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layer chromatography. Emulsions were prepared in 0.1 M phosphate

e buffer, pH 7.4 containing 11 mM glucose, 3 mM B-hydroxybutyrate or
3 mM acetoacetate, respectively. When the effect of L-arginine or creatine was tested, 10
mM concentration was used. Emulsions were prepared and incubated at 37 °C in dark during
61 days. Samples were taken on days 0, 12, 19, 26, 48 and 61. Then, they were analyzed by
thin layer chromatography, fluorescence and ultraviolet spectroscopy. Three spots with R¢ of
0.12, 0.17, and 0.244, respectively, showed higher intensity. However, several spots with
lower intensity were also revealed. Glycation of aminophospholipids was clear. It was higher

for glucose followed by B-hydroxybutyrate and acetoacetate. Seen by three ways; thin layer
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chromatography, fluorescence and ultraviolet spectroscopy, both L-arginine and creatine
affected glycation process. The effect of L-arginine was clear in mixtures containing
aminophospholipids, glucose and pB-hydroxybutyrate. Less relative fluorescence was observed
when creatine was added to mixtures containing acetoacetate. The spectral signals in the
ultraviolet region (290 to 200 nm) suggest the formation of several compounds between
aminophospholipids, glucose and ketone bodies. In conclusion, these results provide evidence
that aortic aminophospholipids are affected not only by high concentrations of glucose but
also by ketone bodies. Since glycation has been associated with the development of

cardiovascular disease, this process can be prevented with L-arginine and creatine.

KEYWORDS: Acetoacetate, Aminophospholipids, L-Arginine, Creatine, Glycation, Human
aorta, B- Hydroxybutyrate, Hyperglycemia.

1. INTRODUCTION

The non-enzymatic reaction of saccharides with proteins, nucleotides and lipids is termed
glycation.™ 2 The products formed by glycation are known as advanced glycation end
products (AGEs).® ¥ The AGEs formation occurs in three stages. In the first stage of
glycation, the carbonyl group either aldehyde or ketone group of the carbohydrate attaches to
the amino group to produce a carbon-nitrogen double bond structure known as the Schiff
base, then an enamine is yielded from the Schiff base and later converts to a ketoamine via
ketoenol tautomerism, this process is named the Amadori rearrangement, and the ketoamine
product is also called the Amadori product.’® Under physiological conditions, levels of Schiff
base and Amadori products reach equilibrium after 4 weeks. The plasmatic concentration of
Amadori compound in equilibrium is around 140 pM in normal individuals, and may
increase under diabetes condition./®) In the second stage, products from the first stage are
converted into intermediates such as a-dicarbonyls or oxoaldehydes,'” which are comprised
of derivates of reducing sugars, aldehydes, a-ketoaldehydes, and cyclic structures.’® Most of
the reactions at second stage occur under oxidative conditions.” Finally, in the third stage of
glycation, reactions between secondary intermediates and specific amino acids of a protein
can lead to the yield of acyclic products. Molecules obtained after the third stage of glycation
are known as AGEs.™ Glycated proteins, in particular HbAlc, has been used clinically as
molecular markers of hyperglycemia.™™ Recently was informed that higher HbAlc
variability is associated with increased risks of all-cause mortality, cardiovascular events, and

microvascular complications of diabetes independently of high HbA1c.[*? AGEs activate cell
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membrane receptors and regulate pre-inflammatory pathways, which have a great impact in
[13]

diabetes and related diseases.
Initially, the AGEs formation was studied considering reducing sugars as sources of carbonyl
groups. Later, it was discovered that several glycation products such as N°-
carboxymethyllysine can be formed from carbonyl groups derived not only from
carbohydrates but also from lipid peroxidation and having the same chemical structure.[*”
Today it is known that other aldehydes such as acrolein are formed by the oxidation of
polyunsaturated fatty acids.'™™ but also by the degradation of polyamines.[***”! Three main
groups of AGEs have been described: 1. Fluorescent crosslinking AGEs. 2. Non-fluorescent
crosslinking AGEs. 3. Non-crosslinking AGEs.[*8!]

Other group of carbonyl compounds named ketone bodies; B-hydroxybutyrate, acetoacetate
and acetone, has been studied mainly as an alternative source of energy for brain, liver,
skeletal muscle, kidney cortex, adipose cells and heart under insulin deficiency.??! However,
large quantities have been found in the blood of individuals who are experiencing diabetic

ketoacidosis,?***! a complication of diabetes mellitus.

