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Article Title: Glutamine Supplementation Ameliorates Chronic Stress-
induced Reductions in Glutamate and Glutamine Transporters in the Mouse 

Prefrontal Cortex. 
Date & Journal: Exp Neurobiol. 2019 Apr;28

• Chronic immobilization stress (CIS) induces low levels of glutamate 
(Glu) and glutamine (Gln) and hypoactive glutamatergic signaling in the 
mouse prefrontal cortex (PFC), which is closely related to the Glu-Gln 
cycle. A Gln-supplemented diet ameliorates CIS-induced deleterious 
changes. Here, we investigated the effects of CIS and Gln 
supplementation on Glu-Gln cycle-related proteins to characterize the 
underlying mechanisms. Using the CIS-induced depression mouse 
model, we examined the expression of 11 proteins involved in the Glu-
Gln cycle in the PFC. CIS decreased levels of glutamate transporter 1 
(GLT1) and sodium-coupled neutral amino acid transporter (SNAT) 1, 
SANT2, SNAT3, and SNAT5. Gln supplementation did not affect the non-
stressed group but significantly increased GLT1 and SNATs of the 
stressed group. By immunohistochemical analysis, we confirmed that 
SNAT1 and SNAT2 were decreased in neurons and GLT1, SNAT3, and 
SNAT5 were decreased in astrocytes in the medial PFC of the stressed 
group, but Gln-supplemented diet ameliorated these decrements. 
Collectively, these results suggest that CIS may cause depressive-like 
behaviors by decreasing Glu and Gln transportation in the PFC and that 
a Gln-supplemented diet could prevent the deleterious effects of CIS.

https://www.ncbi.nlm.nih.gov/pubmed/?term=31138994


Article Title: Dietary Branched-chain Amino Acids Regulate Food 
Intake Partly through Intestinal and Hypothalamic Amino Acid Receptors in 

Piglets. 
Date & Journal: J Agric Food Chem. 2019 May 28

• Strategies to increase feed intake is of great importance for producing more meat in 
swine production. Intestinal and hypothalamic amino acid receptors are found largely 
participated in feed intake regulation. The purpose of the current research was to study 
the function of branched-chain amino acids (BCAAs) supplementation in the regulation 
of feed intake through sensors which can detect amino acids in piglets. Twenty-four 
piglets were assigned to four treatments and fed to one of the experimental diets for 
either short period (Expt. 1) or long period (Expt. 2): normal protein diet (NP, 20.04% 
CP), reduced-protein diet (RP, 17.05% CP), reduced-protein test diets supplemented 
with two doses of BCAAs (BCAA1, supplemented with 0.13% L-isoleucine, 0.09% L-
leucine and 0.23% L-valine; BCAA2, supplemented with the 150% standardized ileal 
digestibility BCAAs requirement as recommended by the National Research Council 
(2012)). In Expt. 1, no differences were observed in feed intake among piglets fed with 
different diets (P > 0.05). In Expt. 2, when compared with the RP group, feed intake of 
piglets was significantly increased after sufficient BCAAs was supplemented in the 
BCAA1 group, which was associated with decreased cholecystokinin (CCK) secretion 
(P < 0.05), down-regulated expression of type 1 taste receptor 1/3 (T1R1/T1R3) in 
intestine, as well as increased expression of pro-opiomelanocortin (POMC) and 
activated general control nonderepressible 2 (GCN2) and eukaryotic initiation factor 2α 
(eIF2α) in the hypothalamus (P < 0.05). However, feed intake was decreased when the 
piglets were fed with BCAAs over supplemented diet for unknown reasons. In 
conclusion, our study confirmed that BCAAs deficit diet inhibited feed intake through 
two potential ways: regulating amino acid T1R1/T1R3 receptor in the intestine and/or 
activating GCN2/eIF2α pathways in the hypothalamus.

