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Abstract: Cardiovascular disease (CVD) is a lifestyle-related disease (LSRD) induced by the dysfunc-
tion and cell death of cardiomyocytes. Cardiac fibroblasts are activated and differentiate in response
to specific signals, such as transforming growth factor-β released from injured cardiomyocytes, and
are crucial for the protection of cardiomyocytes, cardiac tissue repair, and remodeling. In contrast,
cardiac fibroblasts have been shown to induce injury or death of cardiomyocytes and are implicated in
the pathogenesis of diseases such as cardiac hypertrophy. We designated glyceraldehyde-derived ad-
vanced glycation end-products (AGEs) as toxic AGEs (TAGE) due to their cytotoxicity and association
with LSRD. Intracellular TAGE in cardiomyocytes decreased their beating rate and induced cell death
in the absence of myocardial ischemia. The TAGE levels in blood were elevated in patients with CVD
and were associated with myocardial ischemia along with increased risk of atherosclerosis in vascular
endothelial cells in vitro. The relationships between the dysfunction or cell death of cardiac fibroblasts
and intracellular and extracellular TAGE, which are secreted from certain organs, remain unclear. We
examined the cytotoxicity of intracellular TAGE by a slot blot analysis, and TAGE-modified bovine
serum albumin (TAGE-BSA), a model of extracellular TAGE, in normal human cardiac fibroblasts
(HCF). Intracellular TAGE induced cell death in normal HCF, whereas TAGE-BSA did not, even at
aberrantly high non-physiological levels. Therefore, only intracellular TAGE induced cell death in
HCF under physiological conditions, possibly inhibiting the role of HCF.

Keywords: cardiovascular disease; advanced glycation end-products; glyceraldehyde; toxic AGEs;
human cardiac fibroblasts

1. Introduction

Cardiovascular disease (CVD) is a lifestyle-related disease (LSRD) caused by the
dysfunction and cell death of cardiomyocytes via ischemic or non-ischemic events [1–3].
Cardiac fibroblasts are crucial for the repair and remodeling of the heart. When injured,
cardiomyocytes release cell-specific signaling molecules, such as cytoplasmic contents,
cytokines, including interleukin (IL)-1β, IL-6, and tumor necrosis factor-α, and growth
factors, such as transforming growth factor (TGF)-β, which activate cardiac fibroblasts
and induce their differentiation into cardiac myofibroblasts. Activated cardiac fibroblasts
and cardiac myofibroblasts secrete connective tissue growth factor to promote antioxidant
effects in cardiomyocytes [3], and proteins, such as collagen, matrix metalloproteinases
(MMPs), and tissue inhibitors of MMPs to protect the cardiac tissue integrity [3–5]. In
contrast, angiotensin II and TGF-β secreted from activated cardiac fibroblasts promote the
production of reactive oxygen species by nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase and induce apoptosis in cardiomyocytes [3]. Moreover, excessive secre-
tion of collagen, connective tissue growth factor, angiotensin II, and TGF-β induce fibrosis
in cardiac tissue [4–6]. Cardiac fibroblasts exert similar effects in other diseases, such as
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cardiac hypertrophy [4–6]. Hence, cardiac fibroblasts have a dual role. We designated
glyceraldehyde (GA, a product of glucose and fructose metabolism)-derived advanced
glycation end-products (AGEs) as toxic AGEs (TAGE) due to their enhanced cytotoxic effect
compared to other AGEs as well as their association with LSRD [2]. Instead of glycosylation,
TAGE is generated by a non-enzymatic reaction between GA and proteins [7]. We recently
revealed that intracellular TAGE decreased the rates of beating and induced cell death in
cardiomyocytes in the absence of myocardial ischemia [8]. However, it currently remains
unclear whether extracellular TAGE (e.g., TAGE in the blood) directly induces cytotoxicity
against cardiomyocytes. Although the organs that generate and release TAGE into the
blood have been identified, we revealed that the blood levels of TAGE were elevated in
patients with myocardial ischemia, and correlated with risk factors for CVD, as well as
promoted the generation of intracellular reactive oxygen species and activation of nuclear
factor-κβ in vascular endothelial cells in vitro [2]. This may result in the induction of
atherosclerosis. Although “dietary AGEs” are consumed in the daily diet and are present
in the blood, “dietary TAGE” do not possibly exist, as they were not detected in over
1600 commercial foods and beverages [2]. Therefore, TAGE are generated in the organs
and released into the blood. The relationships between the dysfunction or cell death of
cardiac fibroblasts and Intra-/extracellular TAGE remain unclear. GA is generated from
glucose and fructose in the heart via three pathways that require aldose reductase, sorbitol
dehydrogenase, ketohexokinase, and aldolase B [2,9,10]. The cardiac fibroblasts account
for approximately 60–70% of cardiac cells [3]. Based on these findings, we hypothesized
that intracellular TAGE is generated in cardiac fibroblasts, which induces their dysfunction
or death, while extracellular TAGE may exhibit cytotoxicity via the receptor for AGEs
(RAGE) [11]. In brief, we speculated that TAGE suppresses the normal heart functioning.
Therefore, we investigated whether intracellular TAGE and TAGE-modified bovine serum
albumin (BSA) (TAGE-BSA), a model of extracellular TAGE, induces cell death in normal
human cardiac fibroblasts (HCF).

