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Background: Advanced glycation endproducts (AGEs) have
been established as one of the major factors responsible for
the multi-organ damage seen in diabetes. AGEs and lipoxida-
tion products, as e.g. MDA, and their adducts with proteins
appear to be formed together in serum and tissues. A link
between AGEs formation and increased lipoxidation at tissue
damage is under investigation.
Aim: The aim of the present study was to determine fructosa-
mine (FAM), glycated haemoglobin (HbA1

c)
,
 AGEs-specific

fluorescence and MDA-protein adducts specific fluorescence
in diabetic and in healthy children, with statistical evaluation
of the relationship between the parameters assessed.
Subjects and methods: Values of FAM and HbA

1
c (spec-

trophotometry) and of AGEs-specific fluorescence and
MDA-protein adducts specific fluorescence were investiga-
ted in serum proteins of 17 children with poorly controlled
type 1 diabetes mellitus (age range 9 to 18 years). Eight
healthy children (age range 7 to 17 years) served as con-
trols.
Results: In the diabetic group, all the parameters evaluated
were significantly higher than in the control group. Further-
more, MDA-linked specific fluorescence of MDA-protein ad-
ducts (a biomarker of oxidative stress) was correlated with
AGEs-specific fluorescence. In patients this correlation was
extremely significant (r=0.8176, p<0.0001).
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Pozadie problému: Koncové produkty pokroèilej glykácie (AGE
produkty) sa ukázali ako jeden z hlavných faktorov zodpoved-
ných za multiorgánové po�kodenie pozorované pri diabete. AGE
produkty a produkty lipooxidácie, ako napríklad malóndialde-
hyd (MDA) a ich adukty s proteínmi sa spolu tvoria v sére i tka-
nivách. V súèasnosti sa intenzívne �tuduje prepojenie medzi
tvorbou AGE produktov a zvý�enou lipooxidáciou pri po�kode-
ní tkaniva.
Cie¾: Urèi� fruktozamín (FAM), glykovaný hemoglobín
(HbA

1
c), �pecifickú fluorescenciu AGE produktov a MDA-

proteínových aduktov u diabetických a zdravých detí, so �ta-
tistickým vyhodnotením vz�ahu medzi nameranými paramet-
rami.
Subjekty a metódy: Hodnoty FAM, HbA

1
c, �pecifickej fluores-

cencie AGE produktov a MDA-proteínových aduktov sa vy�et-
rovali v sére u 17 detí so zle kontrolovaným diabetom typu 1
(vek 9�18 rokov). Osem zdravých detí (vek 7�17 rokov) bolo
vybraných ako kontrola.
Výsledky: V�etky skúmané parametre boli signifikantne vy��ie
pri diabetickej skupine oproti kontrole. �pecifická fluorescencia
MDA-proteínových aduktov (biomarker oxidaèného stresu) ko-
relovala so �pecifickou fluorescenciou AGE produktov. U diabe-
tických detí táto korelacia bola ve¾mi významná (r=0,8176,
p<0,0001).
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Conclusion: The increased oxidative stress in children with
type 1 diabetes may not be attributed to complications, tho-
ugh it could contribute to the development of complications.
(Tab. 2, Fig. 7, Ref. 30.)
Key words: advanced glycation, AGEs, lipoxidation, MDA-
protein adducts, diabetes mellitus, children.

Záver: Zvý�ený oxidaèný stres u detí s diabetom typu 1 nemo�-
no vz�ahova� ku komplikáciám, mohol by v�ak prispieva� k vý-
voju neskor�ích komplikácií. (Tab. 2, obr. 7, lit. 30.)

K¾úèové slová: pokroèilá glykácia, AGEs, lipooxidácia, MDA-
proteínové adukty, diabetes mellitus, deti.