Previously, we informed that hemoglobin can be glycated by acetone and B-hydroxybutyrate
forming fluorescent AGEs!® and that rat brain aminophospholipids are also glycated by
acetoacetate.’®® Here, we provide evidence that the aminophospholipids of the human aortic
artery are glycated by B-hydroxybutyrate and acetoacetate as do it glucose. In addition, we
show how this process can be prevented by L-arginine and creatine.

2. MATERIAL AND METHODS

2.1. Chemicals

Acetoacetate (Lithium salt), B-Hydroxybutyrate, Glucose, Creatine and Ninhydrine were
purchased form Sigma (Sigma Chemical Co. St. Louis, MO, USA). L-Arginine and silica gel
plates (Cat. 5721 DC-Fertigplatten Kieselgel 60) were purchased from Merck (E. Merck,

Darmstadt, Germany). Other reagents were of analytical grade.

2.2. Biological Material

2.2.1. Aortic arteries

Four post mortem aortic arteries (16.0 - 29.5 g wet weight ascending aorta) carefully
dissected by experimental surgeons were donated by the Pathology Department, Cardiology
Hospital. Instituto Mexicano del Seguro Social. Being a research project that only requires
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one type of material biological, aortic artery, the confidentiality of the post-mortem heart
donor was assured and reference was made only to the sample with the registration number
given by the Department of Pathology. The inclusion criteria were the following: 1. Samples
of non-diabetic subjects. 2. Indistinct sex. 3. Age of donors: Between 20 and 70 years of age.
The exclusion criteria were: 1. Samples of diabetic subjects. 2. Age of donors: Under 20
years and over 70 years. The project was authorized by the Ethics Committee of the Siglo

XXI National Medical Center for the use of biological material.

2.3. Experimental Procedure

2.3.1. Extraction of aminophospholipids

Aminophospholipids were extracted from aortic arteries following a selective extraction.
First, in order to eliminate cholesterol, the aortic tissue was finely cut and crushed in a mortar
using acetone in a ratio of 1: 6 (weight / volume). Then transferred and homogenized in a
POBEL glass plunger homogenizer for manual laboratory work. The aortic tissue was
homogenized and the homogenate was allowed to stand with occasional agitation. It was then
vacuum filtered using a buchner funnel and filter paper. The supernatant containing
cholesterol was stored in a beaker and the precipitate was re-extracted twice more. The
cholesterol fraction was not used in the present study and was discarded. The precipitate was
treated with ether (6 ml / g of tissue) for the extraction of aminophospholipids. The residue
was re-suspended and allowed to stand for 10 minutes with occasional agitation. It was then
filtered under vacuum separating the supernatant fraction. The residue was re-extracted twice
more and the supernatants were pooled. The ether was evaporated in a water bath at 37 °C.
The crystals obtained constituted the fraction of aminophospholipids that was used in this
study. Purity of aminophospholipids was confirmed by thin layer chromatography as describe

below. Lipid fraction was preserved under refrigeration protected from light until be used.

2.3.2. Analysis of aminophospholipids by thin layer chromatography

Four pL of a solution of 1 mg of aorta aminophospholipids dissolved in 1 mL of ether were
placed in a silica plate and eluted with a mixture of chloroform-methanol-acetic acid-water
(65: 25: 8: 2). The presence of aminophospholipids was visualized using 0.02 % ninhydrin in

acetone and heating at 80 °C.1*"! (See Figure 1).

2.3.3. Analysis of the purity of L-arginine and creatine
Purity of both L-arginine and creatine was analyzed as described in Part 1. Briefly, solutions
of 1 mg / mL containing L-arginine or creatine were prepared in phosphate buffer 0.1 M pH =
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7.4. Then, 4 uL were placed in a silica plate. Chromatography was run and developed as

described above for aminophospholipids.

2.3.4. Experimental assays

2.3.4.1. Incubation of aminophospholipids with glucose, p-hydroxybutyrate,
acetoacetate, L-arginine and creatine

In order to compare the effect of glucose, B-hydroxybutirate and acetoacetate on
aminophospholipid from aorta, 3 mM B-hydroxybutyrate, 3 mM acetoacetate and 11 mM
glucose were used. When the effect of creatine or L-arginine was tested, 10 mM solutions
were prepared. The concentration of aminophospholipids was 68.5 mg in each case. All the
substances were mixed in 10 ml of 0.1 M phosphate buffer solution, pH = 7.4. The order of
vials was as follow: Vial 1. Aminophospholipids (Control). Vial 2. Aminophospholipids +
glucose. Vial 3. Aminophospholipids + B-hydroxybutyrate. Vial 4. Aminophospholipids +
acetoacetate. Vial 5. Aminophospholipids + glucose + L-arginine. Vial 6.
Aminophospholipids + B-hydroxybutyrate + L-arginine. Vial 7. Aminophospholipids +
acetoacetate + L-arginine. Vial 8. Aminophospholipids + glucose + creatine. Vial 9.
Aminophospholipids + B-hydroxybutyrate + creatine. Vial 10. Aminophospholipids +
acetoacetate + creatine. Duplicate vials were made in all cases. The vials were vigorously

shaked. Then emulsified lipids were incubated at 37 °C in dark conditions for 61 days.

