﬂhreeoggtdfsgf)%%rdeés/l s carried 15
out on mlk prmﬂlran(tfrzaﬁena;)ge sgm@eayhateobdnddnpbnt eins (trace 2), iron
derivative of succinylated mlk proteins (trace 3), horse spleen ferritin
(trace 4). Fi g{Boehirhngerh¥Manekedn)s. of el ectrophoresis (densito- netric
readi ng at 550 nm) carried out on the iron 20 derivative of

succinyl ated m Ik proteins (continuous line), the iron derivative of

succi nyl ated soya Ry, YsBE pt 04 S22l ERE HEABILCERNGL! 2 Of

succi nyl ated
5 g1ven in Flg 1 and we:e ca::xed out in water, pH 7.

The spectrum of ho:se spleen ferritin under the same
conditions is also given as a comparison (Boehringer-

Mennheim),

4. Fluorescent Emission Spectrum

10_ The fluorescent emission spectra are given in Fig.2,
in which the continuous line corresponds to the succinyl
ferroprotein derivatives of the invention, the
dot-dashed line of 1aetoproteins.as_such, and the dashed
line to the succinylated lactoproteins.

15 Quenching_of_the fluorescence of the protein, due to 3
the presence of metal; may be seen.

d) Electrophoreses
The eleetrophoretic traces on cellulose acetate of
the various derivatives in comparison with the

20 '

succinylated proteins, the original proteins and



oval bumi n (dashed |ine). 18 a e) Gel filtration The gel filtration
profile on cross-1inked agarose having a nol ecul ar wei ght excl usi on of
75,000 Daltons of the iron derivative of the succinylated mlk proteins .,
('Qbt ai ned as described in Exanple 1), in conparison with the succinyl at '
proteins thenselves is given in Fig.7, where the continuous line refers EEE;
succi’'nyl ated | actoproteins, the dashed line to the corresponding iron
degLyative. The ordi nate shows adsorption s 280 nm 10 and the
absTi ssa the progressive nunber of fractions collected. It can be seen
fromthe profile that the presence of iron causes a single output peak with
aretention tine simlar to that of the colum void. Bearing in mnd that
t he nmol ecul ar excl uSeomitiin alhe gijeerosin Figs. 3ded ieed above is approx. 75
Dal t ons, the apparent m ni num nol ecul ar wei ght value of this aggregate is
greater than this value. Mreover, in a different manner, a doubl e peak
Wi th greater random zaty : of ed, W th .t : ' .ed ins. This
QP{%#‘@SeQ 5! :*"! 45 E‘ieéi’?@r{h}g%ﬁg) FPL%? dke

factor was al so observe el ectr ophor esi s type of
behavi our shown running from left to right. The numbers indicate

the traces for various substances as explained below.

5 Fig.3 shows the results of electrophoresis carried
out on soya proteins (trace 1), succinylated soya
proteins (trace 2), irpn derivative of succinylated soya
proteins (trace 3), iron derivative of non-succinylated
sofa proteins, soluble fraction (trace 4). Fig.4 shows

10 the results of electrophoresis carried out on ovalbumin

| ‘(trace 1), succiuylated ovalbumin (trace 2). iron
derivative of succinyiated'OValbumin (trace 3), iron

derivative of ovalbumin (trace 4).

Fig. 5 shows the results of electrdphoresié carried
15 out on milk proteins (trace 1), succinylated milk

proteins (trace 2), iron derivative of succinylated milk

s

e

proteins (trace 3), horse spleen ferritin (trace 4).
Fig.6 shows the results of electrophoresis (densito-
metric reading at 550 nm) carried out on the iroh

20 derivative of succinylated milk proteins (continuous
line). the iron derivative of éuécinylated gsoya proteins
{(dot-dash) and the iron derivative of succinylated

ovalbumin (dashed liné).



: %
-19- shows that the iron present is a focus of inter- nolecular aggregation
of the protein nedium Further data were extracted fromthe filter gel on

Sephadex G- 200 in conparison with ferritin (Fig. 8, in which the abscissa

5 ordinate are simlar to Fig. 7, whilst the continuous line ° \J
fesponds to the iron derivative of sygcinylated |acto- proteins and the
dashed line relates to ferritin obtained from horse spl een). In this

case as well the peak was unanbi guous whil st the retention tine was greaw#r
than that 10of ferritin. - This would appear to show t hat the apparent
mol ecul ar mgsghéeisf1£¥$%t§gKW|that of the ferritin fromhorse spleen. f)
Stability in gastric jul is test was carried out on the iron derivative
obtained 15 from Exanple | and was carried out by dissolving 25 ng of the
derivative in 0.5 m of distilled water and by adding this solution to 5 ni
of the gastric Thecgebffiltzation mrafiidie sne cvasseliiakeddagadoshe
suspensi on was i ncubated at 37 C for 60 mnutes with stirring. After this
peri od the PAEERG; 3 RRLSHUIAL Wit 14%F 1MB i0an of 78e20P0R23KaRENEE
super nat ant . was, anal ysed for its.iron conLenH.- ;he, gnunt Qf.-i.ron given up
to the gast FR® L1EPRAGREVALIYe,(0F (e fudeinylate .md? PEPEELBPt ati on of
thesiron derj | i t | : t.e -3Q% (w y). of Lum
sul phat e vvagégé%}é}ag%oﬂa %@Hﬁjﬁoﬁ%&%ﬁle %‘:‘3' q'é (com\f:%r?soﬁmgh

the succinylated proteins themselves is given in Fig.7,

where the continuous line refers td'sucéinylated
lactoproteins, the dashed line to the corresponding iron

derivative. The ordinate shows adsorption at 280 nm,

10 and the abscissa the érogreésive aumber 6fI£:actions
collected. It can be seen from the profiie that the
.preéence of iron causeé a single output peak with a
retention time similar to that of the column void.
ﬁearihq in mind that the molecuia: exclusion of the agarose

15

defined above is approx. 75 Daltons, the apparent minimum
_ molecular weight yalue of this aggregate is greater than

this value. Moreover, in a different manner. a double |

peak with greater randomization was notéd with the 1
succinylated proteins. This factor was also observed in