The high incidence of vascular complications in patients with
diabetes mellitus is poorly understood. Results of the Diabetes Con-
trol and Complications Trial (1993) established that prolonged ex-
posure to hyperglycaemia is to be considered the primary factor as-
sociated with the development of diabetic microvascular complica-
tions in type 1 diabetic patients. The Diabetes Control and Compli-
cations Trial (1993) and the UK Prospective Diabetes Study (1998)
showed that improved glycaemic control, as measured by reduction
of glycated haemoglobin (HbA

1
c), significantly reduced the risk of

development and/or progression of all diabetic complications.
Several metabolic or endocrine abnormalities have been po-

stulated as possible triggers for micro- and macroangiopathies.
A number of hypotheses regarding the link between hyperglycae-
mia and diabetic complications have equally strong support among
diabetes researchers and clinicians (Feener and King, 1997).
Among these are hypotheses based on the deleterious effects of
altered aldose reductase (polyol pathway), protein kinase C, growth
factor, cytokine activities, oxidative, including carbonyl stress
(Baynes, 1991; Baynes and Thorpe, 1999).

The glycation or Maillard (chemical) hypothesis proposes that
complications in diabetes are a direct consequence of accelerated,
cumulative modification of proteins and other biomolecules by glu-
cose or its metabolic intermediates during hyperglycaemia in diabe-
tes. The glycation process in vivo results in two different products:
early and advanced glycation endproducts (AGEs). The mechanism
of early glycation (Amadori) product formation has been well des-
cribed, with glycated haemoglobin (HbA

1
c) as the best studied exam-

ple (Rahbar, 1980; Rácz et al., 1989). HbA
1
c has been well establis-

hed as an important indicator for glycaemia monitoring. Another
example of Amadori product is Amadori albumin. Experimental and
clinical studies showed that Amadori albumin was associated with
nephropathy and exerted a pathophysiological role in microvascu-
lar diabetic complications (Schalkwijk et al., 1999). AGEs may ari-
se by several mechanisms (Scheme 1) (Vlassara, 1997; Jaku� and
Rietbrock, 1999). AGEs have been established as one of the major
factors responsible for the multi-organ damage seen in diabetes and
aging (Brownlee, 2000; Jaku�, 2000).

AGEs and lipid peroxidation products (MDA, 4-HNE, acrole-
ine) and their adducts with proteins appear to be formed together
in serum and tissues (Miyata et al., 1998). The report of Sajithlal
and Chandrakasan (1999) provides a new possible link between
increased lipid peroxidation and tissue damage through AGEs.
Interaction between lipoxidation products and the long-lived struc-
tural protein, collagen, results in the formation of products (cros-
slinks) that are structurally and immunologically similar to AGEs.
These results suggest that, in addition to reducing sugars, fatty
acid oxidation products can also lead to the formation of products
that are structurally similar to AGEs.

Another study demonstrated that one AGE product � carboxy-
methyllysine � could be derived not only from carbohydrates, but

also from oxidation of polyunsaturated fatty acids in vitro (Miyata
et al., 1998). In an experimental model, Traverso et al. (1998) sho-
wed immunological evidence for increased oxidative stress in dia-
betic rats, supporting the hypothesis of increased oxidative damage
in diabetes. The levels of immunogenic MDA � rat serum albumin
adducts measured by ELISA � highly correlated with relative flu-
orescence at 390 nm excitation/460 nm emission, considered speci-
fic for MDA � protein adducts. Several studies (Dominguez et al.,
1998; Diabetes Control and Complications Trial, 1993; UK Pro-
spective Diabetes Study, 1998; Jain et al., 1989) showed that in
diabetes increased blood concentrations of markers of oxidative
stress, especially in patients with poor glycaemic control, have been
implicated in the development of vascular complications.

The aim of the present study was to determine fructosamine (FAM),
HbA1c, AGEs-specific fluorescence and MDA-protein adducts spe-
cific fluorescence in 17 diabetic and 8 healthy children, with statisti-
cal evaluation of the relationship between the parameters assessed.

