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Abstract

Objectives: The objective of this study was to evaluate the follow-up of hypertensive patients with or without
associated cardiovascular risk factors in western Algeria. And to establish a biological and epidemiological profile.

Methods: This is a descriptive cross-sectional study. Two hundred patients aged 40 years and over followed up for the
HBP were collected among the population of patients seen in consultation at the hospital of Mascara and Saida
(two cities in western Algeria) from November 15, 2017 to February 15. The questionnaire, anthropometric
parameters, biological assessments and treatments were noted.

Results: Among the 200 hypertensive subjects recorded, 60% were women and 40% men. The participants had been
hypertensive for an average of 10 years. There were more men with diabetes than women: 71.25% vs. 65% for women.
About a third of them were type 1 (30% of men and 12.5% of women, p=0.228). Both sexes were almost equally
represented, with regard to dyslipidemia: 57.5% of women vs. 60% of men.

Conclusion: High blood pressure is a disease that is progressing rapidly in Algeria. The risk factors associated with
hypertension are: Age, BMI, diabetes and dyslipidemia... These data confirm the importance of this pathology in terms
of public health.

Keywords: Monitoring; Hypertension; Diabetes; Risk factors

1. Introduction

High blood pressure has been identified as the risk factor with the greatest impact on mortality and disability worldwide
[1] The incidence of hypertension is increasing due to the current nutritional transition, sedentary lifestyles, excessive
body weight and other modifiable risk factors [2]. According to the American College of Cardiology report, the
prevalence of hypertension worldwide has increased from 600 million people in 1980 to 1 billion in 2008 [3]. In Africa,
the prevalence of hypertension is highest, reaching 46% of adults [4]. In Morocco, the overall prevalence of hypertension
is 33.6% among the population over 20 years of age [5]. In Algeria, like the other Maghreb countries, 35% of the
population aged over 18 suffer from hypertension and more than 50% of the patients are unaware that they are
hypertensive [6]. Risk factors for increasing the prevalence of hypertension include population growth, ageing and
easily modifiable risk behaviors such as poor diet, harmful use of alcohol, smoking, lack of physical activity,
overweight/obesity and stress [7], [8]. In the context of an epidemiological transition marked by the increase in chronic
diseases and longer life expectancy. The ageing of the population and rapid urbanization are the two levers that are
accelerating this pandemic, especially in urban areas [4]. The main objective of this work is to evaluate the monitoring
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of hypertension and its associated cardiovascular risk factors in patients aged 40 years and over in the population of
patients seen in hospital consultations.

2. Patients and methods

This descriptive cross-sectional study was carried out in the municipalities of Mascara and Saida (western Algeria) from
15 November 2017 to 15 February 2018.

The recruitment of patients was done at the hospitals of both cities (SAIDA and MASCARA), in accordance with the
inclusion criteria.

2.1. Inclusion criteria

Patients aged 40 years and over for both sexes, known hypertensive and treated with the same therapy for atleast three
months, presence or not of one or more associated cardiovascular risk factors (diabetes or dyslipidemia treated...).

2.2. Non-inclusion criteria

Patients with edemas (regardless of their origin, e.g. in case of oncotic pressure lowering: during cirrhosis, in case of
malnutrition in the context of kwashiorkor, in the course of nephritic syndrome due to renal protein loss, dialysis
patients), patients with ascites, patients who have undergone surgery within the last 12 months.

A questionnaire containing the main information about the patient (surname, first name, age, sex, weight, height,
history, treatment) was administered to each patient.

The weight was measured using an electronic scale (NEC France). The scale was sufficiently large, stable and
appropriate for the person to stand on. Regular calibration of the balance was necessary, and the accuracy was + 50 g.
The balance was calibrated regularly. The height was measured in a vertical position, without shoes and heels with a
height gauge. The BMI was calculated as the weight (kg) divided by the square of the waist.

The haemogram was performed on the automatic hematology machine "MINDRAY BC-30s". The biochemical
examinations were carried out on the automatic biochemistry machine "MINDRAY BS-330". The systolic (PAS) and
diastolic (PAD) arterial pressures were measured during the tenth minute in a sitting position using a cuff adapted to
the size of the arm "Aneroid Pic Sphygmomanometer”. The blood pressure and heart rate values used in this study are
based on the average of the three measurements. The study protocol was validated by the local ethics committee.
Patient consent was obtained prior to inclusion.

2.3 Statistical analysis

The statistical analysis was carried out on the Epi info version 7 software. The results are presented in absolute values
and in percentages for the qualitative variables and by a measure of central tendency and a measure of dispersion for
the quantitative variables (the mean when the distributions were normal and the median when the distributions did
not follow a normal law). Comparisons between the qualitative variables were made using the chi-square and
comparisons between quantitative variables were made using the test of Student. In order to standardize the
interpretations of the association measures, we used the prevalence ratio. In cross-sectional studies, the prevalence
ratio should be encouraged as it is easier to interpret and more appropriate than the Odds Ratio [9]. The significance
threshold is set at P=0.05.

3. Results

The survey enrolled 200 participants in the communes of Mascara and Saida (western Algeria). With no significant
difference between men and women (p= 0.238) the median age of the sample is very close to the average age, (66 *
9.74), and is 66 years old. The M/F sex ratio is 0.66 in favor of a female majority. The results are presented in Table 1:

<]
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Table 1 Characteristics of the study population

Men Women IC95 % P-Value
(n=80) (n=120)
Age (years, mean #* standard | 67.21 #9.51 65.55 +9.87 [1.11-4.43] 0.238
deviation)
BMI (Kg / m2) 26.09 +2.96 29.42 +4.44 [4.44-2.21] 0.0001
Waist/Hip circumference 0.94 £ 0.09 0.96 +0.03 [0.003-0.007] 0.223
Brachial circumference (cm) 38.40 +3.78 36.73 +4.02 [0.549-2.785] 0.004
Calf circumference (cm) 36.97 +4.87 39.05 + 6.86 [3.83-0.333] 0.02
SBP (mm Hg) 138.69 +19.97 134.86+20.62 [1.97-9.63] 0.194
DBP (mm Hg) 77.64+12.71 75.77£13.25 [1.84-5.58] 0.321
No Diabetics 23 (28.75%) 42 (35%) [0.007-0.187] 0.062
Diabetics 57 (71.25%) 78 (65%) [0.223-0.48] 0.362
N 80 120
Type 2 diabetes 33 (41.25%) 63 (52.5%) [0.101-0.2] 0.0053
Type 1 diabetes 24 (30%) 15 (12.5%) [0.007-0.376] 0.228
N 57 78

About one-quarter of our sample (25.5%) is below the first quartile (58 years), one-quarter is above the third quartile
(73 years). Half of the subjects have an age between 58 and 73, corresponding to the interquartile range.

3.1. Anthropometric parameters

The average BMI for men is 26.09 + 2.96. A BMI higher than 32.92 01 was found in 25% of men. However, only 3.75 %
(03 with a BMI = 24.09 below the median BMI (which is equal to the average BMI). The BMI extends over about 14
points between BMI Min = 18.99 and BMI Max = 32.92. The average BMI of women is 29.42+ 4.44 higher than that of
men. A BMI greater than 32.88 was found in 25% of women. However, only 1.66% of women had a BMI = 29.37 lower
than the average BMI. The BMI of women is about 20 points between BMI Min = 19.81 and BMI Max = 39.84. There are
four times as many hypertensive women with a BMI greater than 25 compared to hypertensive men. PR =4.2174, 95%
Cl = [2.243, 7.929] with a significant difference (p=0.0001). Another anthropometric parameter is used to evaluate the
accumulation of fat on the body, and in particular on the abdomen, which can favor cardiovascular diseases. This is the
ratio: Waist / Hip circumference. The average Waist / Hip circumference ratio in men is 0.94 * 0.09, it varies very little
(CV=10.01) but is very sensitive. The Waist / Hip circumference min ratio is 0.10 whereas the Waist / Hip circumference
max ratio is 0.98. The average Waist / Hip circumference ratio for women is not significantly different from that of men
(p=0.223), it is 0.96 * 0.03, varying only slightly (CV= 0.03). The Waist / Hip circumference min ratio is 0.91 while the
Waist / Hip circumference max ratio is 1.25. Other simple and low-cost anthropometric measures, such as arm or calf
circumference, which allow the assessment of muscle mass, could allow easier monitoring of patients. The average BC
average and CC average for men are 38.40 and 36.97 cm respectively. A significant difference was noted between the
two sexes, concerning these two parameters (BC: p=0.004, CC: p=0.02).

3.2. High blood pressure

The patients in our sample had been hypertensive for an average of 10 years, some had been hypertensive for at least 1
year, while others had been hypertensive for almost 15 years (13 years at Max). Almost half (45%) of them had had
high blood pressure for 5 to 10 years. More women had been hypertensive for more than 10 years than men (37.5% of
women and 31.25% of men). The risk of developing hypertension earlier in life was higher among women than men:
0.833,95% CI=[0.559, 1.241]. The mean SBP was 138.69 +19.97 mm Hg for men and 134.86+20.62 mm Hg for women
The mean DBP was 77.64+12.71 mm Hg for men and 75.77+13.25 mm Hg for women, with a homogeneous distribution
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within the sample (CV.SBP = 0.14, CV.DBP = 0.17) and no significant difference (p=0.194 for SBP, p=0.321 for DBP).
Furthermore, it seems that the changes in SBP were significantly related to DBP (p=0.0001) and that neither of the two
values seems to change positively or negatively in isolation.

3.3. Diabetes

67.5% of hypertensive patients were also diabetic, only a third of them were hypertensive without diabetes. The
prevalence of diabetes was almost the same for both sexes PR = 1.33, 95% CI = [0.7233, 2.4620], 71.25 for men % vs.
65% for women (p=0.362) Among the hypertensive diabetic patients in our sample, about one third were type 1 (30%
in men and 12.5% in women, p=0.228).

Table 2 Patients' biological assessment

Variables Men Women ICa9s5 % P-Value
M +SD M +SD
Blood glucose (g/1) 1.47 £0.71 1.46 £ 0.70 [0.197-0.206] 0.967
Urea (g/1) 0.43 +0.20 0.39+0.23 [0.022-0.101] 0.211
Creatinemia (mg/1) 12.47 £+791 11.24 +£4.73 [0.723-3.178] 0.215
Total cholesterol (g/1) 1.75 £0.50 1.71 £ 0.50 [0.104-0.182] 0.589
LDL cholesterol (g/1) 1.07 £ 0.41 1.05+0.38 [0.088-0.141] 0.645
HDL cholesterol (g/1) 0.47 +0.16 0.45+0.17 [0.027-0.068] 0.391
TG (g/1) 1.17 £ 0.67 1.22 +£0.52 [0.134-0.219] 0.633

3.4. Lipid Balance

The mean total cholesterol value was 1.75 + 0.50 for men and 1.71 * 0.50 for women, with no significant difference p=
0.589. A close analysis of the different cholesterol fractions shows that the percentage of men with HDL - Low
Cholesterol (below 0.40) is much lower than that of women, the values being 30% and 43.33% respectively. While the
average values are 0.47 * 0.16 g/l for men and 0.45 + 0.17 g/I for women without any significant difference (p=0.391).
As far as LDL cholesterol is concerned, a level above 1.60 g/ also represents a cardiovascular risk factor, men and
women were found to have similar percentages (15% and 14%). The mean values were 1.07 + 0.41 g/l and 1.05 + 0.38
g/l for men and women respectively, showing no significant difference (p= 0.645). Finally, about 68.5 % have a TG rate
of less than 1.50 g/1. This trend is confirmed by the average TG rate value of our sample which is 1.2470 + 0.5876 and a
very high variability of the distribution (C.V=47.12 %). Of the remaining 31.5 %, 20.5 % have TG rates between 1.5 g/I
and 2 g/, and only 11 % have a rate higher than 2 g/1. These percentages, which refer to the entire sample, show that
men and women are equally high in terms of triglyceride elevation. The average values are 1.17 + 0.67 g/ for men and
1.22 + 0.52 g/1 for women, with no significant difference (p= 0.633). Both sexes were almost equally represented in
terms of dyslipidemia: The prevalence of dyslipidemia was the same for both sexes (57.5% for women vs. 60% for men).
PR =1.108,1C95% = [0.6236, 1.9711].

3.5. Renal assessment

The average value of urea in our sample is: 0.40 * 0.22, it varies between a minimum of: 0.22 g/l and a maximum of :
1.41 g/1. It varies little between the different profiles of hypertensive patients (p= 0.211). For men, the average value is
0.43 + 0.20 g/], for women it is 0.39 * 0.23 g/1. The value of 0.25 g/1 was the most common (in 15% of hypertensive
patients). The average creatinemia of our population is : 11,735 % 6,2. It varies between a minimum of 3.8 mg/l and a
maximum of 62.5 mg/l, which represents an extreme value, with little significance on the distribution of our sample (p=
0.215). 12.47 * 7.91 mg/l for men and 11.24 * 4.73 for women. The modal value is 12 mg/l present in 11% of
hypertensive patients. Among the patients, 5%). are known as renal insufficiency.

3.6. Treatment of high blood pressure

Although 27.5% of men were treated with antihypertensive monotherapy and 30.83% of women were on fixed
combination therapy, there were no significant differences between the different therapies used (Table 3). All classes
and combinations of antihypertensive drugs were represented.
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Table 3 Treatment of hypertension

Variables Men Women IC 95 P-value
Monotherapy 22 (27.5%) | 26 (21.67%) [11.98-13.31] | 0.909
Fixed Bitherapy | 20 (25 %) 37 (30.83%) [12.79-18.45] | 0.695
Free Bitherapy 12 (15%) 16 (13.33%) [6.76-8.09] 0.845
Tri therapy 21 (26 %) 31 (25.83%) [12.24-15.57] | 0.795
Quadri therapy 5 (6.5%) 9 (7.50%) [3.16-4.49] 0.706
Penta therapy 0 1 (0.83%)

N 80 120

4. Discussion

As part of the epidemiological transition in North Africa,), an international, multicenter and cross-sectional study
carried out in Algeria, Tunisia and Morocco, showed a total prevalence of hypertension was 45.4% [10]

The prospective and observational cross-sectional study of patients with hypertension reveals interesting
epidemiological and clinical clues:

The risk factors determined in this study were consistent with those reported in the literature. Compared to many
studies, hypertension was associated with: Blood pressure figures (SBP, DBP), age, BM], diabetes, dyslipidemia.

The average age in our sample was 66.215 years. Recent data on hypertension indicate that 70% of older people have
hypertension, compared to only 32% of adults aged 40 to 59 [11]. Another study (FLASH) confirms that the frequency
increases with age, from 40% for those under 55 to 70% for subjects over 75 years [12]. Also, according to the TAHINA
survey in Algeria, the frequency of hypertension increases significantly with age, going from 2.81% in subjects aged 35
to 39 to 33.56% in subjects aged 65 to 70 [13].

In our study, women are predominant with a percentage of 60%. Studies have suggested that the prevalence of
hypertension is higher in women [14]. This difference was also reported in the cross-sectional survey of the SFMG [15]
and the TAHINA study [13]. Women are more inclined to have hypertension than men [16, 17]. According to a study by
the French Committee for the Fight against Arterial Hypertension, 22% of women, or 6 million of them, are treated for
high blood pressure [18]

In our study, the risk of developing hypertension rather later in life was higher in women than in men PR: 0.833, 95%
CI=[0.559, 1.241]. The mean SBP was 138.69 + 19.97 mm Hg for men and 134.86 + 20.62 mm Hg for women The mean
DBP was 77.64 + 12.71 mm Hg for men and 75.77 * 13.25 mm Hg for women, with a homogeneous distribution within
the sample (CV.SBP = 0.14, CV.DBP = 0.17) and no significant difference (p = 0.194 for SBP, p = 0.321 for DBP). Since
2018, the ACC / AHA [19] has recommended values below 130/80 mmHg as a therapeutic target for all hypertensive
patients. This recommendation is classified in class I and therefore mandatory, for patients at high cardiovascular risk
(proven cardiovascular disease or risk of a predicted cardiovascular event greater than 10% at 10 years) and reasonable
(class II b recommendation) for those at low risk. The results of the SPRINT trial [20], demonstrating a net benefit in
patients randomized to a lower BP target, were of great influence.

In this study, the mean BMI was noted to be 26.09 * 2.96 in men and 29.42 * 4.44 in women. KAZADI has found that an
obese subject has a 4.2 times probability of developing hypertension than a non-obese subject [21]. A significant
association was also observed for BMI even after adjusting for other covariates, suggesting that overweight and obesity
per se may lead to the development of hypertension and play a central role in its pathogenesis [22]. The Longevity
Check-Up 7+ study reported that body mass index is strongly associated with hypertension [23]

In our series, 67.5% of hypertensive patients were also diabetic, emphasizing the importance of screening for
hypertension once diabetes was diagnosed and vice versa. Versa. This result was close to that of the PROCAM study
which estimated the prevalence of hypertension (SBP> 160mmbhg) in diabetics at more than 50% [24]. In the UKPDS
study, 39% of type 2 diabetics had hypertension (SBP> 160 / 90mmHg) [25]. Recently, numerous studies have also




Chapitre 1

World Journal of Biology Pharmacy and Health Sciences, 2020, 04(01), 059-066

indicated that diabetes has emerged as a surprisingly common correlate with hypertension [26], [27]. On the other
hand, epidemiological studies have shown a strong correlation between serum lipid levels and the risk of atherosclerotic
cardiovascular disease. Dyslipidemias are common in patients with hypertension [28]. It was also noted that 58.5% of
patients present with dyslipidemia. 20.83% of women and 27.5% of men have a total cholesterol level greater than 2g
/ L, thus 43.33% of women and 30% of men have an HDL-cholesterol level below 0.4g / L. High blood levels of total
cholesterol and low of HDL cholesterol are thought to be associated with a significant increase in the risk of arterial
hypertension [29]. Dyslipidemia associated with hypertension increases the risk of coronary heart disease [30]. Finally,
around 27.5% of patients were on fixed dual therapy and (25%) on open dual therapy.

In the current version of the US and European guidelines, combination therapy has become the preferred option for
initiating treatment for the majority of patients. In the ACC / AHA guidelines [19], this is the recommended option for
patients with stage 2 hypertension (values greater than 140/90 mmHg). In the ESC / ESH recommendations [31], this
is the preferred option for most patients, excluding frail and elderly patients, or those with grade 1 hypertension and
low cardiovascular risk.

5. Recommendations

To improve the monitoring of arterial hypertension, one of the avenues would be to set up regular consultations apart
from those dedicated to screening, to increase awareness campaigns on the topic of cardiovascular risk and to insist on
the training of the various actors working with of the hypertensive person in order to develop a “hypertension
monitoring network”. A network that involves doctors, pharmacists, and patients.

6. Abbreviations

ARAII: Angiotensin Il receptor antagonist; CVA: Cerebrovascular accident; BB: Beta-blocker C.V: Coefficient of variation;
BC: Brachial circumference; CC: Calf circumference; HBP : High Blood Pressure; HDL: High Density lipoprotein;
LDL: Low Density lipoprotein; DBP: Diastolic blood pressure; SBP: Systolic blood pressure; PR: Prevalence ratio; TG:
Triglycerides; HC: Hip circumference; WC: Waist circumference; WHO-ISH: World Health organization-international
society of hypertension

7. Conclusion

Hypertensive subjects do not constitute a homogeneous group of patients. In the population of this region, the risk
factors associated with hypertension are: Age, BMI, diabetes, dyslipidemia. The survey shows that the cardiovascular
risk is much greater in hypertensive patients; the latter is probably sometimes underestimated. Recognizing the
trajectory of hypertension, in particular through continuous monitoring, is essential in order to choose the best

therapeutic objectives.
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Chapitre 2 : Troubles hématologiques au cours de I'hypertension essentielle
hypertension

Introduction

L'hypertension artérielle est un probleme majeur de santé publique. Outre les facteurs
traditionnels, il existe un certain nombre de différends dans diverses études concernant la
variabilité des parametres hématologiques chez les patients souffrant d’hypertension et les
sujets normotendus (Babu, Solepure et al. 2015) , (AL-Hamdani 2010) , (Jadeja, Jadeja et al.
2011) . La situation pronostique de I'hypertension est étroitement liée a la modification des
parametres hématologiques. A notre connaissance, peu de données sont disponibles dans la
littérature. A cet égard, la prédiction et I'identification de I'nypertension prennent une part
importante dans la pratique clinique. Conformément a cette idée, une analyse de régression
logistique a été utilisée pour étudier les relations entre les paramétres hématologiques et
I'nypertension.