2. Results
2.1. Viability Based on NADPH Activity and Accumulated Levels of Intracellular TAGE in GA-
and Aminoguanidine (AG, an Inhibitor of AGE Production, the Amino Group of Which Reacts
with the Carbonyl Group of Carbohydrates)-Treated HCF

The viability of GA-treated HCF decreased whereas that of intracellular TAGE in-
creased in a GA dose-dependent manner (Figure 1a,b). The viability of HCF treated with
16 mM AG decreased to 76%. The viabilities of HCF treated with 16 mM AG followed by
1 and 2 mM GA decreased to 75 and 77%, respectively (Figure 1c). Since no significant
differences were observed in the viabilities of cells treated with AG followed by 0, 1, and
2 mM GA treatment, we suggest that AG completely suppressed cell death induced by GA.
In the absence of the AG pretreatment, the accumulation of intracellular TAGE increased
in a GA dose-dependent manner from 0 to 2 mM GA; however, these increments were
completely inhibited in HCF pretreated with AG (Figure 1d).

2.2. Cell Viability Based on the NADPH Activity of HCF Treated with Non-Glycated-BSA
(NG-BSA) and TAGE-BSA (the Model of Extracellular TAGE)

We examined the cytotoxicity of TAGE-modified proteins in HCF, and the concentra-
tion of NG-BSA used was the same as that of TAGE-BSA which was used as the model of
extracellular TAGE. To confirm the possibility that amino acid sequences and structure of
BSA affect HCF, we treated NG-BSA in the same manner as TAGE-BSA. The cytotoxicity of
TAGE-BSA was compared to that of the control and NG-BSA groups. In comparison with
the control, which contained phosphate-buffered saline (PBS) without calcium and magne-
sium (PBS)(−), 100 and 200 µg/mL of NG-BSA and TAGE-BSA did not induce cell death
or affect cell growth (Figure 2). In contrast, the viability of HCF treated with TAGE-BSA
did not significantly differ from that of those treated with NG-BSA and (PBS)(−). These
findings suggest that TAGE does not exhibit cytotoxicity or affect cell growth.
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Figure 1. Viability based on NADPH activity and accumulated levels of intracellular TAGE in GA-
and AG-treated HCF (1.0 × 104 cells/cm2) incubated in fibroblast growth medium-3. (a,b) effects
of treatments with 0, 1, 1.5, and 2 mM GA for 24 h; (c,d) effects of pretreatments with 0 or 16 mM
AG for 2 h, followed by 0, 1, and 2 mM GA for 24 h; (a,c) NADPH activity was measured to calculate
cell viability in four independent experiments. Data are shown as the mean ± S.D (n = 4). (b,d) The SB
analysis was performed to assess the accumulated levels of intracellular TAGE. Data are shown as the
mean ± S.D (n = 3). p-values were determined using Tukey’s test. (a,b) * p < 0.05 vs 0 mM GA ** p < 0.01
vs 0 mM GA. ## p < 0.01. N.S.: not significant (c,d) ** p < 0.01 vs 0 mM GA without AG. ## p < 0.01.
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Figure 2. Effects of TAGE-BSA on HCF were evaluated using the NADPH activity assay with the
WST-8 method. Control: PBS (−). HCF (1.0 × 104 cells/cm2) were incubated in fibroblast growth
medium-3. Data are shown as the mean ± S.D (n = 3). P-values were based on Tukey’s test. N.S.: not
significant. (a) HCF was treated with 100 µg/mL NG-BSA and TAGE-BSA for 24 h. (b) HCF was
treated with 200 µg/mL NG-BSA and TAGE-BSA for 24 h.
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3. Discussion

