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Amadori reaction compounds and products, process for theirv
manufacture, and _their use :

The présent invention relates to novel Amadori reaction com-
pounds and products, to the production thereof and to a new use
of these compounds and products, having at least partly entered
an Amadori rearrangement as per the following reaction scheme

10 and/or a Maillard reaction:

H OH ~ H NH.R H
|/ / |
o C H~-C-~- NH.R
15 | | I
H-C- OH : H-C-~OH : C=20
| ] Amadori |
HO -C-H + HoN-R --> HO - C - H - BHO -C~H
} ' | rearran- |
20 H-? OH H-C-0OH gement H—?:-OH
o ] o
. - C ———l H - C ———d H-,C-OH
l |
CH,OH CH,OH CH,0E

Amadori reaction products are known; they are reaction products,
for example, of an aminocacid or a peptide with a sungar, oligo-
or poclysaccharide having entered an Amadori rearrangement (J.
Biol. Soc. 215 (1955), Henri Borscok et al.). Thus, in DE-C-
30 . 3914354, a water-soluble glycoprotein of an aminocacid and a
sugar is described which is isclated from an extract of Avena
sativa sees. Furthér, EP-A-406087 describes water-~soluble poly-
saccharide-glycopeptide complexes which are derived from the
cell wall of Gram positive bacterium, and J. Biol. Chem. 1985,
35 260/9 states that NMR-spectroscopy has been used to characterize
Amadori reaction products formed by reaction of glucose with '

free amino groups of protein.

The :anent:.on now describes spec:.f:.c novel Amadori rearrangement
40 compounds as described in claim 1. preferred embodiments and
improvements are described in claims 2 to 4. These compounds
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The invention furfher relates to a novel use of such compounds
and simultaneously a novel use of Amadori reaction products of
sugars and aminoacids in general, aé described in claims 11 to
17. In the past, nobody has tested the various steps of purific-
ation of the extract of an'Aﬁadori reaction product (in order to
get rid of ballast substances and impurities) for biological

10 activity so far.

Immunostimulating drugs are indeed known from natural sources
such as mistletoe extracts, peat extracts etc. with the drawback
of expensive treatment of large quantities of raw material to
obtain a few grams of active substance; uncontrollable impurit-
ies that might lead to toxicity and side effects and therefore,

- further, to problems with administration during practical use
due to the complex nature and the hardly reproducible

composition.

15

20
Comparable products or product mixes from artificial sources,

.such as interferon or other genetic engineering methods are even
more expensive to make. Furthermore, the molecules of human
intexrferon are very often too big to penetrate the human cell
wall so that only a fraction of the administered dose is effect-
ively becoming active. Also, genetic engineeriﬁg products usual-
'lf have side effects and some are even toxic. Furthermore, some
of them act effectively on one day and not on the next day, for

reasons unknown so far.

30
Suprisingly, it has now been found that nearly any simple amino-

acid/sugar complex after having at least partly entered an Ama-
dori rearrangement does not show any of the above-mentioned dis-
advantages but on the contrary has a surprisingly high immuno-
35 logical activity. They can therefore be used in pharmaceutical
formulations and in cosmetics. These small molecules easily pe-
netrate the cell wall and virtually act as a nutrient. They
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induce the formation of natural interferon and other cytokines,

including tumor necrosis factor. Even three days after the
administration, they still_shdw this stimulating effect on
biclogical activity. This effect increases with increasing
completion of the Amadori rearrangement and decreases again with

" increasing decomposition of the complex.

Instead of simple sugars also - preferably low molecular weight,
especially of less than 1000 daltons - polysaccharigdes may be
used, for instance dextrane, which react similarly. Polysacchazr-
ides show biological activity and may retain some of this activ- _
ity after they become oligosaccharides. '

Very little has been known heretofore about the biological
activity of these compounds. It was now found that combinations
of these Suhstances in contact with human leukocytes produce
interferon and other cytokines. This is called polyclonal activ-

ation of the cells.

It is possible to test the substances produced undexr the in-
fluence of these compounds and ta determine the biological.
activities in internatiqnal units relevant to specific cyto-
kines. These compounds are of especially high biological- ac-
ivity within a range of pure substance concentrations from 1-
100 pg/ml. Within the molecule, the specific nature of the
aminoacid is more important than the ‘nature of the sugar pa.t of

the molecule.

Reaction products of L-aspartic acid with glucose or galactose -
after having gone through the Amadori rearrangement - when
contacted with human leukocytes and incubated in tissue culture
media at 37°C for 20 hours in an atmosphere of 5% CO, will
produce from 30 - 1000 antiviral units of interferon. The -
interferon is measured in a bioassay using human cancer cells.
Under the influence of these compounds, tumor necrosis compounds

may also be produced.
' heet ‘Has Been Replaced
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-+ the group of simple sugars, oligo- and - preferably low

molecular weight, especially of less than 1000 daltons -
polysaccharides, and
Rz' represents an aminoacid or a - preferahly low molecular
.10 weight, especially of less than 1000 daltons - peptide

‘radical.

Thus the group of biologically active compounds may cover eithexr

the specific Amadori rearrangement compounds described above or

5 the N-substituted derivatives of a number of different aminocacid

compounds and one simple sugar, oligo- or - preferably low mole-~

cular weight, especially of less than 1000 daltons - polysacch-
aride, or N-substituted derivatives of one aminoacid compound

- and a number of simple sugars, oligo- and/or such polysaccharid-
20 es, or else any combination of such derivatiées, every single

one of them having sufficient biclogical activity. -

Preferably, R1' in the above formula may be a radical selected
from the D-form of simple sugars, especially (but not exclusive-
25 ly) from the D-~-form of glﬁcose, xylose, galactose, rhamnose,
fzuctose, mannose, 6-deoxyglucose, glucosamine and galactos-
amine; Rz' may be a radical selected from the L-form of amino-
acid compounds such as serine, glycine, histidine, arginine,
glutamine, asparagine, alanine, aspartic acid, glutamic acid,
30 phenylalanine, treonine, cysteine, cystine, methionine, hydroxy-
proline, tryptophane, proline, tyrosine, valine, isoleucine,
leucine and lysine or else peptides of these aminoacids in any

combination.

35 The invention further relates to a process for obtaining thg
above mentioned compounds and products as described in claim 5
and whereby an intermediate is formed of the formula

W
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5 R" represents an aminoacid or a peptide radical,
said intermediate being at least partly subjected to an Amadceri
rearrangement and/or to the Maillard reaction by continued heat-
ing of the reaction mixture - preferably under pressure - and
simultaneocusly or subsequently removing the solvents. Preferred
10 embodiments of the process are described in claims 6 to 10.

In some cases, especially when an aminoacid having two carﬁoxyl

‘groups is used, it is advantageocus to add to the process a
buffer salt, such as sodium bicarbonate, preferably in a molar

15 ratio of 1:1.

It was further found that the Amadori rearrangement products are
relatively susceptible to decomposition, and that decomposition
products have the nature of dark brown and tar-like, unidentif-
20 ied compounds having lost their biological activity. Therefore
it is preferred to stop the Amadori rearrangement reaction at a
stage at which the reaction mixture becomes light orange-béown

in colour.

25 It is interesting to note that the intermediate reaction pro-
ducts, formed when the originally opaque solution of the amino-
acid becomes clear (before the Amadori rearrangement), are easi-
ly hydrolysed, i.e. the reaction is reversible. With increasing
rearrangement, the reversibility diminishes, i.e. the products

30 become more stable, and the colour gradually changes from light
yellow to light orange, and then finally to orange-brown when

during such rearrangement reaction and tested (according to
various procedures described later) proved that the biological
35 activity increases with the Amadori reaction progressing, and
decreases when further heating results in decomposition, for
which a colour change to dark brown is a sign. Immediate re-

ouBSTITUTESHEET



- “3-  induce the Tormation of natural [ilM&SHEEPH A er cytokines,
i ncl udi ng tunor nagk Ofdeak Bédn Replacky €N threqqgji f he adm ni strati on,
tivg i fect

they stig 9322688y t hi i effec C3 PEY/EPIR)
i nCreases w th i?nc-ﬁgwm @ D’ ion of the Amadori ré€arrangenent an
econposit Borr of the conpl ex. | nst ead of

decyeases again wt
preferably | ow nol ecul ar wei ght, especially of |ess

si npl e sugars al so - e ,
o 1090 SAEERBR e Honhrcghl dealRY Lhe HaSH1 cidly LANACTIRAY 30

whi ch react srm
retain soneCoRTt ﬁfstgetim&t@nafnﬁxﬁuﬁeycbataiasobtgesam igoups arst/or

little hasg KEB%#ﬂﬂoffﬂﬁfn@%&stgﬁ iQQOE'?%EEiﬁg;i Yiherdfidd'9%° will
conpounds.” 1t was_now found that COnbInations of these stbstances In
contact wie¢FwEndhthimdeykess prinucehich ciscaogoaddcberk fon dhiendegrre of
'S'CajéemiKH&&E%Q“EEa%@Hﬂ@ément developped. Unreacted sugars would show

the colour change after half an hour or several hours only.

Isoclation of the pure Amadori rearrangement products is carried
out according to known methods based on binding the mixture on a
10 strong cation-exchanger (such as Amberlite(R) or Dcwex(R)), suc-
cessively eluting with ammonia water, evaporating a chosen de-
fined fraction of the eluate under reduced pressure and crystal-
lising the pure compound from anhydrous methanol (J.E. Hodge and
B.E. Fisher, Methods in Carbohydrate Chemistry, Vol.II,Reactions
5 of Carbohydrates, 1963 Academic Press, N.Y., London, 1963, page
105-106; or Borscok at al. as quoted earlier; or J. Dubourg ané

P. Devilliers as quoted earlier).

In the process accor&ing to the present inventicn, all the

20 above~mentioned preferences regarding the kind of radicals
derived from simple sugar and aminoacid compounds remain .
unchanged. Additicnally, a preferred mixture of sugar substrates
comprises the D-forms of glucose, xylose, galactose, rhamnose

- and fructose in a weight ratioc of about 20:10:4:1:1, while the

28 preferred mixture of aminoacid substrates comprises the L-forms

of serine, glycine, histidine, arginine, alanine, proline,

tyrosine, valine, leucine, isoleucine and lysine in a weight

ratio of 20.4:35.8:35.8:132: 180:360:216:160:72:68:780.

30 As already mentioned, the Amadori rearrangement products are
able to reduce potassium ferricyanide, such a chemical test
reaction providing a basis for guick determination of the
biological activity of the composition formed in a reaction of

sugar and aminoacid.

35 _
It has been found that Amadori reaction products are especially

active if a mixture of simple sugars of the same composition and
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occurring in such natural peat extracts - at elevated temperat- _
ure (and optionally under pressure), and subsequently prolonging
the heating in order to cause an Amadori rearrangement of the
obtained products, simultaneocusly or subsequently expelling the
solvents, stopping the rearrangement reaction at the point when
the reaction mixture becomes light orange~brown in colour, dzry-
ing the products thus obtained and purifying the same by means
of column chromatography and collecting the fractions that cause
maximum reduction of potassium ferricyanide. -

In one embodiment, the instant pharmaceutical formulations con-
tain as an active ingredient at least one reaction product of
the formula Ry'-NH-R;' or a specific compound of the formula R¢-
NH-R, together with a pharmaceutically acceptable carrier and/or
an adjuvant and/or optionally a lubricant in a weight ratio of
active ingredient to the remaining components of between 1:1 anéd

| 1:100, preferably 1:8 to 1:20 and most preferably about 1:9.

Ancther advantageous pharmaceutical formulation contains - in
addition to the active ingredient - lactose and a lubricant, the
weight ratio of lactose to the lubricant being between 20:1 and

100:1, preferably 50:1. -

These pharmaceutical preparations are used to treat and/or pre-
vent hematological and/or immunclogical diseases and/or stimul-
ate the immunosystem of humans and/or mammals by the induction

of cytokine formation.

Another use for the active ingredients is in cosmetic pre-
parations. The active ingredieht is present in such preparations
in amounts of 0,01-10% by weight, preferably 0,01-1% by weight
and.especially in amounts of 0,05-0,1%. These cosmetic preparat-
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ions contain - besides the active ingredient - usual carriers,
adjuvants, enriching components and/or fragrants.

- The present invention will be further explained and demonstrated

in the following examples, which do not limit in any respect the

scope of the present invention.

Example 1:

The 25 ml flask of a rotary evaporator plaéed in a heated watex
bath was charged with: 1.47 g (0.01 M) L-glutamic acigd

0.84 g (0.07 M) NaHCO5

0.91 g D-glucose

0.91 g galactose and

3.00 ml of redistilled water

The mixture was heated up to 80°C whereby -~ preferably undexr
reduced pressure - 50% of the water were evaporated and then -
under atmospheric pressure - heated to a temperature of 80-85°C,
at which it was kept for 120 min until it became orange in
cclour. The syrup-~like concentrated aq%eous sclution was then
evaporated to dryness under reduced pressure. The orange-red
solid reaction product thus obtained was marked with the symbol

D-10 and@ saved for bioclogical tests.

Example 2:

The 25 ml flask of a rotary evaporator placed in a heate¢ water
1.33 g (0.01 M) L-aspartic acid

0.84 g (0.01 M) NaHCO3

0.91 g of D-glucose

0.91 g of galactose and

3.00 ml of redistilled water

bath was charged with:

The mixture was heated up to 80°C with stirring (by means of
rotation), concentrated under pressure, whereby a total volume

.of 1.5 ml water was vaporized, and then treated under

atmospheric pressure at a temperature of 80-85°C until it became
light orange in colour; this took place within approx. 60 min.

- _
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el se peptldqs s ORSELRT RRH:IS 1 08"Y (0.01 M) L-serine
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2.50 ml redistilled water

The mixture was heated to 85-92°C with stirring (by means of
-rotation). After 100 min, the solution became orange in colour.
5 The pressure was reduced and the mixture was evaporated to
édryness. The reaction product on the walls of the flask formed
an orange transparent layer. The reaction product was scraped
off and powdered. It was marked with the symbol D-12 and saved

for biological tests.

20
Example 4: _ )
The 25 ml flask of a rotary evaporator placed in a heated
waterbath was charged with: 0.66 g (0.005 M) of D-aspartic aci
' 0.42 g (0.005 M) of NaHCOg
25 0.45 g of D-glucose

0.45 g of galactose and
3.00 ml of redistilled water

 The mixture was heated up to B0°C, evaporated - under pressure -
30 whereby a volume of 1.5 ml water was vaporized, and then treated
- under atmospheric pressure - at a temperature of 85°C. Aftex
60 min. heating the mixture became orange in colour; the press-
ure was reduced and the resulting syrup-like concentrated '
aqueous solution evaporated to dryness. Before the residue be-
35 came definitely dry, two times 10 ml water-free ethanol were
introduced into the flask and evaporated in order to eliminate
residual moisture. The dry reaction product thus obtained was
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powdered, marked with the symbol D-13 and saved for biological

tests.

Example S5:
1n order to obtain - in a synthetic way -
biologically active fraction of a certain natural peat extract,
the flask of the rotary evaporator placed in the heated water
bath was charged with: 20.5 mg L-serine
35.8 mg L-glycine
35.8 mg L-histidine
132.0 mg L-arginine _
180.0 mg L-alanine
360.0 mg L-proline
216.0 mg L-tyrosine
160.0 mg L-valine
68.0 mg L-isoleucine
* 72.0 mg L-leucine
780.0 mg L-lysine
2000.0 mg D-glucose
1000.0 mg D-xylose
400.0 mg D-galactose ' .
100.0 hg D-rhamnose
100.0 mg D-fructose
6.0 ml redistilled water

an equivalent of the

The mixture was stirred by means of rotation and heated under
pressure for 45 min at a temperature rising from 75°C to 86°c._
During that period, approx. 3 ml of water were evaporated and
the substrates were totally dissolved. The mixture was then
treated for 30 min under atmospheric pressure at a temperature

of 85-86°C for an Amadori rearrangement. During that period the
The pressure -was

solution gquickly became red-brown in colour.
thus simultaneously

reduced, and heating at 84°C was continued,
At the end of evaporation, two times

and the reaction mixt-
jed reaction

evaporating the solvents.
15 ml water-free ethanol were introduced

product was placed in a desiccator over caleium chloride for 18
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orange- brifng | §360mAUsize, filled with a sorbent Amberlite(R) xap-2, ana-
lytical grade. The column was eluted with 0.4 ml/min distilled
water. Fractions of 10 ml volume were collected to a total vol-
ume of 450 ml. The content of the fractions was monitored chro-

10 matographically. Fractions of consecutive numbers 11-13 were

combined and evaporated under reduced pressure. These fractions
were characterised by a high content of Amadori rearrangement
prcducts (confirmed with the potassium ferricyanide reduction
test). The product was saved for biological tests under the

13 symbol of EK,-S-11.