Méthodes

Une étude épidémiologique, multicentrique et cas-témoins de la pathogenése de
I'nypertension essentielle a été réalisée dans l'ouest de I'Algérie, entre le ler septembre 2017
et le 31 janvier 2018. Les patients hypertendus (215) ont été invités a participer a cette étude.
330 témoins normotendus ont été sélectionnés au hasard, appariés par age et sexe. Des
échantillons biologiques avec les données suivantes sont également collectés auprés des
patients: nombre de globules rouges, taux d'hémoglobine, hématocrite, MCV, et MCHC. Les
parameétres sanguins ont été analysés a l'aide de l'analyseur d'hématologie automatisé
Beckmon Coulter 750. L'analyse des données a été effectuée a l'aide de Minitab 16 pour

Windows (pour les analyses de modéle multivariée.).

Une étude de régression logistique binaire a été réalisée pour comparer les patients et
les témoins et déterminer un modele prédictif d'hypertension essentielle en utilisant les
facteurs mesurés (la variable de réponse est ici notée Y, qui compte les sujets hypertendus (D)
et les témoins (T), (D) étant la valeur de référence). La courbe ROC a été tracé pour estimer la
capacité prédictive de notre modele logistique. Une valeur de p inférieure a 0,05 a été

considérée comme statistiquement significative.

Les associations ont été quantifiées avec des rapports de cotes (OR) et leurs intervalles
de confiance (IC) a 95%. Plusieurs tests, dont Hosmer et Lemeshow, ont été utilisés pour

-
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évaluer la qualité de l'ajustement des modeles. Un niveau de signification supérieur a 0,05

indique que le modele ajuste bien les données et que le modéle peut étre conserveé.

Résultats

Les patients ayant un nombre de globules rouges plus bas ont un risque trois fois et
demi supérieur de développer une hypertension par rapport a ceux qui ont
nombre normal de globules rouges (OR = 3,64, IC a 95% = 1,37 a 9,65, p <0,05)

De méme, ceux ayant un volume corpusculaire moyen inférieurs a 80 fl sont plus
exposés a I'hypertension (OR = 13,58, IC a 95% = 4,68-39,41, p = 0,000).

La concentration corpusculaire moyenne d'hémoglobine révele que les sujets qui ont
un taux inférieur a la normale (<27pg) sont une fois moins exposés a I'hypertension (OR =
0,04, IC 95% = 0,01-0,13, p = 0,000). Aussi les sujets dont le nombre de plaquettes est
inférieur a la normale sont douze fois plus exposés a I'hypertension (OR = 12,13, IC a 95%
=1,45-101,18, P = 0,021).

Enfin, lI'augmentation de la vitesse de sédimentation a une heure augmente le risque
de I’hypertension de 56,63 fois par rapport aux sujets ayant un taux de sédimentation normal
(OR =56,63, IC a 95% = 3,37-597,33, P = 0,001).

Discussion
Notre étude montre une association statistiquement significative entre le risque de
développer une pression artérielle élevée pour les deux sexes et certains parametres
hématologiques, quel que soit I'dage, notamment: Le nombre des globules rouges, VCM,
CCMH, taux des plaguettes et vitesse de sédimentation.
Il existe une relation causale entre la fonction vasculaire et différents troubles

hématologiques (Jadeja, Jadeja et al. 2011) , (Mathew, Huang et al. 2016) .

La plupart des patients hypertendus présentent une viscosité sanguine accrue par
rapport aux témoins sains (Sandhagen 1998) . 1l y a une diminution de la déformabilité des
globules rouges qui pourrait entrainer une resistance accrue a I'écoulement microvasculaires,
ce qui peut entrainer une hémolyse et des dommages aux organes (Karabulut et Karadag
2015) .

Cette hémolyse induit la libération de Hgb dans le plasma qui récupere l'oxyde
nitrique et provoque un dysfonctionnement endothélial (Brittain, Janz et al. 2014).

N
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Ces modifications sont également retrouvées chez les personnes hypertendues

atteintes de diabéte, de lipoidoproteinose, etc.

Cela pourrait étre une nouvelle facon de réaliser un meilleur traitement des
hypertendus et une prévention des complications cardiovasculaires (ie: infarctus du

myocarde,..., etc.) (Cicco et Pirrelli 1999).

Notre modéle logistique a également retenu le taux de VCM comme facteur
hématologique associé a I'nypertension. Les anciens rapports suggerent que les personnes
souffrant d'hypertension ont des VCM inférieurs a ceux des sujets ayant une pression

artérielle normale. (Bruschi, Minari et al. 1986) , (Postnov, Kravtsov et al. 1988).

Rakotovao-Ravahatra ZD et al ont étudié I'hémogramme chez les patients
hypertendus. Parmil51 patients hypertendus, 41% d'entre eux souffraient d'anémies
microcytaires avec VCM inférieur a la normale (Rakotovao-Ravahatra, Randriatsarafara et al.
2016).

Notre étude aussi montre que les sujets dont le CCMH est inférieur a la normale
(<27pg) sont moins exposes a I'hypertension (OR = 0,04; IC a 95% = 0,01-0,13, p = 0,000).
Une étude menée par Babu KR et al.(Babu, Solepure et al. 2015) a montré un VCM
significativement plus faible et une CCMH significativement plus élevée. A Sdo Paulo, au
Brésil, le VCM était similaire (Reis, Bensefior et al. 1999). Pour les plaquettes, les sujets avec
des niveaux inférieurs a la normale sont 12 fois plus exposes a I'hypertension que les sujets
avec une numération plaquettaire normale (OR = 12,13, IC a 95% = 1), 45-101,18, niveau de
signification P = 0,021). Une corrélation (p = 0,010) entre la numération plaquettaire et la
gravité de une maladie coronarienne a été observée dans I'étude de Hilal Bektas Uysal et al
(Uysal, Dagli et al. 2016) .

Selon Rakotovao-Ravahatra ZD et al, les mécanismes possibles pourraient étre liés a
une complication vasculaire dans les groupes hypertendus. L'hypertension artérielle provoque
des dommages endothéliaux par contrainte de cisaillement, ce qui entraine une augmentation
de l'activation plaquettaire (Rakotovao-Ravahatra, Randriatsarafara et al. 2016). Nous notons
également que l'augmentation du taux de sédimentation a une heure augmente le risque
d'hypertension de 56,63 fois par rapport aux sujets ayant un taux de sédimentation normal
(OR = 56,63, IC 95% = 3,37 -597,33, niveau de signification P = 0,001). Margret B. et al ont
tenté de verifier si le taux de sédimentation érythrocytaire est un prédicteur indépendant des

maladies coronariennes et de I'hypertension (Margret Andresdottir, Sigfusson et al. 2003) .

-
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Danesh et al. ont combiné les résultats des études disponibles et ont constaté qu'une
comparaison de personnes dont les valeurs de sédimentation érythrocytaire se situaient dans le
tiers supérieur par rapport au tiers inférieur donnait un rapport de risque de 1,33 (IC a 95%:
1,15, 1,54) (Danesh, Collins et al. 2000).

Conclusion

Le profil des sujets a haut risque d'hypertension artérielle a été établi a I'aide d'un
modele logistique pour la détection des cas inconnus. Les parametres hématologiques
significativement liés a I'nypertension artérielle chez les deux sexes sont: les globules rouges,
le MCV, le MCHC, le rapport sanguin plaquettaire et le taux de sédimentation a une heure. La

courbe ROC justifie que le modeéle logistique a une tres forte capacité de prévision.
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Background: Besides the traditional risk factors, hematological changes may be involved in the devel-
opment of arterial hypertension and in its pathogenesis.

Methods: The study, conducted on a sample of 545 subjects, 215 with hypertension and 330 witnesses,
were evaluated for peripheral blood parameters in western Algeria; Logistic regression analysis was used

Keywords: to predict hypertension with hematological parameters.
Eerggttqloglcal profile Results: The characters studied related significantly; lower red blood cell levels have a three-and-a-half-
rediction

fold risk of developing hypertension compared to those who have normal red blood cell counts
(OR =3.64, 95% Cl = 1.37—9.65, p < 0.05). Subjects who have mean corpuscular volume rate below 80 fl
are more exposed to hypertension (OR = 13.58, 95% CI =4.68—39.41, p = 0.000). The mean corpuscular
hemoglobin concentration reveals that subjects who have a lower than normal (<27 pg) are once less
exposed to hypertension (OR = 0.04, 95% Cl=0.01—0.13, p = 0.000). Subjects who have lower platelet
count than normal are twelve times more exposed to hypertension (OR = 12.13, 95% Cl = 1.45—101.18,
P =0.021). Finally, the increase in sedimentation rate at one hour increases the risk of hypertension by
56.63 times compared to subjects with normal sedimentation rate (OR = 56.63, 95% Cl=3.37—597.33,
P=0.001).

Conclusions: Hematological profile associated with essential hypertension retained Red blood cells ratio,
mean corpuscular volume, mean corpuscular hemoglobin concentration, platelet ratio, and sedimenta-
tion rate at one hour.

Essential hypertension
Logistic model

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction while low Hgb levels causes anemia and heart failure [6].

The prognostic situation of the hypertension is closely related to

Hypertension, also known as high blood pressure, is a global
public health issue. It contributes to the burden of heart disease,
stroke and kidney failure and premature mortality and disability
[1]. The adverse health consequences of hypertension are com-
pounded because many affected people also have other health risk
factors who include tobacco use, obesity, high cholesterol and
diabetes mellitus [2].

Besides these traditional factors, there is a number of disputes in
various studies with respect to variability of hematological pa-
rameters in patients with hypertension and normotensive subjects.
Impaired hematological parameters may strongly indicate hyper-
tensive end-organ damage, specifically kidney failure [3—5]. Spe-
cifically increased Hgb level may cause left ventricular hypertrophy

* Corresponding author.
E-mail address: mbhnaguib@yahoo.fr (H.N. Merad-boudia).

https://doi.org/10.1016/j.dsx.2019.03.011
1871-4021/© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.

the modification of hematological parameters. To our knowledge,
few data are available in the literature. In this regard, the prediction
and identification of hypertension takes up a large share in the
clinical practice.

In accordance with this idea, Logistic regression analysis was
used to investigate the relationships between hematological pa-
rameters and hypertension.

2. Methods

Epidemiologic, multicentric, case-control study of the patho-
genesis of Primary or essential hypertension was conducted in
western Algeria, between September 1st, 2017 and January 31st,
2018.

Hypertensive patients (215) were invited to participate in this
study when they met the following criteria: previously diagnosed
with hypertension (at least three measures of systolic blood
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pressure >140 mm Hg and diastolic blood pressure >90 mm Hg),
known and treated for hypertension for at least 1 year, and
aged > 50 years. 330 normotensive controls were randomly
selected, matched by age and gender. The controls had to meet the
following criteria: never diagnosed with hypertension, not
receiving antihypertensive treatment and systolic blood pressure
<140 mm Hg and diastolic blood pressure <90 mm Hg when
measured at two consultations the time of health examination.

Baseline characteristics of the study population were assessed
by means of interviews with structured questionnaires. Biological
samples with folloing data also are collected from the patients: Red
blood cell count, Hemoglobin level, Hematocrit, MCV, MCH, and
MCHC.

The blood parameters were analyzed using by Automated He-
matology Analyzer Beckmon Coulter 750 using impedance method.

The clinical part of this study was conducted in accordance with
the Declaration of Helsinki and Guidelines for Good Clinical
Practice.

The study was approved by the Ethical Committee of Mascara
public Hospital, Saida public Hospital ans Ethical Committee of
Tlemcen University Central Hospital. All subjects gave signed
informed consent before any study related activities.

3. Statistical analysis

Analysis of data was performed using Minitab 16 for Windows
(for multivariate pattern analyses.). A binary logistic regression
study was performed to compare patients and controls and deter-
mine a predictive model of essential hypertension using the
measured factors (the response variable is here denoted Y, which
counts hypertensive subjects (D) and the controls (T), (D) being the
reference value).

ROC curve was plotted to estimate the predictive capacity of our
logistic model. P-value less than 0.05 was considered statistically
significant.

Associations were quantified with odds-ratios (OR) and their
95% confidence intervals (CI). Several tests including Hosmer and
Lemeshow were used to evaluate the adjustment's quality of the
models. A significance level greater than 0.05 indicates that the
model adjusts well the data and the model can be retained.

4. Results

In Table 1, Level 0 indicating a normal level of red blood cells
(4—5.2 * 1012/1). Taking this factor into account in the logistic
model, it appears in level 1 (below 4 * 1012/1) that these subjects

The risk of exposure to hypertension is reduced by one order in
subjects with high level (level 2) of red blood cells compared to
subjects with normal red blood cell count (OR=0.07, 95%
CI=0.02—-0.29, p=0.000).

Our logistic model has retained the rate of MCV as a hemato-
logical factor associated with hypertension. we found that subjects
who have MCV rate below 80 fl are more exposed to hypertension
than subjects who have a normal rate (80—100 fl). with a risk that is
thirteen and a half times greater (OR = 13.58, 95% CI = 4.68—39.41,
p=0.000).

The Mean Cell Hemoglobin concentration (MCHC), reveals that
subjects who have a lower than normal rate of MCHC (<27 pg) are
once less exposed to hypertension (OR = 0.04, 95% Cl = 0.01-0.13,
p=0.000) compared to those who have a normal MCHC
(27-34 pg).

For platelets, level 0 indicates a normal platelet count (140—400
*109/1) while level 1 represents a lower platelet count than normal.
Subjects at this level are twelve times more exposed to hyperten-
sion compared to subjects with normal platelet count (OR = 12.13,
95% CI = 1.45—101.18, significance level P = 0.021). However, for
level 2 which represents a high platelet count (OR = 0.16, 95%
CI = 0.03—0.78, significance level P = 0.024).

The risk of exposure to hypertension in these subjects is reduced
by one compared to those who have a normal platelet count.

Finally, the increase in sedimentation rate at one hour increases
the risk of hypertension by 56.63 times compared to subjects with
normal sedimentation rate (OR=56.63, 95% Cl=3.37-597.33,
significance level P =0.001).

Table 2 given an abstract of factors with more than two mo-
dalities effectively revealed from the logistic model. The Df in-
dicates the number of modalities of the factor minus one. The
nullity tests of the coefficients associated individually with each
factor are very significant (p < 0.05), while the nullity tests of the
coefficients associated simultaneously are also very significant
(p<0.05).

Table 3 justifies the choice of the model, including all tests of
adequacy of the adjustment.- Pearson, hosmer-lemeshow, brown
general alternative and brown symmetric alternative accept the
logistic model (p >> 0.05).

Table 4 shows the predictive capabilities of this model. we found
a very high percentage (91.4%) of concordant pairs.

The summary of the table of concordant and discordant pairs::

Table 2
Tests for terms with several degrees of freedom.

. . . T K-squi Df P
have a three-and-a-half-fold risk to developing hypertension erms sqaire
compared to those who have a normal rate of red blood cells. GRnx10"12/1 23,3950 2 0,000
(OR = 3.64, 95% Cl = 1.37—9.65, p < 0.05). PLn"109/1 11,0649 2 0,004
Key: Df: Degree of freedom.
Table 1
Logistic regression results.
Prédictors Coefficients Z (Wald) P-value OR IC Min (95%) IC Max (95%)
Constants —4,39270 -3,63 0,000
RBC Ratio *10'?/
1 1,29068 2,59 0,010 3,64 1,37 9,65
2 —2,72181 -3,62 0,000 0,07 0,02 0,29
MCV (fl) 2,60884 4,80 0,000 13,58 4,68 39,41
MCHC (pg) —3,23787 —5,46 0,000 0,04 0,01 0,13
Platelets Ratio *10°/1
1 2,49573 2,31 0,021 12,13 1,45 101,18
2 -1,81620 2,26 0,024 0,16 0,03 0,78
Sedimentation Rate (1 h/mm) 4,03651 3,36 0,001 56,63 5,37 597,33

Key: OR: Odds Ratio. CI: Confidence Interval. fm: Femtolitre. pg: Pico Gram. 1 h/mm: Milimeter at one hour. Min: Minimum.Max: Maximum. RBC: Red Blood Cells. MCV: Mean

Cell Volume. MCHC: Mean Cell Hemoglobin concentration.
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Table 3

Tests of adequacy of the adjustment.
Methods K-squire Df P
Pearson 40,5257 34 0,205
Sum of deviation squares 31,4982 34 0,591
Hosmer-Lemeshow 4,6685 6 0,587
Brown:
general alternative 1,0187 2 0,601
symmetric alternative 0,2729 1 0,601

Key: Df: Degree of freedom.

Table 4
Measures of association: (between the response variable and the probability
previsions).

Pairs Number Percentage  Recapitulative measures

Concordant 12365 91,4 D of Somers 0,87
Discordant 648 4.8 Gamma of Goodman-Kruskal 0,9
Ex aequo 517 3,8 Tau a of Kendall 0,39
Total 13530 100,0

The D of Somers, the Gamma of Goodman-Kruskal and Tau a of
Kendall are measures generally between 0 and 1. The highest values
show that the logistics model has strong prevision capabilities. In
our case, the two first values of 0.87 and 0.9 implicate a very strong
predictive capacity. The third (Tau a of Kendall) measure shows a
relatively good predictive capacity.

5. ROC curve

The Receiving Operating Characteristics (ROC) group the true
positive ratio TPR (TPR = sensitivity = True positives/positives) and
the false positive ratio FPR (FPR = 1-specificity = False Positives/
negatives) in Fig. 1.

Usually, we compare a p (w) at a level S=0.5 to predict y (w),
thus we can build the confusion matrix and exctrat the two pre-
dicted indicators TPR and FPR.

The ROC curve generalizes this idea by varying the entire con-
tinuum of all possible values of level 0 and 1. For each configuration
we build the confusion matrix and calculate TPR and FPR. We get:
Area under curve (AUC)=0.90, which indicates exceptional
discrimination between TPR and FPR.

1,0

0,8

0,6 1

Sensitivity

0,4

TPR=

0,2

0,0

0,0 0,2 04 0,6 0,8 1,0
FPR =I-specificity

Fig. 1. ROC curve.

6. Discussion

Our study shows a statistically significant association between
the risk of developing high blood pressure for both sexes and some
hematological parameters, regardless of age, including:

Red blood cells ratio, MCV, MCHC, platelet ratio, and sedimen-
tation ratio.

Our results show that subjects with fewer red blood cells have a
three-and-a-half-fold risk of developing hypertension compared to
those with normal blood pressure.

Many studies have shown that the anemic patients have a high
prevalence of hypertension [7],.

The decrease in the number and life expectancy of red blood
cells may be due to a deficit in the production of endogenous
erythropoietin (EPO) by the kidneys. Indeed, EPO is a hormone that
stimulates the production of red blood cells in the bone marrow [8].

Other changes may be involved in the development of arterial
hypertension and in its pathogenesis.

There is a causal relationship between vascular function and
different hematological disorders [9,10]. Most hypertensive pa-
tient's exhibit increased blood viscosity compared with healthy
controls [11]. There is a decreased RBC deformability which could
cause an increased microvascular flow resistance, which may result
in haemolysis and organ damage [12]. This haemolysis induces
release of Hgb in to the plasma which scavenges nitric oxide and
causes endothelial dysfunction [13].

During hypertension very important alterations in rheological,
mechanical and biochemical characteristics of erythrocytes and of
blood flow have been shown. It is very relevant the increase in
blood viscosity, the decrease in red blood cell (RBC) deformability,
the formation of RBC “rouleaux” and RBC aggregates. These hem-
orheological determinants can favour an increase of peripheral
resistances and of arterial blood pressure, causing or worsening
hypertension [14].