https://www.ncbi.nlm.nih.gov/pubmed/?term=31134808


FUNCTIONAL NITRIC OXIDE 
NUTRITION TO COMBAT 

CARDIOVASCULAR DISEASE

•Research over the past decade has revealed that inorganic nitrate and 
nitrite found naturally in green leafy vegetables and other vegetables such 
as beets can provide the human body with a source of bioactive nitric 
oxide. NO is one of the most important molecules produced within the 
cardiovascular system that maintains normal blood pressure and prevents 
inflammation, immune dysfunction, and oxidative stress, hallmarks of 
cardiovascular disease. This pathway is dependent upon the amount of 
inorganic nitrate and nitrite in the foods we eat, the presence of oral nitrate-
reducing bacteria, and sufficient stomach acid production. The concept of 
food being medicine and medicine being food has lost its place in the 
practice and implementation of modern medicine over the past century. 
Certain dietary patterns and specific foods are known to confer very 
significant protective effects for many human diseases, including 
cardiovascular disease, the number one killer of men and women in the 
developed world. However, identification of single or multiple bioactive 
molecules that are responsible for these effects has escaped scientists and 
nutritionists for many years. This review will highlight the biochemical, 
physiological, and epidemiological basis for functional nitric oxide nutrition 
that can be safely and effectively utilized in patients.

Curr Atheroscler Rep. 2018 Mar 17;20(5):21. doi: 10.1007/s11883-018-0723-0.



COMBINED SUPPLEMENTATION OF PRE-EXERCISE 
CARBOHYDRATE, ALANINE, AND PROLINE AND 

CONTINUOUS INTAKE OF GREEN TEA CATECHINS 
EFFECTIVELY BOOST ENDURANCE PREFORMANCE IN MICE 
•Continuous intake of green tea catechins (GTC) increases fatty acid 
utilization as an energy source and improves endurance capacity. 
Conversely, the single pre-exercise intake of maltodextrin (MD) as a 
carbohydrate source and the gluconeogenic amino acids alanine (Ala) and 
proline (Pro) effectively maintain blood glucose levels and increase 
endurance performance. In this study, we investigated the synergistic 
combinational effect of these interventions on endurance performance in 
mice. Male BALB/c mice were fed a 0.5% GTC diet or Control diet for 8 
weeks. Maximum running time was measured every 2 weeks. MD (2 g/kg 
body weight (B.W.)), MD (1 g/kg B.W.) + AlaPro (9:1, 1 g/kg B.W.), and 
vehicle were orally administrated 60 mins before measurements in each diet 
group. The GTC + MD + AlaPro group showed significantly higher endurance 
performance than the Control-Vehicle group at all measurements. Indirect 
calorimetry analysis during running exercise at 4 weeks in the Control and 
GTC groups supplemented with pre-exercise MD + AlaPro administration 
revealed significantly higher fat oxidation in the GTC groups compared to the 
Control group. The combined increase in fatty acid utilization through 
continuous GTC intake and pre-exercise MD + AlaPro carbohydrate energy 
supplementation synergistically improves endurance capacity.

Nutrients. 2018 Jul 19;10(7). pii: E925. doi: 10.3390/nu10070925.



WHAT IS THE ROLE OF NUTRITIONAL SUPPLEMENTS IN 
SUPPORT OF TOATL HIP REPLACEMENT AND TOTAL 

KNEE REPLACEMENT SURGERIS? A SYSTEMATIC 
REVIEW

•Nutritional supplements can influence outcomes for individuals undergoing 
major surgery, particularly in older persons whose functional reserve is limited. 
Accelerating recovery from total hip replacement (THR) and total knee 
replacement (TKR) may offer significant benefits. Therefore, we explored the role 
of nutritional supplements in improving recovery following THR and TKR. A 
systematic review was conducted to source randomized clinical trials that tested 
nutritional supplements in cohorts of THR or TKR patients. Our search yielded 
nine relevant trials. Intake of a carbohydrate-containing fluid is reported to 
improve insulin-like growth factor levels, reduce hunger, nausea, and length of 
stay, and attenuate the decrease in whole-body insulin sensitivity and 
endogenous glucose release. Amino acid supplementation is reported to reduce 
muscle atrophy and accelerate return of functional mobility. One paper reported 
a suppressive effect of beta-hydroxy beta-methylbutyrate, L-arginine, and L-
glutamine supplementation on muscle strength loss following TKR. There is 
limited evidence for nutritional supplementation in THR and TKR pathways; 
however, the low risk profile and potential benefits to adjunctive treatment 
methods, such as exercise programs, suggest nutritional supplements may have 
a role. Optimizing nutritional status pre-operatively may help manage the 
surgical stress response, with a particular benefit for undernourished, frail, or 
elderly individuals.