In the present study, intracellular TAGE was generated by GA-treated HCF (Figure 1b,d).
In this method, treatment with GA effectively reflected physiological conditions. Since the
treatment with 2 mM GA corresponded to a glucose concentration of 20 mM in the pancre-
atic islets [8,12,13], the conditions for the cell culture in an 8 mM glucose-supplemented
medium with 2 mM GA may be replaced by 28 mM glucose.

Collectively, the results showed that intracellular TAGE strongly induces cell death
(Figure 1a,b). To confirm this, HCF were pretreated with AG, an inhibitor of AGE produc-
tion (the aldehyde group of carbohydrates, but not proteins, reacts with the amino group
of AG) [8,12–15], and then exposed to GA. Since AG is a reagent that induces cytotoxicity
by inhibiting the activity of enzymes containing a carbonyl group [15], the cell viability
decreased only after treatment with 16 mM AG (Figure 1c). However, the viability and
intracellular TAGE levels of HCF treated with GA and AG did not significantly differ from
those treated with AG only (Figure 1c,d). Therefore, AG completely inhibited the effects of
GA in HCF. Moreover, we demonstrated that intracellular TAGE induces cell death in HCF.
Based on the previous studies, we considered that death of HCF directly inhibited the role
of them more than the suppression of HCF activation or differentiation [3–6].

We previously reported that intracellular TAGE were generated by hepatocytes [16,17],
cardiomyocytes [8], skeletal muscle myoblasts [13], pancreatic islet β-cells [12], pancreatic
ductal cells [18], and neuroblastoma cells [19], and are responsible for inducing cell death.
Therefore, intracellular TAGE is speculated to promote LSRD via cell death and organ
dysfunction [2,20]. However, there is only one report that intracellular TAGE generated in
the primary cells and induced their death; the primary cells which were used for this inves-
tigation were rat cardiomyocytes [8]. We, therefore, predict that the death or dysfunction of
cardiomyocytes forms the underlying cause of cardiac tissue damage and CVD. In contrast,
the induction of cell death in normal HCF may result in the opposite response because
HCF can function against both cardiomyocytes and cardiac tissue [3–6]. We consider the
death of normal HCF by intracellular TAGE to be an interesting phenomenon compared
with that of rat primary cardiomyocytes.

We previously demonstrated that GA-treated rat primary cardiomyocytes produced
12.0 µg/mg of intracellular TAGE, which completely inhibited the beating, and decreased
cell viability to 39% [8]. Moreover, 28.7 µg/mg of intracellular TAGE decreased cell viability
by 13%. Simultaneous production of intracellular TAGE by both cardiomyocytes and
cardiac fibroblasts under high glucose or fructose conditions hinders the ability of cardiac
fibroblasts in protecting cardiomyocytes and cardiac tissue, resulting in cell dysfunction, as
well as impaired signaling, and death. In addition, the mechanisms involved in the repair
of dysfunctional or dying cardiomyocytes and cardiac tissue may be impaired. In contrast,
intracellular TAGE may induce cell death in cardiac fibroblasts, leading to the suppression
of the undesirable effects on cardiomyocytes and cardiac tissue [3–6].