20 electrophoresis (Fig.S5). This type of behaviour



(ﬁ/v) of the iron derivative prepared n accordance with 20 Exanple 1. A
precipitate of the protei'n derivative of the iron was obtai ned and ha
characteristics identical to its initial characteristics and was stil
saluble in water.” Iron was not present in the solution. 5 Th ta,
gi ven above shows t hat t he conpl exi ng capacity of the succinyl ated protelns B
with fespect toiron is not only typlcqIi of succinylated mlk proteins but
|s-@haracter|st|c of succinylated prote %n=derivatives of varied origins and
physi ol ogi cal 10 functions, whether aninmal or vegetable. As nentioned
above, nany ani eﬁéws)rthuegehabiﬁn%%séﬂ@ iof aaspeRs npdishirgd-type are
suitable for linking with iron en non-nodified mlk proteins, oval bum n,
soya proteins, Zegripr rgsresatdegael ecueracotgimt:addmﬁ Furthel detd are
reacted with iron under th on o] descr bed r the pr aration of

t he correspondi'fif § E?ﬁéﬁdeﬁ"(?fne%]i‘led%ﬁt\?& 59 aseﬁgéﬁ oB'Fal ned
having a siml P t I fLeL A
characteristi cgéotl)drpraggf&gqfﬁi{/ ae% ig%bdlil oty éeﬁg(g% 8 %ﬁe%"’é’#ﬁ & :-mu

réeported in Tahdmiinage emesurimiilpkated®iy.orgi wisikdtowheFosneamisel _ﬁ@ya

proteln provides a final product, (Fe content:4.5%. which, when
corresnonds to the iron derivative of succinylat ea lacto-

protelns and the dashed line relates to fevr*tln obtained from

horse spleen). In this case as well the peek was

o mkmia e m . a e e

unambiguous whilst the retention time was greater than that
100f ferritin. This would appear_to_show that the apparent
! molecular weight is lower than that of the ferritn from

horse spleen}

£) Stability in gastric juics

This test was carried out on the iron dsrivative obtained
% 15 from Exﬁmple 1 and was carried out by dissolving 25 mg of the
derivative in 0.5 ml of distilled water and by adding this
solution to 5 ml of the gastric Jjuice of a rat. A precipitate
was obtained and the suspensiorn was incubated st 379 for

&0 minutés with stirring. Afte this period the precipitate

p'r: =

20 was separated by centrifugation ard the supernatant was analysed
for its iron content. The amount of-iron given up to the gastric

juice was 1% of the initial total.

g) ~ Precipitatior of the iron derivative with ammonium

sulphate

a mmeakd i cmmiiar o aee e

i 25 30% (w/v) of ammoniunm sulphate was added to a 1C% solution

; (wv) of the iron derivative prepared in accordance with




freeze-dried, i's insoluble beyond 75% (WV) and gives up its iron when
treatigd with gastric juice. In addition 20a to the conpl eti ng behavi our
with vespect to iron, the behaviour of the succinylated ferro-protein -
Wi-vatives of the invention (i.e. solubility in an al kaliné nmedium /
§§g¥rlity in an acid nediumand in the presence of 5 gastric juices
n at high iron contents) are not attributed to the base proteins and .
coul d not therefore be foreseen. - 2120TOXICI TY a) Acute toxicity wae
. tested orally in Swiss mce by gastric probe with respect to the
ferrosuccinyl pretein of mlk proteins, obtained in accordance with Exanple
1, with 5 distil |[Exampdeect. aR tRfrecipitate of Tthe pertiinademjivastie ofian 4, 000
ng/ kg. b) The toxicity under repeated adnminjstration of the same derivative
of Exanple 1 (i ndiieatEARn¥ErsFERaIRe, spd§ad Fhazacteptstins 18BtiEahr ded
for 20 days of cqnsqeyt ixfeid PaHIRALcOP1 40 dP malakake{ A SAAKhRI1AN
initial weight of 200 g, caged _
. water. Iron was not present in the solution.

5 The data given above shows that the-compiexing
capacity of the sﬁcéinylated éfoteihs with.respect to
iron is not ohlylpriéél'bf'succinyiated ﬁilk proteins
but is éharacteristic 6f.stccin91ated protein |
derivatives of véiied oiigihsiénd pnysiological'

10 functions, whether animal or vegetable.

- As mentioned above, many animal or vegetable
proteins of a non-modified type are suitable for linking
‘with iron. When non—mddified milk proteins, ovalbumin,
soya proteins, serum proteins, organ extract proteins
15 (liver) are reacted with iron under the conditions
described, for the §teparation of the corresponding

succinyl—protein'derivatives. a product is obtained

waey

having a similar iroh content, but with complete;y
different ché:acte;is;ics of solubility and stability as
20 _ the examples, reported in Table I as ‘'unsuccinylated
proteins' show; Fér examble, soya protein provides a
final product, (Fe conteﬁt:4;5%). whiéh. when
freeze-dried, is insoluble beyond 75% (W/V) and gives up

its iron when treated with gastric juice. 1In addition



for 14 days before treatnent and then separated at randominto groups of 10
(Goup 1: controls; tl, I'll and IV Ferrolat at 30-100-300 ng/kg/die). The
preparation, dissolved at the time of use in distilled 15 water, was
adgrnistered daily with no gaps at the sane tinme every day by neans o
probe. The controls received an equal volunme of tap water (10 m/kg). y
During treatnent, the rats were wei ghed daily, before adninistration, and
obsgr.ved for several hours after administratiepaof the product. The food 20 :
consunption was neasured at the end of the treatnent, and 24 hours after
the final adm nistration, and after a fast of 20 hours the rats were

anaest hetized with et h&P ERe compliexipgdobehaviauri withf respeatartot itdon Pagte of
the bl ood was collected ipn.a test be cont ai nin DTA (2 drqps_of  a 4% 25
solution) and the remalgﬁhg"i%ur qfe}tﬁea?%"e’r'ﬂ'rﬁatealaEﬁBE%TQﬁ?&-eleyFB%Y?‘ijc"es

I was

tests were carried cut o@nth6idvaindh okl ?P%ﬁ%1%ﬁﬁ£9?ig¥ﬁ{ﬁn;%gﬁ?§ﬁé A& m,

carried out on the serum RESULTS Vari ations in wei consunp
of food Figure 9 showsstakilgiwlin ancaehs emediuneanabini 1 plésienge t sLat ment
until the day preceding the sacrifice. 5 Tables Il and I1l show the

val ues relating Yo the9gBFiift IHicesaskenme tHghi d5an cerntansEloarefnete
- ani n'als during treat ma‘gltributed to the base proteins and could not therefore

be foreseen.