A 500 pl aliquot was taken in duplicate at 0, 12, 19, 26, 48 and 61 days from each vial.
Samples were analyzed by thin layer chromatography, fluorescence (Fluoroskan fluorometer
ASCENT FL-2.2) and ultraviolet spectroscopy (Lambda 20 spectrophotometer Perkin-Elmer
101N82926). Fluorescence was registered into two ranks of excitation and emission; 320 /
460, and 355 / 460 nm, respectively. The version of the program used by the flourometer was
the Ascent Software 2.4.1. In the case of ultraviolet spectroscopy, the scanning spectrum was
recorded from 400 to 200 nm.

2.4. Statistical Analysis

Results of fluorescence were analyzed by one-way ANOVA and Dunnett's test.[?®!

3. RESULTS
3.1. Thin layer chromatography of aminophospholipids
The results of the chromatographic analysis of the aminosphospholipid extracts are presented

in Figure 1. Greater diversity of aminophospholipids was observed in the aortic tissue when
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compared to the fraction of aminophospholipids isolated from the erythrocyte membrane (see
Part 1). Some spots that were revealed with greater intensity are indicated by the acronym
AP1-AP3, whose Rt values were 0.12, 0.17 and 0.244, respectively.

Figure 1: Thin layer chromatography of aminophospholipids obtained from human
aorta. The main spots revealed with greater intensity are indicated (AP1-AP3). Other
spots showing lower intensity are seen. The samples were applied in triplicate (1LAP-
3AP).

3.2. Purity of L-arginine and creatine

L-arginine showed two spots; one of higher intensity with a Rs value of 0.3182 and another
with very slight intensity, almost negligible, with a R¢ value of 0.6136 was discarded for the
purposes of this study. Creatine only showed a spot with R¢ value of 0.1932 (See Figure 1.
Part 1).

3.3. Analysis of the aminophospholipid reaction mixtures

3.3.1. Thin layer chromatography

The results of the sampling performed at days 0, 12, 19, 26, 48 and 61 of incubation are
summarized in Figure 2 and Table 1. Among the most important changes are the interaction
of glucose, B-hydroxybutyrate and acetoacetate with the aminophospholipids (vials 5, 6 and
7, respectively) and the effect of L-arginine and creatine (vials 7-9) seen at 61 days (Figure 2,
right side). This change could be observed from day 12 of incubation (image not shown), but
the intensity of the spots was greater as the incubation time increased. Since ninhydrin reacts
with free amino groups, several aminophospholipids may not be revealed after the reaction

with glucose or ketone bodies.
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Figure 2: Thin layer chromatography of mixtures of aminophospholipids (AP1-AP3
shown in Figure 1) of aorta with glucose or ketone bodies in the presence or absence of
L-arginine or creatine (Left, Day 0 and Right, Day 61. A1-A10 = Vial 1-Vial 10. (See the
foot note in Table 1.).

Table 1: R; values of aminophospholipids of aorta separated by thin layer

chromatography at Day 0 and at Day 61 of incubation in different experimental

conditions.

Vial Day 0 Day 61

No. AP1 AP2 AP3 AP1 AP2 AP3
1 0.170 0.660 0.840 - - 0.775
2 0.170 0.739 - - 0.316 0.755
3 0.173 0.470 0.815 - - 0.755
4 0.210 - - - - 0.755
5 0.152 0.315 0.629 0.082 0.306 0.776
6 0.152 0.283 0.826 0.102 - 0.776
7 0.163 0.348 - 0.092 0.337 0.776
8 0.140 0.315 0.728 - 0.418 0.796
9 - 0.260 0.780 - 0.429 0.796
10 - 0.320 0.520 - 0.469 0.816

Vial 1. Aminophospholipids (Control). Vial 2. Aminophospholipids + glucose. Vial 3.
Aminophospholipids + B-hydroxybutyrate. Vial 4. Aminophospholipids + acetoacetate. Vial
5. Aminophospholipids + glucose + L-arginine. Vial 6. Aminophospholipids + B-
hydroxybutyrate + L-arginine. Vial 7. Aminophospholipids + acetoacetate + L-arginine. Vial
8. Aminophospholipids + glucose + creatine. Vial 9. Aminophospholipids + f-
hydroxybutyrate + creatine. Vial 10. Aminophospholipids + acetoacetate + creatine.

