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Amadori reaction compounds and products, process for their 

manufacture, and their use 

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 

10 and/or a Maillard reaction: 

15 

20 

25 

HOH H NH.R H 
I I I I I 
c c H - C - NH.R 
I I I 

H - C - OH H - C - OH c = 0 
I J Amadori I 

HO - C .... H + H2N-R --"> HO - C - H --> HO - C - H 
I I rearran- I 

H - c OH H - C - OH gement H - C - OH 
I 0 J 0 I 

H - c H - C H - C - OH 
J J I 
CH20H CH20H CH20H 

Amadori reaction products are known; they are reaction produc~s, 

for example, of an aminoacid 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-

30 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-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 invention now describes specific 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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reduce potassium ferricyanide, a test reactl.an for biological 
active substances formed in a reaction of sugar and aminoacid. 

The invention further relates to a novel use of such compounds 
· 5 and simultaneously a novel use of Amadori reaction products of 

sugars and aminoacids in general, as described in claims 11 to 
17. :t.n 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 . 

10 activity so far. 

Immunostimulating drugs are indeed known from natural sources 
sucb as mistletoe extracts, peat extracts etc. with the drawback 
of expensive treatment of large q-iJantities of raw material to 

15 obtain a few grams of active substance; uncontrollable impurit­
ies that might: 1ead to toxicity and side effects and therefore, 
further, t:o problems with admi·nistration during practical use 
due to the complex nature and the hardly reproducible 
composition. 

20 

Ccmpa--able products er product mixes frcm artificial sources, 
such as interf eran or other genetic engineering methods are even 
more expensive to make. Fu...~e:more, the molecules of human 
inte~feron are very often too big to penetrate the human cell 

25 wall so that only a ~raction 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. 

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. 'l'hese small molecules easily pe­
net:ate 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 show this stimulating effect on 

biological activity. This effect increases with increasing 

5 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 - . 
10 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 herecofore about the biological 
15 activity of these compounds. It was now found ~t combinations 

of these substances in contact with human leukocytes produce 

interferon and other cytokines. 'l'his is called poJ.ycJ.onal activ­

ation of the cells. 

20 It is possibJ.e to test the substances produced under the in­

fluence of these compounds and to dete:mine the biological.. 

activities in international units relevant to specific cyto­

kines. These compounds are of especially high biological· ac­

tivity within a range of pure substance concentrations from 1-

25 100 µg/mJ.. Within the molecule, the specific nature 0£ the 

aminoacid is more important than the nature of the sugar part of 

the molecule. 

Reaction products ~f L-aspartic acid with glucose or galactose -

30 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% C02 will 

produce from 30 - 1000 antiviral units of interferon. The 

interferon is measured in a bioassay using human cancer cells. 

35 Under the influence of these compounds, tumor necrosis compounds 

may also be produced. 
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The products which allow such·an unexpected use have the general 
formula 

wherein 
5 R,' 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 

R ' 2 
. 10 

represents ~ aminoacid or a - preferably low molecula:' 
weight, especially of less than 1000 daltons - peptide 
radical. 

Thus the group cf biologically active compounds may cover either 
the specific Amadori rearrangement compounds described above or 

15 the N-substituted derivatives of a number of different aminoacid 
compounds and one simpl.e sugar, ol.igo- or - preferably low mole­
cular weight, especiall.y of less than 1000 daltons - pol.ysacch­
a:ide, er N-substituted derivatives of one amincacid compound 
and a number of simpl.e suga:'s, oligo- and/or such pclysacc:harid-

20 es, or else any combination of such derivatives, every single 
one of them having sufficient biological activity. 

Preferably, R1
1 in the above formula may be a radical seiect~d 

f::om t."1e D-form cf simple sugars, especially (but not exclusive-
25 ly) from the D-form of glucose, xylose, galactose, rhamnose, 

f:uctose, manncse, 6-deoxyglucose, glucosamine and galactos­
amine; R2

1 may be a radical selected from the L-fcrm cf amino­
acid compounds such as serine, glycine, histidine, arginine,. 
glutamine, asparagine, alanine, aspartic acid, glutamic acid, . 

30 phenylalanine, treonine, cysteine, cystine, methionine, hydrcxy­
prcline, tryptophane, praline, tyrosine, valine, isoleucine, 
leucine and lysine or else peptides cf these aminoacids in any 
combination. 

35 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 cf the formula 

sues• Ii UTE SASE r 
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R'-NH-R" 
wherein R'is a c1-1-deoxy radical in a straight carbon chain. or 

any a-bridged form of a simple sugar or an oligo- or 
polysaccharide, and 

S R" represents an aminoacid or a peptide radical, 
said intermediate being at least partly subjected to an Amadcri 
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 

1 O embodiments of the process are described in claims 6 to 1 O. 

rn some cases, especial.ly when an aminoacid having two carboxyl 
groups is used, it is advantageous to add to the process a 
buffer sa1t, such ~s sodium bicarbonate, preferably in a molar 

15 ratio of 1:1. 