ootk v & ms e mate s

The wei ght increase curve o'f the grcup of rats treated with Ferrolat at a
dosage of 300 mg/kg is shown to be 10 significantly slowed down wth

-
¢

#ect to the weight increase curve of the control group of rats fromthe-.
154h, \ay followi ng the start of treatnment; the same group of rats consunmsd
-u:‘ pbod on average (-11.7% . Slight differences, which are not
sigm<ticant froma 15 statistical point of view, can be observed with _
respect to the remaining groups of-rafts treated with Ferrol at. ' -
Haemat ol ogi cal tests The results are shown in table IV. Haenmat ochem cal
tests The mre shown in table V. A slight decrease in 20 the
al kal i ne ph# ¥se was observed in the rats treated with Ferrolat, 300

ng/ kg/die. Uine tests The results are shown in table VI. ‘Ogan tests 5
Tabl e VI sh@ws taeatabsekidigyavwesabested gbullpfid ISwigsi ficé ajy or gans and
table VIIIl the c_orr-_esgond_i ng average weights relating to the body weight.
A si gni fi caZastnicr 8xgkewithh@espeet i 1 thei §pr-eTucciayipraefeiangof the
| ungs was recqrded, Ln_ th roup of rats.treated.1Q with Ferraqlat 100
my/ kg/ di e. T dFCERSRS o°e°é’%§r"‘aﬁi t Ffordance with Zatluble “‘_1"3

5§ distilled water as the carrier. The IEJ50 was greater than

- 4,000 mg/kg.

b) The ftoxicity under repeated administration df the same

derivatiTe of Example 1 (i_.ndiéa’ced below as Ferrolat) in rats,

per os, was recorded for 20 days of consecutive treatment on
10 male Wistar rats having an initial weight of 200 g, caged

for 14 days before treatment and then separated at random into

groups of 10 (Group I: coatrols; II, III and IV Ferrolat at

30-100-300 mg/kg/die). '

The preparation, dissolved at the Time of use in distilled
- 15 water, was administered daily with- no gaps at the same #ime
every day by means of a prcbé. The c_ontrols received an equali
volume of tap water (10 ml/kg). . During treatment, the rats
were weighed daily, vefore administration, and observed for
several hours after administration of the product. The food
20 consumption was measured at the end of the treatment,and 24
hours after the final administration, and after a fast of 20
hours the rats-were anaesthetized with ether and
sacrificed by cutting of the carotid. Part of the blood was
collected in a test .tube containing EDTA (2 drops of a 4%
- 25 solution) and the remairnder was left as serum. XHaemochromo-
cytometric tests were carried cut on the total blocd and

haematochemical tests were carried out on the serum.

. m————— r—-a—— nm e camer = e e e . - - e ——



- decrease in the body weight, a significant increase in the average wei ght
of the testicles was‘observed in the group of rats treated with Ferrolat
300 ny/ kg/ di e. HAENMATI C LEVELS AFTER ORAL ADM NI STRATI ON 15 a) oy
Farrol at-ferrous sul phate conpari son Male Wstar rats, weighing !
approxi mately 200 gramres and starved for 18 hours were taken, random
and separated into groups of 5; each groupshad been sacrificed -at thef?*
determ ned hour and bl ood was taken fromeach animal 20 by resecting t
carotid; the anount of iron in the blood of each animl of the group was

det erm ned spectrophoto- netrically by nmeans of bat hophenant hrol.i nsul phonic

acid (Fe-test, Wakgrgrdhe adm nistration was carried out by - 24 - a
probe in an aqueou§—sorution (5m/kg). The succinyl ferroprotein
derivatives whi ch Wasiaskshavds pe erhda s ob suEeA derrol at). Dosages

and results are shown in table I X. It can be seen that the quantity of
i'ron/kg. was the s&RBIFII? IFEOHSt Ree geadishdt LHeBeqTRe CUTYe AP KF2el) Araia®)| at

- ferritin conparisgn. M L star ts. L ghi roxinat.ely 200 grams
A R TR A S

dnd starved for 18 “AB0rS.  Wwere ©°&3 into groups
qf 9; each group was sacrificed at the

5§ Tables IT and III show the values relatirg to the weight
i increase and the food ccnsumption of the animals during

treatament. ) C

The weight increase curve of the grcup of rats treated
with Ferrolat at a dosags of 300 =g/xg is showr to ve

10 sigrificantly slowed down with respect to the weight increass
curve cf the control group cf rats from the 15th. dazy

i g follcwing ths start of freatment; the same group of rats

consumed less food on averazse (=11.7%).

i Slight differences, which zre not significant frca a
! ) 15 statistical poirt of view, car Te observed with respsct

i _ to the remaining grougs ef rats treated with Ferrolas.

. ) _ Eaematological tests

Tke results are showzn in tavle IV.

Eaematochenical tests
; _ The results are shown in table V. 4 slight decrease in

20 tke alkaline phosphotase was observed ia the rats S-satad

- e L e e mam e C e s mmeim eve————
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10 determ ned hour and bl ood was taken fromeach animal by resecting the
carotid. The amount of iron in the bl ood of each aninmal of the group was

. hed spectrorphotonetrically by means of the Iron Colorinetric Met hod .
ger- Mannheim. The administration was carried out by a,probe 15 i
ueous solution (5m/kg). Dosages and results are showmn in table, X
I t be seen that the quantity of 2%xQn/ kg for the succinyl ferroprotein
derivative indicated as Ferrolat was that of ferritin (Sigma, St. Louise

M ssouri) and equal to 1 ng/kg. 20 c)Conparison between succi nyl

ferroprotein derivatives obtained fromdifferrent types of proteins Mle
Wstar rats, wgnggnjy}aaggnox1¢§u4y/ﬁ 290s gr ans and staryed for 18 hours,
wer e taken, random zed and separatea 25 into groups of 5 (one per dose
of derivative and a control- group). Each group was sacrificed two hours
after admnistration and, by .resecting the carotid, blood was taken from

each ani nal anHEEEELﬁﬂﬁﬁa.content in5 t he bIood was determ ned by
means of bathopb éP RNQRI £, 2C] grfe-test. Wako). The oral
adn1nlstratlon‘VES'tarrle out - y a probe i N an aqueous solution (5 m/kg).