AP=Aminophospholipid.
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3.3.2. Fluorescence Analysis

Results of fluorescence analysis registered into two ranks of excitation and emission; 320 /
460, and 355 /460 nm, respectively, are summarized in Table 2. In both emission and
excitation ranges the samples showed greater fluorescence intensity on day 12 of incubation
including the control sample that only contained aminophospholipids, after which a plateau
was reached. In successive sampling fluorescence decreased slightly. It was observed that the

reaction mixture containing glucose showed greater fluorescence intensity.

Table 2: Results of the fluorescence analysis of the sampling performed during the
incubation time of aortic aminophospholipids mixed with glucose, ketone bodies, L-

arginine and creatine.

Wavelengh (320 - 460 nm) Wavelengh (355 —460 nm)

Vial
No.

Day

Day

0

12

19

26

48

61

0

12

19

26

48

61

582.5

1181.0

1573.0

1519.5

1308.0

1309.5

86.5

129.4

209.3

180.9

170.2

173.4

744.5

1516.0

1502.0

1417.0

1400.0

1434.0

103.1

148.9

178.2

169.1

168.4

169.7

665.5

1523.0

1451.0

1402.0

1391.0

1433.5

107.1

162.4

173.4

164.3

165.6

169.6

610.1

1403.5

1368.5

1300.0

1336.0

1348.5

96.7

150.6

160.7

149.7

1544

1545

636.1

1493.5

1462.0

1352.0

14745

1499.0*

106.8

176.0

187.8

179.0

195.3

201.3

733.3

1483.0

1481.5

1405.5

1419.0

1451.0*

122.4

171.0

184.8

181.1

188.6

191.3

676.9

15125

1470.5

1408.0

1475.0

1499.5*

113.1

180.8

189.3

185.0

196.4

202.8

684.7

1315.0

1334.0

1264.5

1275.0

1297.0

110.6

144.4

154.8

147.6

152.8

153.2

OO (N~ WIN|F-

837.5

1400.0

1353.0

1249.5

1253.0

1282.5

117.8

158.5

160.3

147.9

157.1

163.3

Sy
o

699.4

1201.5

1330.5

1234.0

1194.0

1197.5

111.6

134.1

157.0

146.1

147.8

148.4

Vial 1. Aminophospholipids (Control). Vial 2. Aminophospholipids + glucose. Vial 3.
Aminophospholipids + B-hydroxybutyrate. Vial 4. Aminophospholipids + acetoacetate. Vial
5. Aminophospholipids + glucose + L-arginine. Vial 6. Aminophospholipids + f-
hydroxybutyrate + L-arginine. Vial 7. Aminophospholipids + acetoacetate + L-arginine. Vial
8. Aminophospholipids + glucose + creatine. Vial 9. Aminophospholipids + -
hydroxybutyrate + creatine. Vial 10. Aminophospholipids + acetoacetate + creatine. Relative
fluorescence (a.u). The values are the average of the values recorded in both measurements.
*(P <0.05).

When compared to the control, mixtures containing B-hydroxybutyrate and acetoacetate also
showed higher fluorescence. The addition of L-arginine caused an increase in the
fluorescence with any of the glycant agents added, probably due to the reactivity of the

guanidino group, however the system containing [-hydroxybutyrate showed less
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fluorescence. When creatine was added the fluorescence was lower for acetoacetate although

the difference with L-arginine is not noticeable.
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Figure 3: Fluorescence of aminophospholipids incubated for 61 days with glucose,
ketone bodies and creatine (360 nm excitation / 460 nm emission). A. Vial 1.
Aminophospholipids (Control). An increase in fluorescence can be seen at days 12 to 48
of incubation .Vial 2. Aminophospholipids + glucose (Ap + Glu). Vial 3.
Aminophospholipids + p-hydroxybutyrate (Ap + B-OH). Vial 4. Aminophospholipids +
acetoacetate (Ap + Acet). B. Vial 2 ( Ap + Glu), Vial 8. Aminophospholipids + glucose +
creatine (Ap + Glu + Cr). C. Vial 3 (Ap + B-OH), Vial 9. Aminophospholipids + f-
hydroxybutyrate + creatine (Ap + B-OH + Cr). D. Vial 4 (Ap + Acet), Vial 10.

Aminophospholipids + acetoacetate + creatine (Ap + Acet + Cr).