Biological tests for determining the biological activity were
carried out with immunised Balb/C mice of both sexes, at the age
. Of 8-10 weeks. Immunisation of mice is achieved by peritoneal
20 adninistration of 0.2 ml of a 10% suspension of sheep erythro-
cytes (SRBC), i.e. of 6x108 cells. The erythrocytes are fixed in
a sterile Alsever's solution of the following composition:

glucose 2.05 g

sodium citrate | 0.8 g
25 sodium chloride 0.42 g

citric acid  0.055 g

redistilled water to 100 ml

Into such Alsever's solution, a sheep blood cell aseptic sample
300 is introduced in a ratio of 1:1 and the mixture is kept for at
least 3 days at +4°C. The thus stabilised erythrocytes are then
sampled aseptically and introduced into a phosphate buffered
salt solution (PBS) in order td wash them out. Erythrocytes are
rinsed with PBS twice, and are centrifugated for 10 min at 2000
35 rpm. The washed out cells are used in the form of a 10%
suspension in PBS. Such a suspensioh is used for the

immunisation of Balb/C mice.
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deconposi t1 on,

re- first administration taking place 2 hours before immunisation of
5 the mouse with SRBC, while the remaining three dosages were ad-

ministered after immunisation at 24 h intervals.

Each tested group of animals was treated with different doses of
the tested reaction product: 10 mg/kg, 1 mg/kg, 0.1 mg/kg and
0.01 mg/kg. A control group of animals was also immunised with
SRBC, but instead of the substance to be tested, 0.2 ml of PBS
were administered at the same time intervals. '

10

Each group of animals, control and tested groups, in all experi-
15 ments consisted of 8-12 mice.

On the fourth or (in case of determination of antibodies type
7S) tenth day after immunisation, mice were slightly anesthet-
ized with ether and exsanguinated by eyeball extirpation. The
blood was collected into test tubes. Next, the spinal cord was
roken and spleen removed. The blood was used for obtaining the
serum needed for determination of hemagglutinating antibodies of
the 19S+7S and 7S types, while spleens were used to prepare the
cells useful for determination of the percentage of cells able
25 to form E-rosettes and of hemolytic activity. For such uses,
mouse séleens were comminuted. The splenocyte cells obtained
were suspended in approx. 2 ml of Hanks' medium at +4°C, layered
on the Ficoll-Uropolin gradient of a density of 1.077, and then
centrifugated for 15 min at 3000 rpm at +4°C. After separation
30 from the iﬁterphase, the lymphocyte buffy coat was placed in the
Hanks' medium at +4°C and rinsed@ twice with centrifugation for
7-10 min each time at 1800 rpm. The splenocytes were then sus-
pended in 1 ml of Hanks' medium at such a ratio that it contain-

20

ed 1 x 106 cells.

35 .
For each test, the percentage of dead cells is detexmined by

mixing a drop of a tested suspension of splenocytes with a drop
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DP?OUYQfﬁg%é?cé¥¥§|kgeEEfﬁiéﬁfg‘ELéﬁuéiégﬂple has to be eliminated from

further use.

All steps carried out with the cells to be tested should be
pezformed in a sterile, siliconized laboratory glass apparatus

10

placed in an ice bath. | ~

Example 6:

In the first test, an effect of the tested reaction products on
15 the number of cells producing hemolytic antibodies (PFC-IgM) was

determined. The test was carried out as follows: To 0.5 ml of an
0.5% agarose solution placed in a test tube and kept in a heated
water bath at 45°C, 0.1 ml of a 10% suspension of SRBC (prepared
as described above) were admixed. Then 0.1 ml of a splendcyte '
20 suspension having a density of 1 x 106 cells/ml'was added, the
mixture stirred rapidly and immediately poured out on slides
previcusly covered with agarose. The slides are incubated at
37°C for two hours. Next, the tested samples are covered .with
guinea pig complement diluted at a ratio of 1:20 for a furthexr
25 2h. After the incqbatioh of the tested samples with the comple-
ment, the number of plagque forming cells (PFC) was counted and
recalculated for 1 x 105 splenocytes. Each test was performed

twice.

30 The strongest amplification of the response to SRBC expressed in
tezms of increase of the number of splenocytes producing hemo-
lysines IgM (PFC) was observed after administration of the D-11

substance at a dose of 0.1 mg/kg. The amplification was 119%.
when the daily dose was increased ten times up to 1 mg/kg, amp-

35 1lification of the response was lowered to 53% .
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gl yci ne, i&é&tﬂéﬁepréw& =12 SBowéd aiéllé.wa %&!éeshaﬁiv‘i%’; ne.ad oiel ne,

i sol euci ne and Igglgg nawelg% rat]o ofi . 8:132:

180: 360: J%2a%®: %7502t & 'd95e 188/ %Fed, the Anmdori rearrangenent
products are able to reduce potassi umferrl cyani de such a chem cal test
reaction rov ing a a5|sfor ck det.er m nat,i o he, bi ol,ogi cal

Activi Ly S L E R S P aFhen S LRSS o

It hag bemt:‘fxamd atak Sosdoof roe.auctmgaﬁkgar(m&@é eofésoszbal Bt aridose item

m xture Q'f . nH’xfgh gars Of the Sﬁtg, (i'.%rgjo':.shlc}zleoansea h(vjas slightly lower,

i.e. 52%.

Reaction product D-13 tested at a dose of 1 mg/kg caused an in-
10 crease of 40%. When the dose was increased to 10 mg/kg, i.e. ten
times, the response was only a 14% increase.

Example 7:
an active hemagglutination test was also carried out, determin-

15 ing antibodies of the anti-SRBC type 19S+7S and 7S antibodies.
In order to determine the 19S5 - IgM type antibodies level, mouse
serum was prepared on the fourth day after immunisation with .
SRBC, while for the determination of 7S-IgG type antibodies
level such preparation tock place on the tenth day after mice

20 immunisation with SRBC, which is related to the day of maximum
count of antibodies of a given type in mice immunised with SRSC.

A. Determination of 19S+7S antibodies count.

25 A sample of blood was centrifuged for 30 min at 3500 rpm. From
each sample thus prepared, serum was collected and placed in a
heated water bath at a temperature of 56°C for 30 min in order
to deactivate the complement. Next, a number of solutions at
several different dilutions of each tested serum was prepared
(from 1:1 to 1:4096) employing a microtitrator and U-shaped

30
microplates having a volume of 250 pl each. The diluted sera
were incubated@ for 1 hour at room temperature. A drop of a 1%
suspension of SRBC in PBS (prepared as described above) was
added@ to each serum; the mixtures were incubated for a further 2

35 h at a temperature of 37°C and then stored at a temperature of

+4°C. The results were taken next day. The maximum dilution at
which hemagglutination is still caused was considered the anti-
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- 5

For statistical analysis of the results, the increase of dilut-
ion of serum in a tested substance was compared to the one in a

control group.

10 Reaction product D-11 at a dose of 1 mg/kg increased the IgM
count 2.57 times. At a ten times higher dose, the stimulation

effect in comparison to the control group increased by 3.5

times.

5 Reaction product D-12 in this test showed a weaker activity. At
a dose of 0.1 mg/kg, it increased the IgM count 2 times, at a

dose of 1 mg/kg 1.4 times.

Reaction product EK,-S-11 showed the strongest activity in this
20 test. At 2 dose of 0.1 mg/kg, it increased the IgM count 4.3°

times, at a dose of 1 mg/kg 3.6 times. :

Reaction product D-13 at a dose of 1 mg/kg increased the IgM
count 3 times, at a ten times higher dose 1.5 times.

25
B. Determination of 7S antibody count
The tested inactivated sera were combined - at a ratio of 1:1 -
with a 0.1 M solution of 2-mercaptoethanol and the mixtures in-
30 cubated for 30 min at a temperature of 37°C. 2-Mercaptoethanol

destroys immunoglobulines of the 195-(IgM) type, while immuno-
globulines of the 7S-(IgG) type are not susceptible to the
action of 2-mercaptoethanocl.

35 After 30 min of incubation the reduction reaction was stopped by
means of cooling down to a temperature of +4°C for 15 min. Next,
a number of dilutions was prepared in a similar manner as de-
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formation
with a combznation of a 1% suspension of SRBC with PBS in a

ratio of 1:1.

10 When the substéhce D-11 was tested as described above, at a dose -
of 1 mg/kg it increased the production of antibodies IgG 3.16
times. At a dose of 10 mg/kg, the increase was 2.2 times.

Reaction product D-12 tested at a dose of 0.1 mg/kg and 1 mg/kg
5 respectively stimulated the production of antibodies IgG 1.3
times, at a dose of 10 mg/kg 1.5 times.

Reaction product EK,-S-11 at a dose of 0.1 mg/kg stimulates the
production of IgG 1.9 times, at a dose of 1 mg/kg 2.89 times (in

20 comparison with the contzol).

The results of tests A and B cbtained for each production lot or
for each fraction of the biologically active reaction products
synthesized according to the invention and giving the above-

25 mentioned immunological response were shbjected to statistical
analysis by the T-student method, a=0.05. Results cbtained for
each dose tested were compared with a parallel control test and

showed an increase of biological'activity.

30 Example 8: _ .
The group of biologically active reaction products obtained ac-

cording to Examples 1 to 5 have also been submitted to the test
. in which the percentage of splenocytes forming E-rosettes was

determineg.

250 u1 of a 1% suspension of SRBC and 250 ul of cells to be
tested at a concentration of 1 x 106 cells/ml were added to 550
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usuat carriers,
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The present invention

adj.uvants, enri.ching conponents and/ or < 1 grants.
w Il be further explained and dennnstrated in the foll ow ng exanpl es, which

do-not |iji the HaARs ' GH84Ehml "Bach such sample was incubated in a heated

water bath equipped with a shaker for 15 min at a temperature of
37°C. Then, it was stored at a temperature of +4°C for a further
20 h. The percentage of splenocytes forming E-rosettes with SRBC
was determined after the suspension was coloured with 1 to 3

wm

drops of crystal violet.

Each sample was subjected to determination of the percentage of

splenocytes three tzmes, counting at each instance 400 spleno-
ytes. A splenocyte surrounded with at least 3 erythrocytes was

considered an E-rosette. _ _

10

For statistical evaluation, the percentage increase of the
number of splenocytes with E-rosettes was compared between the

15. substances to be tested and a control group.

In this test, the st:ongest—stimulating effect was shown by the

reaction products D-11 (63%) and EK,-S-11 (70%) at a dose of 1

mg/kg. At a dose ten times smaller, i.e. 0.1 mg/kg, the values
20 decreased to 45% and 57% respectively. | -

-

Reaction product D-12 at a dose of 1 mg/kg caused an increase of
the ability to form E-rosettes of 22% in comparison to the con-
rol group. The respective value for a dose ten times smaller,

25 i.e. of 0.1 mg/kg, was 29%.

Reaction product D-13 Shows the maximum effect at a dose of 1
mg/kg (58%), whlle at hzgher doses the effect is slightly

smaller.

30
Biological activity of synthetised compounds was evaluated

according to the following-tests: -
1. Test for determination of the percentage of splenocytes
forming E-rossettes, carried out according to Bach and
35 Dardenne (Cell. Immunol. 3, 1+16, 1972)
2. Test for determination of the number of cells producing
hemolytic antibodies of an Igqm type, carried out according
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scope of the preigng ention.
evapor at or pI ace rﬁiﬁﬁ ‘er bat Wa@ SHEETORAS WEER:| 1.47 g (0.01 M
L-glu 0. 84 RgP(nipl M 7
0.91 dﬁﬁgg(ucose ' 0791 g gat-act-eseé an 3400327
3.00 M of redistilled water The m xt ur e18vas heated up to 80C whereby -

preferably under reduced pressure - 50% of the mater wer e evaporated and

t[/\ﬂiegh-i ;m\(lj\g; a_e?)rm her| C press'._‘L;'lfrq:tq he@t ed fq a grg%i]a%ég oL E%g_ C

syrup-1like cor}fﬁltrazer;i 4Q3AL2 sqlgml)oraﬂaas then evaporat ed to dryness

PR e 20T LR A A g P “ég
2: The 25 nl fdrtibody acbahd,y cataiediout ﬁb@ﬂiﬂﬂnyét&ﬁﬁﬂfdrhstactzve
5 hemagglutination methods (J. Immunol. 95, 26—38}'39-47,
1965) with the use of microplates (J. Immunopharmacol. 4,
43-52, 1982).
Example 9:

10 A rotary evaporaﬁor flask placed in a heated water bath was
charged with: 1.33 g (0.01 M)  L-aspartic acid
0.84 g (0.01 M)  NaHCO4
10.00 g hydrolysed dextrane of an
average molecular weight of
3000 daltons
10.00 ml redistilled water.

The mixture was heated under pressure at a temperature of 70°C
until the solid substances were completely dissolved, expelling

20 by means of distillation during that period approx. 3 mi of
water (heating time was approx. 30min). The flask with the sol-
ution was loosely covered, placed in a steam steriliser and
heated under pressure at a temperature of 121°C for 40 min.
After cooling down, the resulting yellow-orange solution was Gi-

25 luted with 15 ml of water, clarified by means of centrifugation
and spray dried by air having an inlet temperature of +160°C aaé
an outlet temperature of +85°C. 10.5 g of a light beige reaction
product resulted that was easily soluble in water.

30 The presence of Amadori rearrangement products in this reaction
product was confirmed by a test by the potassium ferricyanide
method described by Borsock, Abrams and Lowy, J.Biol.Chem 213,
(1955), 111-124 and by chromatographic methods.

35 Biological tests as described in the preceding Examples confirm-
ed an immunotropic activity of the above product similar to the
one exhibited by preparations obtained with simple sugars.
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rotation), concent
water was vaporized, and then treated under atnospheric pressure at a
tenperature of 80-85[err]C until it became |ight orange in colour; this

t ook Me§§;g%iglpa§pprox. 60 m n.
A conical flask was charged with:

5.0 ¢ hydrolysed dextrane of an average molecular weight of
5 _ approx. 5000 daltons
1.1 g. L-proline

4.0 ml redistilled water.

The content was dissolved by means of stirring. The uniform
mixture thus obtained was placed in a steam steriliser and

10
~heated under pressure at a temperature of 110°C for 40 min. The
resulting transparent orange solution was diluted with 20 ml of
redistilled water and clarified by means of centrifugation. The
clear sclution was spray dried. '
15 ' :

5.3 g of a reaction product easily soluble in water was obtain-
ed. Immunotropic activity was similar to the one observed in
other experiments according to the preceding examples.

20 Example 11:
Conventional methods test the bioclogical activity of the com-

pounds in mice, but not in humans. For this reason, new bio-
assays have been inﬁroduced, which measure the amounts ang.
activity of cytokines released from the human peripheral blood
leukocytes (PBL) treated with the reaction products according to
the Examples 1 to 5, 9 and 10. The cytokines are the hormone-
like proteins that play an important role in practically all of
the immunological reactions, as well as in the regulatory pro-
cesses responsible for the maintenance of homeostasis.

30

Cvtotoxicity assays. Cytotoxicity of the reaction products was
‘determined in human lung adenocarcinoma cell line A549 (included

in the American Type Culture Collection -~ ATCC CCL 185). The
cell monclayers were trypsinized, suspensions of 2x105 cells/ml
in Dulbecco's-modified Eagle's minimum essential medium (DMEM)
plus 10% céli serum (CS) were mixed with various doses of the
drugs, seeded in the plastic microplates, and incubated for 48 h
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ayer

transpare
was nar kAMEM i h t he synbol D-12 and saved for biological tests.
5 .

