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Background. Recent studies have confirmed the essential and paramount role of the L-Citrulline 
on the nitric oxide regulation and the endothelial function improvement. 

Materials and Methods. In this cross-over clinical trial, thirty patients, diagnosed with 
coronary artery disease (CAD) and flow mediated dilation to nitroglycerin dependent vasodilation 
(FMD/NMD) ratio less than 1, were included. The patients were randomly divided into two groups of 
15 patients and underwent treatment by L-Citrulline or placebo for 15 days, in 2 step protocol. The 
indicators of assessment in the current study were the ratio of the FMD/NMD and FMD value. 

Results. In the current cross-over clinical trial, the mean of FMD to NMD ratio and mean 
FMD value of all patients before starting the protocol were 0.91 ± 0.08 and 4.04 ± 0.51 mm, 
respectively. The final results of study showed that following L-Citrulline administration, mean FMD 
to NMD ratio and mean FMD value were enhanced to: 1.03 ± 0.09 and 4.96 ± 0.72 mm, respectively, 
which were statistically significant (P<0.001 and P<0.001, respectively). However, following placebo 
administration, mean FMD to NMD ratio and mean FMD value were receded to: 0.92 ± 0.09 and 4.06 ± 
0.22 mm, respectively, which were not statistically significant (P = 0.75 and P = 0.89, respectively). 
Moreover, the improvement of mean FMD to NMD ratio (0.12 ± 0.02) and mean FMD value (0.92 ± 
0.16 mm), following L-Citrulline administration, were statistically significant in comparison with the 
change of mean FMD to NMD ratio (0.01 ± 0.002) and mean FMD value (0.02 ± 0.003), following 
placebo administration (P<0.001 and P<0.001, respectively). 

Conclusion. L-Citrulline treatment can lead to improvement of the endothelial function in 
patients diagnosed with CAD which are assessed via FMD to NMD ratio FMD value enhancements. 
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INTRODUCTION 

L-Citrulline functions as a metabolic mediator 
in the urea cycle [1-3]. Recent studies have in-
dicated its effective role in the nitric oxide regulation 
[4]. Production of nitric oxide by endothelial cells 
is essential for the normal function of endothelium 
and depends on the L-Arginine substrate. Endothelial 
dysfunction is considered as the key factor in the 
disability and mortality caused by cardiovascular 
diseases. Endothelial dysfunction, as a disorder of 
endothelial relaxation, interferes with the nitric 
oxide accessibility and activity [5, 6]. 

L-Citrulline functions as an imperative factor 
in the nitric oxide production through trans-
formation into the L-Arginine. Unlike the L-Arginine, 
L-Citrulline bypasses liver metabolism and is not 
considered as a substrate for Arginase [7, 8].  
L-Citrulline administration has a stimulating role in 
the L-Arginine production. Various studies indicate 

that L-Citrulline proper function can be more 
effective than the prescription of the L-Arginine 
itself. L-Citrulline, as compared with L-Arginine in 
equal doses, is able to provide more L-Arginine 
plasma level. This difference is a result of lack of 
L-Citrulline absorption in the liver and intestinal 
organs. Several studies have indicated that oral 
consumption of L-Citrulline could increase the 
expression of nitric oxide synthetase (NOS) enzyme 
that has a significant role in nitric oxide production 
[9-12]. 

In this crossover clinical study, the efficacy 
of L-Citrulline oral consumption on endothelial 
function and vasodilation was assessed. 

MATERIALS AND METHODS 

This randomized clinical study was conducted 
on 70 patients with known CAD that was defined 
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as significant stenosis (>50%) in at least one of 
major epicardial arteries. A written informed 
consent was taken from all participants and the 
institutional review board approved the trial 
(Clinical trial number: NCT02638727). 