Subjects and methods

The subjects in this study were selected from a group of pa-
tients regularly attending the Department of Paediatrics, Universi-
ty Hospital, Comenius University. To be eligible to enter the stu-

Scheme 1. Pathways of AGEs formation. Wolff pathway � glucose may
undergo metal-catalysed autoxidation to produce reactive carbonyl pre-
cursors of AGEs, Namiki pathway � Schiff bases formed on reaction of
glucose with protein, undergo reverse aldol reactions and autoxidative
cleavage to produce AGE precursors, Hodge pathway � AGE precursors
are formed by rearrangement and autoxidation of the Amadori product.
Schéma 1. Cesty tvorby AGE produktov. Wolffova cesta � glukóza
mô�e podlieha� kovom katalyzovanej autooxidácii za tvorby reaktív-
nych karbonylových prekurzorov AGE produktov, Namikiho cesta
� Schiffove bázy tvorené reakciou glukózy s proteínom podliehajú
reverzným aldolovým reakciám a autooxidaènému �tiepeniu za tvor-
by AGE produktov, Hodgeho cesta � AGE prekurzory sa tvoria pre-
�mykom a autooxidáciou Amadoriho produktu.
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dy, patients had to be 9 to 18 years of age, have type 1 (insulin-
dependent) diabetes as defined by the National Diabetes Data Group
(1979) and no clinical signs of microvascular complications (reti-
nopathy, nephropathy, neuropathy). Seventeen children with dia-
betes satisfied these inclusion criteria: 6 were <12 years old (gro-
up 1, prepubertal patients) and 11 were >12 years old (group 2,
pubertal patients). All seventeen patients had poor glycaemic con-
trol (defined as HbA

1
c ≥9 %). Eight age-matched healthy subjects

served as controls. The number of subjects included in this study,
with pre-school children excluded, was limited to respect the re-
quirements of the local ethical committee.

Blood, serum and urine were obtained from children with dia-
betes and from control subjects. The biological samples were sto-
red at -20 °C to reserve their adequate stability.

Measurements of early glycation products
The values of FAM were determined photometrically by Ro-

che Kit (Johnson et al., 1983). The values of HbA
1
c were determi-

ned photometrically at 415 nm by using the kit Sigma Diagnostics
No. 442-B (Rahbar, 1980).

Measurements of s-AGEs by AGEs-linked specific fluorescence
Serum was diluted 20-fold with phosphate buffered saline. The

fluorescence intensity of serum was measured at 418 nm after excita-

tion at 346 nm (Yanagisawa et al., 1988), using a fluorescence spec-
trophotometer Kontron SFM 25. Fluorescence was expressed as the
relative fluorescence intensity in arbitrary units (A.U.). Chinine sul-
phate was used to calibrate the instrument and monitor its performance.

Measurement of MDA as MDA-protein adducts-linked specific flu-
orescence

Serum was diluted 20-fold with phosphate buffered saline. The
fluorescence intensity of serum was measured at 460 nm after ex-
citation at 390 nm (Odetti et al., 1994), using a fluorescence spec-
trophotometer Kontron SFM 25. Since a MDA-protein adduct
(Odetti et al., 1994) as a synthesised standard was not available,
MDA-protein adducts specific fluorescence was expressed as the
relative fluorescence intensity in p.c., where a healthy donor re-
presented 0 % fluorescence and a diabetic child with the highest
AGEs-specific fluorescence represented 100 % fluorescence.

Statistical calculations were performed using GraphPad Instat
tm program. Unpaired Student�s t-test (two-tailed) and Pearson
linear correlation were used. For a p value less than 0.0001 the
statistical significance was defined as extremely significant.

Results

The individual values of all the evaluated parameters are given
in table 1 for healthy children and in table 2 for children with diabe-
tes. For the latter group also the values of glycaemia are recorded.

In the diabetic group, HbA
1
c (Fig.1), FAM (Fig.2), AGEs (Fig.

3) and MDA-protein adducts (Fig.4) were higher than in the con-
trol group. The calculated p values were all less than 0.0001, the-
refore the means of the assessed parameters differ extremely sig-
nificantly between the diabetic and control group. Furthermore,
MDA-linked specific fluorescence of MDA-protein adducts (a me-
asure of oxidative stress) was correlated with AGEs-specific fluo-
rescence. In patients (Fig. 5) this correlation was extremely signi-
ficant (r=0.8176, p<0.0001). In the control group (Fig. 6) MDA
failed to correlate with s-AGEs (r=-0.5475, p=0.1601).