It was further fcunCl 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-brown 
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 
rea_-rangement, 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 
the Amadori rearrangement seems to be complete. Samples taken 
du::-ing 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 decomposi~ion, for 
which a colour change to dark brown is a sign. Immediate re-

StJ!STITtJTE Sr=tl!l!T 
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du~ticn of ferricyanide and the resulting colcur change will 
occur ~f the reacticn mixture ccntains other.keto grcups and/or 
sulfur containing aminoacids such as cysteine; otherwise it will 
occur within 3 to 5 min, which is a good check for the degree of 

5 Amadori rearrangement developped. Unreacted sugars would show 
the colour change after half an hour or several hours only. 

Isolation of .the pure Amadori rearrangement products is carried 
out according to_Jcnown methods based cm binding the mixture on a 

1 O strong cation-exchanger (such as Amberlite<R> or DowexUU}, 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.XJ:,Reactions 

15 of Carbohydrates, 1963 Academic Press, N.Y., London, 1963," page 
105-106; or Borsock at al. as quoted earlier; or J. Dubourg anc! 
P. Devilliers as quoted earlier). 

In the process according to the present invention, all the 
20 above-mentioned preferences regarding the Jcind of radicals 

derived from simple sugar and aminoacid compounds remain . 
unchanged. Additionally, a preferred mixture cf sugar substrates 
comprises the D-forms of glucose, xylose, galactose, rhamnose 
and fructose in a weight ratio of about 20:10:4:1:1, while the 

25 preferred mixture of aminoacid substrates comprises t:he L-forms 
of serine, glycine, histidine, arginine, alanine, praline, 
tyrosine; vaiine, 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 quick determination of the 
biological activity of the composition formed in a reaction of 
sugar and aminoacid. 

35 
It has been found that Amadcri 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 

S adding a lower alcohol ~ and optionally inorganic trace elements 
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 product~, simultaneously or subsequently expe1l.ing the 

10 solvents, stopping the rearrangement reaction at the point when 
the reaction mixture becomes light orange-brown in colour, d-..-y­

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. 

15 

In one embodiment, the instant pharmaceutical formulations con­
tain as an active ingredient at least one reaction product of 
the formula R1 '-NH-R2 ' or a specific compound of the fo:mula R1-
NH-R2 together with a pha..""Dlaceutically acceptable carrier and/or 

20 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 
25 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-
30 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-
35 parations. The active ingredient is present in such preparations 

in amounts of 0,01-10t by weight, preferably 0,01-1% by weight 
and especially in amounts of 0,05-0,1%. These cosmetic preparat-

sossrlTtJ=FE &HEel" 
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ions contain - beside~.· the active ingredient - asual carriers, 
adjuvants, enriching components and/or fragrants. 

The present invention will be further explained and demonstrated 
5 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 wate= 
10 bath was charged with: 1.47 g (0.01 M) L-glut~c acid 

0.84 g.(0.01 M) NaHC03 

15 

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 80-8S°C, 
at which it was kept for 120 min until it became orange in .. 

20 colour. The syrup-like concentrated aqueous solution was then 
evaporated to dryness under reduced pressure. The orange-~ed 
solid reaction product thus obtained was marked.with the symbol 
D-10 and saved for biological tests. 

25 Examcle 2: 

The 25 ml flask of a rotary evaporator placed in a heated wate= 
bath was charged with: 1.33 g (0.01 M) L-aspartic acid 

0.84 g (0.01 M) NaHC03 
0.91 g of D-glucose 

30 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 

35 of 1.5 ml water was vapori:ed, and then treated under 
atmospheric pressure at a temperature of B0-85°C until it became 
light orange in colour; this took place within approx. 60 min. 
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The reaction mixture was a syrup-like conctiht:rated aqueous 
solution and was dried under reduced pressure. '!'he resulting 
reaction product was a dry,· yellow-orange powder. It was marked 
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 D-glucose 
10 0.91 g galactose and 

2 •. SO 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. 

15 The pressure was reduced and the mixture was evaporated to 
d:yness. The reaction product on the walls of the flask formed 
an orange transparent layer. The reaction product was scraped 
off and powdered. :Ct was ma::ked with the symbol D-12 and saved 
for biological tests. 

20 

25 

Examcle 4: 

The 25 ml flask of a rota.-y 
waterbath was charged with: 

evaporator placed in a heated 
0.66 g (O.OOS M) of D-aspartic 
0.42 g (0.005 M) of NaHC03 
0.45 g of D-glucose 
Q.45 g of galactose and 
3.00 ml of redistilled wate= 

acid 

The mixture was heated up to 80°C, evaporated -- under pressure -
30 whereby a volume of 1.5 ml water was.vaporized, and then treatec 

- under atmospher1c pressure - at a temperature of 8S°C. Afte= 
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 



... f.· :···:. • ...... _ .• ·. .·: .· . ..... ~ ·.~··: . . : 

. ···- .":'::--.:.-····· -..... -.. ·. :. -~·.·_:iC~j;~:~~¥?'.:~f?:ff,~~i=:;::4·:.-L't:;i;~-~~~f;:=f~~- ,;7i,~: . 