The doses of individual derivatives which were used were selected so that 1

ng/ kg of Fe was al ways
Crzan testa

§ Tavls VII shows the absclute éverage welghts of the main rat
| organs and table VIII the corresponding average weights
relaticg to the oody Jeisht.

A significant increase ir the relative weight of the spleen

and of the lurngs was recorded ir the group of rats treated
10 with Ferrolat 100 mg/kg/die. Ir asddition to a significant

éecrease in the body weight, a 31gnlf cart increase in

the average weight of the testicles was observed in the

group of rats treated with Ferroliat 300 mg/kg/die.

- ZABMATIO LEVELS AFTER CRAL-ADMINISTHATIOﬁ-

15 a’ Ferrolat—ferrous gulcthate comrar ison

o

Male Wistar rats, weighing aprroximately 200 grammes axn

starved for 18 hours were taxen, randomized and -

saparated ;nto grocups of 5; each group had teen sacrificed

at the determired hour and tlood was taken S-oz eack azimal
20 ©y resscting ths carotid; the amount of ircr ia the blcod

of each animal of the group was determined spectropaoto-

metricaily %7 zears cf oathopneﬁanthrolinsul;honic acid

- (Fe-test, wako). The administration was carried out Ty

+ o — T T P © e e e em e s . PR



10 adm ni stered. Tested products: 1) succinylated soya proteins + Fe
(4. 42% wWw) 2) succinylated oval bumn + Fe (3. 57%ww 15 - fdj
3) succinyl ated bovine serumproteins + Fe (5. 78 ww) 4) su00|nylated i
poteins «+ Fe (4 5%ww) (Ferrolat). The results are shown in table
26 TABLE 1 Protein Source Succinyl - . o4 Ee content Yi el d2
Sol ubility3 ation % (W w) ' . at pH>5 [err]
Sugwjnylated protelns Whol e m | k 95 :

+ powder (Eg:1) Isolated milk- proteins: (Eg:2)Fe/succ. prot. 1:10
95 4.6 ‘g prete in aZGdd EgodlFedBucen (5z1/:z).

Fag) ! & g™ . .y o R L R L Caars T e e Yol
-2 S"CJ;”.".;,-’; 2 32D0TTOTIIR REDIVATLYS anich B

m

- - v —— - b -~ -’ L ey v dnd dem-
are showr in tatle IX. It can Te ssexn that the guanitivy
< - -~ - o v - r-4 e -
of ;:c:/ha. as the sane for toth the dexiratives

(Fe H “"‘/:..t)

w

v) Ferrelat - ferritin comparison

¥ale Vistar rats, weighing approximately 2C0 grans and

starved for 18 hcurs, were talken, raﬁdomized and

separated into groups of 9; each gocup was sacrificed at the
10 determired Zour and blood was ftalzen from sackh anizal b7

resecting the carotid. The amount of iron irn the blcod of

eack animal of the group was determined stectrophotometrically

——ey

©7 zears of the *on Colox zetric tfethod (-oenrwzger-
Fannbelin), The adminlst:ation was caxrisd out Ty a 3rdbe

15 in an acgueous solutiocn (Smi/kz). DJosages and results
are shown in tatls X. It.ca: ve sesr that the quantisy
of iron/kgz foé She succi:vl Fsrrerrotein derivative indicated

. ' as Ferrolat was that of.ferritin'(Sigma, St. Touis Missouri)

aznd equal %o 1 ng/tz.

20 ¢

- - Yo due. cen 3 - -~ Adendm Faed wem dosd o
crmaxizorn hatueer 1l Seprovrpgotein daritTatliy

€2
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95 6.7 30 (Eg:3)Fe/succ. prot.
. 95 3.2 18 "+ (Eg: 3) Fe/ succ.
, 95 : 2.5 18 - + 10 o
prot. 0.1:10 95 0.8 .13 s
95 3.6 33 + (Eg:4)
Bovi ne: ser um 82 5.8(sol.) 30 : + proteins
(Eg: 5) 5.5(insol.) Pig liver n. d. haa 4
8.4 n.d proteins (Eg:6) Soya protelns 92 4.4
22 + (Eg:7) 15Whole mlk 35 4.3
26 powder 26a TABLE 1 cont'd Protein Source Succi nyl - Fe content
Yi el d2 Sol ubility3 ation : @6(m&y® % at prS [err]

Unsucci nyl at ed proteins:
into groups of 5 (one per dose of derivative and a

control group). Each q:oup was sacrificed two hours
after adminiétt;tidn and, by resecting the carotid,
blood was taken from each animal and the iron content in
the blood was determined by means of bathophenanthrolin-
sulphonic acid-?e;:est. Wako), The oral administration
was carried Qut.bf a probe in an aqueous solutiqn (S
~ ml/kg). The doses of individual derivatives which were

used were selected so that 1 mg/kg of Fe was always

10 administered.

Tested products: 1) succinylated soya proteins + Fe (4.
_ 42% w/w)
2) succlnylated ovalbumin + Fe (3. 57%
w/w) _ _
15 ' 3) succiny;ated.bovine serum proteins +
| fe (5. 78 w/w)

4) succinylated miik prpteins + Fe

=

(4. 5% w/w) (Ferrolat).

The results are shown in table XI.



I§o|ated mlk proteins - = 0 4.8 5 Oval bum n

0 7.7 Oval bumin . , 0 0.4 - _ o
+ (di gested) Soya pr ot ei ns 0 4.5 Soya pr-oteins .
(dLgested) , 0 ' 0.4 Bovi ne serum proteins

0.5 10 Pig liver -0 n.d. proteins Notes: 1. % of~
total groups in native protein avail able for succinylation which have
sugCinyl ated.—2: Based on theoretical yield on the basis of total wei
15 starting material. 3: Conplete solubility: + ; partial solubility:

; insoluble: -. -27- TABLE |1 WEI GHT | NCREASE TREATMENT Initial aver-
Fi nal aver- Wei ght day ng/ kg/ day  age wei ght age wei ght i ncrease
average [err] SE 26 '
IABLE 1
Protein Source  Succinyl- Fe content  Yield? Solubility3
ation s (w/w) LY at pH>S
degreel
Succinylated
proteinsg
Whole milk 95 4.5 +

powder (Eg:1l)

- Isolated milk-

proteins:
_(Eg:Z)Fe/succ.
prot. 1l:10 95 4.6 20 ' +
(Eg:3)Fe/suce.
prot. 1.5:10 95 6.7 10 +-
(Eg:3)Fe/succ.
prot. 0.5:10 95 3.2 18 +
(Eg:3)Fe/succ.
prot. 0.2:10 9s 2.5 18 .
1O(Eq :3)Fe/succ. X

prot. 0.1:10 95 0.8 13 +
Ovalbumin 95 |

- (R4 3.6 | 33 +
Bovine serum 82 5.8(sol.)