A novel technique for directly reprogramming cardiac fibroblasts into cardiomyocytes
was recently reported [21]. In this, patients with CVD having dysfunctional or dead
cardiomyocytes are supplied with new cardiomyocytes. However, intracellular TAGE
induces death of the HCF cells, and may potentially interfere with the technique.

We also demonstrated the effects of extracellular TAGE on normal HCF (Figure 2).
Although TAGE is expressed by HCF, a 10- to 30-fold higher concentration of TAGE-BSA,
compared to normal physiological levels (7–16 µg/mL), did not induce cell death [12,22].
Collectively, these findings and the results of this study suggest that extracellular TAGE at
physiological levels does not induce cell death of the cardiac fibroblasts in patients with
CVD. TAGE-BSA has previously been shown to suppress the effects of TGF-β in the human
hepatic stellate cell line, LX-2 [23]. Inhibition of TGF-β by extracellular TAGE may suppress
the activation and differentiation of cardiac fibroblasts, leading to the desirable/undesirable
role of cardiac fibroblasts. Furthermore, the main factors that can activate and differentiate
cardiac fibroblasts without TGF-β (e.g. IL-1β, IL-6) were reported [3–6]. In the future, we
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will perform the assay by stimulating HFC cells with these factors to assess the effect of
extracellular TAGE under physiological conditions.

The present study has two limitations. First, we did not investigate whether cardiac
fibroblasts differentiate into cardiac myofibroblasts in the absence of GA and AG in-vitro.
PromoCell GmbH (Land Baden-Wurttemberg, Germany) ensure that the smooth muscle
α-actin in HCF cells which we obtained (Cat.C-12375) were negative. However, we were
unable to provide data to show that cardiac fibroblasts did not differentiate into cardiac
myofibroblasts in this experiment. Second, we did not perform a wound healing test and
TGF-β stimulation of HCF cells which generate intracellular TAGE. Since the death of HCF
was dramatically induced by 1 mM GA treatment, we considered that the condition was
unsuitable for the aforementioned tests. Recently, we have been challenged to develop a
high sensitivity slot blot analysis method to detect even minor amounts of intracellular
TAGE. Cell viability may be slightly decreased by the minor intracellular TAGE, therefore
validating the existence of a significant correlation between minor amounts of intracellular
TAGE and cell viability. The wound healing assay, and TGF-β stimulation of HCF cells
could be effectively performed under suitable conditions.

Since cell death in cardiac fibroblasts directly and markedly suppresses their role, we
only examined cell viability in the present study.

In conclusion, only intracellular TAGE strongly induced cell death in HCF under
physiological conditions, and, thus, may directly suppress the role of HCF, which exert
both protective and damaging effects on the heart.

4. Materials and Methods
4.1. Reagents and Antibodies

HCF, fibroblast growth medium 3 (customized as a ready-to-use kit with a final
glucose concentration of 8 mM), and the Detachi kit were obtained from PromoCell
GmbH (Land Baden-Wurttemberg, Germany) (HCF: thawing and seeding in passage
2 (3rd culture), and the number of cell divisions was at least 15, confirmed by PromoCell
GmbH). All other reagents and kits were purchased and prepared as previously described
[8,12,13,17]. TAGE-BSA and the rabbit polyclonal anti-TAGE antibody were prepared as
previously described [24].

4.2. Viability of Cells Treated with GA only

Cells were seeded on seven wells of a 96-well microplate (1.0 × 104 cells/cm2). The
incubation of HCF and treatments with 0, 1, 1.5, and 2 mM GA were performed as previ-
ously described [13]. To assess cell viability, NADPH activity levels were measured with
the WST-8 assay kit, according to the manufacturer’s instructions (Dojindo Laboratories,
Kumamoto, Japan).

4.3. Viability of Cells Treated with GA and AG

Cells were seeded on seven wells of a 96-well microplate (1.0 × 104 cells/cm2). Cells
were incubated and treated with 0 and 16 mM AG for 2 h, followed by 0, 1, and 2 mM GA.
The assessment of cell viability was performed as described in Section 4.4.