THIS SHEET HAS BE.EN 
REPLACED 

Pcr/EP93/00327 

10 -

powdered, marked with the symbol D-13 and saved for biological 

tests. 

Example S: 

S In order to obtain - in a synthetic way - an equivalent of the 

biologically active fraction of a certain natural peat ext:act, 

the flask of the rotary evaporator placed in the heated water 

bath was charged with: 

10 

20 .. S mg L-serine 

35.8 mg L-glycine 

35.8 mg L-histidine 

15 

20 

132.0 mg L-arginine 

180.0 mg L-alanine 

360.0 mg L-proline 

216.0 mg L-tyrosine 

160.0 mg L-va1ine 

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-ga1actose 

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 

30 treated for 30 min under atmospheric pressure at a temperature 

of 8S-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 

35 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 ~ desiccator over calcium ch1oride for 18 

...suas:r1:rYTE SHEET" 
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hours; then the reaction product was powdered. Approx. 4. Sg of a 
powdered product were obtained ·and marked with the symbol EK2-s. · 

A·portion of 4g of this reaction product was dissolved in 20 ml 
5 of distilled water and placed on a chromatographic column of 25 

nun x 330 mm size, filled with a sorbent AmberliteCR) XAD-2, ana­
lytical grade. The column was eluted with 0.4 ml/min distilled 
water. Fra~ticns cf 10 ml volume were collected to a total vol­
ume of 450 ml. The content cf the fractions was monitored chro-

10 matographically. Fractions cf consecutive numbers 11-13 were 
combined and evaporated under reduced pressure. These fractions 
were characterised by a high content of Amadori rearrangement 
products (confirmed with the potassium ferricyanide reduction 
test). The product was saved for biological tests under the 

15 symbol of EX2-s-11. 

Biolcgica1 tests fer dete:mining the biological activity were 
ca=:"ied out with immunised Balb/C mice of both sexes, at the age 
of 8-10 weeks. Immunisation of mice is achieved by peritoneal 

20 administration cf 0.2 ml of a 1ot· suspension of sheep erythro­
cytes (SRBC), i.e. of 6x108 cells. 'l'he erythrocytes are fix~d in 
a sterile AJ.sever's solution of the following composition: 
glucose 2.05 g 

sodium citrate 0.8 g 
25 sodium chloride 

citric acid 
redistilled water to 

0.42 g 

0.055 g 

100 ml 

Into such Alsever's solution, a sheep blood cel1 aseptic sample 
30 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 to wash them out. Erythrocytes are 
rinsed with PBS twice, and are centrifuqated for 10 min at 2000 

35 rpm. The washed out cells are used in the form of a 10% 
suspension in PBS. Such a suspension is used for the 
immunisation cf Balb/C mice. 
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The reaction product to be tested was administered intraperiton­
ea1ly (i.p.) or orally (p.o.) four times at chosen doses, the 
first administrati~n taking place 2 hours before immunisation of 

S 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 test;ed react;on product: 10 mg/kg, 1 mg/kg, 0.1 mg/kg and 

10 0.01 mg/kg. A control group of animals was also immunised with 
SllCi 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 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
i:ed with ether and exsanguinated by eyeball extirpation. TJ;e 

20 blood was cc1lected into test tubes. Next, the spinal cord was 
b:oken and spleen removed. '.t'he blood was used for obtaining the 
se:um needed for determination of hemagglutinating antibodies of 
the 19S+7S and 7S types,. while spleens were used to prepare the 
eel.ls useful for determination of the percentage of cells able 

25 to fo:rm E-rosettes and of hemolytic activity. For such uses, 
mouse spleens were comminuted. '.t'he splenocyte cells obtained 
were suspended in approx. 2 ml of Hanks' medium at +4°C, layerec 
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 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 cells. 

35 

For each test, the percentage of dead cells is dete:mined by 
mixing a drop of a tested suspension of splenocytes with a drop 

.WB9FffU I I! St1EET 
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- . 
of ex tempore prepared dyestuff solution containing 4 parts of a 
0.2t trypan blue solution and 1 part of a 4.25% NaCl. solution. 
Under the m.icroscope, the percentaqe of dead splenocytes is de­
termined for each 100 cells. Dead cells are navy bl.ue, while the 

s bright cells are live cells. 'l'he presence of more than 10% of 
dead cells is critical; such a sample has to be eliminated from 
further use. 

All steps carried out with the cells to be tested should be . . 

10 performed in a sterile, siliconized laboratory glass apparatus 
placed in an ice bath. 