) . . 30
proteins (Bg:S) 5.5(insgol.) +:
Pig liver n.d. 8 i
proteins (Eg:s) 4 8-d .
Soya proteins 92 '
eri7) | 4.4 . 22 +
;sWhole milk 35 | 4.3 26 +-

powder



Controls 224 10[err]2.83 343.60[ err] 887 119.50[err] 7. 66

~ W

Ferrolat 3 224.40[err]3.03 325.50[err]4.56, ~ 101.20[err]4.35
Ferrol.at- 10 224.40[err] 2. 30 326,10[err]8.06 . 101.70[err]8.08 * -~
**fPerrolat 30C 224.30[err]3.71 307.00[err] 10. 15 82.77[ ert]8. 28\
p ' ** p<0 01 Significance with respect to controls (.cal culated
tudent's 't') TABLE I11 FOOD CONSUMPTI ON TREATMENT Tot al L
Vari ation average ng/ kg/ day consunptior Controls . 32.33 ey
__errolat 30 30. 42 - S.91 Ferrolat 100 30. 98 -
4.18 Ferrol at 300 28. 54 -11. 72 TABLE |V HAEMATOLOG CAL DATA
TREATMENT ng/ kg/ day Controls Ferrolat 30 Ferrolat 400

Ferrol at 300 Haenoglobin g% 12.11[err]0.47 11.77[err]0, 37
12.39[err] 0. 30 12.93[err]0.25 Haemajggrit % 66. 88[err] 2. 06

61.44[err]1.96 66. 90+2, 77 64.16[err]1.80 Leucocytes 103/
16.95[err] 2. 25 16. 55[err]1 65 23. &@F&L&Fﬂﬂﬁéi 19.93[err] 2.58
Erythrocytes Ptote§n7§luer|&g] 0.s3kcidy1l2l er iHe0cabtent viera2ll erddhlnfhieys

6.22[err]0.31 ation s (w/w) s at pH>S
degreel _
Unsuccinylated
Igsolated milk
proteins 0 : 4.8 e
5 Ovalbumin 0 ' 7.7 _ -
Ovalbumin 0 0.4 . .
{digested) :
Soya proteins 0 4.5 o -
Soya proteins
(digested) . 0 0.4 +=
Bovine serum . _
proteins o 0.5 +-
10 Pig liver 0 n.d. ' -
proteins
Notes:

1: % of total groups .in native protein available for succinylation
which have been succinylated.

2: Based on theoretical yield on the basis of total weight of
15 starting material.

3: Complete solubili:y} + ; partial solubility: +- ; insoluble: -.




s
- 28 - TABLE V HAEMATOCHEM CAL DATA TREATMENT

ng/ kg/ day Control s ‘ " Ferrolat 30 Ferrolat 100 d ucose ng% _
55.33[err]5.75 52.81[err] 4. 38 63. 61[err]5 58 60. 74[ err ] 4-9%%
Ni tvemia 32.73[err]1.33 = 34.59[err] 28.68[err]2.34 Y
32.33[err]2.52 ng% GOT 110. 51 rﬂ? 10 . 130.81[err]8.59 Y
109.09[err]5. 21 113. 36[err]7.29 mygik &P 19.58[err] 1.5
26. 86frerr] 3. 43 S%Féﬂe‘_rf —?S'B['err]Z 57 mJm Al kaline
* phosphat ase 255. ] 229. 53[err]17 03 257 53[err]22 35
213.80[err] 12. -WTREATgEE'g? @ I “5-1@‘ };' ;.T
6.02[err]0.17 : [e jgl aver 12@%@ | 4Ycance} *  p<0.05
**  p<0.01 GOT| e/kghd 3£® RS r 4 ?a%%j Qlflbc g = Al anine
Am notransferage EC 2.6 1 :

: ' Controls 224,10+2.83 343,60+8.87 119.50:7.66

Ferrolat 30 224,40+3,03 | 325,50+4.56 | 101.20+4.35

Ferrolat 100] 224,40+2.30 | 326,10+8.06 101,70+8.08
Ferrolat 300| 224.30¢3.71 | 307700+10,15 | 8%,77+8.28
% p<0O0S zx p<OO0l
Significance with respect to controls (calculated with Student's
ltl)
TARLE TII
FOOD CONSUMPTION -
TREATMENT Total -Variat‘im
average
mg/kg/day consumption]
Controls 32,33 -
#‘errolat 30 30,42 - 5,91
Ferrolat 100 30098 - 418
Ferrolat 300 28,54 -11,72
| TARLE IV
HAEMATOLOGICAL DATA —_——
TREATMENT mg/kg/day

_ Controls . IFerrolat 30 Ferrolat400 IFerro1as300 |
Haemoglodin gb 12,1140.47| 11,77%0, 37 12.39+0.30 12,93+0.25

Haematoerit % 66-88:2406 61544:1096 66.90:2: 77 64 016:11 80
Leucocytes 107/ 4 16.95+2.25| 16.55+1465  |23.46+2,16  {19,93+2.58