Discussion

The FAM assay is commonly used for measuring glycation of
plasma proteins and provides a short-term (7�10 day) index of

Tab. 1. Individual values of FAM, HbA1c, s-AGEs and MDA-protein
adducts in healthy children.
Tab. 1. Individuálne hodnoty FAM, HbA1c, s-AGEs and MDA-prote-
ínových aduktov u zdravých detí.

Subject FAM HbA
1
c s-AGES MDA-protein adducts

(mmol/l) (%) (A.U.) (%)

1 1.38 6.18 17.2 27.0
2 1.06 5.90 21.6 0 (min)
3 1.18 4.40 16.4 22.9
4 1.08 4.25 17.2 41.4
5 1.63 4.50 17.8 28.0
6 1.33 4.85 20.8 28.5
7 1.92 10.9 15.1 28.2
8 1.70 12.75 17.7 17.1

Fig. 1. Comparison of HbA1c in diabetic patients vs controls: extre-
mely significant difference, p<0.0001. Results are presented as mean
and SD.
Obr. 1. Porovnanie HbA1c u diabetických pacientov vs kontrola: ve¾-
mi významný rozdiel, p<0,0001. Výsledky sú prezentované ako prie-
mer a smerodajná odchýlka.

Fig. 2. Comparison of FAM in diabetic patients vs controls: extreme-
ly significant difference, p<0.0001. Results are presented as mean and
SD.
Obr. 2. Porovnanie FAM u diabetických pacientov vs kontrola: ve¾mi
významný rozdiel, p<0,0001. Výsledky sú prezentované ako priemer
a smerodajná odchýlka.
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glycaemic control. A kinetic FAM assay has been adapted to auto-
mated analysis, making it a convenient tool for assessing recent
glycaemic control (Johnson et al., 1983).

Measurements of HbA
1
c are used routinely for clinical ma-

nagement of diabetes (Hudson et al., 1999). Haemoglobin, like
the red blood cell, has a longer half-life than plasma proteins,
i.e. a 3�4 month lifespan in the circulation. Since glycation is
a slow reaction, the extent of glycation of haemoglobin depends
on long-term mean blood glucose concentration. In practice, the
percentage of haemoglobin glycation correlates most strongly
with the mean blood glucose concentration assessed during the
preceding 4�6 weeks. Normally, about 4�7 % of haemoglobin
molecules are glycated, depending on the assay used. This value
may increase to 16 % or higher in metabolically poorly control-
led diabetic patients. In light of the results of diabetes complica-
tion screening in children and adolescents (Donaghue et al.,
1999), higher HbA

1
c has also become increasingly recognised

as a significant risk factor for the development of tissue compli-
cations. In our study both parameters, FAM and HbA

1
c, were

extremely significantly higher in comparison to controls (Fig. 1
and 2). This fact could speak for the high risk of developing
diabetic complications.

Because of low AGEs in tissue proteins, specific and accurate
measurements of AGEs require gradient HPLC analysis or gas or
liquid chromatography-mass spectrometry (GC/MS). These assa-
ys are not readily adapted for routine use in the clinical laboratory.
ELISA assays are now available, however, they are not widely
used in clinical settings. According to Yanagisawa et al. (1998),
we evaluated the circulated AGEs by measurement of AGE-speci-
fic fluorescence. The author recommended this method as a sim-
ple and useful test to assess AGEs both in blood and in urine. AGEs-
specific fluorescence measurements in our patients showed that,
compared with control subjects, children with type 1 (insulin-de-
pendent) diabetes (duration of diabetes 12�121 months), free from
microvascular complications, had markedly increased levels of s-
AGEs (tables 1 and 2, Fig. 3). Thus s-AGEs might prove to be an
early marker of potential late diabetic complications.

Many studies reported considerably increased MDA concen-
trations in patients with diabetes mellitus (Slatter et al., 2000).
MDA modification of basic amino acid side-chains resulted in
a change in its properties (Nair et al., 1981; Slatter et al., 1998;
Traverso et al., 1998). Cross-sectional studies in young diabetic
patients showed that systemic oxidative stress was present at the
early onset of type 1 diabetes and increased by early adulthood.