Examcle 6: 
In the first test, an effect of the tested reaction products on 

15 the number of cells producing hemolytic antibodies (PFC-IgM) was 
dete--ml.ned. The test was carried out as follows: 1'o O. S ml cf an 
O.St aga.rose solution placed in a test tube and kept in a heated 
water bath at 4S°C, O .1 ml of a 1 Ot suspension cf SR.BC (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 cut on slides 

.• 

previously covered with agarose. The slides are incubated a~ 
37°C for two hours. Next, the tested samples are covered .with 
guinea pig comp1ement diluted at a ratio of 1:20 for a further 

25 2h. After the inclJ:.baticn of the tes.ted samples with the comple­
ment, the number of plaque forming cells (PFC) was counted and 
recalculated for 1 x 106 splenocytes. Each test was performed 
twice. 

30 The strongest amplification cf the response to SRBC expressed in 
te::ms of increase of the number of splenocy.tes producin9 hemo­
lysines IqM (PFC) was observed after administration of the D-11 

substance at a dose of 0.1 mg/kg. The amplification was 119t. 

When the daily dose was increased ten times up to 1 mg/kg, amp-
35 lification of the response was lowered to 53t • 

St:J89fl'fU"fE BMli&+ -
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Reaction product·o-12 show9d the strongest activity - an in­

crease of 58.!fs - at a dose of 1 mq/kq. 

Reaction product EIC2-s-11 in this test showed the strongest 

5 activity at a dose of 0.1 mq/kg (increase of 65%). At a dose ten 

times higher, i.e. 1 mq/kg, the increase was slightly lower, 
i.e. 52t. 

Reaction product D-13 tested at a dose of 1 mg/kg caused an in-. 
10 crease of 40t. 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 inq antibodies of the anti-SDC type 19S+7S and 7S antibodies. 

In order to dete:mine the 19S - J:gM type antibodies level, ·mouse 

serum was prepared on the fourth day after immunisation with 

SRBC, while for the dete:mination of 7S-ZqG type antibodies 
level such preparation took place on the tenth day after mice 

20 immunisation with SRBC, which is rel.ated to the day of maximum 

count of antibodies of a given type in mice immunised with.sec. 

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

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 

30 (from 1:1 to 1:4096) employing a microtitrator and U-shaped 

microplates having a volume of 250 µleach. The diluted.sera 

we:-e incubated for 1 hour at room temperature. A drop of a 1t 

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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body count. A ring at the bot:tam of the plate is a sign that 
hemagg1utination occurs. A button-like formation at the bottom 
of the plate is considered as a negative result - no hema99lut~ 
ination. 

For statistica1 analysis of the results, the increase of dilut­
ion of Se%'UID 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 stimu.l.ation 
effect in comparison to the control group increased by 3.5 
times. 

15 Reaction product D-12 in this test showed a weaker activity. At 
a dose of 0.1 mg/kg, it increased the IgM coiint 2 times, at a 
dose of 1mg/kg1.4 ~es •. 

Reaction product EX2-s-11 showed the strongest activity in this 
20 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. 

25 

Reaction product D-13 at a dose of 1 mq/kg increased the ;gM 

count 3 times, at a ten times hig~er dose 1.5 times. 

B. Determination of 7S antibody count 

The tested inactivated sera were combined - at a ratio of 1:1 -
with a O • 1 M so1ution of 2-mercaptoethanol and the mixtures in-

30 cubated for 30 min at· a temperature of 37°C. 2-Mercaptoethanol 
destroys immunoglobu1ines of the 19S-(IgM) type, while immuno­
globulines of the 75-(IgG) type are not susceptible to the 

action of 2-mercaptoethanol. 

35 After 30 min of incubation the reduction reaction was stopped by 

means of coo1ing down to a temperature of +4°C for 15 min. Next, 
a number of dilutions was prepared in a similar man~er as de-

9tl8STffU IE SHEEt" 
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sc:ibed above with respect to determining the 19S-antibody count 
and combined with a 1t suspension of SRBC; after 2 hours of in­

cubation at 37°C, the samples were stored at a temperature of 
+4°C. The results were evaluated on the following day, according 

5 to the criteria of determining the hemagglutinatio.n count de­
scribed above. Simultaneously, a control test was carried out 
with a combination of a 1t suspension of SRBC with PBS in a 
ratio of 1:1. 

.. 
10 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 mq/kq 
15 respectively stimulated the production of antibodies IgG 1.3 

times, at a dose of 10 mg/kg 1.5 times. 

Reaction product EX2-s-11 at a dose.of 0.1 mg/kg stimulates the 
production of XgG 1.9 times, ·at a dose of 1 mg/kg 2.89 times (in 

20 comparison with the control). 

The results of tests A and B obtained for each production lot er 
for each fraction of the biologically active reaction P=Qducts 
synthesized according to the invention and giving the above-

25 mentioned immunological. response were subjected to statistical 
analysis by the T-student method, a•O.OS. Results obtained for 
each dose tested were compared with a parallel control test and 
showed an increase of biological activity. 