Brythrocytes ) 5.7640.51} 6.12+40,58 $.91+0.68 6 2240431
’106/ m:n5




29 TABLE VI URI NE TESTS TREATMENT | ng/kg/day Controls Ferrol at '

30 Fepwsl at 10 Ferrol at 300 pH 8.15[err]0. 17 . 8.55[err]0.14
8. 40LE£NCH0. 18 8.50[err]0.12 ** " * proteins 21. - -
[err TR MB) 24.- +3,0S 63.- [err]12.47 53.33[err]11.66 glucose . .
ni | ' ni | ni | nil ketone bodies ni [
ni | .onil : nil bilirubin ni | ni
ni | nil bl ood ni | ni | .
nil Significance * p <0.05** p < 0.0l ** p<0.001 - -30- TABLE V" i
ABSOLUTE FRESH WEI GHT OF THE RATS" CBG% TREATMENT : ng/ kg/ '
day Controls Ferrolat 30 - Ferrol at 0O Ferrolat 300 Body wei ght
* g 310.60[err]7.53 300.33[err]3.64 ~296.8[err]6.16
278. 44[err] 8. 89 . - . TABLE ¥
HAEMATOCHEMICAL DATA * ‘
TREATMERT mg/kg/day .
Cortrols Ferrolat 30 | Ferrolat ’IOOE:errolat 300| !
Glucose - ,' R o L 1
§5.33#5.75 | 52.81+4,38 | 63.61+5.58 | 60.74+4,97 |
mg% ' _ o i
Nitremia o } . i
32.73+1,33 34.5942,25 28-68+2 34 32,33+2,52
Gox 110,51+7,10 130:_8_118._.59 _ 109.0915.21 113,36+7.29
mU/mi . . :
GPT 19.58+1.52 | 26.86+3.43 | 30.14+6.02 | 23,15%2,57
mU/m! ' '
4lkaline : ®
ohosphatase| 255,65+13,82 | 22953+1703 | 257.53+22.35 213, 80+12,72
mU/mi
Total .
proteins 6,1940.12 | 6,02+0017 6.37+0.12 6. 21+0,16
Significance
X p0.0S
™  pc0.01
xxx  p¢0.001
GOT = Aspartate Aminotransferase EC 2.6.1.1

GPT = Alanine miltinotransferase EC 2.6.1.2




Heartg

1.15[err]0.05

1. 09[err]0 07 Lungs -g

1.68[err]0.05
8:89[err]0.35
1.38[err]0.13

57[err]0 12 Liver g

1.10[err]O.

1.55[err]0.05

8.78[err]0.28 .

1.36[err]0.08

2.28[err]0.07

g
2.0Q9[.err]0.10 Surrenal

.33[err]7.69
1.77[err]0.-03
Testicles g -

2.21[err[0.09

gl ands ngy-
51.80[err]6.07

1.70[err]0.03
3.30[err]0.05

3.250. 07 Stomach g

1.53[err]0.09 Significance *
RELATI VE FRESH WEI GHT OF TH

-31- TABLE VI

1.77[err]0.00 " 1.
p <0.01 ***

03 -

1.37[err]0.09
2.22[err]0.08

50.30[err]4.55

p <0.05 **

37.44[err]5.56 Brain
1.67[err]0.05
12[err]0.10

770. 05

1.14[err]0.04

1.70[err}0.20 ¥t
9.14[err]0.35
8.35[err]0.44 Spleen g
1.65[err]0.12

S

1.68[err]0.06
3.08[err]0.16
1.75[err]0.07.

p <0.001

RATS ORGANS TREATMENT

Ferrolat 30 FerroE&]
2[.9:'@:1\1%0&'%@1@ 6. 12

ng/ kg/ day Control s
310.60[err]7.53 300.33[err]3. 64

Ferrolat 300 * Body -wei ght.
278. 44[err] 8.89 Heart

% 0.37[err]0.01 3ZlerrlQ 39lorr10.0Q
0. 39[err] 0.02 * " TREATMENT mg/kg/day
Controls Ferrolat 30 [Ferrolat 100Ferrolat 300 |
pH 8.1540,17 | 8.55%0.14 8,40+0.18 8.50+0,12
. . o = »
proteins 21,- +3.78 24,- +3,05 63, - +12,47 | 53433+11.56
glucose nil nil nil nil
ketore todies nil pil nil nil
bilirubin nil nil nil ril
1 ’ d
blood nil nil nil il
Significance
. L p< 0,05
zx p<0.01

xex p<0.001




Lungs % 0.50[err]0.02 0.56[err]0.06 0.57[err]0.02

0. err]0.06 Liver 2.94[err]0.04, ~2.96[err]0.10
2.§§§érr]0.06 2.99[err]0.08 * Spleen % 0. 44[err]0 03 R
0. err]0.03 0.56[err]0.04 0.49[err]0.03 Kidneys % \

0.73[err]0.01 0.74[err]0.02
gl arids 0.016[err]0.001 0.019[err]0.003
Brain % 0.57[err]0.02
0.60[err]0.01 Testicles -
* % 1.06[err]0.02 | .04[err]0.03 :
1.18[err]0.04 Stomach % « 0.56[ersp0~02 0.59[err]0.02
0.59[err]0.02 0.54[err]0.02 Significance * p<0. 05 ** p<0. 01 ***
p<0. 001 32 TABLE | X HAEMATI C LEVELS : COVPARI SON FERROLAT - FERROUS
SULPHATE Serumiron [err] % TREATMENT HPABIE dffer treatnent 30 1

0.75[err]0.03 . 0O.75[err]O0. 02 Surrenal
0.017[err]0.002 0.014[err]O0. 002
057[err]0.01 0.57[err] 0. 02 \w

1.04[err]0.05

zxe  p<0-001

2 4 6 Controls [err] 5 ni/kg 99.22 59.91 98. 23 -
80. 17 74. - ABSULUTE FRESH WEIGHT OF THE RATS' ORGANS
. TREATMENT- -mg/kg/ day
| Cortrols - [Ferrolat 30 |Perrolat 30dFerrolat 300
Body weight o e S - X
T g 310,6047.53 [300.33+43.64 | 296.8+6.16 |278,44+3,89 -
Heartg 1.15+0,05 ‘| 1.10+0,03 1.1440,04 1,0940,07
Tungs & © 1.55$0.05 | 1,70:0.20 | 1.68+0.05 { 1.57+0.12
Liver g 9.14+0.35 | - 8.89+0,35 8-78+0.28 | 8,35:0044
Sple'er; | ) : 1. o .
g Y 3810013 . 103610«08 1‘6510.12 ' 1.37:0009
:'mﬁeys ' - :
g 2.28+0,07 | 2.2140.09 202240408 |  2,09+40.10
Surrexal €180ds | 65, 3044,55 | 56.3347,69 | 51.80¢6:07 | 370445456
Zrain g 1.77+0,03 | 1.70+0,03 106740405 | 1+68+0.06 i
Testicles ' _ -
g 3.30s0.05 | 3.12+0.10 3.08+0.16 | 3025+0.07
Stomacny 1.7760:09 | 1.77+0.05 | 1.75/0.07 | 1534009



[err]24.92 J[err] 6.85 [err]13.28 [err] 6.37 [err] 10.10 (5 (5)