Cvtokine induction. Buffy coats from healthy blood donors were
obtained from the regional transfusion center. The erythrocytes
were lysed by NH4Cl treatment according to Cantell et al,
(Cantell, K., Hirvonen, S., Kauppinen, H.L.: Production and
Partial Purification of Human Immune Interferon. Meth. Enzymol.,
119, 54, 1986). The leukocytes -from a single donor containing
approximately 8x106 leukocytes/ml in RPMI 1640 medium supple-
mented with 10% fetal calf serum (FCS), L-glutamine, and anti-
biotics were used. All lots of FCS were pretested. Only non-

15 mitogenic FCS for PBL cultures was used. The cytokine inducers
were added to 1 ml volumes of the cultures. The reference cyto-
kine inducers were phytchemagglutinin (PHA) (Pharmacia Fine Che-
micals, Sweden) and LPS from E. coli 0111:54 (Di£co Laborator-
ies). The induced cultures of PBEL were incubated in an atmo-
sphere of 5% Co, in air at 37°C for 20 h and centrifuged. Super-
natants were stored at 4°C and assayed for TNF and IFN_activitY

10

20

within one week.

Interferon (TFN) assav. The confluent monolayer of A549 cell
25 was prepared in the microplates in DMEM with 10% CS, L-glut-
amine, and antibiotics (100 units/ml penicillin and 100 pg/ml
 streptomycin). IFN samples diluted in plates were added to the
cell monolayer and incubated at 37°C for 20 h in 5% CO, in air.

The cells were then washed and challenged with encephalomyo-

30 carditis virus (EMCV). The titer of IFN was defined as the di-

lution of IFN sample that reduced the virus cytopathogenic

effect by 50% after 48 h of incibation. The MIT (3-[4,5-

dimethylthiazol-2-y1]-2,5- diphenyltetrazolium bromide) method
_ (Hansen, M.B., Nielsen, S.E., and Berg, K.: Re-examination and
35 Further Development of a Precise and Rapid Dye Method for

 Measuring Cell Growth/ Cell Kill. J. Immuno. Meth., 1989,
203-210) to measure the cell kill in the ELISA scanner was also
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Tumor Necrosis Factor (TNF) agsay. The cytotoxic activity of TNF

was measured in L929 cells according to Flick and Gifford
(Flick, D.A., Gifford, G.E.: Comparison of in Vitro Cell Cyto-
10 toxic Assays for Tumor Necrosis Factor. J. Immunol. Meth., 68,

167, 1984}).

The samples and actinomycin D solution were added to monolayer

. cultures of the cells. After incubation at 37°C for 20 h, the

15 cultures were stained with crystal violet and toxic effects were
determined. The amount causing approximately 50% destruction of
the cell cultures was defined as one unit of TNF activity. Com-
parison with a preparation of TNF-a (Genentech Inc., USA) showed

that 1 unit in our assays was equal to 100 - 200 pg/ml TNF.
20

Cvtokine neutralization assavs. The antisera used were: rabbit

‘anti-human TNF-a, lot 2958-40 and rabbit anti-human IFN-y, lot

2891-56 (Genentech Inc., USA), sheep anti-human IFN-g,8, and

sheep anti-human IFN-y (obtained from Dr. K. Cantell, Finland).
25 The cytokine preparations were treated with the sera diluted

1:200 in culture medium and incubated for one hour at room

temperature. Then, the residual IFN or TNF activities were de-

termined as described.

30 PFive différent batchés (Ly to Ls) of PBL prepared from the bload
. of healthy blood donors were used. The optimal PBL concentration
for the assays was found to be 8x10% cells per one ml of medium
(RPMI 1640 supplemented with 10% fetal calf serum and anti-
~bictics).
35
Incubation of human PBL with the new reaction products I - XI
(Table 1) resulted in IFN and TNF synthesis. The observed re-
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35.8

bath was charged 5 ng L- sert rfe@
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132.0 ”gépéﬂégéﬂéﬁie dose related in the range of 3 - 100 ng/ml of the
compounds (Table 2). The compounds used in the indicated con-
centrations were non-cytotoxic. In all of the bioassays, the
negative and positive controls were included. The negative

5 controls measured the'amoﬁnts of the cytokines (IFN and TNrF)
produced spontaneously without the addition of any exogenous
stimulants. The pésitive controls indicated the amounts of the
cytokine produced in response to a known reference inducer; in
our case this was phytohemagglutznzn (PHEA, Pharmacia, Sweden,

10 10pg per ml).

It should be pointed ocut that the cytokine induction in human
PEL cultures obtained from different individuals usually gives
considerable variation of the results. The phenomenon may be
explained in terms of genetic differentiation of human populat-

18
ion. Furthermore, PBL cultures often produce IFN and@ TNF spont-

aneously.

In other words, high responders and low responders or even non-
20 responders are commonly cbserved among the healthy donor; of

PEL.

Despite the presented limitatioms, the results of the bicassays
showed that PBL (Lq to Ls) treated with the reaction produc*s (=
25 - XI) produced IFN and/or TNF that could be measured quantit-

atively.

In the case of L4 which contained leukocytes of the high re-
sponder, the reaction product II (containing L-form of aspactic
30 acid) was found to be considerably more active as a cytokine in-
ducer than the reaction product III (containing the D-form of
aspartic acid which also is more expensive by two orders of mag-
nitude). The observation is significant because mainly L-forms
of the amino-acids are recognized by cells as natural substrates

35 in biochemical reactions.
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And vise versa, polysaccharides containing the amino-acid re-
sidues may have biological activity, and this activity is re-
10 tained when they are decomposed to oligosaccharides with the
bound amino-acid (data not shown).

Similar results may also be observed if a short péptide is taken
instead of a single amino-acid and is used to stimulate the

15 leukocytes to produce cytokines (data not shown).

Seven reference batches of the unfractionated TTP assayed in
over 100 PBL cultures from different donors produced from 10 to
: 1.000 units of IFN per ml, and from 9 to 750 units of TNF per
20 ml. The fraction EK;-S prepared from a mixture corresponding to
the contents of natural peat extract (Example 5) has been as-
sayed in eight PBL cultures from eight different blood donors.
It was found to be the most active preparation in inducing both

IFN and TNF (data not shown).

Possible applications of the reaction products are as immuno-
modulators and such activity was clinically useful. Tissue re-
generation is another proven activity. Anti-cancer activity
probably connected with the presence of the induced interferon
30 and tumor necrosis factor was also cbserved. Anti-viral activity

was also noted.

The main use of the above reaction products involves oral admi-
nistration, but parenteral treatment is also possible, as is
35 topical application. The products appear relatively stable.
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Tduced and the reactlon mxt- ure wa

i5 m -water-free etft t

brought to dryness. W%g@%‘ﬁ bh e dried reaction product was placed in
a desWOABM608Ver qal ci uRFRIACEPI de f ¢r 18 PCT/EP931a0327

t hen the reaction product was pomdezed. Approx. 4.5g of a powdered

hours;

preoduct were obtained and marked with the synbol EK[err]-S. A portion of

4g- of this reaction product was dissolved in 20 mM - of distilled water and
d@i illed with a

pl aced onTabdg shbhef Reaghiow Pxedughsc 330 nm size, f
sor bent Agherli rell?l XAD-2 __ana-

No. Substrates
S I (D-10) L-glutamic acid, glucose, galactose
II (D-11) L-aspartic acid, glucose, galactose
III (D-13) D-aspartic acid, glucose, galactose
Iv (D-12) L-serine, glucose, galactose
v ' ER,-S (fractions 11 - 13)
10 vI EK,-S (fractions 6 - 7)
VII ERy-S (fractions 8 - 10)
vIIr EX,-S (fractions 28 - 34)
IX . L-proline, glucose
X L-aspartic acid + dextrane (variety 1)
15 XTI L-aspartic acid + dextrane (variety 2)
Example 12:

Pharmaceutical formulatzons containing as an active ingredient
the reaction products accordzng to Examples 1 to 5, 9 and 10,
20 were prepared using the following reaction products:

A. Tablets/Granules:
5.0 ¢ of the reaction product obtained according to Example 1

or 10 (active substance),

25 444.0 ¢ of pharmaceutically acceptable lactose _
1.0 g of lubricant, e.g. MYVATEX{R), trademark of Eastman Kodak)

The ingredients were mixed and granulated with 30% aqueous

ethanol in a conventional way, then dried at 40°C. The granules
30 were used to prepare capsules, each containing approx. 450 mg of

granules, i.e. 5 mg of the active substance. Altefnatively, the

and containing 5 mg of the active substance.
B. In the same conventional manner, the active substances ob-
35 tained according to the preceding examples 1 to 5, 9 and 10 were

formulated into other pharmaceutical formulations using suitable
iuLations using suit

- carriers. This Sheet Has Bee

sesrores===r | AN



I'ytical grade. The colum was eluted with 0.4 m/nin distilled wa
une of 450

Fractions of 10 m v d to a tdtal vol-

The cONOAN 1987 he f;Tactl ﬁ%iﬁa#@cred chro- mat ogr apRCE4EP3/003 27

Fractions of consecutli_ve_n 1- 13 2% - conbi ned and evapor at ed under
were characterized by a high content of

reduced pressure. These fractions
Anador i rearrangenent products (confirmed with the potassiuntferricyanide

reductlon**test
synbol  offalder % felog 7 9F; theY Yets 5rEg A

activity were carr Bhth |nnun|sed Bal b/ C m ce of bot h sexes at the

age of 8 T0U weeks. Innunlsat e B 5bﬁ|eved er|t
g %
%"ﬁgs |on lfr) t es
ed k)

adm nt strati on of (P
( SRBO) i.e. of 6xBH Lol $terfse

Al sever' |_utd on of the ', |t|
s ig 108"' S | “CO 27 27
gl '(t)r5| g a £ g 10& g%% t| I g g 2%&0 ﬁo 0{%%09

0 0

sucél %l sdver' s Sdlhgg) 1 asep 500 -
30 <10 <1o - 160 -

\ 3 ' 160 -
II 100 roo 10 <10 10 <10 250 18 18 250 <9

15 30 - - 10 <10 - - - 250 <9
: 10 1000 10 30 10 10 250 50 27 250 <9

3 - - - 10 <10 - - - 160 <9
Iz 100 <10 ¢10 10 10 <10 250 9 18 250 <9

30 - - - 30 <10 - - - 250 <9

.20 10 <10 <10 <10 10 <10 80 27 18 250 <9
3 - - - 10 <10 - - - 80 <9
v 100 <10 10 10 20 <10 80 60 9 160 <9
30 - - - 20 <10 - - - 27 <9
10 <10 30 <10 20 <10 80 50 18 80 <9
25 3 - - - 20 <10 - - - 8¢ <9
v 100 30 <10 <10 60 - 80 50 18 250 -

30 - - - 60 - - - - 80 -

10 <10 <10 <10 10 - 80 27 S 80 -

' 3 - - - 10 - - - - 80 -
30 VI 100 <10 <10 <10 20 - 80 27 18 80 -
30 - - - 10 - - - - 80 -

10 10 <10 <10 20 - 50 27 18 160 -

3 - - - 10 - - - - 250 -

viz 100 <10 <10 <10 - - 80 27 27 - -

35 : 30 - - - - - - - - - -
10 10 <10 <10 - - 80 27 27 - -

3 - - - - - - - - - -

VIII 100 <10 <10 <10 - - 80 160 27 - -

30 - - - - - - - - - -

40 10 <10 <10 <10 - - 750 80 -27 - -
3 - - - - - - - .- - -

IX 100 10 <10 <310 10 - 27 27 18 80 -

30 - - - 20 - - - - 80 -

10 100 30 <10 20 - 80 27 18 80 -

45 3 - - - 10 - - - - 50 -
X 100 100 <10 20 20 - 27 27 18 250 -

30 - - - 30 - - - - 80 -

10 <10 10 <10 30 - 18 50 27 50 -

3 - - - 30 - - - - 250 -

50 Xz 100 <10 10 <10 30 - 18 27 27 50 -
30 - - - 10 - - - - 250 -

10 <10 30 <10 10 - 18 80 80 80 -

3 - - - 20 - - - - 750 -
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is‘introduced ina the mxture is kept at ‘least 3
days at +4[err]C T1¢Hﬁm|ﬁ5§nﬁhslm§md erythrocytes are then sanpl ed

aseptical |y and intfoduc ap osph e buffered sal 4BS)
in orW@r”c/gﬂIMsh th %P Al g% rinsed with }l’é@%ﬁ’%m and are

centrifugated for 10 min at 2000 rpn1 The washed out cells are used in the

fdrn1oféépéaé%§_;§g83|on in PBS. Such a suspension is used for the
I muni z / C mice.

-12- The active substances abtained according to preceding Examples 1
to 5, 9 and 10 were used as a beneficial additive to cosmetic

i preparations intended for everyday hair and body care, the con-
5 tent of the substances being within a range of 0.01 - 10% by

weight, depending on the type of the preparation, the method of

application and the frequency of use intended for the particular

preparation.

\
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e—teost ed was adn1n|stered |ntraper|ton-"éffy

The reacti on product tqgH
msen doses, the first

(i.p.) or orally (p.o.) Hﬂ&dﬁﬁtnqmga '
adnlnl akln nl ace y ' |nnun|sat|on of jol N
3%5? l?ﬁ% rena?nlno Raﬂ%-t'.oes .gre ad- mnistered a (g?ﬂﬁﬁmitﬁ

SRBC,

| rmpuni sation at 24 h intervals. gcieg;fgvd%oup of anlnals was treated

w t-h different doses of the tested re uct: 10 ng/kg, 1 ng/kg, 0.1
ng/ kg ‘and 0. 01 ng/kg. A control group of animals was al so i nmunised with

SRBC, but T.nstreshmadorie redrstangenent beompotrd , of . hel fotmiABa wer e

adm nistered at the sane tine inte vab§.§ Each group of,
and tested groups, in all experi- @nsi sted of 8-12 mice :
fourth or (in case of .determ nation of antibodies type: 7B“l II"II‘H‘I'HHW

i muni sat i onwhexssimere slightly anesthet- ized with eth

exsangui nated by eyebal | extirpation. The bl ood mas collected |nto t est

bggg%f olr\le)(;t)t ail E?na%@gggégm %Zd%@q@g‘ 133&5% &R g‘?b ‘?ngt%\ﬁa

anti bodi es of sugar radical, preferably in its D-form, selected from
the group consisting of glucose, xylose, galactose,
rhamnose, fructose, mannose, 2-deoxy-glucose, 6-deoxy-
glucose, glucosamine and galactosamine, and

10 Ry comprises an aminoacid er a - preferably low moleculax
weight, especially of less than 1000 daltons -~ peptide
radical, preferably its L-form, selected from the group
consisting of serine, glycine, proline, histidine;
arginine, alanine, aspartic acid, glutamic aciqg,

135 phenylalanine, treonine, cysteine, cystine, glutamine,
asparagine, methionine, tyrosine, hydroxyproline,
tryptophane, valihe, isoleucine, lysine and leucine.

2. A compound according to claim 1, wherein R, comprises a
sugar radical selected from the group of D-glucose and D-

20 galactose.

3. A compound according to claim 1 or 2, wherein R, comprises
an aminoacid radical selected from the group of L-~glutamic

acid, L-aspartic acid and L-serine.
4. A mixture of compounds eccording to claim 1.

25 5. Process for the manufacture of at least one reaction product
of the formula Ry'-~NH-R,', wherein R;' comprises a 1-amino-
1-deoxy-2~-ketose derived from a. simple sugar, an oligo- or a
- preferably low molecular weight, especially of less than
1000 daltons - polysaccharide and Rz' comprises an aminoacid

30 or a - preferably low molecular weight, especially of less
than 1000 daltons ~ peptide radical. wherein at least one
substance selected from the group of aminocacids and -

W This Sheet Has Been Replaced




t.he 198+7S and 7 2ns were used to prepare the ceIIs
ntage of cells able to formE-rosettes

useful for deter r

and oWwgne3ne6es7 cwmﬁmm&m ses, nouse spl eens wePCIVEPS3M00327d.
The spl enocyte ce spen dn approx. 2 m of Hanks'
nedrunrat +4[err] C, layered on the Fi coll - ropol i n gradient of a density

off 1.077, and then centrifugated for 15 mn at 3000 rpm at +4C. After

separati on f r prefecablyr DbRsmoleblayweaghts h@ﬁécxxkﬁyrcﬂ pessedhan the
ation for

Hanks' nedi um nd rrnsed ce Wt rif 10 ch
tine at 1800n1§h9 é%& noc¥ FB aﬁﬁe il a%u (ﬂﬂfl?\i.ﬂ& 3Fbg§%ﬁ§%
medi um at sucselected fiom thecgnbapnefeéiﬁplel@hgads4xd1£go- &nd each

st ed susperbs Shegardy o8 Fledniaz NhFaRt! dsbectatrl dr 18Rs thln
. 5 1000 daltons - polysaccharides, are reacted with each other
at elevated temperature -~ optionally under pressure - and/or
in the presence of a lower alcohol, whereafter the
intermediate(s) is (are) subjected to an Amadori rear-
rangement and/or to the Maillard reaction.