3.3.3. Ultraviolet spectroscopy
At the end of the incubation time (61 days) the different reactive systems were analyzed by

ultraviolet spectroscopy in a scanning interval of 400-200 nm.

3.3.3.1. Aminophospholipids, glucose, f-hydroxybutyrate and acetoacetate
The spectra shown in Figure 4 show the formation of reaction products between

aminophospholipids, glucose and ketone bodies. The spectra are similar between glucose, [3-
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hydroxybutyrate and acetoacetate. It is striking that the sample used as a control also shows
some changes in absorption between 300 and 200 nm. The addition of glucose or ketone
bodies to the aminophospholipids caused not only an increase in absorption but also in the
number of peaks mainly in the region of 290 to 200 nm. It is further observed that the system
containing B-hydroxybutyrate exhibited greater absorbance in the region of 300 to 240 nm

compared to systems containing glucose and acetoactate.
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Figure 4: Scanning spectrum 400 to 200 nm (from right to left) of aminophospholipids
at day 61 of incubation (Each division corresponds to 10 nm) (Insert: 290-240 nm).Color
blue: Vial 1. Aminophospholipids (Control). Red color: Vial 2. Aminophospholipids +
glucose. Green color: Vial 3. Aminophospholipids + B-hydroxybutyrate. Pink color: Vial
4. Aminophospholipids + acetoacetate. Absorbance vs. A (nm).

3.3.3.2. Aminophospholipids, glucose, L-arginine and creatine

The sample containing only aminophospholipids (Control) showed a higher absorbance and
number of peaks from 270 to 200 nm (Figure 5). When glucose, L-arginine or creatine was
added the absorption spectra were similar to each other, however, the intersections that occur
at 360, 305 and 270 nm between the three spectra suggest the formation of different
compounds with L-arginine or creatine. A slight decrease in absorbance is observed with the

addition of L-arginine to the mixture containing aminophospholipids with glucose, although
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it does not appear to be significant, it suggests a protective effect of this amino acid on the

glycation of aminophospholipids by glucose.
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Figure 5: Aminophospholipids at day 61 of incubation with glucose, L-arginine and
creatine. Blue color: Vial 1. Aminophospholipids (Control). Red color: Vial 2.
Aminophospholipids + glucose. Green color: Vial 5. Aminophospholipids + glucose + L-
arginine. Pink color: Vial 8. Aminophospholipids + glucose + creatine. Absorbance vs. A

(nm).

3.3.3.3. Aminophospholipids, g-hydroxybutyrate, L-arginine and creatine

The combination of aminophospholipids with B-hydroxybutyrate showed a greater number of
peaks in the region of 290 to 200 nm (Figure 6). The addition of both L-arginine and creatine
caused a decrease in the absorption spectrum, which suggests inhibition of the formation of
reaction products. When the effect of L-arginine and creatine is compared, creatine appears to
have a better protective effect since the absorbance pattern is smaller and several peaks in the
range of 290 to 260 nm disappear. An intersection point between both spectra is also

observed at 260 nm.
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Figure 6: Aortic aminophospholipids at day 61 of incubation with B-hydroxybutyrate,
L-arginine and creatine. Blue Color: Vial 1. Aminophospholipids (Control). Red color:
Vial 3. Aminophospholipids + p-hydroxybutyrate. Green color: Vial 6.
Aminophospholipids + p-hydroxybutyrate + L-arginine. Pink color: Vial 9.
Aminophospholipids + B-hydroxybutyrate + creatine. Absorbance vs. A (nm).

3.3.3.4. Aminophospholipids, acetoacetate, L-arginine and creatine

The combination of aminophospholipids with acetoacetate produced a lower absorbance
pattern compared to the spectra obtained when these are combined with L-arginine or
creatine. The control sample shows changes in the region of 290 to 240 nm with poorly
defined peaks (Figure 7). The addition of L-arginine has an absorbance pattern similar to that
of aminophospholipids with acetoacetate and with better defined peaks especially in the
region of 280 to 200 nm. The addition of creatine to the mixture of aminophospholipids with
acetoacetate produced a greater number of peaks practically from 300 to 210 nm. The
absorbance recorded was greater. The difference in the formation of various products could
be related to the chemical structure of acetoacetate.
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Figure 7: Aortic aminophospholipids at day 61 of incubation with acetoacetate, L-
arginine and creatine. Blue color: Vial 1. Aminophospholipids (Control). Red color:
Vial 4. Aminophospholipids + acetoacetate. Green color: Vial 7. Aminophospholipids +
acetoacetate + L-arginine. Pink color: Vial 10. Aminophospholipids + acetoacetate +

creatine. Absorbance vs. A (nm).