Nutrients. 2018 Jun 25;10(7). pii: E820. doi: 10.3390/nu10070820.



NITRIC OXIDE SYNTHASE INHIBITION AND 
OXIDATIVE STRESS IN CARDIOVASCULAR 

DISEASES: POSSIBLE THERAPEUTIC TARGETS?
Nitric oxide (NO) is synthetized enzymatically from l-arginine (l-Arg) by three NO synthase 

isoforms, iNOS, eNOS and nNOS. The synthesis of NO is selectively inhibited by 
guanidino-substituted analogs of l-Arg or methylarginines such as asymmetric 
dimethylarginine (ADMA), which results from protein degradation in cells. Many 
disease states, including cardiovascular diseases and diabetes, are associated with 
increased plasma levels of ADMA. The N-terminal catalytic domain of these NOS 
isoforms binds the heme prosthetic group as well as the redox cofactor, 
tetrahydrobiopterin (BH(4)) associated with a regulatory protein, calmodulin (CaM). 
The enzymatic activity of NOS depends on substrate and cofactor availability. The 
importance of BH(4) as a critical regulator of eNOS function suggests that BH(4) may 
be a rational therapeutic target in vascular disease states. BH(4) oxidation appears to 
be a major contributor to vascular dysfunction associated with hypertension, ischemia/
reperfusion injury, diabetes and other cardiovascular diseases as it leads to the 
increased formation of oxygen-derived radicals due to NOS uncoupling rather than NO. 
Accordingly, abnormalities in vascular NO production and transport result in endothelial 
dysfunction leading to various cardiovascular disorders. However, some disorders 
including a wide range of functions in the neuronal, immune and cardiovascular system 
were associated with the over-production of NO. Inhibition of the enzyme should be a 
useful approach to treat these pathologies. Therefore, it appears that both a lack and 
excess of NO production in diseases can have various important pathological 
implications. In this context, NOS modulators (exogenous and endogenous) and their 
therapeutic effects are discussed.

Pharmacol Ther. 2013 Dec;140(3):239-57. doi: 10.1016/j.pharmthera.2013.07.004. 
Epub 2013 Jul 13.

https://www.ncbi.nlm.nih.gov/pubmed/23859953


HIGH ASYMMETRIC DIMETHYLARGININE, 
SYMMETRIC DIMETHYLARGININE AND L-ARGININE 

LEVELS IN MIGRAINE PATIENTS.
Experimental and clinical data strongly suggests that nitric oxide (NO) plays a 

pivotal role in migraine. This is also supported by studies of migraine induced 
by substances that release NO. NO is synthesized from L-arginine by 
endothelial NO synthase (NOS). Asymmetric dimethylarginine (ADMA) is the 
major endogenous competitive inhibitor of NOS. Symmetric dimethylarginine 
(SDMA) is an inactive stereoisomer of ADMA. It may reduce NO production 
by competing with arginine for cellular uptake. The aim of this study was to 
measure the levels of ADMA, SDMA and L-arginine in migraine patients 
during the interictal period. One hundred migraine patients and 100 healthy 
volunteers were recruited. The patients were in the interictal period and 
classified into two groups as having migraine with aura and migraine without 
aura. Their serum ADMA, SDMA and L-arginine levels were measured by 
high-performance liquid chromatography (HPLC) method. ADMA, SDMA and 
L-arginine levels were significantly higher in migraine patients compared to 
the control group. But there was no difference between the patients with and 
without aura. These results suggest that NOS inhibitors and L-arginine/NO 
pathway plays an important role in migraine pathophysiology.

Neurol Sci. 2017 Jul;38(7):1287-1291. doi: 10.1007/s10072-017-2970-1. 
Epub 2017 Apr 28.

https://www.ncbi.nlm.nih.gov/pubmed/?term=28455769


Title: Functional Nitric Oxide Nutrition to Combat 
Cardiovascular Disease

Purpose of review: To reveal the mechanisms of nitric oxide (NO) production in humans and how lifestyle, drug 
therapy, and hygienic practices can decrease NO production. Furthermore, to show how functional nitric oxide 
nutrition can overcome these limitations to restore endogenous NO production and combat cardiovascular disease.