(5) (5) . (5) :k* * % % * % % o
~Ferrolat ;22.37 ng/kg 227. 45 275. 28 269. 61 203. 16 148. 18y
(Re, = 1 nmg/kg) [err]16.40 [err]18.91 [err]22.51 o
[err]27.74 [err]16.73 (5) (5) (5) (5) (5) *** :

*rk T * kK *** [err] : 4.98 ny/ kg - 336. 27 272. 14
273,56 129. 50 80.52 [err]27.79 [err]24.09 [err]19. 32 [err] 6.
[err]5.6S (Fe =1 ng/ kg p. 0s) (5) (5) (5)
(5) (5) Significance with respect to controls: * .~ p<0.05 **
p<0.01 *** p<0. 001 Significance of the two iron preparations: 30':p<0.01;
4h: p<0.05, - 6h: p< 0.01 TABLE X~HAENRTI C LEVELS : COMPARI SON
FERROLAT - FERRI TI N TREATMENT Serun iron [err]/120
m hours after treatnent 1 2 PaprE VIII6 Ferritin (F-4503 Sigma
168. 79 170. 66 148.08 89.22 Hilution™ TI.US%V/v,’ :
[err]15.35 J[err]14.70 [err]18.69 [err]12.75 S m/kg = 1 ng/ kg of Fe)
Ferrol at 21.46 ng/kg _ *Hx **,302. 07 269. 81 223 72
106.24 ( = 1 ng/kg/of Fe) . _ éerr 15. 59 &grr 29. 94 [err] 18
51 [err]11.30 ' ' RELATIVE.FRE rI WEIGHT OF THE RATS' ORGANS
TREATMENT mg/kg/day
Controls Ferrolat 30 [Ferrolat 100|Ferrolat 300
: ) ' : . z
2ody weight 310,60+7.53 3003343464 | 296.80+6416 § 278.44+8,89
Heart 4 0.37+0.01 | 0:37+0.08 003940.09 | 00394002
. - . ”
Lungs § | 0.50+0.02 | 0.5620.06 | 005740402 | 0¢57+0:06
Livers 2.94+0.04 | 2.96+0510 | 29640006 | 2.99+0.08
Soleen % | 0.44+0.03 | o045:0.03 | 0e56:0.08 | 0.4940.03
“idneys % | 0,73#0.01 | 047440.02 0,7540.03 | 0.75+0.02
Surrenal glaﬁds ' ' '
i : % 0,016+0.001 | 0001940003 0.017+0.00Z } 0.014+0.002
) srain § 0,5740.02 | 0.57+0.01 0e5740.02 | 0.60+0,01
- ¥ -
Testicles . : : %
' ) 1,06+0.02 1-04+0-03 1,04+0.05 1.18+0,04
Stomach
¥ | 0.56:0.02 0659+0.02 0. 59+0.02 0+54+0,02

Sigrificarce
% p<0.05
X2 p¢0.01
zxz  p¢0.001



distilled water *** 80.40 5 m/kg

[errlss, 39 * p<0. 05 Significance calculated with Student "t" with **
p<0. respect to ferritin. *** p<0.002 TABLE XI BLOOD LEVELS:

OVPRBY SON BETWEEN SUCCI NYL FERROPROTEI NS OBTAI NED FROM DI FFERENT TYPES CF
PROTEINS serumiron in [err]/100 m TREATMENT avef age val uey

I n Sm/kg Control s,

[err]. SE Controls 83.99[err]7.56 Succ. soya
260. 6829._  52*** Succ. oval bum n = 32 = 235.62[err]46.06* Succ. seru_@
protein 277.63[err] 49. 35** harE e rol at ks
305. 81[err]23, 20x** SI nificance wt ct to the controlls *
P<0.05 **  p<0. 1C Fé‘@l COMPARTSON SEBEQIAT FnBERROUSNSELBATEE! at es tp
all the applji cabl e i ndustrial" ects | nvo%ged N twgﬁese Ol _succr Tyt {
ferro- protdi NTREATMERTI Ves descrl bed and claf red kB s agents. !
- nours after treatment '
. _ 30° 1 2 4 6
Controls H,0 5 nl/kg - 99,22 | 59,91 | 98.23 80.17 74,-
(5) (O N BN ¢ (S) (5)
Ferrolat 22.37 mg/kg 227085 [ 275038 | 268881 | 20816 | 148%18
(Fe = _lmg/kg) 216,40 | 418,91 [ 422,51 | +27.74 | +16.73
)] & ©® ) sy
FeSO'IHO 4,98 mg/kg 336,27 | 272,14 | 273.56 | 129.50 | 80.52
: 27,79 | 24,09 | +19.32 +6421 | +5.65
(Fe = 1 mg/kg p.os 2l = e | = - =
| 3/ke p.0s) ®|" ®| " ® ® |
S:Lgnlflca ce with respect to controls:
x p<0,05
==  p<0.01
xxx  p<0.001
S:Lgnlflcar.ce of the two iron n*'enarat:lons
30':p <0,01; 4h: p <0,05% 6h: p< 0,01
_ TABLE X
HAEMATIC LE‘._’ELS : COI"[PARISON FERROLA’“ - FERRITI:
TREATMEXT Serum iron pg/12C =l
hours zfter treatment
__ - 1 2 4 6
Perritin (p- i g . .
Srrivin (F-4503 Sigma 168,79 | 170466 | 148.08 | 89.22
dilution 1,084 v/v, +15.35 | +14070 | +18.69 | +12,75
Sml/kg = -1 mg/kg of Fe) * - = —ice
Ferrolat 21.46 ms/kg 3;;*07 26?8'1 223
' 72 | 106.24
(: = 1mg/kgof Fe) y *
in 5 ml/kg *15._59 32994 | +18 51 | +11.30 |
. XX
Controls, dlstllled water 8040
5 ml/kg | +6039
X P05 Significance calculated with Student "t" with
xt p<0,01 respect to ferritin.