30 Examcle 8: 

33 

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 µl of a 1t suspension of SRBC and 250 µl of cells to be 
tested at a concentration of 1 x 106 cells/ml were added to 550 

SYB9f1TtJ n! SMeG 
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µ.l of Hanks' medium. Each 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 

5 was determined after the suspension was coloured with 1 to 3 

d-~ps of crystal violet. 

Each sample was subjected to determination of the percentage of 
splenocytes three tiJJles, counting at each instance 400 spleno-

10 ytes. 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 

1 5 substances to be tested and a control group.· 

In this test, the strongest stimulating effect was shown by the . 
reaction products D-11 (63t) and EK2-s-11 (70t) at a dose of 1 

mg/kg. At a dose t~ times smaller, i.e. 0.1 mg/kg, the values 
20 decreased to 4St and 57t respectively. 

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

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

30 

Reaction product D-13 shows the maximum effect at a dose cf 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 
35 Dardenne (Cel.l. Immunol. 3, 1-16, 1972) 

2. Test for determination of the number of cells producing 
hemolytic antibodies of an Iqm type, carried out according 
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to the Jerne method, modified by Mishell and Dutton (J. EXp. 
Med. 126, 423-442, 1967) and 

3. Test for determination of a hemagglutination 19S + 7S and 7S 

antibody count, carried cut according to Adler's active 

S hemaqqlutination methods· CJ. Immunol. 95, 26-38, 39-47, 

1965) with the use of microplates (J. Immunopharmacol. 4, 

43-52, 1982). 

Example 9: 

10 A rotary evaporator flask placed in a heated water bath was 

charged with: 1 • 33 g ( O. 01 M) L-aspartic acid 

0.84 g (0.01 M) NaHC03 

10.00 g hydrolysed dextrane of an 

average molecular weight cf 

15 3000 daltcns 

10.00 ml redistilled water. 

The mixture was heated under pressure at a temperatu:-e of 70°C 

until the solid substances were completely dissolved, expelling 

20 by means of distillation during that period approx. 3 m.l of 

wate::- (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 mi"n. 

Afte::- cooling down, the resulting' yellow-orange solution was ci-
25 luted with 15 ml of water, cla::ified by means o~ centrifugatior. 

and spray dried by air having an inlet temperature of +160°C anc 

an outlet temperature of +SS°C. 10.5 g of a light beige· reactio~ 

product resulted that was easily soluble in water. 

3 O The presence of Amadori rearrangemen·t products in this reaction 

product was confirmed by a test by the potassium f erricyanide 

method described by Borsook, Abrams and Lowy, J.Siol.Chem 215, 

(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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Examcle 10: 
A conical flask was charged with: 
5.0 g hydrolysed dextrane of an average molecular weight of 

approx. 5000 daltons 
1 .1 g_ 

4.0 ml 

L-proline 
redistilled water. 

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

'1 5 

-··heated under pressure at a temperature of 110°C for 40 min. The 
resulting transparent oranqe solution was diluted with 20 ml of 
redistilled water and clari.fied by means of centrifugation. The 
clear so1ution was spray dried. 

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 Expcle 11 : 

Conventiona1 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 

25 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 

Cvtotoxic:ity assays. Cytotoxicity of the reaction products was 
determined in human lung adenocarcinoma cell line A549 (includec 
in the American 'l'ype CUlture Collection - ATCC CCL 185). The 
cell monolayers were trypsinized, suspensions of 2x105 cells/ml 

35 in Dulbecco's-modified Eagle's minimum essential medium (DMEM) 
plus 10% cal~ serum (CS) were mixed with various doses of the 
drugs, seeded in the plastic microplates, and incubated for 48 h 
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at 37 °C. co50 was the minimal concentration of the compound 
which caused approximately sot destruction of the cell culture, 
as measured by staining with 0.015' solution of neutral red in 
DMEM. 

Cvtokine induction. Buffy coats from healthy blood donors were 
obtained from the regional transfusion center. 'rhe erythrocytes 
were lysed by NH4Cl treatment according to Cantell et al. 
(Can tell, It. , Hi:c:vonen, S. , ICauppinen, H. L. : Production and 

1 O Pa:tial Purification of Human Immune Interferon. Meth. Enzymol., 
119, 54, 1986) •. The leukocytes -from a single donor containing 
approximately Sx106 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 volume_s of the cultures. The reference cyto­
kine inducers were phytoheilagglutinin (PHA) (Pha:macia Fine Che­
mical.s, Sweden) and LPS from E. coli 0111 :B·4 (Difeo Laborator­
ies). The induced cultures of PBL were incubated in an atino-

20 sphere of St co2 in air at 37°C for 20 h and centrifuged. Super­
natants were stored at 4°C and assayed for TNF and ZFN activity 
within one week. 