Recent findings: Research over the past decade has revealed that inorganic nitrate and nitrite found naturally in 
green leafy vegetables and other vegetables such as beets can provide the human body with a source of bioactive 
nitric oxide. NO is one of the most important molecules produced within the cardiovascular system that maintains 
normal blood pressure and prevents inflammation, immune dysfunction, and oxidative stress, hallmarks of 
cardiovascular disease. This pathway is dependent upon the amount of inorganic nitrate and nitrite in the foods we 
eat, the presence of oral nitrate-reducing bacteria, and sufficient stomach acid production. The concept of food being 
medicine and medicine being food has lost its place in the practice and implementation of modern medicine over the 
past century. Certain dietary patterns and specific foods are known to confer very significant protective effects for 
many human diseases, including cardiovascular disease, the number one killer of men and women in the developed 
world. However, identification of single or multiple bioactive molecules that are responsible for these effects has 
escaped scientists and nutritionists for many years. This review will highlight the biochemical, physiological, and 
epidemiological basis for functional nitric oxide nutrition that can be safely and effectively utilized in patients.

Bryan NS. Functional Nitric Oxide Nutrition to Combat Cardiovascular Disease. Curr Atheroscler Rep. 
2018;20(5):21. Published 2018 Mar 17. doi:10.1007/s11883-018-0723-0



COMBINED SUPPLEMENTATION OF PRE-EXERCISE 
CARBOHYDRATE, ALANINE, AND PROLINE AND CONTINUOUS 

INTAKE OF GREEN TEA CATECHINS EFFECTIVELY BOOST 
ENDURANCE PREFORMANCE IN MICE 

!Continuous intake of green tea catechins (GTC) increases fatty acid utilization as 
an energy source and improves endurance capacity. Conversely, the single pre-
exercise intake of maltodextrin (MD) as a carbohydrate source and the 
gluconeogenic amino acids alanine (Ala) and proline (Pro) effectively maintain 
blood glucose levels and increase endurance performance. In this study, we 
investigated the synergistic combinational effect of these interventions on 
endurance performance in mice. Male BALB/c mice were fed a 0.5% GTC diet or 
Control diet for 8 weeks. Maximum running time was measured every 2 weeks. MD 
(2 g/kg body weight (B.W.)), MD (1 g/kg B.W.) + AlaPro (9:1, 1 g/kg B.W.), and 
vehicle were orally administrated 60 mins before measurements in each diet group. 
The GTC + MD + AlaPro group showed significantly higher endurance performance 
than the Control-Vehicle group at all measurements. Indirect calorimetry analysis 
during running exercise at 4 weeks in the Control and GTC groups supplemented 
with pre-exercise MD + AlaPro administration revealed significantly higher fat 
oxidation in the GTC groups compared to the Control group. The combined 
increase in fatty acid utilization through continuous GTC intake and pre-exercise MD 
+ AlaPro carbohydrate energy supplementation synergistically improves endurance 
capacity.

Nutrients. 2018 Jul 19;10(7). pii: E925. doi: 10.3390/nu10070925.



Nitric oxide synthase inhibition and oxidative stress in 
cardiovascular diseases: possible therapeutic targets?

Nitric oxide (NO) is synthetized enzymatically from l-arginine (l-Arg) by three NO synthase 
isoforms, iNOS, eNOS and nNOS. The synthesis of NO is selectively inhibited by 
guanidino-substituted analogs of l-Arg or methylarginines such as asymmetric 
dimethylarginine (ADMA), which results from protein degradation in cells. Many disease 
states, including cardiovascular diseases and diabetes, are associated with increased 
plasma levels of ADMA. The N-terminal catalytic domain of these NOS isoforms binds 
the heme prosthetic group as well as the redox cofactor, tetrahydrobiopterin (BH(4)) 
associated with a regulatory protein, calmodulin (CaM). The enzymatic activity of NOS 
depends on substrate and cofactor availability. The importance of BH(4) as a critical 
regulator of eNOS function suggests that BH(4) may be a rational therapeutic target in 
vascular disease states. BH(4) oxidation appears to be a major contributor to vascular 
dysfunction associated with hypertension, ischemia/reperfusion injury, diabetes and 
other cardiovascular diseases as it leads to the increased formation of oxygen-derived 
radicals due to NOS uncoupling rather than NO. Accordingly, abnormalities in vascular 
NO production and transport result in endothelial dysfunction leading to various 
cardiovascular disorders. However, some disorders including a wide range of functions 
in the neuronal, immune and cardiovascular system were associated with the over-
production of NO. Inhibition of the enzyme should be a useful approach to treat these 
pathologies. Therefore, it appears that both a lack and excess of NO production in 
diseases can have various important pathological implications. In this context, NOS 
modulators (exogenous and endogenous) and their therapeutic effects are discussed.