Cicco G and Pirrelli A. have studied Red blood cell (RBC)
deformability, RBC aggregability and tissue oxygenation in hyper-
tension in 320 patients: In hypertensives, the authors found a
decrease in erythrocyte deformability (evaluated with EI), in
erythrocyte aggregation time, a fibrinogenaemia increase, an in-
crease of shear rate to disaggregate erythrocytes, a decrease in
cellular oxygen delivery and tissue oxygenation, an impairment of
microcirculation. These changes may be involved in the develop-
ment of arterial hypertension and in its pathogenesis. These pat-
terns also are more impaired in hypertensives with diabetes,
lipoidoproteinosis, etc. These patterns are not related with the age
of the patients but they are significantly and directly related
(p <0.01) with the patient hypertension-age. This could be a new
way to realize a better treatment in hypertensives and a prevention
of cardiovascular complications (i.e.: myocardial infarction, ..., etc.)
[14].

More recently, Philippe Connes and Michel R Boisseau are
intersted in the properties of erythrocyte deformability in various
pathologies the authors found a decrease in plasma volume and
thus a rise in systemic hematocrit and a high level of fibrinogen.
The blood and plasma viscosities are high. This condition is
observed during hypertension with reduction of microcirculatory
peripheral beds.This reflects a loss of erythrocyte deformability
which weakens the red blood cells thus causing a state of chronic
anemia in these patients [15].

Furthermore, The Kaplan-Meier curves of one-year cardiovas-
cular mortality in patients with hypertension, diabetes mellitus,
chronic kidney stage = 3, or advanced heart failure illustrated
better results in the non-anemia group compared to anemia group
(There was a significant difference between the non-anemia group
and anemia group (p <0.001) [16].
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Our logistic model also retained the rate of MCV as a hemato-
logic factor associated with hypertension. we found that subjects
with lower MCV are more exposed to hypertension with a risk that
is thirteen and a half times greater than subjects who have a normal
MCV (80—100fl), (OR = 13.58, 95% CI = 4.68—39.41, p = 0.000).

Old reports suggest that people with hypertension have lower
MCVs than do subjects with normal blood pressure [17,18].

Rakotovao-Ravahatra ZD and al studied hemogram in hyper-
tensive patients. Among 151 hypertensive patients, 41 per cent of
them had microcytic anemias with MCV lower than normal [ 19].
Our study also shows that subjects who have MCHC lower than
normal (<27 pg) are less exposed to hypertension (OR = 0,04; 95%
CI=0,01-0,13, p =0,000).

In 2017, Enawgaw B and al conducted a comparative cross-
sectional study of some hematological parameters of hyperten-
sive and normotensive individuals [ 20].

In this study MCV and MCHC were increased significantly in
hypertensive groups. But other studies in these parameters showed
contradicted ideas. For example a study conducted by Babu KR et al.
[3] showed significantly lower MCV and significantly higher MCHC.
In Sao Paulo, Brazil, MCV were similar [21]. MCV is lower in group
who receiving treatment with nondiuretics in elderly men (71-93
years of age) of the Honolulu Heart Program [22] and a study in
Saudi Arabia showed no significant differences of MCV and MCHC
[23] for platelets, subjects with lower than normal levels are 12
times more exposed to hypertension than subjects with normal
platelet count (OR = 12.13, 95% Cl = 1), 45—101.18, significance level
P =0.021) a correlation (p = 0.010) between platelet count and the
severity of coronary artery disease was observed in the study of
Hilal Bektas Uysal and al [24].

Additionally,in the study of Rakotovao-Ravahatra ZD and al, the
results of the pathological hemograms show that 25.9 per cent of
hypertensive patients had a decreased number of platelets [19].
Otherwise, In other studies, PLT count positively correlated with
blood pressure indices (diastolic blood pressure, systolic blood
pressure and mean arterial pressure) [20] according to the authors,
The possible mechanisms might be related to vascular complication
in hypertensive groups. High blood pressure causes endothelial
damage via shear stress, which results in an increase in platelet
activation [25].

We note also that, the increase in sedimentation rate at one hour
increases the risk of hypertension by 56.63 times compared to
subjects with normal sedimentation rate (OR=56.63, 95%
Cl =3.37—-597.33, significance level P =0.001).

Margret B. and al have tried to verify If erythrocyte Sedimen-
tation Rate, is an Independent Predictor of Coronary Heart Disease
and high blood pressure [26].

In this prospective population study, the authors have shown
that ESR can independently predict the risk of developing Coronary
Heart Disease. An increase in In (ESR + 1) of one standard deviation
predicted independently a 17 percent increase for men and an 18
percent increase for women in the risk of developing Coronary
Heart Disease. For comparison, an increase in cholesterol of one
standard deviation predicted independently a 34 percent increase
in risk for men and a 27 percent increase in risk for women. ESR is
therefore associated with approximately half of the increase in risk
compared with cholesterol. Furthermore, the authors found that an
increase of one standard deviation in In(ESR + 1) increased the risk
of death due to stroke by 23 percent (p = 0.002) for men and by 21
percent (p < 0.001) for women when adjusted for age and stage but
that it decreased to 15 percent (p = 0.06) and 16 percent (p = 0.08),
respectively, when adjusted for all risk factors [26].

The authors controlled for factors considered to influence ESR
per se such as smoking, adiposity, socioeconomic indicators (as
reflected by educational level), diabetes, and hemoglobin level as

well as for other conventional Coronary Heart Disease risk factors
to minimize the effect of confounding [26].

The Stockholm Prospective Study found erythrocyte sedimen-
tation to be an independent risk factor for myocardial infarction
[27].

This study comprised 3486 men followed up for 14 years and
171 incident cases of myocardial infarction.

Danesh and al. combined the results of available studies and
found that a comparison of persons whose erythrocyte sedimen-
tation values were in the top third compared with the bottom third
yielded a risk ratio of 1.33 (95 percent CI: 1.15, 1.54) [28].

7. Conclusion

The profile of subjects at high risk for high blood pressure was
established, using a logistic model for the detection of unknown
cases. The hematological parameters significantly related to high
blood pressure in both sexes are: red blood cells, MCV, MCHC,
platelets blood ratio and sedimentation rate at one hour. The ROC
curve justifies that the logistic model has a very strong forecasting
capacity.
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Abréviation list:

BP: Blood pressure

CAD: Coronary artery disease

CBC: Complete blood cell count

CKD: chronic kidney disease

DBP: Diastolic blood pressure

EI: Elongation Index

EDTA: Ethylene diamine tetra-acetate
ESR: erythrocyte sedimentation rate
HCT: Hematocrit

Hgb: Hemoglobin

HTN: Hypertension

MAP: Mean arterial pressure

MCH: Mean cell hemoglobin

MCHC: Mean cell hemoglobin concentration
MCV: Mean cell volume

MI: Myocardial infarction

MmHg: Millimeters mercury

MPV: Mean platelet volume

NO: Nitric oxide

PLT: Platelets

RBC: Red blood cells

RDW: Red blood cell distribution width
SBP: Systolic blood pressure

SCF: Stem cell factor

WABC: White blood cells
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MS/MS) selon une méthode déja décrite (Yamada et al., 2008, Schefold et al., 2009) . Les

analyses statistiques ont été effectuées a I'aide du progiciel statistique Minitab Version 16.

Résultats

Au total, 111 patients diabétiques de type 2 ont été recrutés pour cette étude : 11
hommes et 28 femmes (sex ratio = 0,39) non insulinotraités (sous ADO), d’age moyen 47,82
+ 9,38 ans et 49,25 + 9,77 ans, respectivement, et 21 hommes et 51 femmes (sex ratio = 0,41)
insulinotraités (insuline + ADO), d’age moyen 66,5 2+ 7,30 ans et 64,63 + 8,96 ans,
respectivement.

Une différence significative a été constatée entre les deux groupes en terme d’age (
p <0.001). En considérant I’ensemble de la population des patients diabétiques,
insulinotraités et non insulinotraités, I’analyse de la variance (ANOVA) sur un facteur
contr6lé (ratio K/T*100) fait ressortir plusieurs variables explicatives, indépendantes, qui sont
I’age, I’ancienneté¢ du diabéte et les niveaux d’hémoglobine glyquée. Les moyennes des
scores par modalités d’age sont différentes (P=0,060). Le ratio K/T est significativement
different chez les diabétiques de moins de 50 ans par rapport a ceux ageés de 50 ans et plus.

Les moyennes des scores par modalités d’ancienneté du diabéte sont différentes
(P=0.0445). Le ratio K/T est significativement différent chez les patients diagnostiqués
diabétiques depuis moins de 10 ans par rapport a ceux qui le sont depuis 10 ans et plus. Les
moyennes des scores par modalités d’hémoglobine sont différentes (P=0.0119). Le ratio K/T
est significativement différent chez les patients diabétiques ayant un taux d’HbAc1 inférieur a
6.5 % par rapport a ceux qui ont un taux d’HbAL1C supérieur ou égal a 6.5 % .

Dans le groupe des diabétiques de type 2 non insulinotraités (sous ADO), le ratio K/T

est associé positivement a I’age (r = 0,453, p = 0,004) et a I’ancienneté du diabéte (r = 0,415,
p = 0,009 ). Dans le groupe des diabétiques de type 2 insulinotraités, le ratio K/T est aussi
significativement associé positivement a 1’dge (p = 0,001 (Figure 3), négativement a la
glycémie (r =-0,291, p = 0,013), (Figure 4) et négativement a I’HbAlc (r = -0,315, p = 0,007)

Discussion

Les rares données épidémiologiques concernant la voie des kynurénines en relation
avec le diabéte de type 2 montrent que des valeurs élevées du ratio plasmatique K/T sont
associées a des pronostics cardiovasculaires défavorables (Pedersen et al., 2011). Dans notre
cohorte de patients atteints de diabéte de type 2, nous avons observé que plus du quart des

patients (26 %) étaient aussi hypertendus. Cette association a été largement retrouvée dans la
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depuis (11Q) 3 a 10 ans pour les non insulinotraités et (11Q) 5 a 13 ans pour les insulinotraités,
avec un RKT plasmatique dépassant 6 (umol/ pmol). Bien que le recrutement conformément
aux criteres d’inclusion (les diabétiques de type 2 connus ) ne nous a pas permis de calculer
I’incidence , dans 1’é¢tude de Rebnord et al , au cours d'une médiane (IIQ) de 7,6 (6,6 a 8,7
ans), un total de 173 (6,9%) nouveaux diagnostics de diabéte de type 2 ont été identifiés
(Rebnord et al., 2017). De plus, Pedersen et al ont observé une augmentation du rapport KYN
/ TRP chez les patients diabétiques par rapport aux patients présentant un métabolisme normal
du glucose chez les sujets présentant un angor stable (Pedersen et al., 2015). D’autres faits
intéressants, dans le groupe des diabétiques de type 2 insulinotraités, le ratio Kynurénine

tryptophane était significativement et négativement associé a la glycémie et a ’'HBAc.

L'association négative du RKT plasmatique avec le diabéte de type 2 semble
principalement refléter I'excrétion urinaire élevée de kynurénine. En fait, le tryptophane et la
kynurénine sont tous deux filtrés librement dans les glomérules. Selon les récentes
conclusions de Pedersen et al , le tryptophane est efficacement réabsorbé dans les tubules
proximaux et seule une fraction mineure est excrétée dans les urines. La réabsorption de la
kynurénine, en revanche, devient saturée, ce qui entraine une augmentation des fractions
excrétees a des concentrations en circulation croissantes (Pedersen et al., 2013). Cela peut
suggérer que la clairance de la kynurénine est étroitement régulée afin d’équilibrer les
concentrations en circulation. Logiquement, une diminution de la concentration plasmatique
de kynurenines avec une concentration relativement peu modifiée du tryptophane plasmatique
est en faveur d’une diminution globale du RKT plasmatique (Rebnord, 2017). Contrairement
a la plupart des autres biomarqueurs ponctuels d'urine, le RKT ne nécessite pas d'ajustement
pour la créatinine dans I'urine afin de prendre en compte la dilution. Cela limite la possibilité
de confusion, étant donné que le taux d'excrétion de la créatinine urinaire peut étre influencé
par des comorbidités communes (Ix et al., 2010). Les données préliminaires stimulantes
présentées ici suggerent que le métabolisme accéléré de I'IDO1  pourrait avoir des
contributions significatives dans l'inauguration et la progression du DT2 , surtout , si I’on
sait que le développement de complications micro et macrovasculaires peut precéder la
progression vers le diabéte déclaré de type 2 (Rydén, 2013). Alors que plusieurs parametres
tels que ’'HbA1C sont établis pour le suivi du diabéte de type 2 ,nos résultats selon lesquels le
RKT plasmatique permet de vérifier I’ancienneté et 1’évolution du diabéte de type 2
concordaient avec ceux retrouves dans la littérature ou des taux élevés de RKT plasmatique

ont été associés a de mauvais pronostics (Pedersen, 2011), avec des résultats cohérents chez
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les personnes atteintes de coronaropathie (Pedersen, 2011) et chez les personnes agées (Sulo
et al., 2013). Un RKT plasmatique diminue au cours du diabete de type 2, ainsi que la forte
probabilité de risques que les individus ne soient pas identifiés par les facteurs de risque
classiques, encouragent son évaluation ultérieure, au long terme en ce qui concerne

I’application clinique.

Conclusions

Dans cette cohorte portant sur des cas avérés de DT2, l'activité enzymatique de I'IDO (via le
RKT plasmatique ) est un facteur étroitement lié a la progression du diabéete de type 2
indépendamment des autres facteurs potentiels. Les réles de la voie de dégradation du tryptophane
et de I'excrétion rénale de kynurénine dans le développement du diabéte de type 2 devraient étre
davantage élucidés afin de fournir de nouvelles stratégies d’intervention dans la thérapie du diabéte

sucré.
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ABSTRACT— Better follow-up can provide an unrealized opportunity to identify diabetic patients
potentially at risk of complications. We evaluated the associations between serum kynurenin/tryptophan
ratio and type 2 diabetes. Data were collected from a cohort of 111 patients with type 2 diabetes aged 40
years and older, recruited from January 15, 2018 to May 15, 2018. The K/T ratio was used as a marker of
indoleamine 2,3-dioxygenase 1 enzyme activity. The determination of serum tryptophan and kynurenin
levels was performed according to an analytical protocol based on liquid chromatography coupled with
tandem mass spectrometry (LC-MS/MS). 11 non-insulin-treated men and 28 women, mean ages 47.82 +
9.38 and 49.25 + 9.77 years, respectively, and 21 msulin-treated men and 51 insulin-treated women, mean
ages 66.52 £ 7.30 and 64.63 £ 8.96 years, respectively, were recruited. The K/T ratio was significantly
associated with age (r = 0.453, p = 0.004) and duration of diabetes (r = 0.415, p = 0.009) in the non-insulin-
treated group. It was also significantly associated with age (p < 0.001), blood glucose (r = -0.291, p =
0.013), and HbAlc (r = -0.315, p = 0.007) in insulin-treated patients. The K/T ratio could serve as a novel
biomarker for the progression of type 2 diabetes and as a threshold for earlier clinical intervention.

CrossMark

KEYWORDS: kynurenin, tryptophan, biomarker; Diabete

1. INTRODUCTION

Type 2 diabetes is characterized by systemic inflammation affecting several organs [1]. In addition to an
imbalance in glycoregulation, on a pathophysiological level, type 2 diabetes is also associated with a
profound dysfunction of amino acid metabolism [2]. These two notions have led to the exploration of a new
path in the pathogenesis and evolution of diabetes. Indeed, the degradation of tryptophan, an essential
amino acid, is closely linked to the activity of IFN-y, a pro-inflammatory cytokine. The latter induces the
enzyme indoleamine-2,3-dioxygenase (IDO1: EC 1.13.11.52), which catalyses the first stage of tryptophan
catabolism by the kynurenin (KP) pathway [3]. Circulating levels of kynurenin are influenced by dietary
intake of tryptophan [4]. Therefore, the kynurenin to tryptophan ratio (K/T) is a more appropriate measure
of tryptophan catabolism than the absolute concentration of kynurenin. In addition to reflecting the activity
of the IDO1 enzyme, the K/T ratio is a reliable indicator of IFN-y-mediated immune activation (3, 4). While
IFN-y has been implicated in the pathogenesis of insulin resistance [5], [6], several metabolites of the KP
pathway also play an important role in the pathogenesis of type 2 diabetes [7], [9]. A cross-sectional study
showed that, compared to healthy individuals, the K/T ratio was higher in type 2 diabetics and those with
diabetic nephropathy [10]. Paradoxically, recent prevalence surveys show that type 2 diabetes is undetected
in at least 30% of cases and that the development of micro- and macro-vascular complications may precede
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progression to overt type 2 diabetes [11]. The involvement of the KP pathway in the follow-up of type 2
diabetes and its complications has been studied.

2. Materials and Methods

Patients

This is a prospective, cross-sectional and multicentric study that was carried out in two regions of western
Algeria (Mascara and Saida). A total of 111 patients, aged 40 years and older (both sexes), with confirmed
type 2 diabetes were recruited from January 15, 2018 to May 15, 2018. The study followed the principles of
the Declaration of Helsinki and was approved by the local committee for medical and health research ethics.
All participants provided written informed consent. Participants were identified as having uncomplicated
type 2 diabetes according to the new International Classification of Diseases ICD-11 for the year 2018
(codes 5A11: www.who.int/classifications/icd/en/) based on their medical records. This classification
defines type 2 diabetes as a metabolic disorder characterized by high blood glucose levels associated with
msulin resistance and relative insulin deficiency. We confirmed the diabetes treatments by linking them to
the CHIFA prescription database version 1.8.8.9. This is a software package containing data on all drugs
dispensed in outpatient pharmacies in Algeria. Patients have been classified into two groups according to
the nature of their anti-diabetic treatment (anatomical classification code of therapeutic chemicals ATC
A10, controlled by the WHO Collaborating Centre for Drug Statistics Methodology:
https://www.whocc.no/atc_ddd index/?code=A10): - type 2 diabetics (PMSI code: E1190: insulin-treated,
uncomplicated) on insulin (Glargine, Detemir, Glulisine, Insulin lispro rapid and Insulin aspart rapid) and
oral antidiabetic drugs (OAD). - type 2 diabetics (PMSI code: E1198: non-insulin treated, without
complications) under ADO or analogue of incretins exclusively (sulfonylurea, biguanides, glinides, alpha-
glucosidase inhibitors and Liraglutide).

Clinical Data
Clinical data were obtained at the inclusion of patients. Medical history, drug treatments and
anthropometric data were collected using a questionnaire administered to all participants. The diagnosis of
type 2 diabetes was made according to International Expert Committee (IEC 2009) criteria [12], American
Diabetes Association (2010) and WHO (2011) criteria [13] (fasting blood glucose > 7 mmol/L in two doses
or blood glucose 2h after a load test > 11.1 mmol/L and/or HbAlc > 6.5%)).

Anthropometric measurements
The height (in metres) was measured in a vertical position, without shoes and heels attached, using a non-
elastic tape measure. Accuracy was 0.5 cm. The weight (in kilograms) was measured on a stable,
sufficiently large scale that was adapted to the patient's degree of autonomy (Seca, Hamburg, Germany).
Regular calibration of the scale was necessary, its accuracy was = 50 g. The body mass index (BMI) or
Quetelet index was calculated as body weight divided by height squared (weight (kg) / [height] ? (m?).

Biochemical Analysis
Blood samples were taken in the morning after 12 hours of fasting on heparinized tubes. The biochemical
tests were performed on the MINDRAY BS-330 automatic biochemistry machine. Serum aliquots were
stored at -80°C for the determination of tryptophan and metabolites of the KP pathway.