Fig. 3. Comparison of AGEs in diabetic patients vs controls: extreme-
ly significant difference, p<0.0001. Results are presented as mean and
SD.
Obr. 3. Porovnanie AGEs u diabetických pacientov vs kontrola: ve¾-
mi významný rozdiel, p<0,0001. Výsledky sú prezentované ako prie-
mer a smerodajná odchýlka.

Fig. 4. Comparison of MDA-protein adducts in diabetic patients vs
controls: extremely significant difference, p<0.0001. Results are pre-
sented as mean and SD.
Obr. 4. Porovnanie MDA-proteínových aduktov u diabetických pa-
cientov vs kontrola: ve¾mi významný rozdiel, p<0,0001. Výsledky sú
prezentované ako priemer a smerodajná odchýlka.

Fig. 5. Scatterplot showing the correlation between s-AGEs specific
fluorescence and MDA-protein adducts specific fluorescence in se-
rum of patients.
Obr. 5. Scatterov diagram zobrazujúci koreláciu medzi �pecifickou
fluorescenciou pre AGE produkty a �pecifickou fluorescenciou pre
MDA-proteínové adukty v sére pacientov.

Fig. 6. Scatterplot showing the correlation between s-AGEs specific
fluorescence and MDA-protein adducts specific fluorescence in se-
rum of healthy children.
Obr. 6. Scatterov diagram zobrazujúci koreláciu medzi �pecifickou
fluorescenciou pre AGE produkty a �pecifickou fluorescenciou pre
MDA-proteínové adukty v sére zdravých detí.



488 BRATISL LEK LISTY 2000; 101 (9): 484�489

Indicative parameters of lipid peroxidation and protein oxidation
(MDA and protein carbonyl group levels) in plasma were progres-
sively higher in diabetic children and adolescents than in control
groups (Dominguez et al., 1998). Similarly in our study, enhanced
values of MDA-protein adducts were found in children with poorly
metabolically controlled diabetes (Fig. 4). The enhanced values of
MDA-protein adducts significantly correlated with the enhanced
AGEs (Fig. 5). It is important to monitor both glycoxidation and
lipoxidation products, as suggested also by other authors in studies
with serum albumin, red blood cell membranes, collagen, glomeru-
lar lesions (Nakayama et al., 1999; Lyons et al., 1997 a, b; Odetti et
al., 1996; Suzuki et al., 1999) in poorly controlled diabetes. It appe-
ars plausible to recommend accurate measurements of oxidative
stress, which can play an important role as an outcome measure in
clinical studies in combination with data on AGEs levels.*

References

Baynes J.W.: Role of oxidative stress in development of complications in
diabetes. Diabetes, 40, 1991, 405�412.

Baynes J.W., Thorpe S.R.: Role of oxidative stress in diabetic compli-
cations. A new perspective of an old paradigm. Diabetes, 48, 1999, 1�9.

The Diabetes Control and Complications Trial Research Group: The
effect of intensive treatment of diabetes on the development and progres-
sion of long-term complications in insulin-dependent diabetes mellitus.
N. Engl. J. Med., 329, 1993, 977�986.

Dominguez C., Ruiz E., Gussinye M., Carrascosa A.: Oxidative stress
at onset and in early stages of type 1 diabetes in children and adolescents.
Diabetes care, 21, 1998, 1736�1742.

Tab. 2. Individual values of glycaemia, FAM, HbA1c, s-AGEs and
MDA-protein adducts in patients.
Tab. 2. Individuálne hodnoty glykémie, FAM, HbA1c, s-AGEs and
MDA-proteínových aduktov u pacientov.