Pharmacol Ther. 2013 Dec;140(3):239-57. doi: 10.1016/j.pharmthera.2013.07.004. Epub 2013 Jul 13.

https://www.ncbi.nlm.nih.gov/pubmed/23859953


Article Title: Molecular mechanisms relating to 
amino acid regulation of protein synthesis. 
Date & Journal:Nutr Res Rev. 2019 May 17

● Some amino acids (AA) act through several signalling pathways and mechanisms to mediate the 
control of gene expression at the translation level, and the regulation occurs, specifically, on the 
initiation and the signalling pathways for translation. The translation of mRNA to protein synthesis 
proceeds through the steps of initiation and elongation, and AA act as important feed-forward 
activators that are involved in many pathways, such as the sensing and the transportation of AA by 
cells, in these steps in many tissues of mammals. For the translation, phosphorylation of eukaryotic 
translation initiation factor 2α (eIF2α) is a critical molecule that controls the translation initiation and 
its functions can be regulated by some AA. Another control point in the mRNA binding step in the 
translation initiation is at the regulation by mammalian target of rapamycin, which requires a 
change of phosphorylation status of ribosomal protein S6. In fact, the change of phosphorylation 
status of ribosomal protein S6 might be involved in global protein synthesis. The present review 
summarises recent work on the molecular mechanisms of the regulation of protein synthesis by AA 
and highlights new findings.

https://www.ncbi.nlm.nih.gov/pubmed/?term=31097041


TITLE: FUNCTIONAL NITRIC OXIDE NUTRITION 
TO COMBAT CARDIOVASCULAR DISEASE

Purpose of review: To reveal the mechanisms of nitric oxide (NO) production in humans and how lifestyle, drug 
therapy, and hygienic practices can decrease NO production. Furthermore, to show how functional nitric oxide 
nutrition can overcome these limitations to restore endogenous NO production and combat cardiovascular disease. 

Recent findings: Research over the past decade has revealed that inorganic nitrate and nitrite found naturally in 
green leafy vegetables and other vegetables such as beets can provide the human body with a source of bioactive 
nitric oxide. NO is one of the most important molecules produced within the cardiovascular system that maintains 
normal blood pressure and prevents inflammation, immune dysfunction, and oxidative stress, hallmarks of 
cardiovascular disease. This pathway is dependent upon the amount of inorganic nitrate and nitrite in the foods we 
eat, the presence of oral nitrate-reducing bacteria, and sufficient stomach acid production. The concept of food 
being medicine and medicine being food has lost its place in the practice and implementation of modern medicine 
over the past century. Certain dietary patterns and specific foods are known to confer very significant protective 
effects for many human diseases, including cardiovascular disease, the number one killer of men and women in the 
developed world. However, identification of single or multiple bioactive molecules that are responsible for these 
effects has escaped scientists and nutritionists for many years. This review will highlight the biochemical, physiological, 
and epidemiological basis for functional nitric oxide nutrition that can be safely and effectively utilized in patients.

Bryan NS. Functional Nitric Oxide Nutrition to Combat Cardiovascular Disease. 
Curr Atheroscler Rep. 2018;20(5):21. Published 2018 Mar 17. doi:10.1007/
s11883-018-0723-0



ARTICLE TITLE: DIETARY BRANCHED-CHAIN AMINO ACIDS REGULATE FOOD INTAKE 
PARTLY THROUGH INTESTINAL AND HYPOTHALAMIC AMINO ACID RECEPTORS IN 