6. Process according to claim 5, wherein the reaction is carz-

10
ied out in the presence of an aminocacid having two carboxyl
groups and a buffer salt, preferably sodium bicarbonate in a
molar ratio of 1:1. '
7. Process according to claim 5 or 6, whereih at least one
15 simple sugar is reacted with at least one monobasic amino-

acid, and the molar ratio of the simple sugar(s) to the
aminocacid(s) is between 2:1 and 1:1, preferably 1.5:1.

8. Process according to any one of claims 5 to 7, wherein the
reaction of the sugar(s) and/or saccharide(s) with the.

20  aminoacid(s) and/or peptide(s) is carried out in a
concentrated aqueous solution at a temperature of 75-90°C,
and subsequent Amadori rearrangement is carried out at the
same temperature - optionally under pressure, with simul-
taneocus or subsequent removal of the solvents - until the

25 reaction mixture becomes light orange-brown in colour.

9. Process according to any one of claims 5 to 8, wherein a
mixture of simple sugars of the same composition and in the
same weight ratio as occurring in natural peat extract is -
combined with a mixture of aminoacid compounds of the same
composition and in the same weight ratio as-occurrihg in
said extract ~ and optionally with inorganic trace elements
occurring with said extract - the resulting substrate
mixture being reacted in the presence of water as a solvent

at elevated temperature - and optionally ggggg_gggggggg___,_
et Has Been Replaced
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of exvtenpore prepared dyestuff solutlon contalnlng 4 parts of a 0. 2%

I LF oWaLE &%“Eéfﬂﬂlﬂﬂllﬂﬂﬁ1||Jlﬂl||§$feﬁ§°c/°yt"'§3 e ¢ Ermtﬁ’%%%rta?ie@m 100
Dead cells; are fiavy blue’, vhile tdgebright cells are live cells. The

cells.
presence of nore than 1096of dead cells is critical; such a sanple has to
becelimnated fyomfurther use. Al steps carried Qqut wwth the cells to

be tested sand/PHclpcther pEésence ofcpi lower alcahole - (vhereadkprgrhss
appar at us p':m.ti’hénpré&uéﬁkhare 8%x38B19ed ahd the Hdadtient isaBoslf ect

f the test t t
© etes %idgé égncgﬁgeugnshggdorz rearrangement and/or a Maillard
reaction which is stopped when the reaction mixture becomes

.5 | ocrange-brown in colour, whereafter the reaction mixture is
dried. :

10. Process according to any cne of claims 5 to 9, wherein the
dried product is purified by column chromatography, whereby

specific fractions causing reduction of potassium
10 ferricyanide are collected.

11. Use of at least one compound according to any one of claims

1 to 4, or of at least one N-substituted reaction product of
the general formula R,'~NH-R,' wherein R;' comprises a 1-
amino-1-deoxy-2-ketose radical derived from the group of

3 simple sugars, oligo- and - preferably low molecular weight,

13
especially of less than 1000 daltons - polysaccharides, and
Rz comprzses an aminocacid or a - preferably low molecular
weight, especzally of less than 1000 daltons - peptide
radical, for the manufacture of pharmaceutical preparations
20 to induce cytokine formation in human or mammal cells.

12. Use according to claim 11, wherein said reaction product is
synthesized according to any one of claims 5 to 9 and has at
least partly entered an Amadori-rearrangement and/or a
Maiilard-rgaction, to treat and/or prevent hematolégical
25 and/or immunological diseases and/or stimulate the
immunosystem of humans and/or mammals. '

' 13. Use according to claim 11 or 12, wherein R;' is a radical of

the D-form of a simple sugar, preferably selected from the
group comprising glucose, xylose, galactcse, rhamnose,

30 fructose, mannose, 2-deoxy-glucose, 6-deoxy-glucose,
glucosamine and galactosamine.

14. Use according to any one of claims 11 to 13, wherein Ry' is

a radical of the L-form of an aminoacid or peptide,

ThlS Sheet Has Been Replaced
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the nunber of cell s—pfedua—ﬁg—heﬁﬂa%—y{—rc ant i bod| es (PFC—IgM was

determ ned. The test follows: To 0.5 m of an 0.5%
agar o%gg)lmpn pl mgmjw m')e and kept in a heat ecPCPAEP93/08827 at
45[err]C, 0.1 m of C (prepared as described above)

wer e adm xed Then'0.1 n of a spl enocy uspensi on having a density of 1
X 10[err] célls/m was added, the m xture stirred rapi dly and i mredi atel y

poured out °5§?Cfor eyeﬂu&wwww cupris¥hd| séetne| €

I ncubat ed at hours, Next . the tested sa Ies are covergd W t h
gui nea pi g c&RYICdRe® m%i-éﬁrafljétriéil”f?roﬁrﬂ'lﬂ%r ?veraiﬂ BtCer

the Incubatlae:.af @méﬁﬁisda&aml Phefylalahdne) ysteimepr of
pl aque form n IIs ﬁé& was count ed and recal Iat ed fg_[ 10[6‘2{'%
spl enocytes. € ”Festg aBiRLs, ASPATAGIDRE, mﬂ%‘mﬁf %’?Tic Bh
of- thke reSpoa 1SR, cxPypeophane,! valine, isoleusine, tlysinetand of
spl enocytes prodyci ng hemo- [ysines | gM (PFC) was observed after

adnini strati ofY6FP®re D 11 substance at a dose of 0.1 nmg/kg. The
anplification was 119% Wen the daily dose was increased ten tinmes up to

1 ny/ kg, 180pUski hicotirdingftod hanyconens ciaimswdleta d453%herein sai
reaction product is present together with a pharmaceutically
acceptable carrier and/or adjuvant and/or optionally a
10 lubricant in a weight ratio of reaction product to the
remaining components of between 1:1 to 1:100, preferably 1:8
to 1:20 and most preferably about 1:9. '

16. Use according' to claim 15, wherein said reaction products
are present in admixture with lactose and a lubricant, the
15 weight ratio of lactose to the lubricant being between 20:1

and 100:1, preferably approx. 50:1.

17. Use according to any one of claims 11 to 16, wherein said
reaction products are present in an amount of 0.01 - 10% by
weight, preferably 0.01 - 1% by weight, especially 0.05.-
20 0.10% by weight, in a preparation adapted for cosmetic

application.

hxs Sheet Has Been Replaced
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158% - at a dose THISISHEETKHAS BEBﬁactlon product,_EK[.er.r]-S:11 in.this..test.

sRowed the strongest . ac t a
ajdose ;612541 mes gher THE“&Q/E? gy,
i e.

e

REactlbn product D-12 shomed the strongest activity - an in- crease

ose gf,0; 1 no/ kg (|ncrease of 65% . At :
e inc | £ gh
G 4{1°C 1 or @ase wes S| Loty ibieipea, o

Fere

"ABSTRACT

Novel Amadori reactiomn coﬁpounds have the formula Rq-NH-R3,
wherein R comprises the D-form of a 1-amino-1-deoxy-2-ketose
radical derived from a sugar radical selected from the group of
glucose, xylose, galactose; rhamnose,- fructose, mannose, 6-
deoxyglucose, glucosamine and galactosamine, and Ry comprises
the L-form of an aminoacid or peptide radical selected from the
group of serine, glycine, proline, histidine, arginine, alanine,
aspartic acid, glutamic acid, phenylalanine, treonine, cysteine,
cystine, glutamine, asparagine, methionine, tyrosine,
hydroxyproline, tryptophane, valine, isoleucine, lysine and
leucine. Compounds and combinations of compounds having the
general formula R1'-NH-R2', wherein'§1’ comprises a 1-amino-1-
deoxy-2-ketose radical derived from the group of simple sugars,
oligo- and polysaccharides, and Rz' comprises an aminoacid or a
peptide radical, are used to produce pharmaceutical preparations
which in contact with human leukocytes produce interferon and
pther cytokines. '

—_—
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Reactlon product D-13 tested at a dose of 1 ng/kg caused an in- crease of
40% When the _dose aged to 10 ng/ kg, i.e. ten tines, the response —

was only a 14 gmﬂ¢ SH:BB<=WD|G ggl uti'nation test was
al so carri eq REPINCE i hg an TBEHSBEﬂbHASﬁEEN i - SRBC type 19S+7S and

7S antibodi 4s.} In o gf bg eferm he trmﬂgﬂmmﬁglghﬂt pe anti bodies |evel, .,
nouse serumiwgs é é@ nithe fobrtir—gayafter—Tmuni satiomwthSRBC

while for the detern1natjn 7S-1gG type antibodi es |evel such
preparation it ook place on theltenth day after mce inmmuni gation with SRBC,
of maxi mum count of antibodied_of a given type

in mce |nnun|éed with SRBC A. Determination of ‘19S+7S anti bodi es count .

A sanpl e of Rhgedraseaehlibhf eaﬁgo&&is ?&moahcéoopfaeés&rﬁm @ash sanpl e
t hus prepared, serumwas col |l ected an d@é?g in a heated water bath at a
tenperature of 56[err]C for BEHFACHH on BedTBEfvate the conpl enent .

Next, a nunber of. solutions at
The present invention relates to novel Amadori reaction com-
pounds and products, to the production thereof and to a new use
of these compounds and products, having at least partly entered
an Amadori rearrangement as per the following reaction scheme
and/or a Maillard reaction:

H OH H NH.R H
|/ |/ |
f C ———— H-IC-NH.R
| | .
H-~-C~ OH H-C-~ OH C=20
| | Amadori |
HO - C - H +H2N-R-—>HO-C-H - BHO -C-H
| _ [ rearran- | .
B ~ ? - OH H-C-0H gement H - f - OH
(o] . | 0
H-?-————‘ H - C —— H-cl:-ox
l
CH,OH CH,OH cazor-

amadori reaction products are known; they are reaction products,
for example, of an amincacid or a peptide with a sugar, oligo-
or polysaccharide having ente;ed an Amadori rearrangement (J.
Biol. Soc. 215 (1955), Henri Borsook et al.). Thus, in DE-C-
3914354, a water-soluble glycbprotein of an aminoacid and a
sugar is described which is isolated from an extract of Avena
sativa sees. Further, EP-A-406087 describes water-soluble poly-
saccharide-glycopeptide complexes which are derived from the
cell wall of Gram positive bacterium, and J. Biol. Chem. 1985,
260/9 states that NMR-spectroscopy has been used to characterize
Amadori reaction products formed by reaction of glucose with
free amino groups of protein.

The invention now describes specific novel Amadori rearrangement
compounds as described in claim 1. preferred embodiments and
improvements are described in claims 2 to 4. These compounds

This Sheet Has Been Replaced - k8
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Al

different dilutions of

severa
1:4096) enpl g
of 250 [err]l

t enperature
descri bed abd
further 2 h 3

a
yﬁﬁ%ﬁ%‘fﬁ“é o
Aldrop of a 1 %s
vg) D@s06AdI986 1t ¢
t |a tenperaturejo
resurts were T ak

+4[err] C. Theq
hemaggl uti natli

sera were incubated for 1.H]0 ﬁgiﬁ eenrHeplaced
a te

each tested serumwas prepared (from1l:1 to
RE n PBS (pre
dilution at WhICh

or and U shaped n1crop|ates—ha¥png4i4un¢umg_x'
wer e
hnrim

37C land ttﬁféﬁl_mgg,re
n next day.
d was conS|dered the ant|4 ra

count. Aring at the bottomof the plate is a sign that

reduce potassium ferricyanide, a test reaction for b:.olog:.ca1
active substances formed in a reaction of sugar and aminoacid.

The invention further relates to a novel use of such compounds
and simultaneously a novel use of Amadori reaction products of
sugars and aminoacids in general, as described in claims 11 to
17. In the past, nobody has tested the various steps of purific-
ation of the extract of an Amadori reaction product (in order to
get rid of balla§t substances and impurities) for biological
activity so far.

Immunostimulating drugs are indeed known from natural sources
such as mistletoe extracts, peat extracts etc. with the drawback
of expensive treatment of large gquantities of raw material to
obtain a few grams of active substance; uncontrollable impurit-
ies that might lead to toxicity and side effects and therefore,
further, to problems with administration during practical use
due to the cbmplex nature and the hardly reproducible
composition.

Comparable products or product mixes from artificial sources,
such as interferon or other genetic engineering methods are even
more expensive to make. Furthermore, the molecules of human
interferon are very often too big to penetrate the human cell
wall so that only a fraction of the administered dose is effect-
ively becoming active. Also, genetic engineeriﬁg products usual-
ly have side effects and some are even toxic. Furthermore, some
of them act effectively on one day and not on the next day, for
reasons unknown so far.

Suprisingly, it has now been found that nearly any simple amino-
acid/sugar complex after having at least partly entered an Ama-
dori rearrangement does not show any of the above-mentioned dis-
advantages but on the contrary has a surprisingly high immuno-
logical activity. They can therefore be used in pharmaceutical
formulations and in cosmetics. These small molecules easily pe-
netrate the cell wall and virtually act as a nutrient. They



hemaggl uti nati o

n occurs. A button-like formation at the bottomof the plate

i s consi dered
statistical ang

a—egattve—+estf t - no henmaggl ut- ination. For
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' administration, they still show this stimulating effect on
biological activity. This effect increases with increasing
completion of the Amadori rearrangement and decreases again with
increasing decomposition of the complex. '

Instead of simple sugars also - preferably low molecular weight,
especially of less than 1000 daltons - polysaccharides may be
used, for instance dextrane, which react similarly. Polysacchar-
ides show biological activity and'may retain some of this activ-
ity after they become oligosaccharides.

Very little has been known heretofore about the bioclogical
activity of these compounds. It was now found that combinations
of these substances in contact with human leukocytes produce
interferon and other cytokines. This is called polyclonal activ-
ation of the cells. '

It is possible to test the substances produced under the in-
fluence of these compounds and to determine the biclogical.
activities in international units relevant to specific cyto-

kines.
tivity

These compounds are of especially high biological- ac-
within a range of pure substance concentrations from 1-

100 pg/ml. Within the molecule, the specific nature of the
aminoacid is more important than the nature of the sugar part of
‘the molecule.

Reaction products of L-aspartic acid with glucose or galactose -
after having gone through the Amadori rearrangement - when
contacted with human leukocyteés and incubated in tissue culture
media at 37°C for 20 hours in an atmosphere of 5% CO, will
produce from 30 - 1000 antiviral units of interfercn. The
interferon is measured in a bioassay using human cancer cells.
Under the influence of these compounds, tumor necrosis compounds
may also be produced.
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formula
R;'-NH-R,'
wherein
represents a 1-amino-1-deoxy-2-ketose radical derived from

the group of simple sugars, oligo- and - preferably low
molecular weight, especially of less than 1000 daltons -
polysaccharides, and

represents an amipoacid'or a - preferably low molecular
weight, especially of less than 1000 daltons - peptide
radical.

Thus the group of biologically active compounds may cover either
the specific Amadori rearrangemeat compounds described above or
the N-substituted derivatives of a number of different aminoacid
compounds and one simple sugar, oligo- or - preferably low mole-
cular weight, especially of less than 1000 daltons - polysacch-
aride, or N-substituted derivatives of one aminoacid compound
and a number of simple sugars, oligo- and/or such polysaccharid-
es, or else any combination of such derivatives, every single’
one of them having sufficient biological activity. . -

Preferably, Rq' in the. above formula may be a radical selectec
from the D-form of simple sugars, especially (but not exclusive-
ly) from the D-form of glucose, xylose, galactose, rhamnose,
fzuctose, mannose, 6-decxyglucose, glucosamine and galactos-
amine; Ry’ may be a radical selected from the L-form of amino-
acid compounds such as serine, glycine, histidine, arginine,
glutamine, asparagine, alanine, aspartic acid, glutamic acid,
phenylalanine, treonine, cysteine, cystine, methionine, hydroxy-
proline, tryptophane, proline, tyrosine, valine, isoleucine,
leucine and lysine or else peptides of these aminoacids in any

combination.