The patient’s condition was evaluated by an 
experienced radiologist via the ultrasound machine 
equipped with the vascular software according to 
the guidelines for the assessment of the FMD. The 
patients rested for 10 minutes in a calm room that 
had an appropriate temperature (22-25ºC). They 
avoid the exercise, consumption of fatty foods, 
tobacco, coffee, vitamin C and sympathetic 
stimulant drugs for 8-12 hours before the ultra-
sonography. After resting for 10 minutes, the 
brachial artery diameter in the antecubital area was 
measured by the ultrasound and was recorded. 
Then blood pressure cuff was attached on the arm 
and dilated 50 mmHg above the systolic pressure 
and, remained at the same level for 5 minutes to 
induce ischemia at distal of the upper extremity 
until the occurrence of compensatory vasodilation. 
After 5 minutes the cuff was deflated, and one 
minute after deflation of the cuff for the second 
time, the brachial artery diameter (as an estimation 
of FMD) was measured and recorded. Then the 
 

patient rested for 10 minutes and then 2 puffs of 
nitroglycerin spray were introduced sublingually;  
4 minutes later, the brachial artery diameter was 
measured (as an estimation of NMD). Finally, the 
FMD to NMD ratio was calculated; Patients who 
had FMD to NMD ratio less than 1 were included 
in the study. 40 patients were excluded because 
their FMD to NMD ratio was 1 or more. Then the 
remained 30 patients were divided into two equal 
groups by simple randomization with computer-
generated random allocation sequence. One group 
was treated with L-Citrulline for 15 days and the 
other group with placebo with the same duration; at 
the end of this period, the patients underwent the 
ultrasonography again and the above assessments 
were done and compared with the data obtained 
before starting the therapeutic period. Then the 
patients in both groups were kept from receiving  
L-Citrulline or placebo for 15 days [13]; After  
15 days, the crossover was performed as the last 
step of clinical study; The patients who had been 
treated with L-Citrulline in the first stage were 
given placebo for 15 days, and the patients who 
had received placebo, received L-Citrulline for  
15 days. At the end of 15 days the evaluation was 
performed again through ultrasonography and with 
a similar method as in the previous step (Figure 1). 

 
Figure 1. Patient allocation. 

Quantitative variables were shown as mean ± 
SD and for the qualitative variables as percentage. 
The Chi-Square test was used for the qualitative 

variables and paired T-Test was used for the 
analysis of the dependent quantitative variables. 
For independent quantitative variables, we used 
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independent sample T-Test. For statistical analysis 
of the data, the SPSS software (version 19) was 
used. A P-value less than 0.05 was considered 
statistically significant. 

RESULTS 

The demographic characteristics and prevalence 
of the cardiovascular risk factors of all 30 included 
patients are provided in Table 1. The patients were 
categorized in 2 groups (each group contained 15 
cases), via computer randomization. The mean of 
FMD to NMD ratio and mean FMD value of all 
patients before starting the protocol were 0.91 ± 
0.08 and 4.04 ± 0.51 mm, respectively. The final 
results of study showed that, following L-Citrulline 
administration, mean FMD to NMD ratio and mean 
FMD value were enhanced to: 1.03 ± 0.09 and 4.96 ± 
0.72 mm, respectively, which were statistically 
significant (P<0.001 and P<0.001, respectively). 
However, following placebo administration, mean 
FMD to NMD ratio and mean FMD value were 

receded to: 0.92 ± 0.09 and 4.06 ± 0.22 mm, 
respectively, which were not statistically significant 
(P = 0.75 and P = 0.89, respectively). Moreover, 
the improvement of mean FMD to NMD ratio (0.12 ± 
0.02) and mean FMD value (0.92 ± 0.16 mm), 
following L-Citrulline administration, were statistically 
significant in comparison with the change of mean 
FMD to NMD ratio (0.01 ± 0.002) and mean FMD 
value (0.02 ± 0.003), following placebo administration 
on (P<0.001 and P<0.001, respectively). 