Determination of serum tryptophan and kynurenin levels
Serum concentrations of tryptophan and kynurenin were measured by liquid chromatography coupled with
tandem mass spectrometry (LC-MS/MS) using a method already described [14], [15]. 50 puL of serum was
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mixed and centrifuged (11800 rpm, at +4°C, for 8 min) after the addition of 50 pL of acetonitrile, for
protein precipitation, containing tryptophan D5 at 50 uM (CDN isotopes, Pointe-Claire, Canada), as an
internal standard. 50 uL. of supernatant is taken up and added vialwise to deionized water (600 uL). 10uL of
this mixture are finally mjected into a UPLC®-MS/MS system (Acquity TQ-XS Detector, Waters, Milford,
USA) equipped with a 2.1x100mm-1.7um CSH Phenyl-Hexyl column (Waters, Milford, USA). The ESI+
(Positive Electrospray lonization) and MRM (Multiple Reactions Monitoring) modes are used respectively
for ionization and detection of each transition of the molecules to be quantified. The Mass Links (Waters)
software is used for data acquisition and processing.

Statistical analysis

Statistical analyses were performed using the Minitab Version 16 statistical software package. Descriptive
statistics for each variable were performed. The normality of the data distribution was assessed using the
Kolmogorov-Smirnov test. Results for continuous variables are presented as mean + standard deviation.
Variables were also reported as numbers or percentages (%). Results for continuous variables without
normal distribution are presented as median [Inter-quartile range (IQR)]. Statistically significant differences
between groups were determined by the Chi-square test for categorical variables. For continuous variables,
parametric statistics (t-test) were calculated. An analysis of variance (ANOVA) was used, with a single
dependent variable (K/T ratio) and several explanatory variables (age, diabetes duration and HBA ¢ level).
The association between the variables was assessed using Pearson's correlation. A value of P < 0.05 was
considered statistically significant.

3. Results

A total of 111 type 2 diabetic patients were recruited for this study: 11 men and 28 women (sex ratio =
0.39) non-insulin-treated (on ADO), mean ages 47.82 + 9.38 years and 49.25 £ 9.77 years, respectively, and
21 men and 51 women (sex ratio = 0.41) insulin-treated (insulin + ADO), mean ages 66.5 2+ 7.30 years and
64.63 + 8.96 years, respectively. There was a significant difference between the two groups in terms of age
(p < 0.001). The comparison of the two patient groups with respect to demographic, clinical, biochemical
and hematological data is presented in Table 1.

Table 1: Patient characteristics by diabetes therapy
Variables Non-insulin-treated (Insulin-treated )
+

Oral antidiabetic drugs

Men Women Men Women P-value
MeantSD MeantSD MeantSD MeantSD
Sex ratio M/W (35.13%) (64.86%)
0.39 0.41
Gender (34.38%) (35.44%) (65.63%) (64.56%) >0.05
11 28 21 51
Age (Year) 45-52 42.25-54.75 61-73.50 58-69 <0.001
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47.8249.38 49.25+9.77 66.52+7.30 64.63£8.96
BMI 25.35-29.38 24.11-31.16 25.71-29.30 23.43-29.35 >0.05
27.43+£2.53 27.66+4.77 27.11£2.50 27.13+4.25
Normotensive (10.98%) (20.73%) (23.17%) (45.12%) >0.05
patients 9 17 19 37
Hypertensive (6.90%) (37.93%) (6.90%) (48.28%)) >0.05
patients 2 11 2 14
Age of 3-9 4-10.75 5-13.50 5-10 >0.05
diabetes 6.67+£5.15 8.36+6.48 9.95+6.50 9.09+8.18
(Year)
_(HgbAlc) (%) 5.73-9.04 6.47-9.62 6.37-8.44 6.49-8.63 >0.05
7.37+1.8 8.29+1.68 7.27+1.38 7 .84+1 .86
| (HgbAlc) 39.13-75.31 47.25-82.11 46.12-68.75 47.44-70.73 >0.05
(mmol/mol) 57.15+19.72 67.31£18.46 55.96+15.19 62.20+20.43
Blood 1.10-2.36 1.34-2.28 1.33-2.04 1.32-1.92 >0.05
Glucose (g/L) 1.73+0.8 1.85+0.57 1.69+0.43 1.69+0.55
Urea (g/L) 0.21-1.47 0.32-1.47 0.38-1.47 0.42-1.47 >0.05
0.84+0.61 0.91+0.56 0.94+0.55 0.93+0.28
Creatinine 7.60-10.50 5.95-8.22 8.22-10.35 7.5-8.22 >0.05
en 9.41+2.65 7.21+1.20 9.21+2.02 8.11+1.27
Cholestérol 1.22-1.80 1.78-2.05 1.37-1.79 1.60-1.93 >0.05
Total (g/L) 1.60+0.40 1.89+0.35 1.64+0.32 1.81+0.37
HDL- 0.37-0.47 0.45-0.51 0.34-0.45 0.42-0.53 >0.05
Cholestérol 0.44+0.10 0.48+0.11 0.39+0.09 0.46+0.09
(g/L)
LDL- 0.73-1.07 1.05-1.21 0.86-1.13 0.88-1.24 >0.05
Cholestérol 0.93+0.22 1.09+0.29 0.97+0.25 1.08+0.35
(g/L)
Triglycerides 0.79-1.39 1.18-1.65 1.07-1.82 0.99-1.60 >0.05
(g/L) 1.10+£0.27 1.45+0.47 1.52+0.80 1.37+0.50
Tryptophan 63.4-99.1 53.82-98.69 39.07-77.65 43.15-76.48 <0.001 |
(nmol/L) 83.34+34.96 72.96+30.18 59.63+£28.64 61.97+£21.61
3592
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Serum 3.67-5.94 3.12-5.28 2.63-5.33 2.53-4.60 >0.05
kynurenin 5.3842.76 4.23+1.67 3.88+1.84 4.26+2.64
(nmol/l)
(K/T)*100 5.34-7.61 4.58-7.42 5.01-7.36 5.01-7.80 >0.05
(numol/ pmol) 6.66+2.39 6.11+2.08 6.85+3.53 6.91+2.75

The results are shown as Mean + standard deviation. percentage and QI

BMI: Body Mass Index. HgbA 1c: Glycosylated Haemoglobin. HDL- Cholestérol: High Density lipoprotein
- Cholestérol. LDL- Cholestérol: Low Density Lipoprotein- Cholestérol. K/T: Kynurenines/Tryptophan
Ratio. SD: Standard deviation. Considering the entire population of diabetic patients, nsulin-treated and
non-insulin-treated, the analysis of variance (ANOVA) on a controlled factor (K/T*100 ratio) shows several
independent explanatory variables, which are age, length of diabetes and glycated hemoglobin levels
(Tables 2, 3 and 4).

Tableau 2: One-way ANOVA: (K /T) x100 depending on age (over or under 50)

Sum of
squares
Age 50 1 27.81 27.81 3.88 0.060
years
Error 110 781.36 7.17
Total 111 809.18

S =2.677 R square = 3.44% R square (adjusted) = 2.55% R square (adjusted) = 2.55

The averages of the scores by age modality are different (P=0.060). The K/T ratio is significantly different
in diabetics under 50 years of age compared to those aged 50 years and older.

Table 3: One-way ANOVA: (K /T) x100 depending on the age of diabetes (more or less than 10 years)

Source Sum of

squares
Age of 1 4.33 4.33 0.59 0.0445
Diabetes

Error 110 804.84 7.38

Total 111 809.18

S =2.717 R square = 0.54% R square (adjusted) = 6.25

The averages of the scores by diabetes modality are different (P=0.0445). The K/T ratio is significantly
different in patients diagnosed with diabetes less than 10 years ago compared to those diagnosed with
diabetes 10 years ago and older.

3593

@



Chapitre 3

Hamza, et.al, 2020 International Medical Journal

Table 4: One-way ANOVA:(K/T)x100 based on HgbAlc levels below or above 6.5%.

Source Sum of

squares
HgbAlc 1 17.91 17.91 2.47 0.0119
levels
Error 110 791.26 7.26
Total 111 809.18

S =2.694 R square =2.21% R square (adjusted) = 1.32% R square (adjusted) = 1.32

The averages of the scores by haemoglobin modalities are different (P=0.0119). The K/T ratio is
significantly different in diabetic patients with HbAc1 levels less than 6.5% compared to those with HbA1C
levels greater than or equal to 6.5%. In the group of non-insulin-treated type 2 diabetic patients (on ODA),
the K/T ratio is positively associated with age (r = 0.453, p = 0.004) and length of diabetes (r = 0.415, p =
0.009) (Figures 1 and 2).

70
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Ratio K/T

Figure 1: Correlation between K/T ratio and age in non-insulin-treated type 2 diabetics
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Figure 2: Correlation between K/T ratio and duration of diabetes in non-insulin-treated type 2 diabetics
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Figure 3: Correlation between K/T ratio and age in insulin-treated type 2 diabetics

In the insulin-treated type 2 diabetic group, the K/T ratio was also significantly associated positively with
age (p = 0.001 (Figure 3), negatively with blood glicose (r = -0.291, p = 0.013), (Figure 4) and negatively
with HbAlc (r =-0.315, p = 0.007) (Figure 5).
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Figure 4: Correlation between blood glucose and K/T ratio in insulin-treated type 2 diabetics
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Figure 5: Correlation between HbA1C (%) and K/T ratio in insulin-treated type 2 diabetics

4. Discussion

The sparse epidemiological data on the kynurenin pathway in relation to type 2 diabetes show that high
plasma K/T ratio values are associated with poor cardiovascular prognosis [16]. In our cohort of patients
with type 2 diabetes, we observed that more than a quarter of patients (26%) were also hypertensive. This
association has been widely reported in the literature [17], [18]. Thus, in both groups (insulin-treated and
non-insulin-treated), there were more hypertensive type 2 diabetic women than men. In the literature review
of on gender disparities in hypertension, higher rates were found among women in most Arab countries (22
Arab countries) [19]. A similar increase in hypertension rates among women compared to men was reported
in the Pimenta E study and the study by [20], [21]. The insulin-treated men and women with type 2 diabetes
in our sample had a mean age of over 60 years, which is consistent with Deo et al where the overall
prevalence of hypertension and diabetes was modest, except in the 60+ age group, in which 50% were also
hypertensive [22]. In the non-insulin-treated group of type 2 diabetics, the mean age was 45 to almost 50
years for both men and women. In the study by Young et al, the mean age was 61 years, although the
eligible patients in this study were 30 years of age and older [23]. Furthermore, we found that increased
IDO1 activity was significantly and positively associated with age in both groups. In the study by the
multiple linear regression model used revealed that age accounted for 77% of the variability in the KYN /
TRP ratio [24]. The majority of the type 2 diabetics in our sample were overweight or obese and had a BMI
around 27 kg/m2, regardless of gender and treatment (insulin-treated and non-insulin-treated). A similar
profile was reported in the study by [25]. Given that obesity reduces insulin sensitivity [26] and predisposes
individuals to abnormal cardiac metabolic profiles, such as increased inflammatory adipokines, insulin
resistance, elevated triglycerides, decreased LDL cholesterol and risk of hypertension [27], there is an
urgent need for weight management intervention. Obesity has been associated with elevated plasma RKT
levels, which have not been normalized even after significant weight loss [28].

Indeed, in obesity, the expression levels of IDO1 genes increase in adipose tissue and are higher in anti-
inflammatory macrophages. Simultaneously, an increase in serum Kyn and K / T ratio was observed in
individuals with higher BMI (7). In our sample, all groups had elevated urea levels in contrast to normal
creatinine levels. Although this remains difficult to interpret, used an ANCOVA instead of these two
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parameters to examine the relationship between the KYN / TRP ratio and stages of CKD in a population of
patients with CKD secondary to type 2 diabetes. The authors demonstrated that at each progression of
CKD stage, despite normal creatinine levels, there was a statistically significant increase in KY N/RPR
regardless of age, gender, BMI and CRP [24]. Furthermore, it seems unlikely that dietary intake would
affect circulating levels of TRP and/or KYN / TRP ratio (4). These data are consistent with the results of the
study, in which IDO activity increased with the severity of chronic renal failure and was negatively
correlated with GFR. In addition, ODI activity was significantly increased in type 2 diabetes when the GFR
was greater than 60 ml/min per 1.73 m 2, suggesting that ODI may be closely correlated with the
pathogenesis of type 2 diabetes [10]. The lipid balance of our patients (total cholesterol, HDL cholesterol,
LDL cholesterol and TG levels) does not seem to be really disturbed. In a recent review of the literature by
Liu, G et al on tryptophan degradation by kynurenin in cardiovascular disease, the authors reported that
IDO1 activity (via RKT) was positively associated with the early stages of atherosclerosis and an increase
in the intima media thickness of the carotid artery in men and women. This finding indicates that IDOI1 is a
viable indicator of atherosclerosis [29]. In another aspect, understanding the mechanisms of development of
type 2 diabetes (T2DM) from prediabetes remains important for the prevention and treatment of T2DM.
However, the molecular mechanisms mediating the effect of nflammation on the development of T2DM
from pre-diabetes remain unknown. One such mechanism may involve the kynurenin (KYN) (KP) pathway
of tryptophan metabolism (TRP) (9). In our panel the link between the age of type 2 diabetes and ODI
activity illustrates this well: In the group of non-insulin-treated type 2 diabetics, the Kynurenin tryptophan
ratio was positively and significantly associated with the age of diabetes. The diagnosis of type 2 diabetes
had been established for (IIQ) 3 to 10 years for non-insulin-treated and (IIQ) 5 to 13 years for insulin-
treated patients, with a plasma TKR exceeding 6 (umol/ pwmol). Although recruitment according to the
inclusion criteria (known type 2 diabetics) did not allow us to calculate the incidence, in the Rebnord et al
study, over a median (IIQ) of 7.6 (6.6 to 8.7 years), a total of 173 (6.9%) new diagnoses of type 2 diabetes
were identified [30]. In addition, Pedersen et al. observed an increase in the KYN / TRP ratio in diabetic
patients compared to patients with normal glucose metabolism in subjects with stable angina [31].

Other interesting facts, in the insulin-treated type 2 diabetic group, the Kynurenin tryptophan ratio was
significantly and negatively associated with blood glucose and HBA 1c. The negative association of plasma
RKT with type 2 diabetes appears to reflect primarily the elevated urinary excretion of kynurenin. In fact,
both tryptophan and kynurenin are freely filtered in the glomeruli. According to the recent findings of
tryptophan is efficiently reabsorbed in the proximal tubules and only a minor fraction is excreted in the
urine. Reabsorption of kynurenin, on the other hand, becomes saturated, resulting in increased excreted
fractions at increasing circulating concentrations [32]. This may suggest that the clearance of kynurenin is
tightly regulated in order to balance the circulating concentrations. Logically, a decrease in plasma
kynurenin concentration with relatively little change in plasma tryptophan concentration is in favour of an
overall decrease in plasma RKT. In a large cohort of individuals with coronary artery disease, plasma and
urine RKT were strongly related (B = 0.45, p <0.001). The latter was predictive of type 2 diabetes mellitus.
In this study, the positive association of urinary RKT with incident type 2 diabetes mellitus appears to
reflect primarily the elevated urinary excretion of kynurenin [30]. Unlike most other urine point biomarkers,
RKT does not require adjustment for creatinine in urine to account for dilution. This limits the possibility of
confusion, as the rate of urinary creatinine excretion may be influenced by common comorbidities [33]. The
exciting preliminary data presented here suggest that the accelerated metabolism of IDO1 may have
significant contributions to the initiation and progression of T2DM, especially given that the development
of micro and macrovascular complications may precede progression to overt type 2 diabetes (11). While
several parameters such as HbA1C are established for the follow-up of type 2 diabetes, our findings that
plasma RKT is useful in verifying the age and progression of type 2 diabetes were consistent with those
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found in the literature where high plasma RKT levels have been associated with poor prognosis [16], with
consistent results in people with coronary artery disease (16) and in the elderly [34]. Decreased plasma
RKT during type 2 diabetes, as well as the high likelihood that individuals may not be identified by
conventional risk factors, encourage its further evaluation for clinical application over the long term.

5. Conclusions
In this cohort of established T2DM cases, IDO enzyme activity (via plasma RKT) is a factor closely related

to the progression of type 2 diabetes independently of other potential factors. The roles of the tryptophan
degradation pathway and renal excretion of kynurenin in the development of T2DM should be further
elucidated in order to provide new intervention strategies in the therapy of diabetes mellitus.

6. References
[1] Donath MY, Shoelson SE. Type 2 diabetes as an inflammatory disease. Nat Rev Immunol. 2011; 11: 98-

107.

[2] Kahn SE, Cooper ME, Del Prato S. Pathophysiology and treatment of type 2 diabetes: perspectives on
the past, present and future. Lancet. 2014; 383: 1068-1083.

[3] Oxenkrug GF. Metabolic syndrome, age-related neuroendocrine disorders and dysregulation of
tryptophan and kynurenin metabolism. Ann NY Acad Sci. 2010; 1199: 1-14.

[4] Schrocksnadel K, Wirleitner B, Winkler C, Fuchs D. Monitoring tryptophan metabolism in chronic
mmune activation. Clin Chim Acta. 2006; 364: 82-90.

[5] Oxenkrug GF. Cascade of kynurenin / pteridine inflammation induced by gamma interferon:
implications for ageing and psychiatric and medical disorders associated with ageing. J Transm. neuronale
2011; 118: 75-85.

[6 Oxenkrug G. Insulin resistance and deregulation of tryptophan-kynurenine and kynurenine-nicotinamide
adenine dinucleotide metabolic pathways. Mol Neurobiol. 2013; 48: 294-301.

[7] Favennec M., Hennart B., Caiazzo R. A Leloire, L Yengo, M Verbanck. The kynurenin pathway is
activated in human obesity and has been switched to the activation of kynurenin monooxygenase. Obesity.
2015; 23: 2066-2074.

[8] Oxenkrug G, J Cornicelli, M van der Hart, J Roeser, Summergrad P. Kynurenic acid, an aryl
hydrocarbon receptor ligand, is elevated in the serum of Zucker fat rats. Integr Mol Med. 2016; 3: 761-763.

[9] Oxenkrug GF. Increased plasma levels of xanthurenic and kynurenic acid in type 2 diabetes. Mol
Neurobiol. 2015; 52: 805-810.

[10] Zhang Y, Y Ruan, Zhang P, Wang L. Increased indolamine 2,3-dioxygenase activity in type 2 diabetic
nephropathy. J Diabete compliqué. 2017; 31: 223-227.

[11] Ryden L, Grant PJ, Anker SD, Bern C, Cosentino F, Danchin N, The ESC guidelines on diabetes, pre-
diabetes and cardiovascular disease were developed in collaboration with the EASD. Eur Heart J. 2013; 34:
3035-3087.

3598

|


https://www.seronijihou.com/

Chapitre 3

WA 9 ISSN: 13412051

ISSN:13412051 Volume 25, Issue 11, November, 2020

[12] Gillett MJ. Report of the International Expert Group on the Role of the Alc Test in Diabetes
Diagnosis: Diabetes Care 2009; 32 (7): 1327-1334. Clin Biochem Rev. 2009; 30: 197-200.

[13] Kumar R, Nandhini LP, Kamalanathan S, Sahoo J, Vivekanadan M. Evidence for current diagnostic
criteria of diabetes mellitus. World J Diabetes. 2016;7(17):396-405.

[14] Schefold JC, Zeden J-P, Fotopoulou C, von Hachling S, Pschowski R, Hasper D, Increased
indoleamine 2,3-dioxygenase (IDO) activity and elevated serum levels of tryptophan catabolites in patients
with chronic kidney disease: a possible link between chronic inflammation and uremic symptoms. Nephrol
Dial Transplant 2009; 24:1901-1908.

[15] Yamada K, Miyazaki T, Shibata T, Hara N, Tsuchiya M. Simultaneous measurement of tryptophan and
related compounds by liquid chromatography/electrospray ionization tandem mass spectrometry. J
Chromatogr B 2008; 867:57-61.

[16] Pedersen ER, Midttun O, Ueland PM, Schartum-Hansen H, Seifert R, Igland J, Systemic markers of
interferon-gamma-mediated immune activation and long-term prognosis in patients with stable coronary
artery disease. Arterioscler Thromb Vasc Biol. 2011; 31:698-704.