The invention further relates to a process for obtaining the -
above mentioned compounds and products as described in claim 5
and whereby an intermediate is formed of the formula
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wherein R'is a Cq-1-deoxy radical in a straight carbon chain or
any O-bridged form of a simple sugar or an oligo- or
polysaccharide, and '
R" represents an aminoacid or a peptide radical,
said intermediate being at least partly subjected to an Amaderi
rearrangement and/or to the Maillard reaction by continued heat-
ing of the reaction mixture - preferably under pressure - and
simultaneously or subsequently removing the solvents. Preferred
embodiments of the process are described in claims 6 to 10.

In some cases, especially when an aminoacid having two carboxyl
groups is used, it is advantageous to add to the process a
buffer salt, such as sodium bicarbonate, preferably in a molar
ratio of 1:1. |

It was further found that.ﬁhe Amadori rearrangement products are
-elatively susceptible to decomposition, and that decomposition
products have the nature of dark brown and tar-like, unidentif-
ied compounds having lost their biological activity. Therefore
it is preferred to stop the Amadori rearrangement reaction at a
stage at which the reaction mixture becomes light orange-bfown
in colour. '

It is interesting to note that the intermediate reaction pro-
ducts, formed when the originally opaque solution of the amino-
acid becomes clear (before the Amadori rearrangement), are easi-
ly hydrolysed, i.e. the reaction is reversible. With increasing
rearrangement, the reversibility diminishes, i.e. the products
become more stable, and the colour gradually changes from light
yellow to light orange, and then finally to orange-brown when

" the Amadori rearrangement seems to be complete. Samples taken
during such rearrangement reaction and tested (according to
various procedures described later) proved that the biological
activity increases with the Amadori reaction progressing, and
decreases when further heating results in decomposition, for
which a colour change to dark brown is a sign. Immediate re-
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occur within 3 to 5 min, which is a good check for the degree of
Amadori rearrangement developped. Unreacted sugars would show
the colour change after half an hour or several hours only.

Isolation of the pure Amadori fearrangement products is carried
out according to known methods based on binding the mixture on a
strong cation-exchanger (such as Amberlite(R) or powex(R)), suc-
cessively eluting with ammonia water, evaporating a chosen de-
fined fraction of the eluate under reduced pressure and crystal-
lising the pure compound from anhydrous-methanol (J.E. Hodge and
B.E. Fisher, Methods in Carbohydrate Chemistry, Vol.II,Reactions
of Carbochydrates, 1963 Academic Press, N.Y., London, 1963, page
105-106; or Borsook at al. as quoted earlier; or J. Dubourg andé
P. Devilliers as quoted earlier).

In the process according to the present invention, all the
above~-mentioned preferences regarding the kind of radicals
derived from simple sugar and aminocacid compounds remain -
unchanged. Additionally, a preferred mixture of sugar substratés
comprises the D-forms of glucose, xylose, galactose; rhamnose
and fructose in a weight ratio of about 20:10:4:1:1, while the
preferred mixture of aminoacid subst:aées-comprises the L-~forms
of serine, glycine, histidine, arginine, alanine, proline,
tyrosine, valine, leucine, isoleucine and lysine in a weight'
ratio of 20.4:35.8:35.8:132: 180:360:215:160:72:68:780.

As already mentioned, the Amadori rearrangement products are
able to reduce potassium ferricyanide, such a chemical test
reaction providing a basis for quick determination of the
biological activity of the composition formed in a reaction of
sugar and aminoacid.

It has been found that Amadori reaction products are especially
active if a mixture of simple sugars of the same composition and
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in the same weight ratio as occurring in natural peat extracts
are reacted with a mixture of aminoacid compounds of the same
composition and in the same weight ratio as occurring in natural
peat extracts in the presence of an aqueous solvent, preferably
adding a lower alcchol - and optionally inorganic trace elements
occurring in such natural peat extracts - at elevated temperat-
ure (and optiocnally under pressure), and subsequently prolonging
the heating in order to cause an Amadori rearrangement of the
obtained products, simultaneously or subsequently expelling the
solvents, stopping the rearrangement reaction at the point when
the reaction mixture becomes light orange-brown in colour, dry-
ing the products thus obtained and purifying the same by means
of column chromatography and collecting the fractions that cause
maximum reduction of potassium ferricyanide.

In one embodiment, the instant pﬁarmaceutical formulations con-
tain as an active ingredient at least one reaction product of
the formula Rq'-NH-R,' or a specific compound of the formula Rq-
NH-R, together with a pharmaceutically acceptable carrier and/or
an adjuvant and/or optionally a lubricant in a weight ratio of
active ingredient to the remaining components of between 1:1 and
1:100, preferably 1:8 to 1:20 and most preferably about 1:9.

Another advantageous pharmaceutical formulation contains - in
addition to the active ingredient - lactose and a lubricant, the
weight ratio of lactose to the lubricant being -between 20:1 and
100:1, preferably 50:1.

These pharmaceutical preparations are used to treat and/or pre-

vent hematological and/or immunological diseases and/or stimul-
ate the immunosystem of humans and/or mammals by the induction
of cytokine formation.

Another use for the active ingredients is in cosmetic pre-
parations. The active ingredient is present in such preparations
in amounts of 0,01-10% by weight, preferably 0,01-1% by weight
and especially in amounts of 0,05-0,1%. These cosmetic preparat-



37[err] C. Then at a tenperature of +4[err]C for a further,ZO
h. The perce ME‘W gﬁeﬂ/t es formng E-rosettes w th SRBC was

detern1ned al on was coloured with 1 to 3-drops of crystat
vi ol et. Eat cted to determination of ithe:percentage of
spl enocyt es  ng at each instance 400 spleno— ytes. A
spl enocyte s east 3 erythrocytes was consi dered an
E-rosette For statlstlcal al uation, the percentage increase of the
nunber of sp

. _ : settes wa8 tonpared betWEQQéﬂi%gﬂﬂﬁﬂiﬂuiﬁpJ
to be tested and a control group. In this test, the strongest stinulating

effect wa &rp rmaizhe- E‘@s‘éﬁd&“ b?{eoﬁﬁﬁi§el3ié%fé@§eﬁt anqzstﬂsheeal—»sel; (709

at a dose of / k ose ten tines s 1. ng/ kg, th e

Tal wes docHEER % H%’&MW%‘%“@?B@EFFVGN} or Fragratits

The present invention will be further explained and demonstrated
in the following examples, which do not limit in any respect the
scope of ‘the present invention. '

Example 1: )
The 25 ml flask of a rotary evaporator placed in a heated water
bath was charged with: 1.47 g (0.01 M) L-glutamic acid
' 0.84 g (0.01 M) NaHCO4 :
0.91 g D-glucose
0.91 g galactose and _
3.00 ml of redistilled water

The mixture was heated up to 80°C whereby - preferably under
reduced pressure -~ 50% of the water were evaporated and then -
under atmospheric pressure - heated to a.temperature of 80-85°C,
at which it was kept for 120 min until it became orange in
colour. The syrup~-like concentrated aqheous solution was then
evaporated to drfness under reduced pressure. The orange-red
solid reaction product thus obtained was marked with the symbcl
D-10 and saved for biological tests. :

Example 2:
The 25 ml flask of a rotary evaporator placed in a heated¢ water

bath was charged with: 1.33 g (0.01 M) L-aspartic acid
0.84 g (0.01 M) NaHCO,
0.91 g of D-glucose
0.91 g of galactose and
 3.00 ml of redistilled water

The mixture was heated up to 80°C with stirring (by means of
rotation), concentrated under pressure, whereby a total volume
of 1.5 ml water was vaporized, and then treated under
atmospheric pressure at a temperature of 80-85°C until it became
light orange in colour; this took place within approx. 60 min.
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solution and was dried under reduced pressure. The resulting
reaction product was a dry, yellow-orange powder. It was markecd
with the symbol D-11 and saved for biological tests.

Example 3:
The 25 ml flask of a rotary evaporator placed in a heated water
bath was charged with: 1.05 g (0.01 M) L-serine

0.91 g b-gluccse

0.91 g galactose and

2.50 ml redistilled water

The mixture was heated to 85-92°C with stirring (by means of
rotation). After 100 min, the solution became orange in colour.
The pressure was reduced and the mixture was evaporated to
dryness. The reaction product on the walls of the flask formed
an orange transparent layer. The reaction product was scraped
off and powdered. It was marked with the symbol D-12 and saved

for bioclogical tests.

Example 4:
The 25 ml flask of a rotary evaporator placed in a heated

waterbath was charged with: 0.66 g (0.005 M) of D-aspartic acié
0.42 g (0.005 M) of NaHCO,

0.45 g of D-glucaose
0.45 g of galactose and
3.00 ml of redistilled water

The mixture was heated up to 80°C, evaporated - under pressure -
whereby a volume of 1.5 ml water was vaporized, and then treatec
- under atmospheric pressure - at a temperature of 85°C. After
60 min. heating the mixture became orange in colour; the press-'
ure was reduced and the resulting syrup-like concentrated
aqueous solution evaporated to dryness. Before the residue be-
came definitely dry, two times 10 ml water-free ethanol were
introduced into the flask and evaporated in order to eliminate
residual moisture. The dry reaction product thus obtained was
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‘Example S:

In order to obtain - in a synthetic way - an equivalent of the
biologically active fraction of a certain natural peat extract,
the flask of the rotary evaporator placed in the heated water
bath was charged with: 20.5 mg L-serine
35.8 mg L-glfcine
35.8 mg L-histidine
132.0 mg L-arginine
180.0 mg L-alanine
360.0 mg L-proline
216.0 mg L-tyrosine
160.0 mg L-valine
68.0 mg L-isoleucine
" 72.0 mg L-leucine
780.0 mg L-lysine
2000.0 mg D-glucose
1000.0 mg D—xylose.
400.0 mg D-galactose -
100.0 mg D-rhamnose
100.0 mg D-fructose
6.0 ml redistilled water

The mixture was stirred by means of rotation and heated under
pressure for 45 min at a temperature rising from 75°C to 86°C.
During that period, approx. 3 ml of water were evaporated and
the substrates were totally dissolved. The mixture was then
treated for 30 min under atmospheric pressure at a temperature
of 85-86°C for an Amadori rearrangement. During that period the
solution quickly became red-brown in colour. The pressure was
reduced, and heating at 84°C was continued, thus simultaneously
evaporating the solvents. At the end of evaporation, two times
15 ml water-free ethanol were introduced and the reaction mixt-
ure was brought to dryness. The flask with the dried reaction
product was placed in a desiccator over calcium chloride for 18
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lytical grade. The column was eluted with 0.4 ml/min distilled
water. Fractions of 10 ml volume were collected to a tdtal vol-
ume of 450 ml. The content of the fractions was monitored chro-
matographically. Fractions of consecutive numbers 11-13 were
combined and evaporated under reduced pressure. These fractions
were characterised by a high content of Amadori rearrangemgnt _
products (confirmed with the potassium férricyanide reduction
test). The product was saved for biological tests under the

symbol of EK,-5-11.

Biological tests for determining the bidlogical activity were
carried out with immunised Balb/C mice of both sexes, at the age
of 8-10 weeks. Immunisation of mice is achieved by peritoneal
administration of 0.2 ml of a 10% suspension of sheep erythro-
cytes (SRBC), i.e. of 6x108 cells. The erythrocytes are fixgd in
a sterile Alsever's sclution of the following composition:

glucose 2.05 g
sodium citrate 0.8 ¢g
sodium chloride 0.42 g
citric acid 0.055 g
100 ml

redistilled water to

Into such Alsever's solution, a sheep blood cell aseptic sample -
is introduced in a ratio of 1:1 and the mixture islkept for at
least 3 days at +4°C. The thus stabilised erythrocytes are then
sampled aseptically and introduced into a phésphate buffered
salt solution (PBS) in order to wash them ocut. Erythrocytes are
rinsed with PBS twice, and are centrifugated for 10 min at 2000
rpm. The washed out cells are used in the form of a 10%
suspension in PBS. Such a suépension is used for the
immunisation of Balb/C mice.
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The reaction product to be tested was administered intraperiton-
eally (i.p.) or orally (p.o.) four times at chosen doses, the
first administration taking place 2 hours before immunisation of
the mouse with SRBC, while the remaining three dosages were ad-
ministered after immunisation at 24 h intervals.

Each tested group of animals was treated with different doses of

the tested reaction product: 10 mg/kg, 1 mg/kg, 0.1 mg/kg and

0.01 mg/kg. A control group of animals was also immunised with
SRBC, but instead of the substance to be tested, 0.2 ml of PBS
were administered at the same time intervals.

Each group of animals, control and tested groﬁps, iﬁ all experi-
ments consisted of 8-12 mice.

On the fourth or (in case of detefmination of antibodies type
7S) tenth day after immunisation, mice were slightly anesthet-
ized with ether and exsanguinated by eyeball extirpation. The
blood was collected into test tubes. Next, the spinal cord was
broken and spleen removed. The blood was used for obtaining the
serum needed for determination of hemagglutinating antibocdies of
the 19S+7S and 7S types, while spleens were used to prepare the
cells useful for determination of the percentagé of cells able
‘to form E-rosettes and of hemolytic activity. For such uses,
mouse spleens were comminuted. The splenocyté cells obtained
were suspended in approx. 2 ml of Hanks' medium at +4°C, layerec -
on the Ficoll-Urcpolin gradient of a density .of 1.077, and then
centrifugated for 15 min at 3000 rpm at +4°C. After separation
£rom the interphase, the lymphocyte buffy coat was placed in the
Hanks' medium at +4°C and rinsed twice with centrifugation for
7-10 min each time at 1800 rpm. The splenocytes were then sus-
pended in 1 ml of Hanks' medium at such a ratio that it contain-

ed 1 x 106 celils.

For each test, the percentage of dead cells is determined by
mixing a drop of a tested suspension of splenocytes with a drop
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All steps carried out with the cells to be tested should be
performed in a sterile, siliconized laboratory glass apparatus

placed in an ice bath.

Example 6: ]
In the first test, an effect of the tested reaction products on
the number of cells producing hemolytic antibodies (PFC-IgM) was
determined. The test was carried out as follows: To 0.5 ml of an
0.5% agarose solution placed in a2 test tube and kept in a heated
water bath at 45°C, 0.1 ml of a 10% suspension of SRBC (prepared
as described above) were admixed. Then 0.1 ml of a splendcyte
suspension having a density of 1 x 106 cells/ml was added, the
mixture stirred rapidly and immediately poured out on slides
previously covered with agarose. The slides are incubated at
37°C for two hours. Next, the tested samples are covered with
guinea pig complement diluted at a ratio of 1:20 for a further
2k. After the incubation of the tested samples with the comple-
ment, the number of plaque forming cells (PFC) was counted and
recalculated for 1 x 105 splenocytes. Each test was performed

twice.

+The strongest amplification of the response to SRBC expressed in
terms of increase of the number of splenocytes producing hemo-
lysines IgM (PFC) was observed after administration of the D-11
substance at a dose of 0.1 mg/kg. The amplification was 119%.
When the daily dose was increased ten times up to 1 mg/kg, amp-
lification of the response was lowered to 53% .
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Reaction product D-12 showed the strongest activity - an in-
crease of 58% - at a dose of 1 mg/kg.

Reaction product EK,-S-11 in this test showed the strongest
activity at a dose of 0.1 mg/kg (increase of 65%). At a dose ten
times higher, i.e. 1 mg/kg, the increase was slightly lower,
i.e. 52%.

Reaction preduct D-13 tested at a dose of 1 mg/kg caused an in-
. crease of 40%. When the dose was increased to 10 mg/kg, i.e. ten
times, the response was only a 14% increase.

Example 7: .
An active hemagglutination test was also carried out, determin-

ing antibodies of the anti-SRBC type 195+75 and 7S antibodies.