rnte=feron CrFN> assav. The confluent monolayer cf A549 cells 
·25 was prepared in the micrcplates in DMEM with 10-tr CS, L-glut­

amine, and antibiotics (100 units/ml penicillin and 100 µq/ml 
streptomycin). J:FN samples diluted in plates were added to the 
cell monolayer and incubated at 37°C for 20 h in St C02 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 J:FN sample that reduced the virus cytopathogenic 
effect by 50~ after 48 h of incUbation. 'l'he M'l"l' (3-[4,5-
dimethylthiazol-2-yl]-2,5- diphenyltetrazo1ium bromide) method 
(Hansen, M.B., Nielsen, S.E., and Berg, K.: Re-examination and 

35 Further Development ~f a Precise and Rapid Dye Method for 
Measu=ing Ce11 Growth/ Cell Xill. J. Immune. Meth., 1989, 119, 
203-210) to measure the cell kill in the ELISA scanner was also 

OYBS'flTtJ I 2 SI iEEf 



-.--:~·.··-:---·--·-· -·- ... -·· ···--

THIS SHEET HAS BEEN 
REPLACED 

- 21 

PCT/EP93/00327 

used. Laboratory standards of D'Ns were included in all assays: 
Recombinant human IFN-y (Genentech Inc., OSA, spec;ific activity 
2x108 units/mg), the natural human leukocyte IFN-a (3x106 IO/ml) 
and IFN-y (2x106 IU/ml) obtained from Dr. x. cantell, Helsinki, 

5 Finland. 

Tumor Necrosis Factor <ml assay. The cytotoxic activity·of TNF 
was measured in L929 cells according to Flick and Gifford 
(Flick, D.A., Gi~ford, 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 c:ystal violet and toxic effects w~e 
determined. The amount causing approximately 50% destruction cf 

the cell cultures was defined as one unit of TNF activity. Com­
pa:ison with a preparation cf TNF-a (Genentech Inc., USA) showed 
that 1 unit in our assays was equal to 100 - 200 pg/ml. 'rNF. 

20 
Cvtokine neutralization assavs. The antisera used were: rabb;t 
anti-human TNF-a, lot 2958-40 and rabbit anti-human IFN-y, lot 
2891-56 (Genentech Inc., USA), sheep anti-human IFN-a,~, and 
sheep anti-human IFN-y (obtained f~om Dr. x. Cante11, 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 I!'N or '?NF activities were de­
termined as described. 

30 Five different batches (L1 to Ls) of PBL prepared from the blood 
of healthy blood donors were used. The optimal. PBL concentration 
for the assays was found to be ax106 cells per one ml of medium 
(RPMI 1640 supplemented with 10% fetal calf serum and anti­
biotics). 

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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sponses were dose related in the range of 3 - 100 µ.g/ml. of the 

compounds ('l'abl• 2). The compounds used in the indicated con­

centrations were non-cytotoxic. In all of the bioassays, the 

negative and positive controls were included. 'l'he negative 

5 cont~ols measured the amounts of the cytokines (IFN and TNF) 

produced spontaneously without the addition of any exogenous 

stimulants. The positive controls indicated the amounts cf the 

cytokine produced in response to a known reference inducer; in 

our case this was phytohemaqqlutinin (PHA, Pharmacia, Sweden, 

1 0 1 Oµq per ml) • 

It should be pointed out that the cytokine induction in human 

PSL cu1tures obtained from different individuals usually gives 

considerabl.e variation cf the results. The phenomenon may be 

15 e~lained in terms cf genetic differentiation of human populat­

ion. Furthe--more, PBL cultures often produce Im and TNF spont­

aneously. 

In other words, high responders and low responders or even non-

20 responders are commonly obse-..-ved among the healthy donors cf 

PBL. 

Despite the presented limitations, the results of the bioassays 

showed that PBL CL1 to Ls) treated with the reaction products (! 

25 - XI) produced IFN and/or TNF that could be measured quantit­

atively. 

In the case of L1 which contained leukocytes of the high re­

sponder, the reaction product II (containing L-form of aspartic 

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 subst=ates 

35 in biochemical reactions. 
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Furthermore, for the expression of biological activity of the 
reaction products, the amino-acid part of the molecu1e is much 
more important than the fa:m of sugar. Instead of single sugars, 
- preferably low molecular weight, especially of less than 1000 

5 daltons - polysaccharides (such as dext:ranes, reaction products 
X - XI) can be used and they react similarly. 

And vise versa, polysaccharides containing the amino-acid r~­
sidues may have biological activity, and this activity is re-

10 tained when they are decomposed to aligosaccharides with the 
bound amino-_~cid (data not shown) • 

Similar resu1ts may also be observed if a short peptide is taker. 

instead of a single amino-acid and is used to stimulate the 
15 leukocytes to produce cytokines (data not shown). 