3.3.3.5. Comparison of the effect of L-arginine in the reaction mixtures of
aminophospholipids with glucose, p-hydroxybutyrate and acetoacetate

Figure 8 compares the effect of L-arginine in mixtures of aminophospholipids with glucose,
B-hydroxybutyrate and acetoacetate. Systems containing glucose and p-hydroxybutyrate had
similar absorbance patterns, slightly lower for B-hydroxybutyrate and with better defined
peaks in the region of 280 to 220 nm for acetoacetate. These results suggest that L-arginine

exerts a protective effect on the reaction with B-hydroxybutyrate.
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Figure 8: Aortic aminophospholipids at day 61 of incubation with L-arginine. Blue
color: Vial 1. Aminophospholipids (Control). Red color: Vial 5. Aminophospholipids +
glucose + L-arginine. Green color: Vial 6. Aminophospholipids + p-hydroxybutyrate +
L-arginine. Pink color: Vial 7. Aminophospholipids + acetoacetate + L-arginine.
Absorbance vs. A (nm).

3.3.3.6. Comparison of the effect of creatine in the reaction mixtures of
aminophospholipids with glucose, f-hydroxybutyrate and acetoacetate

The effect of creatine on the reaction of aminophospholipids with glucose, $-hydroxybutyrate
and acetoacetate is compared in Figure 9. Although the spectra of glucose and f-
hydroxybutyrate are similar, in the region of 290 to 220 nm there are differences in
absorption patterns with an intersection point at 260 nm, being slightly higher in the presence
of glucose. The absorbance is greater with acetoacetate defining a greater number of peaks
from 300 to 200 nm. With creatine, the incubation system with B-hydroxybutyrate had lower
absorption and number of peaks compared to systems containing glucose and acetoacetate,
which suggests that creatine has a greater inhibitory effect on the reaction with -
hydroxybutyrate, taking into account that at lower absorption lower concentration of

glycation products (Figure 9).
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Figure 9: Aortic aminophospholipids at day 61 of incubation with creatine. Blue color:
Vial 1. Aminophospholipids (Control). Red color: Vial 8. Aminophospholipids + glucose
+ creatine. Green color: Vial 9. Aminophospholipids + B-hydroxybutyrate + creatine.
Pink color: Vial 10. Aminophospholipids + acetoacetate + creatine. Absorbance vs. A

(nm).

4. DISCUSSION

In humans acetyl-CoA formed in the liver during B-oxidation of fatty acids can enter the
citric acid cycle or can be converted to B-hydroxybutyrate and acetoacetate by ketogenesis.*”
In healthy adults the liver can form up to 185 g of ketone body per day.?” The process
includes formation of acetoacetyl coenzyme A, conversion of acetoacetyl coenzyme A to p-
hydroxy-p-methylglutaryl coenzyme A and then to acetoacetate; and finally reduction of
acetoacetate to f-hydroxybutyrate by p-hydroxybutyrate dehydrogenase.? B-Hydroxybutyrate
and acetoacetate serve as metabolic fuels for peripheral tissues particularly skeletal muscle
and heart. The brain, under normal circumstances, uses glucose as a source of energy, but
when glucose is not available, ketone bodies become the brain's main source of fuel.??
According to the proportion of circulating ketone bodies after eating food, the ratio of B-
hydroxybutyrate / acetoacetate is approximately 1.0 but can be increased to 6 in prolonged

fasting.®” In some pathophysiological conditions such as diabetic ketoacidosis, circulating
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levels of ketone bodies above 25 mM can be achieved, this occurs more frequently in type 1

diabetic patients!®! and less common in type 2 diabetics.

Untreated diabetes mellitus leads to overproduction of ketone bodies, with several associated
medical problems. A single episode of moderate/severe diabetic ketoacidosis in young
children at diagnosis has been associated with lower cognitive scores and altered brain
growth.*? The increased blood levels of - hydroxybutyrate and acetoacetate lower the blood
pH, causing the condition know as acidosis.?? Extreme acidosis can lead to coma and in
some cases death. Ketone bodies are also filtered in large quantities by the kidneys, and the
fraction that is not re-absorbed is excreted in the urine. Ketone bodies in the blood and urine
of untreated diabetes can reach extraordinary levels (< 3 mg/100 mL normal blood vs.90
mg/100 mL extreme ketosis (in untreated diabetes) and <125 mg/24 h vs 5 000 mg/24 h, a
condition called ketosis.[??? We have observed that the ratio of glucose / ketone bodies in

urine varies from 5.0 to 6.66 in type 2 diabetic patients with poor metabolic control.