Table 1 
Demographic characteristics and prevalence  

of the cardiovascular risk factors of all randomized patients 

Characteristics N (%), Mean (SD) 
Gender (Male) 18(60.0) 
Age 56.52 ± 8.44 
Hypertension 17(56.67) 
Hyperlipidemia 15 (50.0) 
Smoking 16 (53.3) 
Family history of CAD 12 (40.0) 
Diabetes 14(46.67) 
Obesity 5(16.67) 

Abbreviation: CAD: Coronary artery disease. 

Table 2 
Mean FMD value and FMD/NMD ratio at baseline, after L-Citrulline and placebo administration 

 Baseline 
After 

L-Citrulline 
administration 

Change from 
baseline with L-

Citrulline 
P value* After Placebo 

administration 

Change from 
baseline with 

Placebo 
P value$ P value& 

Mean FMD value(mm) 4.04 ± 0.51 4.96 ± 0.72 0.92 ± 0.16 P<0.001 4.06 ± 0.22 0.02 ± 0.003 0.89 <0.001 
Mean FMD/NMD ratio 0.91 ± 0.08 1.03 ± 0.09 0.12 ± 0.02 P<0.001 0.92 ± 0.09 0.01 ± 0.002 0.75 <0.001 

*P value for “Baseline” vs “L-Citrulline” 
$P value for “Baseline” vs “placebo”  
&P value for “L-Citrulline” vs “Placebo” 

DISCUSSION 

The present study aimed to assess the role of 
the L-Citrulline treatment on vascular endothelial 
function, based on FMD to NMD ratio. Few studies 
have addressed the issue of the effect of this 
medication on the vascular endothelial function and 
almost all of these studies emphasize on the high 
efficacy of this medication on the vascular endo-
thelial function. This study, however, uses a cross-
over clinical study in order to compare medication 
efficacy with the placebo; therefore, the effect of 
confounding factors was eliminated. Two groups 
including fifteen patients were assessed and the 
medication effect on the FMD to the NMD ratio 
was evaluated. As the final point, the results indicated 
that the L-Citrulline prescription significantly 
improved vascular endothelial function as well as 
the FMD to NMD ratio. Whereas the two groups of 
the study equalized with each other, this pharma-

ceutical effect could not be influenced by background 
factors including the demographic and coronary 
risk factors. 

A review of the previous studies indicates on 
the helpful effect of L-Citrulline on the endothelial 
function. In one study in 2010 in Mexico, the  
L-Arginine and the L-Citrulline effect on the vascular 
endothelial function was assessed in patients with 
diastolic heart failure. 30 patients underwent photo-
plethysmography via hyperemic techniques. The 
finger flow indicators at the basic time and also 
after ischemia for 30 seconds were measured by the 
MAT, total time of the TT curve and the MAT to 
TT ratio before and after prescription of 8 grams of 
L-Arginine per day, or 3 grams of L-Citrulline per 
day for 60 days. 

The two groups were identical in terms of the 
basic characteristics. After performing of the 
intervention, the MAT to TT indicator was con-
siderably decreased in comparison with the basic 
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time; in manner that in L-Arginine group reduced 
from 38.75 to 23.32 and in the group under 
treatment of L-Citrulline reduced from 41.40 to 
23.65. 

Therefore, both of these two medications 
accompanied with improvement of the endothelial 
function via making balance in in the MAT to TT 
ratio [14]. In our study L-Citrulline prescription 
significantly improved vascular endothelial 
function as well as the FMD to NMD ratio. 