Subject Glyc. FAM HbA
1
c s-AGES MDA-protein

adducts
(mmol/l) (mmol/l) (%) (A.U.) (%)

1 7.50 2.79 9.66 25.5 67.0
2 17.0 2.67 9.95 22.7 41.4
3 20.8 2.04 11.5 23.6 51.2
4 22.0 2.09 12.5 22.3 42.5
5 19.3 2.33 11.9 24.9 83.6
6 13.0 2.79 10.55 27.9 95.4
7 24.0 3.11 13.25 25.9 92.7
8 7.50 2.45 12.35 22.1 66.5
9 9.20 2.35 8.70 19.1 41.6
10 10.4 2.96 10.35 29.9 100
11 14.9 3.08 13.0 26.4 72.0
12 10.0 2.96 11.9 25.2 75.6
13 17.5 3.00 8.95 21.3 56.6
14 15.9 2.70 9.20 24.9 72.4
15 9.50 2.50 10.1 27.9 78.2
16 21.2 2.87 8.65 28.9 128
17 4.80 1.48 11.6 28.4 77.0

Donaghue K.C., Fairchild J.M., Chan A., Hing S.J., Howard N.J.,
Silink M.: Diabetes complication screening in 937 children and adoles-
cents. J. Pediatr. Endocrinol. Metab., 12, 1999, 185�192.

Feener E.P., King G.L.: Vascular dysfunction in diabetes mellitus. Lan-
cet, 350, 1997, Suppl., 9�13.

Hudson P.R., Child D.F., Jones H., Williams C.P.: Differences in rates
of glycation (glycation index) may significantly affect individual HbA1c
results in type 1 diabetes. Ann. Clin. Biochem., 36, 1999, 451�459.

Jain S.K., McVie R., Duett J., Herbst J.J.: Erythrocyte membrane lipid
peroxidation and glycosylated hemoglobin in diabetes. Diabetes, 38, 1989,
1539�1543.

Jaku� V.: Role of hyperglycaemia, enhanced AGEs formation and oxida-
tive stress in the pathogenesis of diabetic complications. Klin. Biochem.
Metab. 8, 2000, 91�98.

Jaku� V., Rietbrock N.: Intermediate and final products of nonenzymatic
glycation . Chem. Listy, 93, 1999, 375�381.

Johnson R. N., Metcalf P.A., Baker J.R.: Fructosamine: a new appro-
ach to the estimation of serum glycosylation. An index of diabetic con-
trol. Clin. Chim. Acta, 217, 1983, 87�95.

Lyons T.J., Requena J.R., Fountain C.W., Jenkins A.J., Gates D.,
Hermeyer K.L., King L.P., Baynes J.W., Thorpe S.R.: Glycoxidation
and lipoxidation product in red blood cell membranes in poorly control-
led diabetes. Diabetes, 46, 1997, Suppl.1, 117.

Lyons T.J., Requena J.R., Fountain C.W., Jenkins A.J., Perez C.M.,
Gates D., Hermeyer K.L., King L.P., Baynes J.W., Thorpe S.R.: Gly-
coxidation and lipoxidation product in red blood cell membranes in poor-
ly controlled diabetes. Diabetologia, 40, 1997, Suppl.1, 2316.

Miyata T.R., Fu M.X., Kurokawa K., van Ypersele De Strihou, Thor-
pe S.R., Baynes J.W.: Autooxidation products of both carbohydrates and
lipids are increased in uremic plasma: Is there oxidative stress in uremia?
Kidney International, 54, 1998, 1290�1295.

Nair V., Vietti D.E., Cooper C.S.: Degenerative Chemistry of malondial-
dehyde-structure, stereochemistry, and kinetics of formation of enami-
nals from reaction with amino acids. J. Am. Chem. Soc., 103, 1981, 3030�
3036.

Nakayama H., Komori K., Misawa K., Matsuhashi N., Miyabe Y.,
Manda N.: Immunochemical detection of glycoxidation and lipoxidation
product in serum albumin from diabetic subjects. Diabetes, 48, 1999,
Suppl.1, 1654.

National Diabetes Data Group: Classification of diabetes mellitus and
other categories of glucose intolerance. Diabetes, 28, 1979, 1039�1057.

Odetti P., Pronzato M.A., Noberasco G., Cosso L., Traverso N., Cotta-
lasso D., Marinari U.M.: Relationships between glycation and oxidation
related fluorescences in rat collagen during ageing- and in vivo and in
vitro study. Labor. Invest., 70, 1994, 61�67.

Odetti P., Traverso N., Cosso L., Noberasco G., Pronzato M.A., Mari-
nari U.M.: Good glycaemic control reduces oxidation and glycation end-
product in collagen of diabetic rats. Diabetologia, 39, 1996, 1440�1447.