PIGLETS. 
DATE & JOURNAL: J AGRIC FOOD CHEM. 2019 MAY 28

! Strategies to increase feed intake is of great importance for producing more meat in swine 
production. Intestinal and hypothalamic amino acid receptors are found largely participated in feed 
intake regulation. The purpose of the current research was to study the function of branched-chain 
amino acids (BCAAs) supplementation in the regulation of feed intake through sensors which can 
detect amino acids in piglets. Twenty-four piglets were assigned to four treatments and fed to one of 
the experimental diets for either short period (Expt. 1) or long period (Expt. 2): normal protein diet (NP, 
20.04% CP), reduced-protein diet (RP, 17.05% CP), reduced-protein test diets supplemented with two 
doses of BCAAs (BCAA1, supplemented with 0.13% L-isoleucine, 0.09% L-leucine and 0.23% L-valine; 
BCAA2, supplemented with the 150% standardized ileal digestibility BCAAs requirement as 
recommended by the National Research Council (2012)). In Expt. 1, no differences were observed in 
feed intake among piglets fed with different diets (P > 0.05). In Expt. 2, when compared with the RP 
group, feed intake of piglets was significantly increased after sufficient BCAAs was supplemented in 
the BCAA1 group, which was associated with decreased cholecystokinin (CCK) secretion (P < 0.05), 
down-regulated expression of type 1 taste receptor 1/3 (T1R1/T1R3) in intestine, as well as increased 
expression of pro-opiomelanocortin (POMC) and activated general control nonderepressible 2 
(GCN2) and eukaryotic initiation factor 2α (eIF2α) in the hypothalamus (P < 0.05). However, feed 
intake was decreased when the piglets were fed with BCAAs over supplemented diet for unknown 
reasons. In conclusion, our study confirmed that BCAAs deficit diet inhibited feed intake through two 
potential ways: regulating amino acid T1R1/T1R3 receptor in the intestine and/or activating GCN2/
eIF2α pathways in the hypothalamus.

https://www.ncbi.nlm.nih.gov/pubmed/?term=31134808


FUNCTIONAL NITRIC OXIDE NUTRITION 
TO COMBAT CARDIOVASCULAR DISEASE

!Research over the past decade has revealed that inorganic nitrate and nitrite 
found naturally in green leafy vegetables and other vegetables such as beets can 
provide the human body with a source of bioactive nitric oxide. NO is one of the 
most important molecules produced within the cardiovascular system that 
maintains normal blood pressure and prevents inflammation, immune dysfunction, 
and oxidative stress, hallmarks of cardiovascular disease. This pathway is dependent 
upon the amount of inorganic nitrate and nitrite in the foods we eat, the presence 
of oral nitrate-reducing bacteria, and sufficient stomach acid production. The 
concept of food being medicine and medicine being food has lost its place in the 
practice and implementation of modern medicine over the past century. Certain 
dietary patterns and specific foods are known to confer very significant protective 
effects for many human diseases, including cardiovascular disease, the number one 
killer of men and women in the developed world. However, identification of single or 
multiple bioactive molecules that are responsible for these effects has escaped 
scientists and nutritionists for many years. This review will highlight the biochemical, 
physiological, and epidemiological basis for functional nitric oxide nutrition that can 
be safely and effectively utilized in patients.

Curr Atheroscler Rep. 2018 Mar 17;20(5):21. doi: 10.1007/
s11883-018-0723-0.



COMBINED SUPPLEMENTATION OF PRE-EXERCISE 
CARBOHYDRATE, ALANINE, AND PROLINE AND 

CONTINUOUS INTAKE OF GREEN TEA CATECHINS 
EFFECTIVELY BOOST ENDURANCE PREFORMANCE IN MICE 

!Continuous intake of green tea catechins (GTC) increases fatty acid utilization as an energy 
source and improves endurance capacity. Conversely, the single pre-exercise intake of 
maltodextrin (MD) as a carbohydrate source and the gluconeogenic amino acids alanine 
(Ala) and proline (Pro) effectively maintain blood glucose levels and increase endurance 
performance. In this study, we investigated the synergistic combinational effect of these 
interventions on endurance performance in mice. Male BALB/c mice were fed a 0.5% GTC diet 
or Control diet for 8 weeks. Maximum running time was measured every 2 weeks. MD (2 g/kg 
body weight (B.W.)), MD (1 g/kg B.W.) + AlaPro (9:1, 1 g/kg B.W.), and vehicle were orally 
administrated 60 mins before measurements in each diet group. The GTC + MD + AlaPro group 
showed significantly higher endurance performance than the Control-Vehicle group at all 
measurements. Indirect calorimetry analysis during running exercise at 4 weeks in the Control 
and GTC groups supplemented with pre-exercise MD + AlaPro administration revealed 
significantly higher fat oxidation in the GTC groups compared to the Control group. The 
combined increase in fatty acid utilization through continuous GTC intake and pre-exercise MD 
+ AlaPro carbohydrate energy supplementation synergistically improves endurance capacity.