[17] Huang, XB, Tang, WW, L, Y., Hu, R., Ouyang, LY, L, JX, Li, XJ, Yi, and al. Prevalence of
diabetes and unrecognised diabetes in hypertensive patients aged 40-79 years in south-western China. PloS
one, 2017. 12 (2).

[18] Juan GP, Ruilope Luis M., Manuel L, Jaime F, Rafael O, Rafael DR, and al. Metabolism of glucose in
patients with essential hypertension. Am J Med .2006; 119: 318-326

[19] Akl C, Akik C, Ghattas H, Obermeyer CM. Gender disparities in midlife hypertension: a review of the
evidence on the Arab region. The health of women in their forties. 2017; 3(1): 1-10

[20] Pimenta E. Hypertension chez la femme. Hypertension research: journal officiel de la Société
japonaise d'hypertension. 2012;35(2):148-52.

[21] Doumas M, Papademetriou V, Faselis C, Kokkinos P. Gender differences in hypertension: myths and
reality. Curr Hypertens Rep. 2013;15(4):321-30.

[22] Deo, MG, PV, Pawar, Kanetkar, SR and Kakade, SV. Prevalence and risk factors for hypertension and
diabetes in the Katkari tribe of coastal Maharashtra. Journal of postgraduate medicine. 2017 .63 (2), 106-
113.

[23] Young, LA, Buse, JB, Weaver, MA, Vu, MB, Mitchell, CM, T. Blakeney, K., Grimm, J., and al,
Monitor Trial Group. Self-monitoring of blood glucose levels in patients with type 2 diabetes who are not
treated with insulin in the primary care phase: A randomized trial, JAMA Internal Medicine, 2017, 177 (7),
920-929.

[24] Debnath, S., C. Velagapudi, L. Redus, F. Thameem, B., B. Kasinath, CE, Lorenzo, C., et al
Metabolism of Tryptophan in Patients with Chronic Kidney Disease secondary to Type 2 Diabetes:
Relations to Inflammatory Markers, International Tryptophan Research Journal: IJTR, 2017, 10,

3599

=



Chapitre

Hamza, et.al, 2020 International Medical Journal

[25] Shu P.S., Chan Y.M., Huang S.L. Higher body mass index and lower consumption of dairy products
predict poor blood glucose control in patients with type 2 diabetes in MalaysiaPLoS ONE, 2017, 12 (2).

[26] Bassuk SS, Manson JE. Lifestyle and risk of cardiovascular disease and type 2 diabetes in women: A
review of the epidemiologic evidence. Am J Lifestyle Med, 2008,2(3):191-213.

[27] Alberti KG, Zimmet P, Shaw J. The Metabolic Syndrome: A New Global Definition. Lancet. 2005;
366,1059-62.

[28] Oxenkrug G. Inflammation inducible by gamma interferon: contribution to ageing and psychiatric
disorders associated with ageing. Aging Dis. 2011; 2:474-486

[29] L, G., S. Chen, J. Zhong, K. Teng and Y. Yin 2017. Crossover between tryptophan metabolism and
cardiovascular diseases, mechanisms and therapeutic implications. Oxidative medicine and cellular
longevity,2017, 1602074.

[30] Rebnord, EW, Strand, E., Midttun, @., Svingen, G., Christensen, M., Ueland, PM, Mellgren, G., and al.
La Kynurenine: The Kynurenine: Tryptophan Ratio as a Predictor of Type 2 Diabetes Mellitus in People
with Coronary Artery Disease. Diabetologia, 2017, 60 (9), 1712-1721.

[31] Pedersen ER, Tuseth N, Eussen SJ, Ueland PM, Strand E, Svingen GF, Midttun @, and al Associations
of plasma kynurenines with risk of acute myocardial infarction in patients with stable angina pectoris.
Arterioscler Thromb Vasc Biol. 2015; 35:455-462

[32] Pedersen ER, Tveitevag Svingen GF, Schartum-Hansen H, Ueland PM, Ebbing M, Nordrehaug JE, et
al; Urinary excretion of kynurenine and tryptophan, cardiovascular events, and mortality after elective
coronary angiography, European Heart Journal, Volume 34, Issue 34, 7 September 2013, Pages 2689-2696

[33] Ix JH, de Boer IH, Wassel CL, Criqui MH, Shlipak MG, Whooley MA. Urinary creatinine excretion
rates and mortality in people with coronary heart disease: the study of the heart and soul. Circulation. 2010;
121:1295-1303.

[34] Sulo G, Vollset SE, Nygard O, Midttun @, Ueland PM, Eussen SJ. Neopterin and kynurenine-

tryptophan ratio as predictors of coronary events in older adults, the Hordaland Health Study. Int J Cardiol.
2013; 168:1435-1440

® @ This work is licensed under a Creative Commons Attribution Non-Commercial 4.0
@ s International License.

3600



https://www.seronijihou.com/

Chapitre 4: Treatment of high blood pressure in diabetic
patients and risk of undernutrition in a population in extreme
Western Algeria






Chapitre 4

Chapitre 4 : Traitement de I’hypertension artérielle du sujet diabétique et risque de

dénutrition dans une population de I’extréme Ouest Algérien.

Introduction

La thérapie et les conseils nutritionnels font partie intégrante du traitement et de
I’autogestion du diabete .

Cependant la dénutrition est fréeguemment sous-estimée chez les sujets diabétiques
hypertendus, car ses manifestations cliniques sont non spécifiques.

Le «Mini Nutritionnal Assessement» (MNA) est un outil visant le dépistage de la
dénutrition qui peut étre utilisé au moment du diagnostic de diabete chez les hypertendus et
dans le suivi du traitement.

La pathogénie de I’hypertension chez les diabétiques est complexe et fait intervenir
plusieurs facteurs biologiques et environnementaux, ainsi qu’une prédisposition génétique,
par conséquent, I’hypertension du diabétique présente un plus grand danger de problémes et
de complications (Campbell et al., 2011).

Bien que I'hypertension soit une pathologie fréquente chez les diabétiques (80% chez
le diabéte de type 2) (Diyane et al., 2013), nous ne retrouvons pas d’études qui évaluent la
prévalence de la dénutrition chez cette catégorie de patients en lien avec les associations
médicamenteuses.

L’objectif de la présente étude est d’évaluer les risques liés a la dénutrition chez cette

catégorie de patients recrutés au CHU de Tlemcen.

Méthodes

Une étude descriptive a été réalisée sur un échantillon de 692 individus, 366
diabétiques hypertendus, et 326 hypertendus normo glycémique agés de 50 ans et plus,
recrutés au CHU de Tlemcen de janvier a juin de I’année 2018. Le recueil des données a été
fait a 1’aide d’un questionnaire : Le MNA. Sensible et spécifique, ce dernier est validé de
facon internationale. L’exploitation des données a été réalisée a 1’aide du logiciel Minitab 16.

Une étude de régression linéaire a été effectuée afin de déterminer un modéle prédictif
du risque de dénutrition chez les diabétiques hypertendus. Le test (t) de Student pour la
comparaison de deux moyennes et le teste du chi carré pour la comparaison de pourcentages.

Le seuil de signification statistique a été fixé a p < 0,05.
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Résultats

Dans notre population, aucune différence significative n’a été observé entre la
moyenne d’age des sujets hypertendus diabétiques (66 +£9,75 ans) et la moyenne d’age des
sujets hypertendus non diabétiques (65+10,2 ans) (p=1,91).

L’IMC (ou indice de Quételet calculé par le poids/ taille’) moyen des sujets
hypertendus diabétiques (27+4,69 kg/m?) est significativement (0,004) plus élevé que celui
des hypertendus non diabétiques (26+4,33 kg/m?). Les coefficients de variation sont de 0.17
et 0.16 pour les sujets hypertendus diabétiques et les hypertendus non diabétiques
respectivement, témoignant d’une répartition homogéne dans les deux groupes.

Tous les patients hypertendus étaient sous la méme thérapie anti hypertensive depuis
au moins une année. Les pourcentages des sujets hypertendus diabétiques sous monothérapie
anti hypertensive (67%) et bithérapie anti hypertensive ( libre ou combinée ) (33 %) se
rapprochent aux pourcentages des sujets hypertendus non diabétiques avec monothérapie
(68,09%) et bithérapie (31,90%) avec p=0,804. Les résultats de la régression montrent que le
sexe, I'IMC, les ARA 2, les IEC, et ’association ARA2/D ont un effet sur le score (le risque
de dénutrition).

Discussion

Un modeéle statistique a été réalisé pour évaluer le risque de survenue de la dénutrition
chez des sujets diabétiques hypertendus de 1’extréme Ouest Algérien :
Les caracteres retenus significativement liés a la dénutrition chez les hypertendus diabetiques
sont : Le sexe, 'IMC, et le traitement de I’hypertension.

Dans la présente étude, les patients recrutés avaient 50 ans et plus. Cela correspond a
I’age retenu dans plusieurs études rapportées par Ferry et al en 2007 (Ferry et al., 2007) .
Ainsi que le montre nos résultats , 1’age n’est pas corrélé au risque de denutrition chez les
hypertendus diabétiques ainsi que chez les hypertendus non diabétiques. Les personnes
agées ne sont pas forcement denutries , plusieurs études ont permis d’identifier les situations a
risque de dénutrition chez les personnes agées sans lien avec 1’age (Alibhai et al., 2005, Ferry
et al., 2012) . Ainsi 1’age pourrait étre un facteur de confusion. Notre analyse retient le sexe
comme facteur, indépendant de 1’dge, ayant un effet sur le risque de la dénutrition (p = 0,001).

Dans une cohorte Chinoise de Hong Kong, parmi les facteurs de risque associés a la
perte de poids étaient le sexe (Woo et al., 2001) . Nos resultats montrent aussi que L’IMC est
I’une des variables les plus pertinentes pour prédire la survenue d’une dénutrition (p = 0,000).

L’ANAES et le NICE recommandent pour le dépistage de la dénutrition chez I’adulte et
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I’utilisation de 'IMC (ANAES 2003, NCCAC 2006). Les études de mortalité en population
montrent qu’il existe une association « en U » entre I'IMC et les taux de mortalité pour une
valeur comprise entre 20 et 27 kg/m* selon I’age et le sexe. Une baisse de I'IMC est
significativement associée a un accroissement de la mortalité. (HAS 2007) . Il est important de
noter la part du traitement dans la dénutrition, le but du traitement de I'nypertension artérielle
n'est pas seulement de ramener a la normale les chiffres de la pression artérielle. Mais il faut
aussi éviter une dégradation du statut nutritionnel. Dans la revue d’Alibhai et al. (Alibhai,
2005), ces traitements apparaissent comme I’une des causes les plus fréquentes de perte de
poids involontaire, en accord avec les recommandations de I’ESPEN (Kondrup et al., 2003).
Les hypertendus diabétiques de notre étude qui étaient traités par un ARA2, un IEC ou
une association ARA2/diurétique étaient plus exposés au risque de dénutrition (p =0.009, p =
0.026 et p = 0.013) . Sur le plan nutritionnel, ces deux classes d’anti hypotensives ne semblent
pas dénudées d’effets secondaires et peuvent majorer, en conséquence un risque de dénutrition
(Loesche et al., 1995). En bithérapie anti hypertensive, méme si l'association ARA 2 et
diurétique est significativement plus efficace que chacun des composants pris séparément
(Melian et al., 2002), ces derniers ne sont pas sans danger et sont associés a un risque de
dénutrition (p = 0.013). Crogan et al ont trouve des résultats similaires. Parmi 266 résidents de
plus de 65 ans vivant dans une maison de retraite, I’un des facteurs associés a une dénutrition
était la prise de diurétiques (p = 0,004) (Crogan et al., 2002). Bien que les recommandations
de L'ESC/ESH pronent les associations fixes dans le traitement de I'HTA car elles «simplifient
le traitement et favorisent I'observance» (Mancia et al., 2009). Le choix des combinaisons des
antihypertenseurs doit aussi tenir compte du risque de dénutrition. Les experts de la HAS
mettent en garde contre les traitements médicamenteux au long cours notamment la prise de
diurétiques qui expose au risque de dénutrition chez les personnes agées (HAS 2007). L’étude
CRITERE reéalisée en France, a conclu que les praticiens associent préférentiellement un
inhibiteur calcique plutdt qu’un diurétique, en utilisant 1’atteinte rénale comme déterminant de

choix chez des patients a risque cardiovasculaire (Vaisse et al., 2009).

Conclusion

La population de patients hypertendus diabétiques est une population qui présente un
risque élevé de denutrition précoce (a partir de 50 ans). Le présent travail retrouve une
relation statistiquement significative entre le sexe, ’IMC, le traitement de ’HTA a savoir les

ARAZ2, les IEC et les diurétiques. L'utilisation de ces derniers peut apporter une explication
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quant aux mécanismes sous-jacents du risque accru de dénutrition observé chez les sujets

hypertendus diabétiques de notre population d'étude.
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Introduction: Assessing the risk of undernutrition in hypertensive diabetics is
essential. It makes it possible to detect undernutrition for better care. The
objective of our study is to describe the factors influencing thisundernutrition.

Methods: A descriptive study was conducted on a sample of 366 diabetics with
hypertension and 326 with normo-glycemic hypertension aged 50 years and over.
Patients were enrolled at the University Hospital in Tlemcen from January to June
2018. The data collection was carried out using a questionnaire: The MNA (The
Mini Nutritional Assessment).

Results: The study made it possible to establish the profile of subjects at high risk
of undernutrition. In our sample, age was not correlated with risk of malnutrition
in diabetic hypertensives and normo-glycemic hypertensives respectively (p =
0.304 and p = 0.444). The linear regression model uses gender as an age-
independent factor that affects the risk of undernutrition (p = 0.001). BMI was one
ofthe most relevant variables for predicting the occurrence of undernutrition (p =
0.000). Thus, diabetic hypertensive patients in our study who were treated with an
Angiotensin II receptor blockers, an angiotensin converting enzyme inhibition or
an ARB/diuretic combination were more at risk of undernutrition (p = 0.009,p =
0.026 and p=0.013).

Conclusion: Particular attention should be paid to diabetic hypertensive subject.
The treatment of hypertension in diabetics aggravates this malnutrition. Thus, a
nutritional status assessment should be established in any diabetic hypertensive
patient allowing appropriate therapeutic management to avoid all complications
associated with undernutrition.

Introduction

risks associated with undernutrition in this category of
patients recruited at the University Hospital of Tlemcen.

Therapy and nutritional counselling are an integral part of
diabetes treatment and self-management. However,
undernutrition is frequently underestimated in hypertensive
diabetics because its clinical manifestations are non-specific.
Mini Nutritionnal Assessement (MNA) is a tool for screening
for undernutrition that can be used at the time of diagnosis
of diabetesin hypertensive patients and in treatment follow-
up. The pathogenesis of hypertension in diabetics is complex
and involves several biological and environmental factors, as
well as a genetic predisposition, therefore, diabetic
hypertension presents a greater risk of problems and
complications L Although hypertension is a common
pathology in diabetics (80% in type 2 diabetes) 2, there are
no studies that assess the prevalence of undernutrition in
this category of patients in association with drug
combinations. The objective of this study is to assess the

ISSN: 2250-1177 [8]

Methodology

A descriptive study was carried out on a sample of 692
individuals, 366 diabetics with hypertension, and 326
hypertensives with normal blood sugar aged 50 years and
over, recruited at the University Hospital of Tlemcen from
January to June 2018. The data collection was done using a
questionnaire: The MNA. Sensitive and specific, the latter is
internationally validated.

Statistical analyses:

Data processing was performed using Minitab 16 software. A
linear regression study was conducted to determine a
predictive model of the risk of undernutrition in
hypertensive diabetics. The Student test (t) for the
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comparison of two averages and the Chi-Square test for the
comparison of percentages. The statistical significance level
was setat p < 0.05.

Results

In our population, we note a sex ratio Male to Female of 0.44
for diabetic hypertensive patients, and 0.78 for non-diabetic
hypertensive patients, in favour of a more pronounced
female prevalence among diabetic hypertensive patients
with a significantly higher percentage of diabetic
hypertensive women (69%) compared to that of non-
diabetic hypertensive women (56%).

The percentage of men with hypertension without diabetes
(44%) is significantly higher than the percentage of men
with hypertension with diabetes (31%) with a p-value of
(0.000).

No significant differences were observed between the mean
age of diabetic hypertensive subjects (66 +9.75 years) and
the mean age of non-diabetic hypertensive subjects (65+10.2
years) (p=1.91).

The mean BMI (or Quételet index calculated by weight/
height2) of diabetic hypertensive subjects (27+4.69 kg/m2)
is significantly higher (0.004) than that of non-diabetic
hypertensive subjects (26+4.33 kg/m2).

The coefficients of variation are 0.17 and 0.16 for diabetic
hypertensive and non-diabetic hypertensive subjects

Journal of Drug Delivery & Therapeutics. 2021; 11(1):8-12

respectively, indicating a homogeneous distribution in both
groups.

All hypertensive patients had been on the same
antihypertensive therapy for at least one year. The
percentages of diabetic hypertensive subjects receiving
antihypertensive =~ monotherapy (67%) and  dual
antihypertensive therapy (free or combined) (33%) are
similar to the percentages of non-diabetic hypertensive
subjects receiving monotherapy (68.09%) and dual therapy
(31.90%) with p=0.804.

For subjects taking ACE inhibitors, there is a difference close
to the significance threshold (p=0.052), the percentage of
non-diabetic hypertensive subjects treated by ACE inhibitors
(1595%) is higher than that of diabetic hypertensive
subjects (10.92%).

For the other treatment classes (A2RA, BB, diuretic, calcium
channel blocker, A2RA/diuretic, IEC/diuretic), there is a
nearly balanced distribution between the two groups of
patients (diabetic and non-diabetic hypertensive). No
significant differences were observed.

The assessment of the risk of undernutrition by the MNA
score (in its full version, with a total score between (17-23.5)
reveals an insignificant increase in the risk of undernutrition
(p=0.274) in non-diabetic hypertensive patients (42%)
compared to diabetic hypertensive patients (38%).

Table 1: Characteristics of the study population

Parameters Diabetic hypertensives Non-Diabetic hypertensives p-value

Gender M113(30,87%) M 143 (43,86%) 0,000
W 253 (69,12%) W 183 (56,13%)

Age (years) 65,73+£9,75 64,3+10,54 0,191

BMI (kg/m2) 26,85+4,69 25,85+4,33 0,004

Angiotensin 2 receptor A2RA 186 (23,49%) A2RA 170 (21,47%) 0,525

antagonist Others 280 (76,50%) Others 256 (78,52%)

Beta blockers ( BB) BB 59 (16,12%) BB 53 (16,25%) 0961
Others 307 (83,87%) Others 273 (83,74%)

Diuretics Diuretics 13 (3,55%) Diuretics 7 (2,14%) 0,271
Others 353 (69,44%) Others 319 (97,85%)

Calcium inhibitors Calcium inhibitors 48 (13,11%) Calcium inhibitors 40 (12,26%) 0,739
Others 318 (86,88%) Others 286 (87,73%)

ACE inhibitors (ACEI) ACEI 40 (10,92%) ACEI 52 (15,95%) 0,052
Others 326 (89,07%) Others 274 (84,04%)

A2RA/diuretic A2RA/ Diuretics 98 (26,77%) A2RA/ Diuretics 86 (26,38%) 0,906
Others 268 (81,42%) Others 240 (73,61%)

ACEl/diuretic ACEI/ Diuretics 22 (6,01%) ACEI/ Diuretics 18 (5,52%) 0,783
Others 344 (93,98%) Others 308 (94,47%)

Type of therapy Mono 246 (67,21%) Mono 222 (68,09%) 0,804
Bi 120 (32,78%) Bi 104 (31,90%)

Risk of undernutrition R 140 (38,25%) R 138 (42,33%) 0274
NR 226 (61,74%) NR 188 (57,66%)
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The impact of age on undernutrition in normoglycemic hypertensives and diabetic hypertensives was assessed by a simple

linear regression,

There is no correlation between age and undernutrition in the two groups investigated (Figures 1 and 2).
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Figure 1: Correlations between undernutrition score and age in hypertensive diabetics

The simple linear regression (Figure 1) and Pearson's correlation show no correlation between undernutrition and age in
diabetic hypertensive patients (r=0.054; P=0.304).