4.4. Measurement of Intracellular TAGE Levels in HCF Treated with GA and AG Using a Slot Blot
(SB) Analysis

Cells (1.0 × 104 cells/cm2) were incubated in a 35-mm dish. Cells (1.0 × 104 cells/cm2),
incubated in a 35-mm dish were treated with GA and AG at the same concentrations
as in the cell viability experiment. After the medium was removed and the cells were
washed with PBS (-), the cells were lysed in buffer (2M thiourea, 7 M urea, 4% 3-[(3-
cholamido-propyl)-dimethyl-ammonio]-1-propane sulfonate), and 30 mM Tris solution
(protease inhibitor solution;9:1)] [8,18]. The SB analysis was performed as previously
described [8,18].
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4.5. Treatment of HCF with NG-BSA and TAGE-BSA and Evaluation of Cell Viability

Cells were seeded on seven wells in a 96-well microplate (1.0 × 104 cells/cm2). The
conditions of the TAGE-BSA and NG-BSA treatments were as previously described with
certain modifications [12,13]. HCF were treated with 0, 100, and 200 µg/mL of NG-BSA
and TAGE-BSA, and maintained for 24 h. To assess cell viability, NADPH activity levels
were measured using the WST-8 assay kit.

4.6. Statistical Analysis

The cell viability assay and SB analysis were performed in three independent experi-
ments. Stat Flex Software Version 6 was used to perform multiple comparisons (Artech
Co., Ltd., Osaka, Japan). Data are shown as the mean ± standard deviation. Significant
differences in the means of each group were examined via Tukey’s test after one-way
analysis of variance. The statistical significance of differences was set at p < 0.05.
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NG-BSA Non-glycated bovine serum albumin
RAGE Receptor for advanced glycation end-products
TAGE Toxic AGEs
TAGE-BSA TAGE-modified BSA

References
1. Suri, J.S.; Paul, S.; Maindarkar, M.A.; Puvvula, A.; Saxena, S.; Saba, L.; Turk, M.; Laird, J.R.; Khanna, N.N.; Viskovic, K.

Cardiovascular/stroke risk stratification in Parkinson’s disease patients using atherosclerosis pathway and artificial intelligence
paradigm: A systematic review. Metabolites 2022, 12, 312. [CrossRef] [PubMed]

2. Takeuchi, M. Serum levels of toxic AGEs (TAGE) may be a promising novel biomarker for the onset/progression of lifestyle-related
diseases. Diagnostics 2016, 6, 23. [CrossRef] [PubMed]

3. Flores-Vergara, R.; Olmedo, I.; Arảnguiz, P.; Riquelme, J.A.; Vivar, R.; Pedrozo, Z. Communication between cardiomyocytes
and fibroblasts during cardiac ischemia/reperfusion and remodeling: Roles of TGF-β, CTGF, the renin angiotensin axis, and
non-coding RNA molecules. Front. Physiol. 2021, 12, 716721. [CrossRef]

4. Oguri, G.; Nakajima, T.; Yamamoto, Y.; Takano, N.; Tanaka, T.; Kikuchi, H.; Morita, T.; Nakamura, T.; Yamasoba, T.; Komuro, I.
Effects of methylglyoxial on human cardiac fibroblast: Roles of transient receptor potential Ankyrin 1 (TRPA1) channels. Am. J.
Physiol. Heart Circ. Physiol. 2014, 307, H1339–H1352. [CrossRef] [PubMed]

5. Burke, R.M.; Burgos Villar, K.N.; Small, E.M. Fibroblast contributions to ischemic cardiac remodeling. Cell Signal. 2021, 77, 109824.
[CrossRef]