Nutrients. 2018 Jul 19;10(7). pii: E925. doi: 10.3390/nu10070925.



NITRIC OXIDE SYNTHASE INHIBITION AND OXIDATIVE STRESS IN 
CARDIOVASCULAR DISEASES: POSSIBLE THERAPEUTIC TARGETS?

Nitric oxide (NO) is synthetized enzymatically from l-arginine (l-Arg) by three NO synthase isoforms, iNOS, 
eNOS and nNOS. The synthesis of NO is selectively inhibited by guanidino-substituted analogs of l-
Arg or methylarginines such as asymmetric dimethylarginine (ADMA), which results from protein 
degradation in cells. Many disease states, including cardiovascular diseases and diabetes, are 
associated with increased plasma levels of ADMA. The N-terminal catalytic domain of these NOS 
isoforms binds the heme prosthetic group as well as the redox cofactor, tetrahydrobiopterin (BH(4)) 
associated with a regulatory protein, calmodulin (CaM). The enzymatic activity of NOS depends on 
substrate and cofactor availability. The importance of BH(4) as a critical regulator of eNOS function 
suggests that BH(4) may be a rational therapeutic target in vascular disease states. BH(4) oxidation 
appears to be a major contributor to vascular dysfunction associated with hypertension, ischemia/
reperfusion injury, diabetes and other cardiovascular diseases as it leads to the increased formation of 
oxygen-derived radicals due to NOS uncoupling rather than NO. Accordingly, abnormalities in vascular 
NO production and transport result in endothelial dysfunction leading to various cardiovascular 
disorders. However, some disorders including a wide range of functions in the neuronal, immune and 
cardiovascular system were associated with the over-production of NO. Inhibition of the enzyme 
should be a useful approach to treat these pathologies. Therefore, it appears that both a lack and 
excess of NO production in diseases can have various important pathological implications. In this 
context, NOS modulators (exogenous and endogenous) and their therapeutic effects are discussed.

Pharmacol Ther. 2013 Dec;140(3):239-57. doi: 10.1016/j.pharmthera.
2013.07.004. Epub 2013 Jul 13.

https://www.ncbi.nlm.nih.gov/pubmed/23859953


HIGH ASYMMETRIC DIMETHYLARGININE, SYMMETRIC 
DIMETHYLARGININE AND L-ARGININE LEVELS IN MIGRAINE 

PATIENTS.
Experimental and clinical data strongly suggests that nitric oxide (NO) plays a pivotal role in 

migraine. This is also supported by studies of migraine induced by substances that release 
NO. NO is synthesized from L-arginine by endothelial NO synthase (NOS). Asymmetric 
dimethylarginine (ADMA) is the major endogenous competitive inhibitor of NOS. Symmetric 
dimethylarginine (SDMA) is an inactive stereoisomer of ADMA. It may reduce NO production 
by competing with arginine for cellular uptake. The aim of this study was to measure the 
levels of ADMA, SDMA and L-arginine in migraine patients during the interictal period. One 
hundred migraine patients and 100 healthy volunteers were recruited. The patients were in 
the interictal period and classified into two groups as having migraine with aura and migraine 
without aura. Their serum ADMA, SDMA and L-arginine levels were measured by high-
performance liquid chromatography (HPLC) method. ADMA, SDMA and L-arginine levels 
were significantly higher in migraine patients compared to the control group. But there was 
no difference between the patients with and without aura. These results suggest that NOS 
inhibitors and L-arginine/NO pathway plays an important role in migraine pathophysiology.

Neurol Sci. 2017 Jul;38(7):1287-1291. doi: 10.1007/s10072-017-2970-1. 
Epub 2017 Apr 28.

https://www.ncbi.nlm.nih.gov/pubmed/?term=28455769