Similarly, the simple linear regression (Figure 2) and Pearson's correlation show thatthe score is not age correlated in non -
diabetic hypertensive patients with a correlation coefficient of -0.043 and a p-value of 0.444.
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Figure 2: Correlations between score and age in non-diabetic hypertensive patients

There is no difference in most anthropometric and biological parameters between the two groups of hypertensive patients. On
the other hand, the regression results (Figures 1 and 2) show that gender, BMI, A2RA, ACE], and A2RA/D combination have an

effect on the score (risk of undernutrition).

Table2: Regression variables

Predictor Coeff Coef ErT T P

Constant 18,380 1,132 16,23 0,000
Sex 0,8294 0,2442 3,40 0,001
BMI 0,15775 0,02579 6,12 0,000
A2RA 1,4147 0,5422 2,61 0,009
ACEI 1,2943 0,5795 2,23 0,026
A2RA/D 1,3263 0,5335 2,49 0,013

S =3.05295 Rsquare = 8.2% R square (adjust) = 6.8%.
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Table 3: Analysis of variance

Source DF Sum of squares CM F P
Regression 10 563,472 56,347 6,05 0,000
Residual error 681 6347,248 9,320
Total 691 6910,720
Discussion combinations must also take into account the risk of

A statistical model was developed to assess the risk of
malnutrition in hypertensive diabetic subjects in extreme
Western Algeria: Characteristics retained significantly
related to undernutrition in hypertensive diabetics are: Sex,
BM]I, and the treatment of hypertension.

It is recommended, without specificity for the elderly, to
screen for undernutrition through medical diagnosis and co-
morbidity 4 In this study, the patients enrolled were 50
years of age or older. This corresponds to the age used in
several studies reported by Ferry et al in 2007 5.

As our results show, age is not correlated with the risk of
malnutrition in diabetic hypertensive patients as well as in
non-diabetic hypertensive patients. Elderly people are not
necessarily malnourished, several studies have identified
situations at risk of undernutrition in elderly people
unrelated to age® 7. Thus age could be a confounding
factor.Our analysis uses sex as a factor, independent of age,
that affects the risk of undernutrition (p = 0.001). In a
Chinese cohort in Hong Kong, among the risk factors
associated with weight loss were gender 8. Our results also
show that BMI is one of the most relevant variables for
predicting the occurrence of undernutrition (p = 0.000).
ANAES and NICE recommend for the screening of adult
undernutrition and the use of BMI % 10,

Population mortality studies show thatthere is a "U-shaped"
association between BMI and mortality rates between 20
and 27 kg/m? depending on age and sex. A decrease in BMI
is significantly associated with an increase in mortality. 1. It
is important to note the share of treatment in
undernutrition, the purpose of high blood pressure
treatment is not only to restore blood pressure figures to
normal. But we must also avoid deterioration in nutritional
status. In the review by Alibhai et al 13, these treatments
appear to be one of the most frequent causes of involuntary
weight loss, in accordance with the recommendations of the
ESPEN 14,

Diabetic hypertensive patients in our study who were
treated with an A2RA, ACE inhibitor or A2RA/diuretic
combination were at higher risk of undernutrition ( p =
0.009, p = 0.026 and p = 0.013). From a nutritional point of
view, these two classes of antihypotensive drugs do not
seem to have no side effects and may therefore increase the
risk of undernutrition 1°.

In dual antihypertensive therapy, even if the combination of
A2RA and diuretics is significantly more effective than each
of the individual components 20, the latter are not without
risk and are associated with a risk of undernutrition (p =
0.013). Crogan et al found similar results. Among 266
residents over 65 years of age living in a retirement home,
one of the factors associated with undernutrition was
diuretic use (p = 0.004) 2. Although the ESC/ESH
recommendations advocate fixed associations in the
treatment of hypertension because they "simplify treatment
and promote compliance" 22. The choice of antihypertensive

ISSN: 2250-1177 [11]

undernutrition. HAS experts warn against long-term drug
treatments, particularly the use of diuretics, which puts the
elderly at risk of undernutrition 1. The CRITERE study
conducted in France concluded that practitioners
preferentially combine a calcium channel blocker rather
than a diuretic, using renal impairment as the determinant
of choice in patients at cardiovascular risk .

Conclusion

The population of hypertensive diabetic patients is a
population at high risk of early undernutrition (from age
50). This work finds a statistically significant relationship
between gender, BM], treatment of hypertension, ie. AZRA,
ACE inhibitors and diuretics. The use of the latter can
provide an explanation of the underlying mechanisms of the
increased risk of undernutrition observed in hypertensive
diabetic subjects in our study population.

Conflictinterest: No
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Chapitre 5

Chapitre 5 : Stéréochimie et validation de la structure de la cyclo-oxygenase, cible
privilégiée des anti inflammatoires non stéroidiens controversés au cours de la pandémie
au COVID 19

Introduction

La prostaglandine H synthase 2 (COX 2) est une enzyme importante dans le
métabolisme de I'acide arachidonique (Patrono et Baigent, 2014). Elle est a la fois exprimée
de maniere constitutive dans plusieurs tissus humains (par exemple les reins et le cerveau) et
induite dans divers types de cellules (y compris les monocytes / macrophages, les cellules
endothéliales vasculaires ,etc ....) en réponse aux cytokines inflammatoires, et aux facteurs de

croissance (Ricciotti et FitzGerald, 2011).

Les produits de l'activité COX-2 [par exemple PGE, et prostacycline (PGl;)] sont
impliqués dans divers processus physiologiques et physiopathologiques, y compris
I'némodynamique rénale et le controle de la pression artérielle, la thromborésistance
endothéliale, la douleur et I'inflammation (Smyth E et al., 2011) , (Dovizio et al., 2015) .

Par conséquent, il n'est pas surprenant que les inhibiteurs de la COX-2 présentent des
effets cliniqgues multiformes, allant d'une diminution de la douleur et de l'inflammation
(Smyth E et al., 2011)a une augmentation de la pression artérielle (Patrono et Baigent, 2014),
un risque accru d'événements athérothrombotiques (Bhala et al., 2013) et une diminution du

risque de cancer colorectal (Dovizio et al., 2015).

Les enzymes cyclooxygénase sont des cibles pharmacologiquement importantes pour
les anti-inflammatoires non stéroidiens, tels que I'aspirine et les nouveaux inhibiteurs sélectifs
de la COX-2. Une approche prudente doit étre suivie lors de I'instauration des AINS pour la
fievre ou la toux liée au COVID-19 en raison du risque accru d'effets indésirables bien connus
(Micallef et al., 2020) .

L’objectif de cette étude est de valider I'adhésion des modeles de la cyclooxygenase
aux principes structurels nécessaires pour l'exactitude de l'interprétation des données

cristallographiques.
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Méthodes
Pour étudier les propriétés stéréochimiques des différents modeles de la COX liée a
un AINS ou a son substrat naturel (I’acide arachidonique) , les paramétres suivants ont été

utilisés : Les écarts RMS , le diagramme de Ramashandran , le facteur R libre et le clashscore.

La COX-2 est induite par I’inflammation tandis que de COX-1 est physiologique. Les
différentes structures cristallines de COX-1 et COX-2 en complexe avec une myriade
d'inhibiteurs et de substrats ont été visualisées sous format NGL (Rose et al., 2018) puis

téléchargée a partir de la PDB (https://www.rcsb.org/) . Les structures de la COX ont été

transférées sur logiciel Discovery (Discovery Studio 2.5 (CDOCKER Dock, Dassault
Systemes BIOVIA, Etats-Unis). Discovery Studio facilite I'examen des propriétés des grandes
et des petites molécules. Les groupes de ligands co-cristalisés ont été sépares. Les molécules
d’eau et les héthéroatomes ont été supprimés. Les cibles (récepteurs) ont été enregistrées sous

format PDB pour étre utilisées sur Molprobity. (Williams CJ, 2018)

MolProbity  (http://molprobity.biochem.duke.edu/) s'appuie trés largement sur
I'analyse des affrontements interatomiques. Pour cela, le programme calcule les positions des
atomes d'hydrogene et les ajoute aux fichiers de coordonnées (en remplacant parfois les
atomes H d'équitation qui pourraient déja y étre présents). Ce programme vise a Vérifier
I'orientation la plus probable des chaines latérales. Une fois que ces résidus ont été places
dans leurs orientations les plus probables et que les atomes H ont été ajoutés, les contacts de
tous les atomes sont analysés en détail. Les distances interatomiques rapprochées et les
affrontements sont représentés graphiquement, fournissant des informations utiles pour la
reconstruction des zones incriminées, ou au moins lever un drapeau rouge pour les utilisateurs

des structures déposées (Williams CJ, 2018) .

Le programme fournit des graphiques des angles de Ramachandran, en utilisant une
base de données beaucoup plus compléte. (Wlodawer, 2017). Le Java SE Java Runtime
Environment (JRE) a été téléchargé a partir de www.oracle.com (la derniére version (Java SE
7u40 a partir de septembre 2013). Java est une technologie développée a l'origine par Sun
Microsystems et maintenant développée et hébergée par Oracle (www.oracle.com).

Molprobity utilise Java pour afficher les informations 3D. Les rapports de validations
des différentes structures cristallines ont été téléchargés a partir de la PDB en citant chaque
ligand et son dépositaire. Ces rapports ont servi pour la comparaison et I’interprétation du

facteur R libre et du clashscore.

-
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Résultats

Les structures de COX liées au naproxéne (3NT1: 1,73 A) et & I'ibuproféne (4PHO:
1,81 A) ont une résolution plus élevée. Dans le diagramme de Ramachandran, pour 4PHP et
3LN1, 100,0% des résidus se trouvaient dans des régions autorisées. Pour le facteur R jipr, les
valeurs de (19,8%) pour 4PH9, (20,0%) pour 3NT1 et (22,4%) pour 1CVU se situaient dans
les plages attendues. Ils étaient plutdt élevés pour 3LN1, 1PXX et 4COX.

Les scores de conflit pour 3NT1 (99e centile) et 4PH9 (98e centile) se situaient au
sommet des meilleures fourchettes. 4PH9 (valeurs aberrantes de sidechain: 1,5%) et 3NT1
(valeurs aberrantes de sidechain: 1,8%) ont été modélisées avec leurs rotaméres préférés. En
comparant toutes les métriques, 4PH9 semble étre la structure cristalline la plus fine.

Discussion

Afin de minimiser les risques d'échec, les sociétés pharmaceutiques tentent en
permanence d'établir la valeur d'une cible pour affecter une maladie. Ce processus s'appelle
validation cible. Il existe de nombreuses méthodes pour déterminer la structure d'une protéine,
et la plus courante est probablement cristallographie aux rayons X. (Maveyraud et Mourey,
2020).

La recherche et la validation de la protéine cible est une étape incontournable de la
conception des médicaments basée sur la structure (Grant, 2009) . Le tracé de Ramachandran ,
et les différents métriques ( Rlibre , clashscore , sidechain outliers et RSRZ outliers )

permettent de vérifier les propriétés stéréochimique du model (Krieger et al., 2009).

Dans la littérature , différentes autres méthodes de validation du model ont été décrites
(Song et al., 2009) , (Bordoli et al., 2009) , (Potapov et al., 2010).

Toutes les entrées sur PDB doivent étres rigoureusement vérifiées car elles ne
constituent pas forcement une source fiable de stéréochimie (Evans, 2007) . Une fois la

protéine validée. Le docking moléculaire se poursuivra en recherchant les sites d’interactions.

Nous avons utilisé molprobity, comme 1’'une des approches de validation de la
structure . (Davis et al., 2004) , (Chen et al., 2010) . En plus de I’analyse des paramétres
géométriques, MolProbity détécte les positions des atomes d'hydrogéene et les additionne aux
paramétres de coordonnées pour 1’étude des clashes interatomiques (Wlodawer, 2017) . |l
s’agit d’une nouvelle méthode de validation des structures par rapport a PROCHECK ,

longtemps utilisé auparavant (Laskowski et al., 1993).
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L'examen des différentes entrées PDB de la COX révele les différentes interactions
avec les ligands. La plupart des interactions sont des liaisons hydrogéne ou des interactions

hydrophobes.

La cyclooxygenase convertit son ligand endogene 1’acide arachidonique ( qui est
achiral ) en prostaglandine G2 ( qui a cing centres chiraux) (Kiefer et al., 2000). L’inhibition
de la synthese des prostaglandines par I’indométacine est dépendante du temps et de la

concentration.

Elle est progressive et fonctionnellement irréversibles. La liaison étroite de
I’indométacine a la coxl nécessite le groupe carboxylique (Blobaum et Marnett, 2007).
L’ibuproféne établie un total de 21 contacts avec la cyclooxygenase 2 et un 22 *™ doublement
lié a la Valine-349 et Leucine-359 (Orlando et al., 2015).

Nos résultats révelent que 4PH9 apparait comme la structure cristalline la plus fine.
Notamment avec une valeur de Rlibre de 19,8 % pour une résolution de1,81 A . Ces deux
parameétres sont étroitement liés (Wlodawer et al., 2008). Molpropbity place 4PH9 (
Ibuproféne liée a la cox) au 99" percentile et un pourcentage de valeurs aberrantes de chaines

latérales inferieur ou égal a 2 % lui est attribué (4PH9 : sidechain outliers : 1.5 %).

L’Ibuproféne est un inhibiteur compétitif et rapidement réversible de la COX
(Heidarpoor Saremi et al., 2020). Le rofécoxib effectue un total de 42 contacts avec des

résidus tapissant le canal de la cyclooxygénase. (Marnett 2009).

La découverte de la structure cristalline du Diclofenac en complexe avec la COX 2

montre une liaison avec son groupe carboxylate a I’hydrogene de la Tyrosine -385 et Serine -

530. (Rowlinson et al., 2003).

Diclofenac inhibe la cox de maniere lente et irréversibles. La modification du groupe
acide carboxylique du diclofenac a donné des inhibiteurs puissants et sélectifs de la cox2 ,
tandis que I’incorporation d’halogénes en position 2 et 6 sur le cycle aniline inferieur

influence la puissance de I’inhibition de la cyclooxygenase (Sorbera, 2002).

Comme les autres composes de la famille des acides 2-arylpropioniques des AINS , le
groupe carboxylate du naproxene interagit avec Arginine-120 et Tyrosine -355 par des

liaisons hydrogenes , a la base du site actif.
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Le reste des interactions entre naproxene et COX étaient des contacts de Van Der
Wals (Duggan et al., 2010).

Par opposition a I’ibuprofene qui inhibe rapidement et réversiblement la cox , ou a
I’indometacine et diclofenac qui inhibent la cox de maniére lente et fonctionnellement
irréversible , le naproxene inhibe la cox lentement et de maniére réversible (Bombardier et al.,
2000).

La structure 3NT1 avait la meilleure resolution (1,73 A) avec aussi 98,0% (1085/1107)
de tous les résidus étaient dans des régions favorisées (98%) 100,0% (1107/1107) de tous les
résidus étaient dans des régions autorisées (> 99,8%). Il n'y avait pas de valeurs aberrantes au
graphique de Ramachandran. Les structures 4COX (82 outliers / 2200: 3,72%), 1CVU (8
outliers / 1107: 0,72%), 1PXX (6 outliers / 2199: 0,27%) sont tout a fait acceptables.

La démarche que nous avons utilisé pour la validation stéréochimique des modéles est
tres importante. Elle identifie la structure 4PH9 comme ayant la meilleure qualité. Le
processus de validation utilisé est crucial pour garantir la qualité du model. De tels tests

devraient étre utilisés avant le raffinement de la structure. (Wlodawer, 2017)

Ainsi la réussite d’un docking moléculaire nécessite en premier lieu la validation de la
cible. Des recherches trés recentres ont tenté d’établir un lien entre la physiopathologie de

I’infection au COVID 19 et les inhibiteurs de la COX-2 (Baghaki et al., 2020).

Le potentiel thérapeutique de ces derniers autant que modulateur immunitaire n’a pas

éte clairement établi (Ong et al., 2020) .

L’utilisation des anti inflammatoires non stéroidiens pourrait augmenter la régulation
de ’enzyme de conversion de 1’angiotensine 2 (ACE2) , le récepteur d’entrée cellulaire (Zhou
et al., 2020) , (Fang et al., 2020) , et avoir un lien direct avec la réplication du SRAS-Cov 2 a
travers la signalisation COX/PGE2 (Raaben et al., 2007).

La cyclooygenase 2 était effectivement induite par 1’infection au COVID 19 mais

n’affectait pas 1’entrée ou la réplication virale. (Chen et al., 2020).

Conclusion
Compte tenu du role de la cyclooxygenase dans la physiopathologie liée a I’infection
au COVID 19 . D’anciennes et de nouvelles thérapeutiques peuvent étre proposées ou contre

indiquées. Les études in silico permettent de simuler I’interaction de la COX avec ces
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derniéres. Cependant, les entrées sur PDB doivent étres rigoureusement vérifiées car elles ne
constituent pas forcement une source fiable de stéréochimie.

Pour une meilleure compréhension de cette cible nous proposons une méthode
informatique pratique pour vérifier I’adhésion des modeles aux principes structurels établis
pour garantir leur qualité. Il s’agit d’une étape incontournable dans la conception des

médicaments basés sur la structure.
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Abstract:

During COVID-19 infection, the scarce published data on nonsteroidal anti-inflammatory drugs is very controversial. In the literature,
several models of cyclooxygenase, their preferred target, have been identified. The aim is to study their sterochemistry and validate
the best structure. PDB entries were viewed using Discovery Studio 2.5 software. MolProbity was used for steriochemical analysis.
The structures of COX bound to Naproxen (3NT1: 1.73 A) and lbuprofen (4PH9: 1.81A) are of higher resolution. In the
Ramachandran diagram, for 4PHP and 3LN1, 100.0% of the residues were in allowed regions. For the Rlibre factor the values of
(19.8%) for 4PH9, (20.0%) for 3NT1 and (22.4%) for 1CVU were within the expected ranges. They were rather high for 3LN1,
1PXX and 4COX. The clashscores for 3NT1 (99th percentile) and 4PH9 (98th percentile) were at the top of the best ranges. 4PH9
(sidechain outliers: 1.5%) and 3NT1 (sidechain outliers: 1.8%) were modeled with their preferred rotamers. By comparing all metrics,
4PH9 appears to be the finest crystal structure. PDB entries do not necessarily constitute a reliable source of steriochemistry. Our
study made it possible to verify the adherence of the models to the structural principles established to guarantee their quality. This is

an essential step in the design of structure-based drugs.