In order to determine the 19S - IgM type antibodies level, mouse
serum was prepared on the fourth day after immunisation with
SRBC, while for the determination of 75-IgG type antibodies

level such preparation tock place on the tenth day after mice
immmisation with SRBC, which is related tc the day of maximum
count of antibodies of a given type in mice immunised with SRBC.

A. Determination of 195+7S antibodies count.

A sample of blood was centrifuged for 30 min at 3500 rpm. From.
each sample thus prepared, serum was collected and placed in a2
heated water bath at a temperature of 56°C for 30 min in order
to deactivate the complement. Next, a number of solutions at
several different dilutions of each tested serum was prepared
(from 1:1 to 1:4096) employing a microtitrator and U-shaped
microplates having a volume of 250 pl each. The diluted sera
were incubated for 1 hour at room temperature. A drop of a 1%

' suspension of SRBC in PBS (prepared as described above) was
added to each serum; the mixtures were incubated for a further 2
h at a temperature of 37°C and then stored at a temperature of
+4°C. The results were taken next day. The maximum dilution at
which hemagglutination is still caused was considered the anti-
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1on of serum in a tested substance was compared to the one in a

control group.

Reaction product D~11 at a dose of 1 mg/kg increased the IgM
count 2.57 times. At a ten times higher dose, the stimulation
effect in comparison to the control group increased by 3.5

times.

Reaction product D-12 in this test showed a weaker activity. At
a dose of 0.1 mg/kg, it increased the IgM count 2 times, at a
dose of 1 mg/kg 1.4 times.

Reaction product EX,-S-~11 showed the strongest activity in this
test. At a dose of 0.1 mg/kg, it increased the IgM count 4.3 °
times, at a dose of 1 mg/kg 3.6 times.

-

Reaction product D413 at a dose of 1 mg/kg increased the Igh
count 3 times, at a ten times higher dose 1.5 times.

B. Determination of 78 anﬁibody count

The tested inactivated sera were combined - at a ratio of 1:1 -
with a 0.1 M solution of 2-mercaptoethanol and the mixtures in-
cubated for 30 min at a temperature of 37°C. 2-Mercaptoethanol
destroys immunoglobulines of the 19S-(IgM) type, while immuno-
globulines of the 7S-(IgG) type are not susceptible to the
action of 2-mercaptoethanol.

After 30 min of incubation the reduction reaction was stopped by
means of cooling down-to a temperature of +4°C for 15 min. Next,
a number of dilutions was prepared in a similar manner as de-
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scribed above. Simultaneously, a control test was carxried out
with a combination of a 1% suspension of SRBC with PBS in a

ratio of 1:1.

IInterferon (IFNL_assa

When the substance D-11 was tested as described above, at a dose
of 1 mg/kg it increased the production of antibodies IgG 3.16
times. At a dose of 10 mg/kg, the increase was 2.2 times.

Reaction product D-12 tested at a dose of 0.1 mg/kg and 1 mg/kg
respectively stimulated the production of antibodies IgG 1.3
times, at a dose of 10 mg/kg 1.5 times.

Reaction product ER,-S-11 at a dose of 0.1 mg/kg stimulates the
production of IgG 1.9 times, at a dose of 1 mg/kg 2.89 times (in
comparison with the control).

The results of tests A and B obtained for each production lot or
for each fraction of the biologically active reaction products
synthesized according to the invention and giving the above-
mentioned immunological response were subjected to statistical
analysis by the T-student method, «=0.05. Results obtained for.
each dose tested were compared with a parallel control test and
showed an increase of bioclogical activity.

Example 3:
The group of biologically active reaction products obtained ac-

cording to Examples 1 to 5 have also been submitted to the test
in which the percentage of splenocytes forming E-rosettes was
determined.

250 ul of a 1% suspension of SREC and 250 ul of cells to be
tested at a concentration of 1 x 106 cells/ml were added to 550
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OE Then, it was stored at a temperature of +4°C for a further
20 h. The percentage of splenocytes forming E-rosettes with SRBC
was determined after the suspension was coloured with 1 to 3
drops of crystal violet. '

Each sample was subjected to determination of the percentage of
splenocytes three times, counting at each instance 400 spleno-
vytes. A splenocyte surrounded with at least 3 erythrocytes was

- considered an E-rosette.

For statistical evaluation, the percentage increase of the
number of splenocytes with E~-rosettes was compared between the
substances to be tested and a control group.

In this test, the strongest stimulating effect was shown by the
reaction products D-11 (63%) and EK,-S-11 (70%) at a dose of 1

mg/kg. At a dose ten times smaller, i.e. 0.1 mg/kg, the values

decreased to 45% and 57% tespectively.

Reaction product D-12 at a dose of 1 mg/kg caused an increase of
the ability to form E-rosettes of 22% in comparison to the con-
rol group. The respective value for a dose ten times smaller,
i.e. of 0.1 mg/kg, was 29%.

Reaction product D-~13 shows the maximum effect at a dose'of 1
mg/kg (58%), while at higher doses the effect is slightly

smaller.

Biological activity of synthetised compounds was evaluated
according to the following tests: : '

1. Test for determination of the percentage of splenocytes
forming E-rossettes, carried out according to Bach and
Dardenne (Cell. Immunol. 3, 1+16, 1972)

Test for determination of the number of cells producing
hemolytic antibodies of an Igm type, carried out according
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hemagglutination methods (J. Immunol. 95, 26-38, 39-47,
1965) with the use of microplates (J. Immunopharmacol. 4,
43-52, 1982).

Example 9: o

A rotary evaporat.or flask placed in a heated water bath was

charged with: 1.33 g (0.01 M) L-aspartic acid '
0.84 g (0.01 M) NaHCO4

10.00 g ' hydrolysed dextrane of an
average molecular weight of
3000 daltons

10.00 ml redistilled water.

The mixture was heated under pressure at a temperature of 70°C
until the solid substances were completely dissolved, expelling'
by means of distillation during that period approx. 3 ml of
water (heating time was approx. 30min). The flask with the sol-
ution was loosely covered, placed in a steam steriliser and
heated under pressure at a temperature of 121°C for 40 min.
After cooling down, the resulting yellow—oran'ge solution was éi-
luted with 15 ml of water, clarified by means of centrifugation
and spray dried by air having an inlet temperature of +160°C anc
‘an outlet temperature of +85°C. 10.5 g of a light beige reactiorn
product resulted that was easily soluble in watexr.

The presence of Amadori rearrangement products in this reacticn
product was confirmed by a test by the potassium ferricyanide
method described by Borsook, Abrams and Lowy, J.Biol.Chem 213,
(1955), 111-124 and by chromatographic methods.

Biological tests as described in the preceding Examples confirm-
ed an immunotropic activity of the above product similar to the
one exhibited by preparations obtained with simple sugars.
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Example 10:
A conical flask was charged with:

s.0 g hydrolysed dextrane of an average molecular weight of
approx. 5000 daltons '
1.1 g L-proline

4.0 ml redistilled water.

The content was dissolved by means of stirring. The uniform
mixture thus obtained was placed in a steam steriliser and
heated under pressure at a temperature of 110°C for 40 min. The
resulting transparent orange solution was diluted with 20 ml of
redistilled water and clarified by means of centrifugation. The
clear solution was spray dried.

5.3 g of a reaction product easily soluble in water was obtain-
ed. Immunotropic activity was similar to #he cne observed in
other experiments according to the preceding examples.

Example 11:

Conventional methods test the biological activity of the com-
pounds in mice, but not in humans. For this reason, new bio-
assays have been introduced, which measure the amounts and.
activity of cytokines released from the human peripheral blood
leukocytes (PBL) treated with the reaction products according to
the Examples 1 to 5, 9 and 10. The cytokines are the hormone-
like proteins that play an important role in practically all of
the immunological reactions, as well as in the ;egulatory pro-
cesses responsible for the maintenance of homeostasis.

Cvtotoxicity assays, Cytotoxicity of the reaction products was
determined in human lung édeno;arcinoma cell line A549 (included
in the American Type Culture Collection - ATCC CCL 185). The
cell monolayers were trypsinized, suspensions of 2x105 cells/ml
in Dulbecco's-modified Eagle's minimum essential medium (DMEM)
plus 10% calf serum (CS) were mixed with various doses of the
drugs, seeded in the plastic microplates, and incubated for 48 h
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Cytokine induction. Buffy coats from healthy blood donors were

~obtained from the regionai transfusion center. The erythrocytes
were lysed by NH,Cl treatment according to Cantell et al.
(Cantell, K., Hirvonen, S., Kauppinen, H.L.: Production and
Partial Purification of Human Immune Interferon. Meth. Enzymol.,
119, 54, 1986). The leukocytes from a single donor containing
approximately 8x106 leukocytes/ml in RPMI 1640 medium supple-
mented with 10% fetal calf serum (FCS), L-glutamine, and anti-
biotics were used. All lots of FCS were pretested. Only non-
mitogenic FCS for PBL cultures was used. The cytokine inducers
were added to 1 ml volumes of the cultures. The reference cyto-
kine inducers were phytchemagglutinin (PHA) (Pharmacia Fine Che-
micals, Sweden) and LPS from E. coli 0111:B4 (Difco Laborator-
ies). The induced cultures of PBL were incubated in an atho-
sphere of 5% Co, in air at 37°C for 20 h and centrifuged. Super-
natants were stored at 4°C and assayed for TNF and IFN activity
within one week.

Interferon (YFN) assav. The confluent monolayer of AS549 cells
was prepared in the microplates in DMEM with 10% CS, L-glut-

 amine, and antibiotics (100 units/ml penicillin and 100 pg/ml
streptomycin). IFN samples diluted in plates were added to the
cell monolayer and incubated at 37°C for 20 h in 5% CO, in air.
The cells were then washed and challenged with encephalomyo-
carditis virus (EMCV). The titer of IFN was defined as the di-
lution of IFN sample that reduced the virus cytopathogenic
effect by 50% after 48 h of incubation. The MTT (3-[4,5-
dzmethylthiazol-z-yl]-z S~ diphenyltetrazolium bromide) ‘method
(Hansen, M.B., Nielsen, S.E., and Berg, K.: Re-examination and
Further Development of a Precise and Rapid Dye Method for
Measuring Cell Growth/ Cell Kill. J. Immuno. Meth., 1989, 119,
203-210) to measure the cell kill in the ELISA scanner was also
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Recombinant human IFN-Y (Genentech Inc., USA, specific activity '
2x108 units/mg), the natural human leukocyte IFN-a (3x106 IU/ml)
and IFN~y (2x106 IU/ml) obtained from Dr. K. Cantell, Helsinki,

Finland.

Tumor Necrosis Factor (TNF) assay. The cytotoxic activity of TNF

was measured in L929 cells according to Flick and Gifford
(Flick, D.A., Gifford, G.E.: Comparison of in Vitro Cell Cyto-
toxic Assays for Tumor Necrosis Factor. J. Immunol. Meth., 68,
167, 1984). ' '

The samples and actinomycin D solution were added to monolayer
cultures of the cells. After incubation at 37°C for 20 h, the
cultures were stained with crystal violet and toxic effects were
determined. The amount causing approximately 50% destruction of
the cell cultures was defined as one unit of TINF activity. Com-
parison with a preparation of TNF-a (Genentech Inc., USA) showed
that 1 unit in our assays was equal to 100 - 200 pg/ml TNF.

Cvtokine neutralization assays. The antisera used were: rabbit
anti-human TNF-a, lot 2958-40 and rabbit anti-human IFN-y, lot

2891-56 (Genentech Inc., USA), sheep anti-human IFN-a,B, and
sheep anti-human IFN-y (obtained from Dr. K. Cantell, Finland).
The cytokine preparations were treated with the sera diluted
1:200 in culture medium and incubated for one hour at room
temperature. Then, the residual IFN or TNF activities weré de-

termined as described.

Five different batches (L; to Lg) of PBL prepared from the blood
of healthy blood donors were used. The optimal PBL concentration
for the assays was found to be 8x106 cells per one ml of medium
(RPMI 1640 supplemented with 10% fetal calf serum and anti-

biotics).

Incubation of human PBL with the new reaction products I - XI
(Table 1) resulted in IFN and TNF synthesis. The observed re-
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' produced spontanecusly without the addition of any exogenous
stimulants. The positive controls indicated the amounts of the
cytokine produced in response to a known reference inducer; in
our case this was phytohemagglutinin (PHA, Pharmacia, Sweden,
10pug per ml). '

It should be pointed out that the cytokine induction in human
PBL cultures obtained from different individuals usually gives
considerable variation of the results. The phenomenon may be
explained in terms of geénetic differentiation of human populat-
ion. Furthermore, PBL cultures often produce IFN and TNF spont-
aneously. : ' '

In other words, high responders and low responders or even non-
responders are commonly observed among the healthy donors of
PBL. _ -

Despite the presented limitations, the results of the bioassays
showed that PBL (L, to Lg) treated with the reaction products (I
- XI) produced IFN and/or TNF that could be measured quantit-
atively.

In the case of L, which contained leukocytes of the high re-
sponder, the reaction product II (containing L-form of aspartic
acid) was found to'be considerably more active as a cytokine in-
ducer than the reaction product III (containing the D-form of
~aspartic acid which also is more expensive by two orders of mag-
nitude). The observation is significant because mainly L-forms
of the amino-acids are recognized by cells as natural substrates
in biochemical reactions.
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Furthermore, for the expression of biological activity of the
reaction products, the amino-acid part of the molecule is much
more important than the form of sugar. Instead of single sugars,
- preferably low molecular weight, especially of less than 1000
daltons - polysaccharides (suéh as dextranes, reaction products
X - XI) can be used and they react similarly.

And vise versa, polysaccharides containing the amino-acid re-~
sidues may have blological activity, and this activ1ty is re-
tained when they are decomposed to olxgosaccharldes with the
bound amino-acid (data not shown).

Similar results may also be observed if a short peptide is taken
instead of a single amino-acid and is used to stimulate the
leukocytes to produce cytokines (data not shown).

Seven reference batches of the unfractionated TTP assayed in
over 100 PBL cultures from different donors produced from 10 to
1.000 units of IFN per ml, and from 9 to 750 units of TNF per
ml. The fraction EK,-S prepared from a mixture corresponding to
the contents of natural peat extract (Example 5) has been as-
sayéd in eight PBL cultures from eight different blood donors.
It was found to be the most active preparation in inducing both

IFN and TNF (data not shown).

Possible applications of the reaction products are as immuno-
modulators and such activity was clinically useful. Tissue re-
generation is another proven activity. Anti-cancer activity
probably connected with the presence of the induced interferon
and tumor necrosis factor was also observed. Anti-viral activity

was also noted.

The main use of the above reaction products involves oral admi-
nistration, but parenteral treatment is also possible, as is
topical application. The products appear relatively stable.
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Table 1. List of Reaction Products 7

No. Substrates

I (D-10) L-glutamic acid, glucose, galactose

I (D-11) L-aspartic acid, glucose, galactose

III (D-13) D-aspartic acid, glucose, galactose

IV (D-12) L-serine, glucose, galactose

v EK,-S (fractions 11 - 13)

VI EK,-S (fractions 6 - 7)

vIiI EKy-S (fractions 8 - 10)

VIII EKy-S (fractions 28 - 34)

IX L-proline, glucose

X L-aspartic acid + dextrane (variety 1)

XI L-aspartic acid + dextrane (variety 2)

Example 12:

Pharmaceutical formulations containing as an active ingredient
the reaction products according to Examples 1 to 5, 9 and 10,
were prepared using the following reaction products:

A. Tablets/Granules:

5.0 g of the reaction producﬁ obtained according to Example 1
~ or 10 (active substance),

444.0 g of pharmaceutically acceptable lactose _ .

1.0 g of lubricant, e.g. MYVATEX(R), trademark of Eastman Kodak)

The ingrédients were mixed and granulated with 30% aguecus
ethanol in a conventional way, then dried at 40°C. The granules
were used to prepare capsules, each containing approx. 450 mg of
granules, i.e. 5 mg of the active substance. Alternatively, the
granules were used to form tablets, each weighing approx. 450 mg
and containing 5 mg of the active substance.

B. In the same conventional manner, the active substances ob-
tained according to the preceding examples 1 to S, 9 and 10 were
formulated into other pharmaceutical formulations using suitable
carriers.