6. Feng, W.; Ying, Z.; Ke, F.; Mei-Lin, X. Apigenin suppresses TGF-β1-induced cardiac fibroblast differentiation and collagen
synthesis trhough the downregulation of HIF-1α expression by miR-122-5p. Phytomedicine 2021, 83, 153481. [CrossRef]

http://doi.org/10.3390/metabo12040312
http://www.ncbi.nlm.nih.gov/pubmed/35448500
http://doi.org/10.3390/diagnostics6020023
http://www.ncbi.nlm.nih.gov/pubmed/27338481
http://doi.org/10.3389/fphys.2021.716721
http://doi.org/10.1152/ajpheart.01021.2013
http://www.ncbi.nlm.nih.gov/pubmed/25172898
http://doi.org/10.1016/j.cellsig.2020.109824
http://doi.org/10.1016/j.phymed.2021.153481


Metabolites 2022, 12, 615 7 of 7

7. Vang, S.; Corchran, P.; Domingo, J.S.; Krick, S.; Barnes, J.W. The glycobiologyof pulmonary arterial hypertension. Metabolites 2022,
12, 316. [CrossRef]

8. Takata, T.; Sakasai-Sakai, A.; Takeuchi, M. Intracellular toxic advanced glycation end-products in cardiomyocytes may cause
cardiovascular disease. Sci. Rep. 2019, 9, 2121. [CrossRef]

9. Hwang, Y.C.; Shaw, S.; Kaneko, M.; Redd, H.; Marrero, M.B.; Ramasamy, R. Aldose reductase pathway mediates JAK-STAT
signaling: A novel axis in myocardial ischemic injury. FASEB J. 2005, 19, 795–797. [CrossRef]

10. Bais, R.; James, H.M.; Rofe, A.M.; Conyers, R.A.J. The purification and properties of human liver ketohexokinase. Biochem. J. 1985,
250, 53–60. [CrossRef]

11. Ramasamy, R.; Schmidt, A.M. Receptor for advanced glycation end products (RAGE) and implications for the pathophysiology
of heart failure. Curr Heart Fail Rep. 2012, 9, 107–116. [CrossRef]

12. Takata, T.; Sakasai-Sakai, A.; Takeuchi, M. Intracellular toxic advanced glycation end-products in 1.4E7 cell line induce death with
reduction of microtubule-associated protein 1 light chain 3 and p62. Nutrients 2022, 14, 332. [CrossRef] [PubMed]

13. Takata, T.; Sakasai-Sakai, A.; Takeuchi, M. Impact of intracellular toxic advanced glycation end-products (TAGE) on murine
myoblast cell death. Diabetol. Metab. Syndr. 2020, 12, 54. [CrossRef] [PubMed]

14. Ono, K.; Nakashima, N. Sodium 4-phenylbutyrate inhibits protein glycation. Biomed. Rep. 2020, 13, 61. [CrossRef] [PubMed]
15. Kazashkov, M.; Chen, K.; Babiy, S.; Peter, H.Y. Evidence for in vivo scavenging by aminoguanidine of formaldehyde produced

via semicarbazide-sensitive amine oxidase-mediated deamination. J. Pharmacol. Exp. Ther. 2007, 322, 1201–1207. [CrossRef]
16. Takata, T.; Sakasai-Sakai, A.; Takino, J.; Takeuchi, M. Evidence for toxic advanced glycation end-products generated in the normal

rat liver. Nutrients 2019, 11, 1612. [CrossRef]
17. Sakasai-Sakai, A.; Takata, T.; Takeuchi, M. Intracellular toxic advanced glycation end-products promote the production of reactive

oxygen species in HepG2 cells. Nutrients 2020, 21, 4861. [CrossRef]
18. Takata, T.; Ueda, T.; Sakasai-Sakai, A.; Takeuchi, M. Generation of glyceraldehyde-derived advanced glycation end-products in

pancreatic cancer cells and the potential of tumor promotion. World. J. Gastroenterol. 2017, 23, 4910–4919. [CrossRef]
19. Nasu, R.; Furukawa, A.; Suzuki, K.; Takeuchi, M.; Koriyama, Y. The effect of glyceraldehyde-derived advanced glycation end