Keywords: Steriochemistry, validation, cyclooxygenase, non-steroidal anti-inflammatory drugs, COVID 19

INTRODUCTION

Prostaglandin H synthase 2 (COX 2) is an important enzyme in
the metabolism of arachidonic acid (1) . It is both constitutively
expressed in several human tissues (eg kidneys and brain) and
induced in wvarious cell types (including monocytes /
macrophages, vascular endothelial cells, etc.) in response to
cytokines inflammatory, and growth factors  (2) . The products
of COX-2 activity [eg PGE2 and prostacyclin (PGI2)] are
involved in various physiological and pathophysiological
processes, including renal hemodynamics and blood pressure
control, endothelial thromboresistance, pain and | inflammation
(3) , (4) . Therefore, it is not surprising that COX-2 inhibitors
exhibit multifaceted clinical effects, ranging from decreased
pain and inflammation (3) to increased pressure. blood pressure
(Patrono and al. 2014), an increased risk of atherothrombotic
events (5) and a decreased risk of colorectal cancer (4). The
crystal structures of cyclooxygenase (COX) isoforms are quite
structurally homologous and consistent with high sequence
identity (about 60%). The COX monomer consists of three
structural domains: an epidermal growth factor-like N-terminal
domain, a membrane binding domain of about 48 amino acids
which anchors the protein to a leaflet of the lipid bilayer, and a
large C-terminal globular catalytic domain with the COX active
site which hosts the substrate or inhibitors and the peroxidase
which contains the heme cofactor. These sites are distinct but
interconnected functionally and structurally (6). Each COX
isoform is a structural homodimer which functions as a

heterodimer. One subunit, containing the required heme
prosthetic group, acts as a catalytic site, while the other serves
as an allosteric site (7). Previous evidence suggests that
inhibitors may act at one or both sites, depending on the
structure and concentration of the inhibitor (8) . Cyclooxygenase
enzymes are pharmacologically important targets for
nonsteroidal anti-inflammatory drugs, such as aspirin and new
selective COX-2 inhibitors. Nonsteroidal anti-inflammatory
drugs bind tightly to a single COX-2 dimer monomer and
allosterically inhibit oxygenation of the substrate in the partner
monome (8), (9). The first evidence that COX inhibition affects
the risk of cardiovascular disease was found by large-scale
studies examining gastrointestinal outcomes as a primary
endpoint. Rofecoxib was withdrawn from the market in 2004
following the results of the Adenomatous Polyp PRevention On
Vioxx (APPROVe) study, showing that patients taking
rofecoxib were twice as likely to have thromboembolic events
compared to a group on placebo (10). In COVID-19 infection,
the rare published data on NSAIDs cited in relation to the
increased risk of mortality or the need for respiratory assistance
are highly controversial.(11) , (12) , (13) . These studies taken
individually are biased (14) . Nevertheless, a cautious approach
should be followed when initiating NSAIDs for fever or cough
associated with COVID-19 due to the increased risk of well-
known adverse reactions of NSAIDs in the specific setting of
COVID-19 in addition to the risk of worsening the disease (14)
.The objective of this study is to validate the adherence of
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cyclooxygenase models to structural principles necessary for the
accuracy of interpretation of crystallographic data.

Methods

To study the stereochemical properties of the different models
of COX bounded to NSAID or to its natural substrate
(arachidonic acid), the following parameters were used: RMS
deviations, Ramashandran diagram, free R factor and clashscore

COX-2 is induced by inflammation while COX-1 is
physiological. The different crystal structures of COX-1 and
COX-2 in complex with a myriad of inhibitors and substrates
were visualized in NGL format (15) then downloaded from the
PDB (https: // www. rcsb.org/). The COX structures were
transferred to Discovery software (Discovery Studio 2.5
(CDOCKER Dock, Dassault Systemes BIOVIA, United States).
Discovery Studio makes it easy to examine the properties of
large and small molecules. The groups of co-crystallized ligands
were separated. Water molecules and heteroatoms have been
removed. The targets (receptors) were saved in PDB format for
use on Molprobity (16).

MolProbity (http://molprobity.biochem.duke.edu/) is largely
based on the analysis of interatomic clashes. For this, the
program calculates the positions of the hydrogen atoms and adds
them to the coordinate files (sometimes replacing the riding H

atoms that might already be present there). This program aims to
verify the most probable orientation of the side chains. Once
these residues have been placed in their most likely orientations
and the H atoms have been added, the contacts of all the atoms
are analyzed in detail. Close interatomic distances and clashes
are graphically represented, providing useful information for
reconstructing offending areas, or at least raising a red flag for
users of the deposited structures (16) . The program provides
graphs of Ramachandran angles, using a much more complete
database. (17) . The Java SE Java Runtime Environment (JRE)
was downloaded from www.oracle.com (the latest version (Java
SE 7u40 as of September 2013). Java is a technology originally
developed by Sun Microsystems and now developed and hosted
by Oracle (www.oracle.com) Molprobity uses Java to display
3D information. The validation reports of the different crystal
structures were downloaded from the PDB citing each ligand
and its depository. These reports were used for the comparison
and interpretation of the free R factor and the clashscore.

Results

In the literature, several crystal structures of COX-1 and COX-2
in complex with a myriad of inhibitors and substrates have been
identified: With arachidonic acid (their physiological substrate),
classic NSAIDs such as Diclofenac, Naproxen as well as coxibs
such as celecoxib. (Table 1).

Table 1: Experimental data of crystal structures of ligands-COX-2

Author/ Reference ID PDB | Ligand resolution | R-Value Free | R-Value Work | R-Value Observed
(Kurumbail, 1996) (18) 4COX | indométacin 2,90 A 0.309 0.219 0.219

(Kiefer et al., 2000) (19) 1CvU Arachidonic Acid | 2,40 A 0.235 0.204 Not determined
(Rowlinson et al., 2003) (20) | 1PXX Diclofenac 2,90 A 0.302 0.354 Not determined
(Duggan et al., 2010) (21) 3NT1 Naproxen 1,73 A 0.186 0.167 0.168

(Wang et al., 2010) (22) 3LN1 Célécoxib 2,40 A 0.264 0.232 0.235

(Orlando, 2015) (23) 4PH9 Ibuprofen 1,81 A 0.197 0.160 0.162

In standard steriochemistry, RMSD deviations indicate how far a refined structure deviates from targets. The allowed deviation from
the targets depends on the resolution of the diffraction data used in the refinement. According to the LibreTexts Project Living
Chemistry Libraries (powered by MindTouch and supported by the UC Davis Library and the California State University and Merlot
Learning Program) (https://chem.libretexts.org/). 2.05 A is the median resolution of X-ray crystallographic results in the Protein
Database (135762 May 19, 2019). High digital values of resolution, such as 4 A, mean poor resolution, while low digital values, such
as 1.5 A, mean good resolution. The structures of COX bound to Naproxen (3NT1: 1.73 A) and lbuprofen (4PH9: 1.81A) are of
higher resolution and likely resolve finer structural details. The backbone and most sidechains should be clear. The other structures
(between 2.40 and 2.90 A) have a less fine but rather good resolution. (Table 1).

The skeleton and many sidechains should be
http://proteopedia.org/wiki/index.php/Main_Page).

clear.

(PROTOPEDIA resolution values interpretation guide:
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4COX

General case
180 .

-180 (v Phi 180

82.5% (1816/2200) of all residues were in favored
(98%) regions. 96.3% (211[/2200) of all residues
were in allowed (>99.8%) regions. There were 82
outliers (phi, psi):

1cva

General case

N

S A 3098 Glu
w B 2435 Ala

180 "] Phi 180
94.4% (1045/1107) of all residues were in favored
(98%0) regions. 99.3% (1099/1107) of all residues
were in allowed (>99.8%) regions. There were 8
outliers (phi. psi):

IPXX

General case

180

180

93.2% (2049/2199) of all residues were in favored
(98%) regions. 99.7% (2193/2199) of all residues
were in allowed (>99.8%) regions. There were 6
outliers (phi. psi):

3NT1

General case

180

Psi —|

/]

180
98.0% (1085/1107) of all residues were in favored
(98%0) regions. 100.0% (1107/1107) of all residues
were in allowed (>99.8%) regions. There were no
outliers.

3LN1

General case

-

[s] 180

96.4% (2121/2200) of all residues were in favored
(98%) regions. 100.0% (2200/2200) of all residues
were in allowed (=99.8%) regions. There were no
outliers.

4PH9

General case

-180

-l

-180 Phi 180

o
97.7% (1096/1122) of all residues were in favored
(98%) regions. 100.0% (1122/1122) of all residues
were in allowed (=99.8%) regions.
There were no outliers.

Figure 1: Ramachandran diagram of the different COX models. Number of residues in the most favored regions, allowed

regions and outliers
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The Ramachandran diagram is one of the main methods for
validating protein structures offered on the basis of X-ray
crystallographic data. The graph compares the dihedral angles
selected in each amino acid found in the proposed protein. The
key dihedral angles for each amino acid are located along the
protein backbone and are labeled ¢ (phi), y (psi), and ®
(omega). To repeat, each amino acid residue provides three
rotating bonds and three distinct dihedral angles to the backbone
of a peptide chain. In theory, all dihedral angles can vary in
value from -180 ° to + 180 °. In practice, within a protein, the
dihedral angles tend to fall within well-defined and much
narrower ranges. A residue is considered an outlier of the
Ramachandran plot if the combination of its torsion angles @
and y is unusual, as evaluated by MolProbity, (24) . The
Ramachandran outlier score for an entry is calculated as the
percentage of Ramachandran outliers out of the total number of

4COX
Metric Percentile Ranks Value
Riree Y [
Clashscore -
Ramachandran outliers . 3%
Sidechain outlirs S
RSRZ outliers NS 0.4%
Worse Better
Ipercenterelative ol Xay strutures
( Percentlerelatve t X ay stucures of s resoluton
1CVU
Metric Percentile Ranks Value
Riree NN - 221
Clashscore -
Ramachandran outfers IS . (.7
Sidechain outliers S .9%
RSRZ outliers NS . ) 5%
Worse Better

I percente rlativeto al Xoray structures

( Percente relative to Xeray structures of similar resolution

residuals in the entry for which the outlier assessment is
available (Figure 1). Although tracking dihedral angles in a
protein can seem complex, a Ramachandran plot makes the
process very simple. In the process of validating the structure
assigned to a protein, amino acids that fall outside the expected
shaded regions of a Ramachandran graph are of most concern. If
a graph has too many of these outliers, the structure of the
protein may be incorrectly assigned. In general, any protein with
more than 5% of its amino acids as outliers should be treated
with caution. Consequently, the structures 4COX (82 outliers /
2200: 3.72%), 1CVU (8 outliers / 1107: 0.72%), 1PXX (6
outliers / 2199: 0.27%), are quite acceptable. For structures
3NT1 (no outliers / 1107), 4PHP (no outliers / 1122), 3LN1 (no
outliers / 2200), 100.0% of all residues were found in allowed
regions (> 99.8%). The percentage of residues in the favored
regions (98%) was 98.0%, 97.7% and 96.4%, respectively.

3NT1

Metric Percentile Ranks Value
Riree IS 0.200

Clashscore IENNS 2

Ramachandran outfiers NS 0
Sidechain outlers MRS S 1 5%
RSRZ outfiers N S 7.0%

Worse

Bpercentie relatve to all Xy structures

Opercentie relative to Xray structures of similar resolution

SLN1

Metric Percentile Ranks Value
Riree M) | v
Clashscore NS .
Ramachandran outfiers IS 0
Sidechain outfiers RS S 5.9%
RSRZ outfers NS M ) 3%
Worse Better

Bpercentle reative ol X-ray structures

[ Percentie reative o Xray structures of similar resolution
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1PXX

Metric Percentile Ranks Ve
Riree =i}
Clashscore .
Ramachandran outfiers IR [ o—
Sidechain outliers .
RSRZ outliers NS ..

Worse Better

I percentle reativeto al K-ray structures

[ percentie relative to Yeray structures of similar resolution

4PHY
Metric Percentile Ranks Value
Riree IR 0.198
Clashscore IS .
Ramachandran outfiers IS 0
Sidechain outfiers IS . 15
RSRZ outlers IENNE I] -3 5

Worse Better
l Percentile relative to all X-ray structures

(D percentile reative to X-ay structures of similar resoluton

Figure 2: The metrics shown in the “slider” charts (see examples below) compare several important overall quality indicators for
these structures with those of previously filed PDB entries. The comparison is carried out by calculating the percentile rank, that is to
say the percentage of entries equal to or less than this structure in terms of quality indicator. The overall percentile ranks (black
vertical boxes) are calculated relative to all radiographic structures available in the PDB archive until December 28, 2016. The
resolution-specific percentile ranks (white vertical boxes) are calculated relative to a sub - set of X -ray entries in the same subset of
the PDB archive, but considering only entries with a resolution comparable to this entry (https://www.wwpdb.org/validation/

2016/Xray Validation Report Help)

The free R factor which appears in the metrics of all structures
on PDB represents the relative deviation of the observed and
calculated factors of the structures (by analogy with the
conventional R factor) (17). The quoted value comes from a
recalculation by the DCC program (25) . In exceptionally good
cases free R can be as low as 10% for the best refined structures
using ultra high resolution data; it is generally around 20-25%
for medium resolution structures, but should not exceed 30%
even for structures refined compared to low resolution data (17)
Thus the values of (19.8%) for 4PH9 (1.81 A), (20.0%) for
3NT1 (1.73 A) and (22.4%) for 1CVU (2.40 A), are within the
expected ranges. It is rather high (27.1%) for 3LN1 (2.40 A),
(29.4%) for 1PXX (2.90 A) and (29.9%) for 4COX (2.90 A).
For now, the 3NT1 and 4PHP structures are neck and neck and
bring together the best qualities. Another parameter also allows
you to compare the different structures: The Clashscore. This
score is derived from the number of pairs of atoms in the model
that are unusually close to each other. It is calculated by
MolProbity, (24) and expressed in number of conflicts of this
type per thousand atoms. The clashscore of 2 for 3NT1
(molprobity clashscore: 1.69, 99th percentile) and 3 for 4PH9
(clashscore: 3.44, 98th percentile) are at the top of the best
ranges, which appear to be independent of resolution. For 3LN1
and 1CVU, it is 10 and 17 (around the 90th - 93th percentile)
respectively. This parameter is certainly less good and the
clashscores of 25 for 1PXX and 31 for 4COX are more or less
acceptable (between 80 th percentile and 85 th percentile) (good
mobrobity clashscore: Percentile > 66). Molprobity cautions
against structures between the 33 th and 66 th percentile. Watch
out for structures below the 33 th percentile. Protein side chains

primarily adopt certain (combinations of) preferred twist angle
values (called rotamers or rotameric conformers), as do their
backbone twist angles (as assessed in Ramachandran's analysis).
MolProbity considers the sidechain conformation of a residue to
be an outlier if its set of torsion angles are not similar to any
preferred combination. The side chain outlier score is calculated
as the percentage of residues with unusual side chain
conformation out of the total number of residues for which the
assessment is available. A percentage of side chain outliers less
than or equal to 2% indicates that the residues were modeled
with their preferred rotamers and were not distorted during the
refinement process (17) . This is only the case for 4PH9
(sidechain outliers: 1.5%) and 3NT1 (sidechain outliers: 1.8%).
The real-space R-value (RSR) is a measure of how well a part of
an atomic model (in this case, a residue) fits with data in real
space (26) . The RSR Z-score (RSRZ) is a standardization of the
RSR specific to a type of residue and a resolution bin (27).
RSRZ is calculated only for standard amino acids and
nucleotides in protein, DNA and RNA chains. A residue is
considered an RSRZ outlier if its RSRZ value is greater than 2.
The RSRZ outlier score as shown in the slider graph is
calculated as the percentage of RSRZ outliers relative to the
total number of residuals for which RSRZ was calculated. This
is calculated by the EDS (Electron-Density Server) component
of the validation pipeline which is a reimplementation of the
software used by the Uppsala EDS Server (27) . 4COX, 1CVU,
1PXX, 3LN1 all have an outliers RSRZ percentage of less than
2%. 4PH9: RSRZ = 3.8% and 3NT1l: RSRZ = 7%. By
comparing the five metric parameters, they are favorable to
4PH9 in 3 metrics: RSRZ outliers , sidchain ouliers and R free,

5|Page




Chapitre 5

Hamza Nadjib Merad-boudia et al.

Journal of Drug Discovery and Therapeutics (JDDT)

comparable to 2 metrics of 3NT1: Ramachandran outliers and
clashscore. 4PH9 therefore appears to be the finest crystal
structure.

Discussion

In order to minimize the chances of failure, pharmaceutical
companies are constantly trying to establish the value of a target
to affect a disease. This process is called target validation -
ensuring that binding of the target with a molecule will provide
therapeutic benefits in humans. Drugs interfere with proteins
(enzymes or receptors) in biological pathways. Proteins,
especially the functional parts of a protein, have a well-defined
structure. Because a protein has a specific shape, drugs that
work on the protein need a specific shape, a form that
complements the form of protein. Therefore, if we can
determine the shape of a protein (target), we can better
understand the ideal shape and structure of a possible drug. This
idea is very important for targeted drug discovery. There are
many methods for determining the structure of a protein, and the
most common is probably X-ray crystallography(28) . Enzymes
are proteins that facilitate or catalyze the conversion of one
molecule to another. COX 2 (ID: 1.14.99.1) catalyzes the
reaction:

Hydrogen donor + arachidonic acid + 20 2 = hydrogen acceptor
+ H,O + PGH 2 (29). It is the target of several inhibitors to
different degrees: Diclofenac (ID: 3033, MF: C14H11CI2NO2,
IUPAC Name: 2- [2- (2,6-dichloroanilino) phenyl] acetic acid):
pIC50 = 7.7 (30) , celecoxib (ID: 2662, MF: C17H14F3N302S,
IUPAC Name: 4- [5- (4-methylphenyl) -3- (trifluoromethyl)
pyrazol-1-yl] benzenesulfonamide): pIC50 = 6.5 - 8.7 (31), (32)
, haproxene (ID: 156391, MF: C14H1403, IUPAC Name: (2S) -
2- (6-methoxynaphthalen-2-yl) propanoic acid): pIC50 = 5.6
(33) , ibuprofen (ID: 3672, MF: C13H1802,, IUPAC Name: 2-
[4- (2-methylpropyl) phenyl] propanoic acid): pIC50 = 5.9 (34)
, indometacin (ID: 3715, MF: C19H16CINO4, IUPAC Name: 2-
[1- (4-chlorobenzoyl) -5-methoxy-2-methylindol-3-yl] acetic
acid): pIC50 = 5.6 (32) and many others

(https://pubchem.ncbi.nim.nih.gov/). Cyclooxygenase enzymes
are included in GtolmmuPdb because they are involved in the
production of inflammatory mediators and are long-standing
anti-inflammatory targets. The role of COX-2 in immuno-
oncology is reviewed by Adams et al. (35). Research and
validation of the target protein is an essential step in the design
of structure-based drugs (36) . The Ramachandran plot, and the
different metrics (Rlibre, clashscore, sidechain outliers and
RSRZ outliers) make it possible to verify the sterochemical
properties of the model (37). In the literature, various other
model validation methods have been described (38) , (39), (40) .
All entries on PDB must be rigorously verified as it does not
necessarily constitute a reliable source of sterochemistry (41) .
Once the protein has been validated. Molecular docking will
continue by researching the sites of intercations. We used
molprobity, as one of the structure validation approaches. (42) ,
(24). In addition to analyzing geometric parameters, MolProbity
detects the positions of hydrogen atoms and adds them to
coordinate parameters for the study of interatomic clashes
(17).This is a new method of validating structures against

PROCHECK, which has been used for a long time (43) .
Examination of the different PDB entries of COX reveals the
different interactions with the ligands. Most of the interactions
are  hydrogen bonds or hydrophobic interactions.
Cyclooxygenase converts its endogenous ligand arachidonic
acid (which is achiral) to prostaglandin G2 (which has five
chiral centers) (19). Inhibition of prostaglandin synthesis by
indomethacin is dependent on time and concentration. It is
progressive and functionally irreversible. The tight binding of
indometacin to coxl requires the carboxylic group (30).
Ibuprofen established a total of 21 contacts with cyclooxygenase
2 and a 22nd doubly linked to Valine-349 and Leucine-359 (23).
Our results reveal that 4PH9 appears to be the finest crystal
structure. In particular with Ry value of 19.8% for a resolution
of 1.81 A. These two parameters are closely related (44).
Molpropbity places 4PH9 (Cox-bound Ibuprofen) at the 99th
percentile and is assigned a percentage of side chain outliers less
than or equal to 2% (4PH9: sidechain outliers: 1.5%). lbuprofen
is a competitive and severely reversible COX inhibitor (45).
Rofecoxib makes a total of 42 contacts with residues lining the
cyclooxygenase channel. (46) . The discovery of the crystal
structure of Diclofenac in complex with COX 2 shows a bond
with its carboxylate group to the hydrogen of Tyrosine -385 and
Serine -530. (20). Diclofenac inhibits cox slowly and
irreversibly. Modification of the carboxylic acid group of
diclofenac gave potent and selective inhibitors of cox2, while
incorporation of halogens at position 2 and 6 on the lower
aniline ring influences the potency of cyclooxygenase inhibition
(47) . Like the other compounds of the 2-arylpropionic acid
family of NSAIDs, the carboxylate group of naproxene interacts
with Arginine-120 and Tyrosine -355 via hydrogen bonds at the
base of the active site. The rest of the interactions between
naproxene and COX were Van Der Wals contacts (48). As
opposed to ibuprofen which rapidly and reversibly inhibits cox,
or indometacin and diclofenac which inhibit cox slowly and
functionally irreversibly, naproxene inhibits cox slowly and
reversibly (49). The 3NT1 structure had the best resolution (1.73
A) with also 98.0% (1085/1107) of all residues were in favored
(98%) regions 100.0% (1107/1107) of all residues were in
allowed (> 99.8% ) regions. There were no outliers to
Ramachandran's plot. The structures 4COX (82 outliers / 2200:
3.72%), 1CVU (8 outliers / 1107: 0.72%), 1PXX (6 outliers /
2199: 0.27%), are entirely acceptable. The approach that we
used for the sterochemical validation of the models is very
important. It identifies the 4PH9 structure as having the best
quality. The validation process used is crucial to guarantee the
quality of the model. Such tests should be used before
refinement of the structure.(17) . Thus the success of a
molecular docking first requires the validation of the target.
Very recent research has attempted to establish a link between
the pathophysiology of COVID 19 infection and COX-2
inhibitors (50) . The therapeutic potential of these deriners as
much as an immune modulator has not been clearly established
(51). The use of nonsteroidal anti-inflammatory drugs may
increase the regulation of angiotensin-converting enzyme 2
(ACE2), the cell entry receptor (52), (53), and have a direct link
with the replication of SARS-Cov 2 through COX / PGE2
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signaling (54). Cyclooygenase 2 was indeed induced by COVID
19 infection but did not affect viral entry or replication. (55).