In chronic diseases including diabetes mellitus protein, lipid or nucleic acid modifications by
glycation are involved. The glycation of hemoglobin and cerebral aminophospholipids by
ketone bodies in the absence of carbohydrates has been demonstrated. In an effort to attenuate
glycation by ketone bodies, several substances with antiglycating properties have been tested.
Among them, glycine, glycylglycine, aminoguanidine, L-arginine, polyamines and urea.!?>2®!
Here, in the searching for new substances with the capacity to protect human arteries from
toxic effects of ketone bodies, the in vitro effect of L-arginine and creatine on the glycation
of aminophospholipids was studied. The aminophospholipids were combined with elevated
concentrations of glucose and ketone bodies simulating hyperglycemia conditions and
incubated for 61 days in the absence or in the presence of L-arginine or creatine. Interation of

aminophospholipids, ketone bodies and antiglycant agents was analyzed by three ways.

4.1. Thin layer chromatography

The results of the chromatographic analysis show that using the same procedure that was
followed in the isolation of aminophospholipids from erythrocyte membranes, aortic
aminophospholipids were selectively isolated. As can be seen in Figure 1, these results reveal
a greater diversity of aminophoslipids in the aorta. When the aminophospholipids were
incubated for 61 days with glucose and ketone bodies with or without antiglicant substances,

changes occurred not only in the intensity of the spots but also in the displacement expressed
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in terms of Rs (Figure 2). Samples labeled A5, A6 and A7 correspond to aminophospholipids
incubated with glucose, B-hydroxybutyrate and acetoacetate in the presence of L-arginine,
respectively, compared to the control sample (Al, Vial 1). Samples A8, A9 and Al0
correspond to aminophospholipids incubated with glucose, p-hydroxybutyrate and
acetoacetate in the presence of creatine. The Rt values of the spots that showed greater
intensity are presented in Table 1. In the case of samples A2, A3 and A4 the intensity of the
spots is not very clear, suggesting that the aminophospholipids reacted with glucose and
ketone bodies. When L-arginine or creatine was added, changes in R; values and the
appearance of compounds whose formation was dependent on incubation time were

observed.

The behavior was similar to that observed for aminophospholipids isolated from red cell
membrane. In the presence of L-arginine, greater intensity was observed in some components
and variation in R; values. On the other hand, seen by the R; values from day 12 of
incubation, creatine showed interaction when it was added to the systems containing
aminophospholipids, glucose and ketone bodies (Figure 1, Table 1). In the case of the control
sample, the spots were very thin which could be attributed to the degradation of lipids by
oxidation, as observed for erythrocyte membrane aminophospholipids, occurred around day
12 of incubation. However, it is interesting to note that both L-arginine and creatine appear to
exert a protective effect on the aminophospholipids since on day 61 of incubation intense
stains suggesting the preservation of aminophospholipids are still observed, especially in the

presence of L-arginine (Figure 1).

4.2. Fluorescence Analysis

The results of the fluorescence analysis of the different mixtures are summarized in Table 2.
Similar pattern to that observed for isolated erythrocyte membrane aminophospholipids was
obtained. The control sample seemed to degrade between days 12 and 19 showing an increase
in fluorescence (Figure 3A). Both glucose and ketone bodies reacted with the
aminophospholipids forming fluorescent compounds, which corroborates the results obtained
by thin layer chromatography.

The comparative analysis in the emission range 355/460 nm also shows that the reaction with
glucose occurred rapidly, while for B-hydroxybutyrate it was in the emission range of
320/460 nm. The single-factor ANOVA test confirmed that there is a significant difference in
both cases (P <0.05). With the Dunett test, a comparison was made between all incubation
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and control mixtures. The result of this test demonstrates that in both cases L-arginine
presented a significant difference (P <0.05), which is consistent with the graphic analysis of
fluorescence means, thus demonstrating the inhibitory effect of L-arginine. Some significant
differences are indicated in Table 2.

4.3. Ultraviolet spectroscopy

The reaction of glucose and ketone bodies with aortic aminophospholipids was also
confirmed by ultraviolet spectroscopy. Through this technique it was possible to see that the
compound that showed the highest reactivity was B-hydroxybutyrate, while fluorescence was
glucose, although the difference is not significant. In the presence of glucose, L-arginine
inhibits glycation more efficiently. The mixture of aminophospholipids and glucose showed
lower reactivity than the creatine-containing system, which may be due to the fact that
creatine can form alternate compounds with ketone bodies, suggesting this greater potential

for inhibition. In the presence of B-hydroxybutyrate, creatine had a greater inhibitory effect.