Seven reference batches ot the unfractionated TTP assayed in 
eve: 1 00 PBL cultures from different donors produced from 10 ta 
1.000 units of ~ per ml, and from 9 to 750 units of Tm' per 

20 ml. The fraction n 2-s prepared from a mixture corresponding to 
the contents of natural peat ext..~ct (Example 5) has been as­
sayed in eight PBL cultures from eight different blood donors. 
It was found to be the mast active preparation in inducing both 
IFN and 'l'NF (data not shown). 

25 

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 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 

35 topical application. 'l'he praducts·appear relatively stable. 
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Table 1 • List of Reaction Products 

No. Substrates 

5 I (D-10) 

II (D-11) 

III (D-13} 
IV (D-12) 
v 

10 VI 

VII 
VIII 

IX 
x 

15 XI 

Examo1e 12: 

L-glutamic acid,· ~lucose, galactose 
L-aspartic acid, glucose, galactose 
D-aspartic acid, glucose, galactose 
L-serine, glucose, galactose 

~2-s (fractions 11 - 13) 
EX2-s (fractions 6 - 7) 
EX2-s (fractions 8 - 10) 
EK2-s (fractions 28 - 34) 
L-proline, glucose 
L-aspartic acid ... dextrane (variety 1) 
L-aspartic acid + dextrane (variety 2) 

Pha--maceutica1 formulations containing as an active ingredient 
t.~e reaction products according to Examples 1·to 5, 9 and 10, 

20 were prepared using the following reaction products: 

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

or 10 (active substance), 
25 444.0 g of pharmaceutically acceptable lactose 

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

The ingredients were mixed and granu1ated with 30% aqueous 
ethanol in a conventional way, then dried at 40°C. The gr~ules 

30 were used to prepare capsules, each containing approx. 450 mg of 
granules, i.e. 5 mg of the active substance. Alternatively, the 
g~anules were used to form tablets, each wei~~~ng approx. 450 mg 
and containing 5 mg of the active substance. 
B. In the same conventional manner, the active substances ob-

35 tained according to the preceding exampl.es 1 to S, 9 and 10 were 
formu.lated into other pharmaceutical formulations using suitable 
ca..-:-iers. 
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Table 2. Biological Activity of the Reaction Products I-XI in 
Human PBL 

5 

Control 
PHA 

- 10 I 

II 
15 

I!! 

.20 

IV 

25 
v 

30 VI 

35 

40 

45 

VI! 

V--­.. ' ·--

IX 

x 

SO XI 

Dose IFN units/ml 
µg/mJ. L1 L2 L3 L4 

10 
100 

30 
10 

3 
100 

30 
10 

3 
100 

30 
10 

3 
100 

30 
10 

3 
100 

30-
10 

3 
100 

30 
10 

3 
100 

30 
10 

3 
100 

30 
10 

3 
100 

30 
10 

3 
100 

30 
10 

3 
100 

30 
10 

3 

10 <10 <10 20 
100 30 30 60 
100 <10 <10 20 

30 
30 <10 <10 30 

10 
1·0 o 1 o < 1 o 1 o 

10 
1000 10 30 10 

10 
<10 <10 10 10 

30 
<10 <10 <10 10 

10 
<10 10 10 20 

20 
<10 30 <10 20 

20 
30 <10 <10 60 

60 
<10 <10 <10 10 

10 
<10 <10 <10 20 

10 
10 <10 <10 20 

10 
<10 <10 

10 <10 

<10 <10 

<10 <10 

10 <10 

100 30 

100 <10 

<10 10 

<10 10 

<10 30 

<10 

<l 0 

<10 

<10 

<10 

<10 

10 
20 
20 
10 

20 20 
30 
30 
30 
30 
10 
10 
20 

<10 

<10 

<10 

<10 80 
100 250 

250 

80 

<10 250 
<10 
10 250 

<10 
<10 250 
<10 
<10 80 
<10 
<10 80 
<10 
<10 80 
<10 

80 

80 

80 

so 
80 

80 

80 

750 

27 

80 

27 

18 

18 

18 

9 27 27 
80 250 250 

9 9 160 
500 

9 18 160 
160 

18 18 250 
250 

50 27 250 
160 

9 18 250 
250 

27 18 250 
80 

60 9 160 
27 

50 18 80 
80 

50 18 250 
80 

27 9 80 
80 

27 18 80 
80 

. 27 18 160 

27 27 

27 27 

160 27 

80 -27 
··-

250 

27 18 BO 
80 

27 18 80 
so 

27 18 250 
BO 

.50 27 so 
250 

27 27 50 
250 

80 80 80 
750 
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<9 
250 

<9 
<9 
<9 
<9 
<9 
<9 
<9 
<9 
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•· Examp1e 1 3 ; 

The active substances obtained accorcling t6 preceding Examples 1 

to 5, 9 and 10 were used as a beneficia1 additive to cosmetic 

preparations intended for everyday hair and body care, the con-

s 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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CLAIMS 