A Tabl ets/ Granul es:. 5. 0. g of

the reaction produ o] dhg to Exanple 1 , or 10
X 12?8
(active substance), pRanmaceutical |y acceptable lactose 1.0 g

of Iubrlcant e.g.

conventi onal vvay,

capsul es, el ,
active subrsw:nsez Alammgalcaal mt&hetgr@mtaw mﬁbt:.uaedrbduéﬁs nmemlﬁt S,

each wei ghi ng appr ouméad BBL and containing 5 ng of the act'i ve substance

B. In the
according to the pr&8s8 ng exafpl wsitsfml 5, 9 and lom&m@rfﬂllat ed into

ot her phar maceut i caBP¥/@muilat i bps e nglqw thpl e Imarr Fgr s. Ly Lg
Control - 10 <10 <10 20 <10 80 9 27 27 <9
PHA 10 100 30 30 60 100 250 80 250 250 250
I 100 100 <10 <10 20 - 250 9 9 160 -
30 - - - 30 - - - - 500 -
10 30 <10 <10 30 - 80 9 18 160 -
3 - - - 10 - - - - 160 -
IX 100 1700 10 <310 10 <10 250 18 18 250 <9
30 - - - 10 <10 - - - 250 <9
10 1000 10 30 10 10 250 50 27 230 <9
3 - - - 10 <10 - - - 160 <9
III 100 <10 <10 10 10 <10 250 9 18 250 <9
30 - - - 30 <10 - - - 250 <9
10 <10 <10 <10 10 <10 80 27 18 250 <9
3 - - - 10 ¢10 - - - 80 <9
Iv _ 100 <10 10 10 20 <10 80 60 9 160 <9
30 - - = 20 <10 - = = 27 «9
10 <10 30 <10 20 <10 80 50 18 80 <9
3 - - - 20 <10 - - - 80 <9
v . 100 . 30 <10 <10 60 - 80 50 18 250 -
- 30 - - - 60 - - - - a0 -
10 <10 <10 <10 10 - 80 27 g 80 -
3 - - - 10 - - - - 80 -
Vi 100 <10 ¢10 <10 20 - 80 27 18 80 -
30 - - - 10 - - - - . 80 -
10 10 <10 <10 20 - - 50 27 18 160 -
: 3. - - - 10 - - - - 250 -
VII 100 <10 <10 <10 - - -80 27 27 -, -
30 - - - - - - - - - -
10 10 <10 <10 - - 80 27 27 - -
3 - - - R - - - - - -
VIII 100 <10 ¢10- <10 - - 80 160 27 - -
30 - - - - - - - - - -
10 <10 <10 <10 - - 750 - 80 27 - -
3 - = = - = - == e -
IX 100 10 <10 <10 10 - 27 27 18 80 -
30 - - - 20 - - - - 80 -
10 100 30 <10 20 - 80 27 18 80 -
3 - - - 10 - - - - 50 -
X 100 700 <10 20 20 - 27 27 18 250 -
30 - - - 30 - - - - 80 -
- 10 <10 10 <10 30 - 18 50 27 50 -
3 - - - 3 - = = - 250 -
X1 100 <10 10 <10 30 - 18 27 27 50 -
3 - - - 10 - = - - 250 . -
10 <10 30 <10 10 - - 18 80 80 80 -
3 - - ~- .20 - - - - 750 -




-25- ~ Table 2. Biologjcal

Ly ty of the Reaction Products I-Xl in 7
Human PBL * uni ts/m _ FENUTTTSI
[err]g/mM Lferr Llerr] Llerr] L[ err]
L[err] L[err] 10 <10 <10 20 <10 80

9 27 27 <9

30 60 100 250 . 80 250——
250 250 | |

- 250 9 9 160 -

Example 13: ~

The active substances obtained according to preceding Examples 1
to 5, 9 and 10 were used as a beneficial additive to cosmetic
preparations intended for everyday hair and body care, the con-
tent of the substances being within a range of 0.01 - 10% by
weight, depending on the type of the preparation, the method of
application and the frequency of use intended for the particular
preparation.



30 - - - 30 - - -~ 500 -

<10 <10 30 = - 20 9t 8df0 - 3

- - - - 16{EPLACEMENT SHEET 1 '

18 18 250 <9 ; | THIS SHEET10AS BERY |

250 <9 104 2164 191,@ 40 lo REBLAGE0 s5d4 7 27 250 <9

3 - ; - 1o % ; ~—T60—<9 TT1

< 250 | 1825 <'s 30 -

%0 10 <10 27 Jl(!lilljllllll mﬁllﬂlﬂllll
<10 - - - 250 <9 <10 <10 <104 1 <1b

27 18 250 <9 —C-LiAa s 10 <10 - - -
80 <9 |V 100 <10 10 10 20 <10 . 80_ 60 m/
30 - 1..An Amadogyi reggrangement compound gﬁ thggformula “10 <10

30 <10 20 <10 80 50  1&k.-NAOR, <9 3 - - - 20
<10 - - - 80 <9. V 100 30 <10 <10 60 - - 80

50 18 25 L 30 - ; - 60 - - - -

80 - Wheréin 10 <10 <10 <10 10 - 80 27 9 80 -

3 - - - 10 80 ° 100 <10 <10

<10 20 R4 8gompg#seslg 1-gm¢no- -deoxy-z-ketogg derived from a 1

- - - - sugd® radical, prefidrablyl@n<ifls plform) selected F&om 27

18 160 i the grogp consisting of gigcose, xylose, galactose,250
rhamnose, fructose, mannose, 2-deoxy-glucose, 6-deoxy-
glucose, glucosamine and gaiactosamine, and

Ry comprises an aminoacid or a - preferably low molecular
weight, especially of less than 1000 daltons - peptide '
radical, preferably its L-form, selected from the group
consisting of serine, glycine, proline, histidine,
arginine, alanine, aspartic acid, glutamic acid,
phenylalanine, treonine, cysteine, cystine, glutamine,
asparagine, methionine, tyrosine, hydroxyproline,
tryptophane, valine, isoleucine, lysine and leucine.

2. A compound according to claim 1, wherein Ry comprises a
sugar radical selected from the group of D-glucose and D-
galactose.

3. A compound according to claim 1 or 2, wherein Ry comprises
an aminoacid radical selected from the group of L-glutamic
acid, L-aspartic acid and L-serine.

4. A mixture of compounds according to claim 1.

'5. Process for the manufacture of at least one reaction product
of the formula R1'fNH-R2., wherein R,' comprises a 1-amino-
1-deoxy-2-ketose derived from a simple sugar, an oligo- or 2
- preferably low molecular weight, especially of less than
1000 daltons - polysaccharide and R,' comprises an aminoacic
or a - preferably low molecular weight, especially of less

- than 1000 daltons - peptide radical, wherein at least one
substance selected from the group of aminoacids and -

Sheet Has Been Replaced

||II i




750 -

VI 100 <10 <10 <10 ' - 80 27. 27 - -
+ 30 - . -

o sio - TGRS L )

- - - - - VI 1 0 llll " Sas Becnqleplaced
27 - - 0230CT 1996 |- . . hls

10 <10 <10 <1d © “750| {80 T27 - - Hu“m(mm\m\
) ) ) : - - - IXsg . 100 10 <1o\

27 27 18 80 30 1 TF® - T

80 - 10 100 30 < 20 - 80 27 8 - 80 7

3 - -  prefexnably low molecular weight,5gspecially of keqﬁ(jtﬁaqoo <10
20 20 - 100% daPfons18 p&ﬁ@ides, and at leasﬁoone second substarié: -
- - 18 K} %m <10_ 30 8 50 27
50 - selected from the group of s ple suga.rs, oligo- -

100 <10 I1@referalily low moldmilarWeight, eSpecially of less #man - -
-18 130 éo 10(7800 daltons - pgﬂk%cch'a;ides_, are_i'gagsééowi_.éﬂ) ea_fél@ ot:'tﬁa-: ]

at elevated temperature - optionally under pressure - and/or

in the presence of a lower alcohol, whereafter the
intermediate(s) is (are) subjected to an Amadori rear-
rangement and/or to the Maillard reaction.

. Process according to claim 5, wherein the reaction is caxzz-

ied out in the presence of an aminocacid having two carboxyl
groups and a buffer salt, preferably sodium bicarbonate in a

molar ratio of 1:1.

Process according to claim 5 or 6, wherein at least one
simple sugar is reacted with at least one monobasic amino-
acid, and the molar ratio of the simple sugar(s) to the
aminoacid(s) is between 2:1 and 1:1, preferably 1.5:1.

Process according to any one of claims 5 to 7, wherein the
reaction of the sugar(s) and/or saccharide(s) with the.
amincacid(s) and/or peptide(s) is carried out in a
concentrated aqueous solution at a temperature of 75-90°C,
and subsequent Amadori rearrangement is carried out at the
same temperature - optionally under pressure, wi.t_:h simul- -
taneous or subsequent removal of the solvents - unt_:‘.l the
reaction mixture becomes light orange-brown in colour.

Process according to any one of claims 5 to 8, wherein a
mixture of simple sugars of the same composition and in the
same weight ratioc as occurring in natural peat extract is
combined with a mixture of aminoacid compounds of the same
composition and in the same weight ratio as occurring in
said extract ~ and optionally with inorganic trace e.‘Lenients
occurring with said extract - the resulting substrate
mixture being reacted in the presence of water as a solvent
at elevated temperature - and optionally under pressure



-26- Exanplg 13: 4ﬁe~ﬁf++ve—ﬁubs+a?ces obt ai ned according to precedi ng, <
Examples 1 to 5, 4 RRBLAOEMBESTSHEFEd|as a benefici al addltlve to cosmetic.

prepar at i ons

: | nterqed Tor everydar $a| r lmﬂ”mﬂmﬂmﬂ
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f;pzt g][lcte?]e glrggawatlonza?ﬁﬁng% hed]of applfcati8n &nd* thlee!‘mr?‘H fﬁi‘ﬁiﬂm ia“d

i nt ended for

10.

11.

12.

13.

14.

t he par“uu.u. P-epa ati on.
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and/or in the presence of a lower alcchol - wherE—fte* the
resulting products are dissolved and the reaction is con-

tinued to cause an Amadori rearrangement and/or a Maillard
reaction which is stopped when the reaction mixture becomes
orange-brown in colour, whereafter the reaction mixture is

dried.

Process according to any one of claims 5 to 9, wherein the
dried product is purified by column chromatography, whereby
specific fractions causing reduction of potassium
ferricyanide are collected.

Use of at least one compound according to any one of claims
1 to 4, or of at least one N-substituted reaction préduct of
the general formula Rq'-NH-R,' wherein R;' comprises a 1-
amino-1~deoxy-2-ketose radical derived from the group of
simple sugars, oligo- and - preferably low molecular weight,
especially of less than 1000 daltons - polysaccharides, and
Rz comprzses an am;noac d or a - preferably low molecular
weight, especially of less than 1000 daltons - peptide '
radical, for the manufacture of pharmaceutical preparations
to induce cytokine formation in human or mammal cells. .

Use according to claim 11, wherein said reaction product is
synthesized according to any one of claims 5 to 9 and has at
least partly entered an Amadori~rearrangement and/or a
Maillard-reaction, to treat and/or prevent hemato;ogical
and/or immunological diseases and/or stimulate the
immunosystem of humans and/or mammals.

=

Use according to claim 11 or 12, wherein R1'.is a radical of
the D-form of a simple sugar, preferably selected from the
group comprising glucose, xylose, galactose, rhamnose,

' fructose, mannose, 2-deoxy-glucose, 6-deoxy-glucose,

glucosamine and galactosamine.

Use according to any one of claims 17 to 13, wherein Ry’ is
a radical of the L-form of an aminoacid or peptide,



27 CLAI MS 1. Use of one ar re Amador i rearrangenent conpounds of
the gentral*fornul a REPLAC MENT SHEET Rerrj-=NARerr],

Rlerr] conprises a 1}de aiic =srnpl.e sugar
i\;es ﬂh‘a’i ” mH"l |mIShmH tnlcbelaced
eutd C

ol i go- or pol ysacchati de and
@OMSOSkT i | .
; dm
the ger

radical, for the nantfcctﬂﬂeocﬁﬂ phai mac

cytokine formation 4gnd/or to_treatl ar {prevent henatol ogic

2. Use of one or norle Amador i rearrqggﬁﬂfnt conmpounds  of g

formul a RFer+-NH Rl err], wherei Rlbo'msesa

1- deoxy- 2- ket ose radi cal derived from
preferably selected from the group comprising serine,

glycine, proline, histidine, arginine, alanine, aspartic
acid, glutamic acid, phenylalanine, treonine, cysteine,
cystine, glutamine, asparagine, methionine, tyrosine, hydr-
oxyproline, tryptophane, valine, isoleucine, lysine and
leucine.

___._O._.

15. Use according to any one of claims 11 to 14, wherein said
reaction product is present together with a pharmaceutically
acceptable carrier aﬁd/or adjuvant and/or optiornally a
lubricant in a weight ratio of reaction product to the
remaining components of between 1:1 to 1:100, prefe*ably 1:8
to 1:20 and most preferably about 1:9.

16. Use according to claim is, wherein said reaction products
are present in admixture with lactose and a lubricant, the
weight ratio of lactose to the lubricant being between 20:1
and 100:1, preferably approx. 50:1.

17. Use according to any one of claims 11 to 16, wherein said
reaction products are present in an amount of 0.01 - 10% by
weight, preferably 0.01 - 1% by weight, especially 0.05.-
0.10% by weight, in a preparation adapted for cosmetic
application. :



EA

-a sinpl e sugar, oligo- or polysaccharide and R2 conprises an amno

1 aditdl “or peptid re JrOF 1 ' of a cosnetic '
for tissue regeneﬁatﬁEBhA@{‘f]"‘b‘r““E‘J‘in-o _ | H AT T“""m ~—3 (ke

according to claim 1for 2, charactlerii maéshéeiﬂuamrmﬁlh&es
a mixture of at |ehs OBTWMN6 | rlearrang : '

P : ou dsHmu nt
1-deoxy-2-ketose ‘taflicals and/or_different am no acid or [ mu l's.
4. Use according tolepyome™of claing 1 to 3, wherein the " -_ ol I's-
inits Dform prefterably sel ected omthe group consisting of glucose,
xyl ose, gal act ose, armose, " fructose, mannose, and 6d%__g2u&e&e~"’“5"

Use according to anyone of clains 1. to 4 I n LR PgEfRr adi cal -
is in i tSMADORT NREACBIQN JBPNPQENRS { AYD ??%ﬁﬁﬁﬁl 'g?%ﬁgE%%gd?sti ng of serine,

glycine, proline, histygiifactugkni ARD BHADRNGSEaspartic acid, glutamc
acid, phenylal anine, threonine, cysteine, cystine,.glutam ne,

ABSTRACT

Novel Amadori reaction compounds have the formula R1-HH-R2,
wherein Ry comprises the D-form of a 1-amino-1-deoxy-2-ketose
radical derived from a sugar radical selected from the group of
glucose, xylose, galactose; rhamnose, fructose, mannose, 6-
deoxyglucose, glucosamine and galactosamine, and Ry comprises
the L-form of an aminoacid or peptide radical selected from the
group of serine, glycine, proline, histidine, argininé, alanine,
aspartic acid, glutamic acid, phenylalanine, treonine, cysteine,
'cystine, glutamine, asparagine, methionine, tyrosine, _
hydroxyproline{ tryptophane, valine, isoleucine, lysine and
leucine. Compounds and combinations of compounds havihg the
general formula Rq'-NH-Ry', whergin'R1f comprises a 1-amino-1-
deoxy-2-ketose radical derived from the group of simple sugars,
oligo- and polysaccharides, and Rz' comprises an aminoacid or a
peptide radical, are used to produce pharmaceutical preparations
which in contact with human leukocytes produce interferon and
pther Cytokines.
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val i ne, asparagi ne, nethionine, tyrosine, hydroxyproline, |ysine,
t rypt ophane, --i sol euci ne, and | euci ne.
28" 6. Use according to any one of claims 1 to 5, wherei h REFSACEMENS- SIEET
pol ysacchari de radi cal has a nol ecul ar weight of 5000 dalt¢n or TE€SS,

especially of less than 1000 dalton and/or the peptide rgdi cql7 hggpqggg
nol ecul ar wei ght of less than 1000 dalton. 7. Use acfogding to any ope
of clains 1. to 6, wherein the conpositilor further conprifpes at Ieast on
pharmaceutically acceptable additive selected fromthe gfoup consisting of

Amadori reaction compounds and products, process for their
manufacture, and their use

The present invention relates to novel Amadori reactidn com-
pounds and products, to the production thereof and to a new use
of these compounds and products, having at least partly entered
an Amadori rearrangement as per the following reaction scheme
and/or a Maillard reaction:

H OH H NH.R H
|/ |/ |
f Cc H - f - NH.R
H=-C- 0H H-C-~-OH C=20
| | Amadori |
HO -C - H + HoN~R -~> HO - C - H - HO - C - H
| | rearran- | .
H—?—OH H—?-—OH gement H-C- OH
0 _ o |
H-—IC—-——J H-—f—————' H-]C—OH
CH,OH CH,OH CH,0E

amadori reaction products are known; they are reaction products,
for ‘example, of an aminocacid or a peptide with a sugar, oligo-
or polysaccharide having entered an Amadori rearrangement (J.
Biol. Soc. 215 (1955), Henri Borsook et al.). Thus, in DE-C-
3914354, a water-soluble glycoprotein of an aminoacid and a
sugar is described which is isolated from an extract of Avena
sativa sees. Further, EP-A-406087 describes water-scluble poly-
saccharide~glycopeptide complexes which are derived from the
cell wall of Gram positive bacterium, and J. Biol. Chem. 1985,
260/9 states that NMR-spectroscopy has been used to characterize
Amadori reaction products formed by reaction of glqcose with
free amino groups of protein.