In another investigation, conducted in 2012 in 
Mexico, the effects of the L-Citrulline on the 
functional class, the left ventricle ejection fraction 
(LVEF) and peripheral vascular flow in patients 
suffering from the systolic heart failure, were 
assessed. 37 patients underwent clinical assessment 
including the radioisotope, ventriculography and 
photo-plethysmography before and 4 months after 
the treatment. The patients were divided into two 
groups including: one group under treatment with 
L-Citrulline (3 grams per day) and the other the 
control group was treated with placebo. In the  
L-Citrulline, LVEF accompanied with 20.3% 
increase at the rest time and 12.7% increase at the 
stress time. In addition, right ventricle ejection 
fraction (RVEF) revealed 15.1% increase at the rest 
time and 14.8% increase at the stress time. The 
functional class was improved at a rate of 35% and 
the MAT to TT ratio also decreased at a rate of 
23/1%. These changes were not observed in the 
control group [15]. 

Another investigation, in animal model, 
evaluated L-Citrulline and D-Citrulline effect on 
the cardiac function. In this study, the selected 
animal underwent 20 minutes of ischemia and  
40 minutes of reperfusion. The reperfused hearts with 
L-Citrulline or the D-Citrulline showed improvement 
in left ventricular pressure and volume [16]. 

In another study in 2010, treatment with  
L-Arginine and L-Citrulline revealed significant 
improvement in right ventricular ejection fraction 
and considerable decrease in pulmonary arterial 
pressure in comparison to the control group [17]. 

It is inevitable that the number of the patients 
that enrolled in our study was relatively small. Our 
study is a pilot study that showed remarkable im-
provement in endothelial function that was assessed 
by FMD/NMD ratio and FMD value in patients 
with known CAD. Future studies with large sample 
size are recommended to uncover detailed benefits 
of L-Citrulline on endothelial function. As another 
limitation, we had limited financial resources for 
developing our study to a large population. 

CONCLUSION 

L-Citrulline treatment can lead to significant 
improvement of the endothelial function in patients 
diagnosed with CAD which are assessed via FMD 
to NMD ratio and FMD value enhancements. 
Conflict of interest. The authors declare no conflict of interest. 

 
 
Introducere. Studii recente au confirmat rolul esenţial al L-citrulinei pin 

reglarea nivelurilor oxidului nitric şi a îmbunătăţirii funcţiei endoteliale. 
Materiale şi Metode. A fost realizat un studiu clinic randomizat cross-over în 

care au fost incluşi 30 de pacienţi diagnosticaţi cu boală coronariană ischemică 
(BCI) şi raport FND/NMD mai mic de 1. Pacienţii au fost randomizaţi în 2 grupuri 
de 15 pacienţi şi au primit tratament cu L-citrulină sau placebo într-un protocol ce 
a avut 2 paşi. Valorile analizate au fost valoarea FMD şi a raportului FMD/NMD. 

Rezultate. În acest studiu cross-over, media FMD/NMD şi a FMD a fost de 
0.91 ± 0.08 şi respectiv 4.04 ± 0.51 mm la pacienţii înrolaţi înainte de a fi iniţiat 
protocolul. Rezultatele finale arată că după administrarea L-citrulinei media 
raportului FMD/NMD precum şi media FMD au fost îmbunătăţite la 1.03 ± 0.09 şi 
respectiv 4.96 ± 0.72 mm (p<0.001). După administrarea placebo valorile acestea 
au scăzut din nou la valorile similare înaintea iniţierii studiului 0.92 ± 0.09 şi 
respectiv 4.06 ± 0.22 mm, (p = 0.75 şi p = 0.89). Mai mult, îmbunătăţirea după 
administrarea L-citrulinei a FMD/NMD (0.12 ± 0.02) şi valoarea medie a FMD 
(0.92 ± 0.16 mm) au fost semnificative comparativ cu modificările acestor 
parametri după administrarea placebo (FMD/NMD 0.01 ± 0.002, respectiv 0.02 ± 
0.003 pentru FMD, p<0.001).  
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Concluzii. Tratamentul cu L-citrulină poate duce la îmbunătăţirea funcţiei 
endoteliale la pacienţii diagnosticaţi cu BCI şi care sunt evaluaţi folosind 
parametrii FMD şi raportul FMD/NMD.  
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