products on β-tubulin-inhibited neurite outgrowth in SH-SY5Y human neuroblastoma cells. Nutrients 2020, 12, 2958. [CrossRef]
20. Kuzan, A. Toxicity of advanced glycation end products (Review). Biomed. Rep. 2021, 14, 46. [CrossRef]
21. Wada, R.; Muraoka, N.; Inagawa, K.; Yamakawa, H.; Miyamoto, K.; Sadahiro, T.; Umei, T.; Kaneda, R.; Suzuki, T.; Kamiya, K.;

et al. Induction of human cardiomyocyte-like cells from fibroblasts by defined factors. Proc. Natl. Acad. Sci. USA 2013, 110,
12667–12672. [CrossRef] [PubMed]

22. Kajikawa, M.; Nakashima, A.; Fujimura, N.; Maruhashi, T.; Iwamoto, Y.; Iwamoto, A.; Matsumoto, T.; Oda, N.; Hidaka, T.; Kihara,
Y. Ratio of serum levels of AGEs to soluble form of RAGE is a predictor of endothelial function. Diabetes Care 2015, 38, 119–125.
[CrossRef] [PubMed]

23. Takino, J.; Sato, T.; Nagamine, K.; Sakasai-Sakai, A.; Takeuchi, M.; Hori, T. Suppression of hepatic stellate cell death by toxic
advanced glycation end-products. Biol. Pharm. Bull. 2021, 44, 112–117. [CrossRef] [PubMed]

24. Takeuchi, M.; Makita, Z.; Bucala, R.; Suzuki, T.; Koike, T.; Kameda, Y. Immunological evidence that non-carboxymethyllysine
adanced glycation end-products are produced from short chain sugars and dicarbonyl compounds in vivo. Mol. Med. 2000, 6,
114–125. [CrossRef] [PubMed]

http://doi.org/10.3390/metabo12040316
http://doi.org/10.1038/s41598-019-39202-5
http://doi.org/10.1096/fj.04-2780fje
http://doi.org/10.1042/bj2300053
http://doi.org/10.1007/s11897-012-0089-5
http://doi.org/10.3390/nu14020332
http://www.ncbi.nlm.nih.gov/pubmed/35057513
http://doi.org/10.1186/s13098-020-00561-z
http://www.ncbi.nlm.nih.gov/pubmed/32684984
http://doi.org/10.3892/br.2020.1368
http://www.ncbi.nlm.nih.gov/pubmed/33149906
http://doi.org/10.1124/jpet.107.124123
http://doi.org/10.3390/nu11071612
http://doi.org/10.3390/ijms21144861
http://doi.org/10.3748/wjg.v23.i27.4910
http://doi.org/10.3390/nu12102958
http://doi.org/10.3892/br.2021.1422
http://doi.org/10.1073/pnas.1304053110
http://www.ncbi.nlm.nih.gov/pubmed/23861494
http://doi.org/10.2337/dc14-1435
http://www.ncbi.nlm.nih.gov/pubmed/25336748
http://doi.org/10.1248/bpb.b20-00708
http://www.ncbi.nlm.nih.gov/pubmed/33390537
http://doi.org/10.1007/BF03401779
http://www.ncbi.nlm.nih.gov/pubmed/10859028

	Introduction 
	Results 
	Viability Based on NADPH Activity and Accumulated Levels of Intracellular TAGE in GA- and Aminoguanidine (AG, an Inhibitor of AGE Production, the Amino Group of Which Reacts with the Carbonyl Group of Carbohydrates)-Treated HCF 
	Cell Viability Based on the NADPH Activity of HCF Treated with Non-Glycated-BSA (NG-BSA) and TAGE-BSA (the Model of Extracellular TAGE) 

	Discussion 
	Materials and Methods 
	Reagents and Antibodies 
	Viability of Cells Treated with GA only 
	Viability of Cells Treated with GA and AG 
	Measurement of Intracellular TAGE Levels in HCF Treated with GA and AG Using a Slot Blot (SB) Analysis 
	Treatment of HCF with NG-BSA and TAGE-BSA and Evaluation of Cell Viability 
	Statistical Analysis 

	References