When the aminophospholipids were only combined with acetoacetate, the reaction was lower
compared to systems that also contained L-arginine or creatine. Mixtures containing L-
arginine or creatine showed greater absorbance and a similar amount of peaks, suggesting
that these substances react with the carbonyl group and favor the formation of several

products. Creatine had a greater inhibitory effect compared to L-arginine.

5. COMMENTS

The participation of AGEs in the development of complications affecting macro and
microvasculature is well documented.®* 3 Although macrovascular disease is the major
cause of mortality of all diabetic complications, vascular disease can manifest itself in the
microvasculature leading to blindness, kidney disease, and various peripheral
neuropathies.® Disease of the kidneys accounts for the highest rate of mortality of any
microvascular complication. AGEs may activate the receptor for AGEs (RAGE), which is
present on the surface of all cells relevant to atherosclerotic processes, triggering oxidative
estress, inflammation and apoptosis.®® Studies in rodent models of macro- and microvascular
disease have demonstrated that blockade of RAGE can prevent development of disease.
These observations highlight RAGE as a therapeutic target for treatment of diabetic vascular

disease.l*
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Most of the knowledge about AGEs and their relationship with the development of chronic
diseases have been obtained from the study of carbohydrate reactions, particularly glucose

(371 as well as the reactions of

with biological molecules containing primary amino groups
the products of its autoxidation; glyoxal and methylglyoxal.®® However, due to the
heterogeneous nature of the adducts, the stability during isolation and the variation in the
environmental conditions of the reactions, the elucidation of the AGE structures of how they
are formed in vivo are not fully known.!*®! Some AGEs result from the reaction of glucose
with proteins such as 2-(2-furoyl)-4(5)-furanyl-1H-imidazole, 1-alkyl-2-formyl-3,4-glycosyl-
pyrrole, and pyrraline.°4% have been identified and used as a model for the investigation of

crosslinking mechanisms.

On the other hand, lipid peroxidation is another important source of carbonyl intermediates
that contribute to the formation of AGEs and consequently to the development of vascular
diseases. Several aldehydes are produced by the peroxidation of polyunsaturated fatty acids
including malondialdehyde. Malonaldehyde is produced mainly from peroxidation of
polyunsaturated fatty acids with more than 3 methylene-interrupted double bonds. Thus, it
arises mainly from arachidonic acid and docosanoic acid.** *! The malonaldehyde levels in
normal human urine has been reported to be in the range of 0.2-0.8 pM. 2 Other aldehydes,
hydroxyalkenales; 4-hydroxy-2(E)-hexenal, 4-hydroxy-2 (E)-nonenal, and 4-hydroxy-
dodecadienal, also derived from the oxidation of polyunsaturated fatty acids react with
molecules containing primary amino groups such as aminophospholipids.®! Adduct
formation between aminophospholipids and hydroxyalkenals has been described in human
blood platelets in response to oxidative stress and in retinas of streptozotocin-induced
diabetic rats.** These adducts have been characterized and evaluated and it has been
suggested that they could be used as specific markers of membrane disorders occurring in
pathophysiological states with associated oxidative stress and might affect cell function.!*”
Other studies on glycated phosphatidylethanolamines containing unsaturated fatty acids;
18:1, 18:2 and 18:4 after ultraviolet photo-irradiation showed mainly hydroperoxy derivates
due to oxidation of unsaturated fatty acyl chains. In addition to this, several new
photooxidation products formed due to oxidative cleavages of the glucose moiety, namely
between C1 and C2, C2 and C3 and C5 and C6 of this sugar unit, have been asssociated in

the etiology of diabetic retinopathy and in diabetic retinal microvascular complications.™"!
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6. CONCLUSION

In conclusion, these results provide evidence on the diversity of aminophospholipids of the
human aorta. The glycation of these aminophospholipids by the ketone bodies; -
hydroxybutyrate and acetoacetate has been confirmed by three technical procedures; thin
layer chromatography, fluorescence and ultraviolet spectroscopy. There is sufficient evidence
of the relationship of AGEs with the development of cardiovascular disease. Several
substances have been tested to inhibit glycation. The beneficial effect of L-arginine and
polyamines among others has been reported.*® Here, the effect of L-arginine and its
metabolite, creatine, has been demonstrated. Both molecules are formed in the body, while
arginine is required in multiple metabolic fates, creatine, is converted to phosphocreatine, a
molecule that stores energy for skeletal muscle and brain. Creatine glycation in
hyperglycemia could result in phosphocreatine deficiency. Since the main consequence of
long-term hyperglycemia is the increased incidence of disease of the vasculature, this could
be prevented with the administration of L-arginine and creatine in addition to good metabolic

control.
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