2z p<0,001



suitable for the treatment of si der openi ¢ anaem a. An essential aspect

of the invention therefore consists in 20 pharmaceutical fornulations for .
human and veterinary use contairing predeterm ned quantities of t hese o
dagivatives. The fatter can be adninistered orally, for exanple in the

34 formof tablets, capsules, anpoules; sachets containing granul ates;
syrups; and powders to add to aninal f ood> Fhe fol l owing fornul ati ons arg
giwgn purely by way of exanple: 5 - anpoul es containing 5-10-40 ng G
iron in the formof ferro succinyl proteins, in addition to aqueous
solvents stabilizers and, flavouring ageBEad comonl y used in pharnacy;

R

tablets from5-10-40 ng of iron in the formof ferro- 10 succi nyl
protelns in addition to excipients and dispersing agents commonly used in
phar maceutics; - aagsyLes—Lnon1é 0= 40~ O AN~ RS fpomaf ferto-
succinyl proteins - t'-d6se sadhé$§~contalﬁfhg°an eFférV@?Eéﬁf‘ﬁTﬁ%ulate
15  equal to 5-10- 40 rrg of iropThavtherier Profrhert orry eEngrcims
add| tionto sug flaoavouri ng ;.u:innf s.and.ctahilizorc _commpnl Vi used. in
phar macy; pomdﬂred mlk to be added to mqgghagigehngi ﬁé¥¥50 g&
g 5 CREATMENT average values = SE
; Controls ' 83, 95+7. 3€
3 Succ. soya ~ 260. €8+29. 52***
| Suec. ovalbumin 235. 82x45. Co*
f Succ. serum protein - 277. 63i4S. 35**
i 10| Ferroiat 305. €1+23. 20***

-

Significance with respsct to the controlls
*  1p<0.05
. p<0.01
*e= p(0.CO1

b b e eaem hmee .

i 15 The present inventicn élso Telates to all the acplicable
industrial aspects iavolved in the use of succinyl ferro-
zrovein derivativas descrlbed and ula zed hefé as agstts
sultatle for the treatmert of sideroperic anasemia, 4An
essential aspect of the "“ventlo“ therefore consists in

v 20 Prharmaceutical formulations for huma: and'veterinary use
corntaining predetermired guantities of these derivatives.

i + ~ The latter can te ad:inistered'orally, for examrle in the

T A i = A meeees wiim 4+ mes e—— aa o



596to 20% by wei ght of active pr|n0|ple 35 CLAIMS 1. An iron derivative
O ai ning fromO0.1 to 20% by wei ght of iron bound to succinylated protein
ng a degree of succinylation of from20 to 100% of 5 : '
inyl atabl e groups. 2. A derivative according to claim1. characterisey/
inthat the starting protein is a protein of vegetable or aninmal origin. 3.
MIlk protein with a degree of succinyl ation greater 10 than 70% ,
contai ning nore than 4% by weight of iron. 4. Ovalbumin with a degree ofsf
succinyl ation greater than 70% containing nore than 4% by wei ght of iron.
5. Soya protein with a degree of succinylation greater than 70% contai ni ng
nore than 4% by wei ght ‘of iron. 15 ° 6. A method for preparing a
succinylated protein containing iron according to any of the preceding
clainms, characterised in that a succinyl¥ed protein is nade to react with
an iron salt in an aqueous nedium at a pHof from2 to 10, and in that the
product obtai ned 20 is isolated by nmeans of precipitation at a pH of
from?2

form of tablets, capsules, ampoulés: sachets containing

granulates; syrups; and powders to add to animal food.

The following formulations are given purely by way

of example:

5 - ampoules containing 5-10-40 mg of iron in the form of
ferro succinyl proteins, in addition to aqueods
solvents, stabilizers and, flavouring agents as commonly

used in pharmacy:

- tablets from 5410;40 mg of iron in the form of ferro-~
10 succinyl proteins, in additiom to excipieﬁts and -

dispersing agents commonly used in pharmaceutics;

- capsules from 5-10-40 mg of iron in che form of ferro-

~ succinyl proteins;

- unit dose sachets containing an effervescent g:anulaté
15 equal to 5-10-40 mg-of iron in the form of ferro
proteins, in addition to sugar, flavouring agents and

stabilizers commonly used in pharmacy:

- powdered milk to be added to weaning animal food, at

5% to 20% by weight of active principle.



86 to 4. the latter pH range bei ng produced spontaneously or a nmeans of .
-acidification. 7. A.nethod according to claim®6, characterised in that the*
reacti on between the succinyl at'ed protein and.the 5 iron salts t
RLgce atea pHclose to neutrality. 8. A nethod for preparing a succi

protein containing iron according—te—-any—-of—etainms 1 to 5 characteri
that “a succinylated protein is "r'rron salts in an aqueous
ma\ﬁrum at a pH of 10 from2 t mﬂmmmm"rm the reaction product is
: ated by renoving the sol vent after tadfustimg the pH of val ues

approaching neutrality. 9. A pharnaceutlcal preparation, characterised in

that it contains succinylated proteins containing iron as the 15 active

principle according to any of clains 1 t@s5, together with a pharnmaceutical.
carrier or excipient.

CLAIMS

1. An iron derivative containing from 0.1 to 20% by
weight of iron bound to succinylated protein having a
deg;ee of succinylation of from 20 to 100% of

5 succinylatable groups.
2. A deiivative according to claim 1, characterised in
that the starting protein is a protein of vegetable or

animal origin.

3. Milk protein with a degree of succinylation greater

10 than 70%, containing more than 4% by weight of iron.

4. Ovalbumin with a degree of aucéinylation qreatér

than 70%, containing more than 4% by weight of iron.

5. Soya protein with a degree of succinylation greater

than 70%, containing more than 4% by weight of iron.

15 6. A method for preparing a succinylated proteiﬁ
containing iion according to any of the preceding
claims, characterisea in that a sﬁccinylated protein is
made to react with an iron salt in an aqueous medium, at
a pH of from 2 to 10, and-in that the product obtained

20 is isolated by means of precipitation at a-pH of from 2
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to 4, the latter pH range being produged sponténeousl?

or a means of acidification.

7. A method according to claim 6, characterised in that
the reaction between the succinylated protein and the

iron salts takes place at a pH close to neutrality.

8. A method for'p:epariﬁg.a succinylated pfotein
containing iron according to any of claims 1 to 5,
characterised in that a_succinylated protein is made to
react with iron éalts in én aquéous medium at a pH of
from 2 to 10, and in that the reaction product is
isolated by removing the solvent after adjusting the pH

of.values approaching neutrality.

9. A pharmaceutical preparation, characterised in that it

contains succinylated proteins COntaining iron as the
active principle according to any of claims 1 to 5,

together with a pharmaceutical carrier or excipient.

e}

Cr