1 • An Amadori rearrangement compound of the foi:mu1a · 

R1-NH-R2 

wherein i 111111111111111111111111111111 
I * C L M S * 

a, comprises a 1-amino-1-deoxy-2-ketose derived from a 
sugar radical, preferably in its D-foi:m, selected from 
the group consisting cf glucose, xylose, galactose, 
rhamnose, fructose, mannose, 2-deoxy-glucose, 6-deoxy­
glucose, glucosamine and galactosamine, and 

comprises an aminoacid or a - preferably low molecula: 
weight, especially of less than 1000 dal.tons - peptide 
radical, preferably its L-.foi:m, selected from the group 
consisting of serine, glycine, praline, histidine~ 
arginine, alanine, aspartic acid, glutamic acid, 
phenylalanine, treonine, cysteine, cystine, glutamine, 
asparagine, methionine, tyrosine, hydroxyproline, 
t:ryptophane, valine, isoleucine, lysine and leucine. 

2. A compound according to claim 1 , wherein a1 comprises a 
sugar radical. selected from the group of D-glucose and D-

20 gal.actose. 

3. A compound according to claim 1 er 2, wherein a2 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 • 

25 5. Process for the manufacture of at least one reaction product 
of the formula R1

1 -NH-R2
1

, wherein R1
1 comprises a 1-amino-

1-deoxy-2-ketose derived fro~ &simple sugar, an oligo- or a 
- preferably low molecUlar weight, especially cf less than 
1000 dal.tons - polysaccharide and R2 ' comprises an aminoacid 

30 er a - preferab1y low molecular weight, especial.ly cf less 
than 1000 daltcns - peptide radical, wherein at least one 
substance selected from the group of .aminoacids and -
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preferably low molecular weight, especially of less than 

1000 daltons - peptides, and at le~t one second substance 

selected from the group of simple sugars, oligo- and -

preferably low molecular weight, especially of less than 

5 1000 daltons - polysaccharides, are reacted with each othe: 

at elevated teDlperature - optionally under pressure - and/o: 

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. -

10 6. Process according to claim 5, wherein the reaction is ca::-

ied out j.n the presence _of an aminoacid having two carbcxyl 

groups and a buffer salt, preferably sodium bicarbonate in a 
molar ratio of 1:1. 

7. Process according to claim 5 or 6, wherein 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 

aminoacid(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 cf the sugar(s) and/or saccharide(s) with the. 

20 aminoacid(s) and/or peptide(s) is carried out in a 

concentrated aqueou.5 solution at a temperature of 75-90°C, 

and subsequent Amadori rearrangement is carried out at the 

same temperature - optionally under pressure, with simul­

taneous 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 S to a, 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 

30 composition and in the same weight ratio as occurring in 

said extract - and optionally with inorganic trace elements 

oc~ing with. said extract - the resulting substrate 

mixture being reacted in the presence of water.as a solvent 

at elevated temperature - and optionally under pressure 

9UBfi'l"FUTF SHEE't-
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and/or in the presence of a lower a1cohdl - whereafter.the 
resul.ting products are diss~lved and the reaction is con­
tinued to cause an Amadori rearrangement and/or a Maillard 
reaction which is stepped when the reaction mixture becomes 

.5 orange-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 chrcmatcgraphy, where~y 
specific fractions causing reduction of potassium 

10 ferricyanide are collected. 

11. Use cf 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 a1 '-NH-R2 ' wherein a1 ' comprises a 1-
amino-1-deoxy-2-ketose radica1 deri~ed from the group of 

15 simple sugars, oligo- and - preferably low molecul.ar weight, 
especially of less than .1000 daltons - polysaccharides, and 
a2 • comp~ises an aminoacid or a - preferably low mc1ecular 
weight, especially of less than 1000 daltons - peptide 
radical, ~or the manufacture of phal:'maceutica1 preparations 

20 to induce cytokine for.nation in human or mammal cells. 

12. Use according to claim 11, wherein said reaction produ9t 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 hema·tological 

25 and/or immunoloqical diseases and/or stimulate the 
immunosystem of humans and/or mammals. 

13. 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, 

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

14. Use according to any one of claims 11 to 13, wherein R2 ' is 
a radical of the L-for.n of an aminoacid or peptide, 
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preferably selected from the group c~rising serine, 

glycine, proline, histidine, arginine, alanine, aspartic 

acid, glutamic acid, phenylalanine, treonine, cysteine, 

cystine, glutamine, asparagine, methionine, tyrosine, hydr-

- 5 oxyproline, t--yptophane, valine, isoleucine, lysine and 

leucine. 

15. Use according to any one of claims 11 to 14, wherein said 

reaction product is present toqether with a pharmaceutically 

acceptable carrier and/or adjuvant and/or optior.ally a 

10 laj:Jricant 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 1oo:1, .preferably .approx. so: 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!fs by 

weight, preferably 0.01 - 1t by weight, especia11y o.os.-
20 0.10% by weight, in a preparation adapted for cosmetic 

application. 
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