Rácz O., Vicha T., Paèin J.: Glycohemoglobin, glycation of proteins and
diabetes mellitus. Martin. Osveta 1989, 243.

Rahbar S.: Glycosylated hemoglobins. History, biochemistry and clini-
cal implications. N.Y.State J. Med., 80, 1980, 553�557.

Sajithlal G.B., Chandrakasan G.: Role of lipid peroxidation products
in the formation of advanced glycation end products: an in vitro study on

*Acknowledgement: The technical assistance of Ms. Opálena is apprecia-
ted. Financially supported by VEGA grant No. 6027/1999.



489JAKUS V et al: VALUES OF MARKERS OF EARLY AND ADVANCED ...

collagen. Proceedings of the indian academy of sciences-chemical scien-
ces, 111, 1999, 215�229.

Schalkwijk C.G., Ligtvoet N., Twaalhofen H., Jager A., Blaauwgeers
G.T., Schlingemann R.O., Tarnow L., Parving H.H., Stehouwer
C.D.A., van Hinsbergh W.M.: Amadori albumin in Type 1 Diabetic Pa-
tients. Correlation with markers of endothelial function, association wih
diabetic nephropathy, and localization in retinal capillaries. Diabetes, 48,
1999, 2446�2453.

Slatter D.A., Murray M., Bailey A.J.: Formation of a dihydropyridine
derivative as a potencil cross-link form malondialdehyde in Physiological
systems. FEBS Letters, 421, 1998, 180�184.

Slatter D.A., Bolton C.H., Bailey A.J.: The importance of lipid-deri-
ved malondialdehyde in diabetes mellitus. Diabetologia, 43, 2000, 550�
557.

Suzuki D., Miyata T., Saotome N., Horie K., Inagi R., Yasuda Y., Uchi-
da K., Izuhara Y., Yagame M., Sakai H., Kurokawa K.: Immunohisto-
chemical evidence for an increased oxidative stress and carbonyl modifi-

cation of proteins in diabetic glomerulal lesions. J. Am. Soc. Nephrol.,
10, 1999, 822�832.

Traverso N., Menini S., Cosso L., Odetti P., Albano E., Pronzato M.A.
Marinari U.M.: Immunological evidence for increased oxidative stress
in diabetic rats. Diabetologia 41, 1998, 265�270.

UK Prospective Diabetes Study (UKPDS) Group: Intensive blood-glu-
cose control with sulphonylureas or insulin compared with conventional
treatment and risk of complications in patients with type 2 diabetes
(UKPDS 33). Lancet, 352, 1998, 837�853.

Vlassara H.: Recent progress in advanced glycation end products and
diabetic complications. Diabetes, 16, 1997, 19�25.

Yanagisawa K., Makita Z., Shiroshita K., Ueda T., Fusegawa T., Ku-
wajima S., Takeuchi M., Koike T.: Specific fluorescence assay for ad-
vanced glycation end products in blood and urine of diabetic patients.
Metabolism, 47, 1998, 1348�1353.

Received July 18, 2000.
Accepted September 8, 2000.

PREDSTAVUJEME NOVÉ KNIHY

Gavorník P.: Otravy hubami. 1. vydanie. Bratislava, Vydavate¾-
stvo UK 2000, 100 strán. ISBN 80-223-1491-9.

Na kni�ný trh sa v letných mesiacoch roku 2000 dostala oddbor-
ná publikácia Otravy hubami, ktorej autorom je doc. MUDr. Peter
Gavorník, PhD., renomovaný slovenský lekár internista-angiológ, ale
aj odborník v oblasti lekárskej mykológie (mykotoxikológie).

Knihu Otravy hubami vydala Univerzita Komenského vo Vy-
davate¾stve UK v rozsahu 100 strán. Monografia sa èlení v pod-
state okrem predslovu a úvodu na �tyri hlavné èasti.

V predslove autor opisuje niektoré charakteristiky rí�e húb
a definuje jedlé, nejedlé a jedovaté huby.