The invention now describes specific novel Amadori rearrangement
compounds. These compounds |

°fo 3 $F F- -3
VIa\\®,



a carrier, an adjuvant and a lubricant, in a weight ratio of said Amadori
rearr,angehent conpounds 'to said additive of between 1:1 pe—3+-166;
preferably 1:8 to 1:20, and nost preferably about 1:9. REPLAGKMENT SHEET
~according to any one of clains 1 to 6, wherein the conpositom—furttrer
conprises at |east one acceptable additive selected fron theser qpp 1999
consisting of a carrier, an adjuvant and a |ubricant, an érein t he
Amadori  rearrangenent compounds are present in an anount{ o —O1r—— 1U% by
wei ght . 9. Use according to claim®8,2wherein the Aradpri rearrangenent
conmpounds are present in an anmount of 0.01 - 1% .preferably U.05-0.1 Wbby‘a

wei ght.  redflcePpBERSS 10 i%?Q.HE&SE ug ey ol afa\é@?&n ¥ ATRI%Gcal
rearrangenent conpound, preferablly a m xture of Amadori rearrandgenent
conpounds?°5$v?h§ shangess Sormed in a reaction of sugar and aminodacid.
Rlerr]-NHRerr],
The invention_further'relates to a novel use of such compounds
and simultaneously a novel use of Amadori reaction products of
sugars and aminoacids in general.
In the past, nobody has tested the various steps of purific-
ation of the extract of an Amadori reaction product (in order to
get rid of ballast substances and impurities) for biological

activity,

Immunostimulating drugs are indeed known from natural sources
such as mistletoe extracts, peat extracts etc. with the drawback
of expensive treatment of large quantities of raw material to
obtain a few grams of active substance; uncontrollable impurit-
ies that might lead to toxicity and side effects and therefore,
further, to problems with administration during practical use
due to the complex nature and the -hardly reproducible
composition.

Comparable products or product mixes f£rom artificial sources,
such as interferon or other genetic engineering methods are even
more expensive to make. Furthermore, the molecules of human
intexferon are very often too big to penetrate the human cell
wall so that only a fraction of the administered dose is effect-
ively becoming active. Also, genetic engineering products usual-
ly have side effects and some are even toxic. Furthermore, some
of them act effectively on one day and not on the next day, for
reasons unknown so far.

Suprisingly, it has now been found that nearly any simple amino-
acid/sugar complex after having at least partly entered an Ama-
dori'rearrangement does not show any of the above-mentioned dis-
advantages but on the contrary has a surprisingly high immuno-
logical activity. They can therefore be used in pharmaceutical
formulations and in cosmetics. These small molecules easily pe-
netrate the cell wall and virtually act as a nutrient. They



wherein, Rl conprises a 1-deoxy-2- ketose radlcal derived froma sinple-
sugar ollgo- or pol ysaccharide and R2 conprises an am no acid radical_or .
peptide radical, characterized in that said process conpri es*“;@ﬁi@g&c%ﬁggr
one or nore am no acids or peptides with one or nor e sinSIEEg S
ol.igo- or polysaccharides, wherein the nolar ratio of sugarr‘ﬁ’ﬁ‘"‘ﬂﬂ—__‘
saccharides to the ani no ' 29 17 %ﬁcﬁ%

and peptides is between 2:1 and 1:1, and preferably is 11511, in a
concentrat ed aqueous solution at a -t dnperature of about yO0-IZIl[err]C,

The products which allow such an unexpected use have the general

formula
Ry -NH-R,
wherein
R4 represents a 1-deoxy-2~ketose radical derived from &

simple sugar, oligo- or polysaccharide, and

R, .represents an amino acid radical or peptide radical (or
better "residue").

Thus the group of biologically active compounds may cover either
the specific Amadori rearrangement compounds described above or
the N-substituted derivatives of a number of different aminocacid
compounds and one simple sugar, oligo- or - preferably low mole-
cular weight, especially of less than 1000 daltons - polysacch-
aride, or N-substituted derivatives of one aminocacid compound
and a number of simple sugars, olige- and/or such polysaccharid-
es, or else any combination of such derivatives, every single
one of them having sufficient bioclogical activity.

Preferably, Rq in the above formula may be a radical selected
from the D-form of simple sugars, especially (but not exclusive-
ly) from the D-form of glucose, xylose, galactose, rhamnose,
fructose, mannose, 6-deoxyglucose, glucosamine and galactos-
amine; Ry may be a radical selected from the L-form of amino-
acid compounds such as serine, glycine, histidiné, arginine,
glutamine, asparagine, alanine, aspartic acid, glutamic acid,
phenylalanine, treonine, cysteine, cystine, methionine, hydroxy-
proline, tryptophane, proline, tyrosine, valine, isoleucine,
leucine and lysine or else peptides of these aminoacids in any
combination.

The invention further relates to a process for obtaining the
above mentioned compounds and products whereby an intermediate
is formed of the formula



b) continuing heating to allow the resulting products to . undergo Amadori

redrrangenent while sinmultaneously or subsequent |y renovi

solvent, until - preferably after about 30 to 120 m nute$ REPLACEMENTt SIOEET
m xture turns light orange-brown in colour and bi ol ogi cal getbity—ahd—
ferricyani de reduci ng capacity can be detected in sanple$ tja Be? égﬁnmg@e
m xt ure, c) stopping the Amadori rearrangenent substantially

deconposi tion occurs yielding conpounds Phat have | ost t heit—b+el-ogi-cad
activity, and d) drying the reaction mxture and/or further subjecting it
to a purification by colum chronatogr DMﬂJGhEFEIn bi ol o

fractions uc of po um £errj cyani.de.are_coll ected. .
11. Pr oces‘gﬁgi%%?dl %-Itst&g Zfﬁn%/n é %{Qr He' el a&ﬁﬁt c&rBdn &afn or
any O-bridged form of a simple sugar or an oligo- or
polysaccharxde, and
: FQxqm&nmsanammoamd:zdmalaraqumixﬁﬂnnl(arhiux'IendrfL
said intermediate being at least partly subjected to an Amadori
rearrangement and/or to the Maillard reaction by continued heat-
ing of the reaction mixture -~ preferably under pressure - and

simultaneously or subsequently removing the solvents.

In some cases, especially when an aminocacid having two carboxyl
groups is used, it is advantageous to add to the process a
buffer salt, such as sodium bicarbonate, preferably in a molaxr

ratio of 1:1.

It was further found that the Amadori rearrangement products are
relatively susceptible to decomposition, and that decomposition
products have the nature of dark brown and tar-like, unidentif-
ied compounds having lost their biclogical activity. Therefore
it is preferred to stop the Amadori rearrangement reaction at a
stage at which the reaction mixture becomes light orange-brown

in colour.

It is interesting to note that the intermediate reaction pro-
ducts, formed when the originally opaque solution of the amino-
acid becomes clear (before the Amadaori rearrangement), are easi-
ly hydrolysed, i.e. the reaction is reversible. With increasing
rearrangement, the reversibility diminishes, i.e. the products
become more stable, and the colour gradually changes from light
vellow to light orange, and then finally to orange-brown when
the Amadori rearrangement seems to be complete. Samples taken
during such rearrangement reaction and tested (according to
various procedures described later) proved that the biological
activity increases with the Amadori reaction progressing, and
decreases when further heating results in decomposition, for
which a colour change to dark brown is a sign. Immediate re-



carried out in a concentrated aqueous solution .of about 0.67 to about 2, 75

pbw of sbtids—per—tpbw of agueous sol vent 12. Process a

10 or 11, Il jon is carried out under pressu
presence omﬂnm’mlumﬂml . 13. Pr agpess accor ding to an
10 to 12, e ncthe o0$1 go- jor pol ysacchari des -have a nol
5000 daltons or |ess and/or the peptides have a nol ecul ar

Ight _of |egss 1
than 1000 daltons. 14. Process accor & fightd ¥rone of clainms 10 to 13,

wherein at | east one am no acid has two carboxyl groups an
Is carried out in the presence of a buffer salt,
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1. Use of one or more Amadori rearrangement compounds of

the general formula

R1-NH-Ro,
wherein R} comprises a l1-deoxy-2-ketose radical derived from
a- simple sugar, oligo- or polysaccharide and Ry comprises an
amino acid radical or peptide radical, for the manufacture
of a pharmaceutical composition to induce cytokine formation
and/or to treat or prevent hematological diseases.

2. Use of one or more Amadori rearrangement compounds of
the general formula i

| Ry-NH-Rp,
wherein R] comprises a l-déoxy-z-ketose radical derived from
a simple sugar, oligo- or polysaccharide and Ry comprises an
amino acid radical or peptide radical, for the manufacture
of a cosmetic composition for tissue regeneration and/dr

action as a cell nutrient.

3. Use according to claim 1 or 2, characterized in that
the composition comprises a mixture of at least two Amadori
rearrangement compounds having different l-deoxy-2-ketose
radicals and/or different amino acid or peptide radicals.

4, Use according to anyone of claims 1 to 3, wherein the
sugar radical is in its D-form, preferably selected from the
group consisting of glucose, xylose, galactose, rhamnose,

fructose, mannose, and 6-deoxy-glucose.

5. Use according to anyone of claims 1 to 4, wherein the
amino acid radical is in its L-form, preferably selected
from the group consisting of serine, glycine, proline,
histidine, arginine, alanine, aspartic acid, glutamic acid,
phenylalanine, threonine, cysteine, cystine, glutamine,
valine, asparagine, methionine, tyrosine, hydroxyproline,
lysine, tryptophane, isoleucine, and leucine.
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7. Use according to any one of claims 1 to 6, wherein the
composition furfher comprises at least one pharmaceutically
acceptable additive selected from the group consisting of
a carrier, an adjuvant and a lubricant, in a weight ratio of
said Amadori rearrangement compounds to said additive of
between 1:1 to 1:100, preferably 1:8 to 1:20, and most
preferably about 1:9.

8. Use according to any one of claims 1 to 6, wherein the
composition further comprises at least one acceptable
additive selected from the group consisting of a-carrier,
an adjuvant and a lubricant, and wherein the -Amadori

rearrangement compounds are present in an amount of 0.01 -

10% by weight.

9. Use according to claim 8, wherein the Amadori
rearrangement compounds are present in an amount of 0.01 -
1%, preferably 0.05-0.1 % by weight.

10. Process for the manufacture of at least one Amadori
rearrangement compound, preferably a mixture of Amadori
rearrangement compounds, of the general formula

| R3-NH-Ry,
wherein Rj comprises a l-deoxy-2-ketose radical derived from
a simple sugar, oligo~ or polysaccharide and Ry comprises an
amino acid radical or peptide radical, characterized in that
said process comprises

a) reacting one or more amino acids or peptides with one or
more simple sugars, oligo- or polysaccharides, wherein
the molar ratio of sugars and saccharides to the amino
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b) continuing heating to allow the resulting products to
undergo Amadori rearrangement while simultaneously or
subsequently removing the agqueous solvent, until -
preferably after about 30 to 120 minutes - the reaction
mixture turns light orange-brown in colour and biological
activity and ferricyanide reducing capacity can be
detected in samples taken from the mixture,

c) stopping the Amadori rearrangement substantially before
decomposition occurs yielding compounds that have lost
their biological activity, and

d) drying the reaction mixture and/or further subjecting it
to a purification by column chromatography wherein
biologically active fractions causing reduction of
potassium ferriéyanide are collected.

11. Process according to claim 10, wherein the reaction is
carried out in a concentrated aqueous solution of about 0.67
to about 2.75 pbw of solids per 1 pbw of aqueous solvent

12. Process acéording to claim 10 or 11, wherein the
reaction is carried out under pressure and/or in the
presence of a lower alcohol.

13. Process according to any one of claims 10 to 12,
wherein the oligo- or polysaccharides have a molecular
weight of 5000 daltons or less and/or the peptides have a
molecular weight of less than 1000 daltons. |

14. Process according to anyone of claims 10 to 13, wherein
at least one amino acid has two carboxyl groups and the re-
action is carried out in the presence of a buffer salt,
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preferably sodium bicarbonate, in a molar ratfio with the

amino acid of 1:1.

15. A mixture of Amadori rearrangement compounds of the
general formula

Rj-NH-Ry,
wherein R} comprises a 1l-deoxy-2-ketose radical derived from
a simple sugar, oligo- or polysaccharide and Ry comprises an
amino acid radical or peptide radical, characterized in that
it is biologically active and preferably has cytokine
inducing activity, and is obtainable in. a process as defined

in any one of claims 10 to 14.

16. A mixture according to claim 15, characterized in that
it is part of the reaction mixture obtainable in step d) of

the process of claim 10.
17. A mixture according.to claim 15 or 16, for medical use.

18. A mixture according to claim 15 or 16, for cosmetic
use, particularly for tissue regeneration and/or action as a

cell nutrient.

19. A pharmaceutical or cosmetic composition comprising a
mixture of Amadori rearrangement compounds as defined in
anyone of claims 15 to 18, in combination with at least one
pharmaceutically or cosmeticélly acceptable additive
selected from the group consisting of a carrier, an
adjuvant and a lubricant.

20. " A composition according to claim 19, characterized in
that the Amadori rearrangement compounds are present in an
amount of 0.01 - 10% by weight.

21. A composition according to claim 20, characterized in
that the Amadori rearrangement compounds are present in an
amount of 0.01 - 1%, preferably 0.05-0.1%, by weight.
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22. Use according to any one of claims 1 to P, wherein said

Amadori rearrangement compounds are part of a biologically
active reaction mixture obtainable in step d) of the process

of claim 10.
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AMADORI REACTION COMPOUNDS AND PRODUCTS, PROCHESS FOR THEIR
MANUFACTURE, AND THEIR USE

ABSTRACT

Novel Amadori reaction compounds have the formula Rq{-NH-Ry,
wherein R{ comprises’ the D-form of a 1-amino-1-deoxy-2-ketose
radical derived from a sugar radical selected from the group of
glucose, xylose, galactose; rhamnose,. fructose, mannose, 6-
deoxyglucose, glucosamine and galactosamine, and R, comprises
the L-form of an aminoacid or peptide radical selected from the
group of serine, glycine, proline, histidine, arginine, alanine,
aspartic acid, glutamic acid, phenylalanine, treonine, cysteine,
cystine, glutamine, asparagine, methionine, tyrosine, _
hydroxyproline, tryptophane, valine, isoleucine, lysine and
leucine. Compounds and combinations of compounds having the
general formula Rq'-NH-R,', whergin'R1' comprises a 1-amino-1-
deoxy-2-ketose radical derived from the group of simple sugars,
oligo- and polysaccharides, and R,' comprises an aminoacid or a
peptide radical, are used to produce pharmaceutical preparations

. which in contact with human leukocytes produce interferon and
pther cytokines.