V úvode opisuje originálnu etiopatogenetickú klasifikáciu otráv
hubami, ktoré rozde¾uje na tri hlavné skupiny: pravé otravy hubami
(intoxicatio fungina vera), nepravé otravy hubami (intoxicatio fun-
gina spuria) a pseudootravy hubami (pseudointoxicatio fungina).

V prvej èasti venovanej pravým otravám hubami sa tieto otravy
rozde¾ujú na viacero podskupín: primárne a sekundárne. Primárne
pravé otravy sa ïalej rozde¾ujú na podskupinu, ktorá je vyvolaná
termolabilnými toxínmi (otravy z nedodr�ania technológie kuchyn-
skej tepelnej prípravy húb), a podskupinu, ktorá je vyvolaná termo-
labilnými toxínmi, prièom sa rozli�uje osem typov týchto otráv: 1.
typ � cyklopeptidový, cytotoxický, II. typ � gyromitrínový,
mono,etylhydrazínový, III. typ � muskarínový, IV. typ � kopríno-
vý, V. typ � izoxazolový, neurotoxický, VI. typ � indolový psy-
chotropno-neurotoxický, VII. typ � gastrointestinálny, VIII. typ
� orelanínový, nefrotoxický. Sekundárne pravé otravy hubami mô�u
vzniknú� po konzumácii jedlých húb pri autolytických procesoch
v hubách alebo pri kontaminácii niektorými mikroorganizmami.

V druhej èasti venovanej nepravým otravám hubami sa tieto
otravy rozde¾ujú na dve podskupiny. V etiopatogenéze primárnych
nepravých otráv hubami sa uplatòuje najmä intolerancia a imunit-

né reakcie. V etiopatogenéze sekundárnych nepravých otráv hu-
bami sa uplatòuje najmä po�kodenie organizmu kovmi a ich zlú-
èeninami, ionizujúcim �iarením (rádionuklidmi), pesticídmi, kon-
taminácia mikroorganizmami a karcinogénny a mutagénny úèinok.

V tretej èasti autor upozoròuje aj na zdanlivé otravy hubami,
pseudootravy hubami, èo sú chorobné stavy, ktoré vzniknú v èa-
sovej súvislosti, nie v�ak v príèinnej súvislosti s po�itím húb.

V �tvrtej èasti autor podrobne opisuje zásady primárnej, se-
kundárnej a terciárnej prevencie otráv hubami.

Text monografie je preh¾adne èlenený, doplnený 10 tabu¾ka-
mi a 16 obrázkami, ktorých zoznamy sú aj zvlá�� uvedené, èím sa
zrozumite¾nos� zvy�uje.

Kniha Otravy hubami predstavuje vedecko-odborné aj praktic-
ké, dlho chýbajúce dielo, u�itoèné predov�etkým v pregraduálnej
a postgraduálnej výuèbe �tudentov medicíny a lekárov, v akútnej
medicíne, ale zároveò pútavé a zrozumite¾né dielo pre v�etkých mi-
lovníkov prírody. Publikácia je ve¾mi preh¾adne �truktúrovaná, na
výbornej jazykovej úrovni v èasti èisto mykologickej aj internistic-
ko-toxikologickej, èo ocenia hlavne lekári pri rie�ení akútnych situ-
ácií v klinickej praxi. Osobitne treba vyzdvihnú� originálnu etiopa-
togenetickú klasifikáciu otráv hubami, ktorá je diferenciálnodiag-
nostickým algoritmom správnej a rýchlej diagnostiky a adekvátnej
lieèby. Slovenské a latinské zoznamy jedovatých húb umo�òujú jed-
noducho zisti�, aký druh a typ otravy spôsobuje konkrétna huba.
Docent Gavorník úspe�ne zúroèil svoju dlhoroènú mykotoxikolo-
gickú konzultaènú èinnos� a potvrdil, �e je mimoriadne v�estran-
ným klinickým lekárom a vynikajúcim vysoko�kolským pedagógom.

Kniha Otravy hubami je unikátnym dielom v oblasti na�ej le-
kárskej mykologickej a internisticko-toxikologickej literatúry.
Svojou rozsiahlos�ou a koncíznos�ou nemá obdobu ani v dostup-
nej zahranièkej literatúre.

I. Bátora