Conclusion

Given the role of cyclooxygenase in the pathophysiology of
COVID 19 infection. Both old and new therapies may be
offered or contraindicated. In silico studies can simulate the
interaction of COX with these. However, entries on PDB must
be rigorously verified because they do not necessarily constitute
a reliable source of sterochemistry. For a better understanding of
this target we propose a practical computer method to verify the
adherence of models to the structural principles established to
guarantee their quality. This is an essential step in the design of
structure-based drugs.
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Chapitre 6

Chapitre 6 : Etude in silico : Evaluation de I’inhibition de la cyclo-oxygénase 2 par
I’ibuprofene par un docking moléculaire de validation et effets cardio- vasculaires

rapportés au cours de la pandémie COVID 19

Introduction
L’utilisation de I’ibuproféne au cours de I’infection COVID 19 a été prohibée. En
cause, des formes séveres rapportées chez de jeunes patients qui n'avaient aucun probléeme de

santé apres avoir utilisé des anti-inflammatoires non stéroidiens (Jour 2020).

Des études antérieures ont montré une évolution compliquée avec une incidence
accrue d'emphyséme, de complication pulmonaire et de séjour prolongé en unité de soins
intensifs lorsque des anti-inflammatoires non stéroidiens (AINS) étaient utilisés chez des

patients atteints de pneumonie (Voiriot, Philippot et al. 2019).

Les effets secondaires cardiovasculaires lies aux AINS ont déja été rapportés

notamment 1’hypertension, I’insuffisance cardiaque et I’insuffisance rénale. (Karsh 2006).

Les coxibs ont été développés en tant que solution alternative a la toxicité gastro-
intestinale des AINS. Malheureusement, un risque accru d'épisodes cardiovasculaires a été
observé avec tous les coxibs et, lorsque les données étaient disponibles, avec les AINS

traditionnels tels que le diclofénac et I'ibuproféne (Gislason et al., 2006).

Ces risques ont donne lieu a une réévaluation de ces thérapies traditionnelles. C'est
pourquoi on ne peut plus sous-estimer les risques des inhibiteurs de la cyclo-oxygénase, gu'il
s'agisse d'AINS traditionnels ou de coxibs. De plus, les risques ne se limitent pas a une
utilisation a long terme; des épisodes cardiovasculaires indésirables cliniquement graves ont

été rapportés au cours des premiers jours de traitement. (Karsh 2006).

Au vu des debats scientifiques animés par des chercheurs du monde entier sur le
rapport bénéfice /risque l'objectif est d’évaluer 1’inhibition de la cyclo-oxygenase 2 par

I’ibuprofene par un docking moléculaire de validation

Matériels et méthodes

La structure cristallographique aux rayons X de I'ibuprofene lié a la cyclooxygénase-2
(4PH9) (de Mus musculus) a été obtenue auprés de la Protein Data Bank (PDB)
(http://www.rcsb.org) & une résolution < 3,00 A (résolution: 1,81 A, valeur R libre: 0,197,

valeur R travail: 0,160, valeur R observee: 0,162).

-
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Ce fichier n'est pas directement utilisé par les outils Autodock 1.5.6, il a d'abord été
visualise a l'aide de Discovery Studio Visualizer version 2.5.5.. (Discovery Studio 2.5
(CDOCKER Dock, Dassault Systemes BIOVIA, Etats-Unis). Les molécules d'eau, ligands et

autres hétéroatomes ont été éliminés des molécules de protéines.

Ces structures cristallographiques ont été conservees sans aucun traitement pour
I'ancrage moléculaire. Les fichiers PDB des protéines ont été efficacement préparés a l'aide de
I'AutoDock / Vina (Molecular Graphics Lab, Le plugin Scripps Research Institute, La Jolla,
CA, USA) et enregistré en tant que fichiers pdbqt. Les hydrogénes polaires et les chrages

Kollman ont été ajoutés.

La structure 3D de Ligand (Ibuprofen) a été téléchargée a partir de la base de données
Drugbak (https://www.drugbank.ca/): Numéro d'accés DB01050. Les liaisons de torsion ont
été vérifiées. Ligand a été enregistré dans le méme dossier d'ancrage au format pdbqt. Les

charges ont ensuite été ajoutées.

Les calculs d'amarrage ont été effectués a l'aide des parameétres standard par défaut
d'AutoDock Vina. Le site actif a été placé dans une boite cubique 40 x 50 x 40 A au centre
géométrique de I'ensemble de résidus flexibles sélectionnés, qui a 0,375 A comme
espacement des points de la grille. Les valeurs de I'écart moyen quadratique (RMSD) entre

I'amarrage et les poses initiales ont été calculées.

Les meilleures poses résultantes ont été classées en fonction des scores Vina (kcal /
mol). évalué par les énergies libres de liaison (score S, kcal / mol) et les interactions de

liaisons entre I'atome de ligand et les résidus du site actif.

Résultat

L'arrimage moléculaire a été choisi comme discrimination de premiére intention de
I'intercation ibuprofen-COX2 en tant que structure procédure de discrimination basée sur la
prédiction in silico des concurrents putatifs (Li et al., 2017).

L’ibuproféne a été identifié¢ dans la poche du site de liaison de l'enzyme COX2. Le
complexe formé par Ibuprofene (posel) -COX 2 du modéle expérimental de Orlando et al a la
valeur énergétique tres faible et donne un score d'amarrage (Affinité: -7,3 (kcal / mol) avec un
écart quadratique moyen de (RMSD = 23,884).

N
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Discussion

Les cyclooxygénases sont des homodiméres fonctionnels. Dans nos travaux, le site
actif a eté identifié dans la chaine A de cox2 dans la structure cox2 liée a I'ibuproféne. Nos
simulations n'ont impliqué qu'un seul monomeére, comme certains travaux (Cukier et al.,
2002), ou d'autres qui se sont concentrés sur un fragment encore plus petit de la protéine,
comme le domaine de liaison a la membrane (Nina et al., 2000) ou le domaine de liaison & la
membrane et les hélices comprenant le site actif de la cyclooxygénase (Garcia-Nieto et al.,
2000).

De plus, des études antérieures ont indiqué que de nombreux AINS différents (y
compris I'IBP) se lient étroitement a un seul monomere du dimére COX-2 et allostériquement
inhibent I'oxygénation du substrat dans le monomere partenaire (Dong et al., 2011), (Duggan
etal., 2011).

Les résultats de notre docking confirment ceux retrouveés par Orlando et al sur le plan
experimental. Orlando et al ont identifié I'ilbuproféne dans une zone de I'enzyme entre

I'ouverture du canal du substrat et le sommet du site actif. (Orlando, 2015).

En examinant les résultats gastro-intestinaux comme critére principal, des preuves
préliminaires ont mis en évidence le lien entre I'inhibition de la COX et le risque de maladie
cardiovasculaire. L’essai VioXX chez patients atteints de polyarthrite rhumatoide traités par
Rofecoxib étaient cing fois plus susceptibles de présenter un infarctus du myocarde que les
patients sous anti inflammatoires non sélectif inhibiteur Naproxen (Bombardier et al., 2000).
A la suite des résultats de I'étude Adenomatous Polyp PRevention On Vioxx (APPROVe), Le
rofécoxib a été retiré du marché en 2004(Baron, Sandler et al. 2008).

Une méta-analyse de 280 essais d'anti inflammatoires non stéroidiens versus placebo a
montré que le naproxéne a forte dose était associé a un risque, bien que faible d'événements
vasculaires (Bhala, 2013).

Par ailleurs le risque de maladies cardio vasculaires n'était pas égal pour tous les
inhibiteurs de la COX-2. Des questions subsistaient également sur la dose et la durée
d'utilisation des antis inflammatoires non stéroidiens associés a un risque €levé de maladies

cardiovasculaires.

<
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Conclusion
Notre docking a validé les résultats expérimentaux connus en pratique courante

concernant I’inhibition de la cyclo oxygenase par 1’ibuproféne.

Le docking moléculaire devient une étape incontournable dans la découverte des

médicaments pour que de nouveaux ligands exogénes soient identifiés
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Abstract — Introduction The Covid 19 pandemic has put the cardiovascular risk incurred when using
nonsteroidal anti-inflammatory drugs at the heart of the discussion. Based on the information currently
available, WHO does not recommend the use of ibuprofen. the objective is to evaluate the inhibition of cyclo-
oxygenase 2 by ibuprofen by validating molecular docking.

Method The crystallographic structure of ibuprofen bound to cyclooxygenase-2 was obtained from the Protein
Data Bank (PDB) at a resolution <3.00 A.

The receiver was visualized using Discovery Studio Visualizer version 2.5.5. It was efficiently prepared using
AutoDock / Vina software.

The 3D structure of Ligand (Ibuprofen) was downloaded from the Drugbak database
(https://www.drugbank.ca/): Accession number DB01050

Results Molecular docking was chosen as the first-line discrimination of the ibuprofen-COX2 intercation for the
in silico study of putative competitors. The complex formed by Ibuprofen-COX 2 from the experimental model
gives a docking score (Affinity: -7.3 (kcal / mol) with a mean square deviation of (RMSD = 23.884).

Conclusion The evaluation of the inhibition of cyclo-oxygenase 2 by ibuprofen was validated by molecular
docking. Cardiovascular effects already reported in patients treated with traditional non-steroidal anti-
inflammatory drugs and coxibs have been observed in patients with COVID 19. Molecular docking becomes an
essential step in drug discovery to explore other drug targets

Keywords: Cyclooxygenase-2, Ibuprofen, Molecular docking, Covid 19

1. Introduction
The use of ibuprofen during COVID 19 infection has been prohibited. severe forms reported in young patients
who had no health problems after using nonsteroidal anti-inflammatory drugs (Day 2020)

Several previous studies have shown a complicated course with an increased incidence of empyema, lung
cavitation, and prolonged intensive care unit stay when nonsteroidal anti-inflammatory drugs (NSAIDs) were
used in patients with pneumonia (Voiriot and al. 2019).

Cardiovascular side effects associated with NSAIDs have been previously reported including hypertension,
heart failure and kidney failure (Karsh 20006).

Coxibs were developed as an alternative solution to the gastrointestinal toxicity of NSAIDs. Unfortunately, an
increased risk of cardiovascular episodes has been observed with all coxibs and, where data were available, with
traditional NSAIDs such as diclofenac and ibuprofen (Gislason and al. 2006). These risks have led to a re-
evaluation of these traditional therapies.

This is why we can no longer underestimate the risks of cyclo-oxygenase inhibitors, whether traditional
NSAIDs or coxibs. Moreover, the risks are not limited to long-term use; clinically serious adverse
cardiovascular episodes have been reported during the first days of treatment (Karsh 2006)

In view of the scientific debates led by researchers around the world on the report, the objective is to evaluate
the inhibition of cyclo-oxygenase 2 by ibuprofen through a molecular docking validation.
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2. Materials and methods

To locate the sites of interaction, four different categories of COX inhibitors have been documented by Smith et
al.,(Smith and al. 2011) . Several works have determined the crystal structures of COX-1 and COX-2 in
complex with inhibitors and substrates (Kurumbail and al. 1996) , (Vecchio and al. 2011) . Selinsky et al
determined the crystal structure of IBP bound to COX-1. (Selinsky and al. 2001) .

However, the analgesic and anti-inflammatory effects of ibuprofen (IBP) arise from inhibition of COX-2 rather
than COX-1(Laneuville and al. 1994) . In order to compare the mode of binding of IBP to COX-2 versus COX-
1, and to reveal a possible mechanism of selective substrate inhibition mediated by IBP, Orlando et al
determined the crystal structure murine (mu) COX-2 complexed with Ibuprofen (IBP) (Orlando and al. 2015).
The coordinates of the X-ray crystals of COX-2 in complex with ibuprofen (IBP formula: C13 H18 O2) (PDB
ID: 4PH9) in Table 1, 2, 3, were extracted from the RCSB database ( http: / /www.rcsb.org/pdb). This is
selected for modeling studies.

Table 1: Macromolecules in Ibuprofen (IBP) Bound to Cyclooxygenase-2 Complex

Entity ID : 1

Molecule Chains | Sequence [Organism Details
Length

Prostaglandin G / H synthase2 | A,B 551 Mus musculus | Mutation (s): 0

Gene Noms: Ptgs2, Cox-2,
Cox2, Pghs-b,Tis10
EC: 1.14.99.1

Table 2: Oligosaccharides in Ibuprofen in (IBP) bound to cyclooxygenase-2 complex

Entity ID : 2

Molecule Chains Sequence Glycosylation
Length

2-acétamido-2-désoxy-béta-D-glucopyranose- (1-4) C, D 2 N-glycosylation

-2-acétamido-2 désoxy-béta-D-glucopyranose

Entity ID : 3

Molecule Chains Sequence glycosylation
Length

alpha-D-mannopyranose- (1-4) -2-acétamido-2- E 3 N-glycosylation

désoxy-béta-D-glucopyranose- (1-4) -2-acétamido- 2-

désoxy-béta-D-glucopyranose
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Table 3: Small molecules of ibuprofen (IBP) bound to the cyclooxygenase-2 complex

Ligands

ID Chains | Name / Formula / InChl Clé Diagramme 2D

HEM | A,B PROTOPORPHYRINE IX CONAIN
FE

Cs4H32Fe N4 O4

KABFMIBPW CXCRK-
RGGAHWMASA-L

BOG | A,B octyl béta-D-glucopyr anoside

Ci4 H28 O6
HEGSGKPQLMEBJL-RKQHYHRCSA -
N

NAG | A,B 2-acétamido-2-désoxy-béta-D-
glucopyranose

Cs Hi5 NOg
OVRNDRQMDRIJTHS-FMDGEEDCSA -
N

IBP A,B IBUPROFEN

Ci3His O2

HEFNNW SXXWATRW-JTQLQIEISA-
N
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AKR | A,B ACRYLIQUE ACID

CiHs O2 o
NIXOWILDQLNW CW-UHFFFAOYSA- O
N \\
OHoxr
/ C
CcB
CA
EDO | A,B | 1,2-ETHANEDIOL
C2Hs O2 02
LYCAIKOW RPUZTN-UHFFFA OYSA- OH

N
C1

Cc2

HO

2.1-Protein preparation

The X-ray crystallographic structure of ibuprofen bound to cyclooxygenase-2 (4PH9) (from Mus musculus) was
obtained from the Protein Data Bank (PDB) (http://www.rcsb.org) at resolution <3.00 A (resolution: 1.81 A,
free R-value: 0.197, working R-value: 0.160, observed R-value: 0.162).

This file is not directly used by Autodock 1.5.6 tools, it was first viewed using Discovery Studio Visualizer
version 2.5.5. Discovery Studio is a biological molecular design solutions software package for chemists and
computational biologists. (Discovery Studio 2.5 (CDOCKER Dock, Dassault Systemes BIOVIA, USA)

Discovery Studio facilitates the examination of the properties of large and small molecules

Water molecules, ligands and other heteroatoms have been removed from protein molecules. These
crystallographic structures were preserved without any treatment for molecular anchoring. The protein PDB
files were efficiently prepared using AutoDock / Vina (Molecular Graphics Lab, The Scripps Research Institute
Plugin, La Jolla, CA, USA) and saved as pdbqt files. Polar hydrogens and Kollman chrages have been added.
2-2- Preparation of the ligand

The 3D structure of Ligand (Ibuprofen) was downloaded from the Drugbak database
(https://www.drugbank.ca/): Accession number DB01050. Torsional connections have been verified. Ligand
was saved in the same anchor folder in pdbqt format. The charges were then added.

2 3- Molecular docking protocol

Docking calculations were performed using standard AutoDock Vina defaults. The active site was placed in a 40
x 50 x 40 A cubic box at the geometric center of the selected flexible residue set, which has 0.375 A as the grid
point spacing

The values of the root mean square deviation (RMSD) between the mooring and the initial poses were
calculated. The resulting best poses were ranked based on Vina scores (kcal / mol). assessed by free binding
energies (S score, kcal / mol) and binding interactions between the ligand atom and the active site residues.
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3. Result

Molecular docking was chosen as the first-line discrimination ofthe ibuprofen-COX2 intercation as a structural
discrimination procedure based on the in silico prediction of putative competitors (Liu and al. 2017).

The structural differences of each molecule also influence its interaction with COX2 (figure 1)

OH

N
"N | 0

Hydroxychloroquine Ibuprofen Naproxen
(C1sH26CIN30) (C13H1302) (C14H1403)
o_,0

HN
HO O
(o)
Rofecoxib Celecoxib Diclofenac
(C17H1404S) (CHyF:N.O:S) (C1sH11CIhNO?)

Figure 1: Structure of Ibuprofen and other drugs with anti-inflammatory action (By DrugBank)

Each COX isoform is a structural homodimer which functions as a heterodimer. According to Mitchener et al,
one subunit, containing the required heme prosthetic group, acts as a catalytic site, while the other serves as an
allosteric site (Mitchener and al. 2015) . Previous evidence suggests that inhibitors may act at one or both sites,
depending on the structure and concentration of the inhibitor(Dong and al. 2013) . Regardless of the site, Picot
et al., Identified an open area called a "lobby" through which binding requires that a small molecule must first
enter (Picot and al. 1994)

As shown in Figure 2, ibuprofen was identified in the pocket of the COX2 enzyme binding site.

Figure 2: Ibuprofen in the pocket of the COX2 enzyme binding site (with Discovery Studio 2.5 software).
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The active site was placed in a cubic box at the geometric center of the selected flexible residue set at 0.375 A as
the grid point spacing

The coordinates of the Grid Box (number of points X, Y, Z dimensions and spacing) for the Ibuprofen-COX2
model (shown in Figure 3) were noted.

Figure 3: Grid box adjusted to the Ibuprofen-COX2 model

A validation docking of the crystal structure of murine (mu) COX-2 in complex with Ibuprofen (IBP) (Orlando
and al. 2015). (PDB ID: 4PH9) (http: / /www.rcsb.org/pdb). Was performed on Autodock vina after
visualization in discovery studio and processing of the ligand and receptor.

Figure 4a Figure 4b
Figure 4: COX2 pocket (4a: Binding Ibuprofen, 4b Free)

The complex formed by Ibuprofene-COX 2 from the experimental model of Orlando et al has a very low energy
value and gives a docking score (Affinity: -7.3 (kcal / mol) with a mean square deviation of (RMSD =23.884 ).

The interactions between COX2-Ibuprofen have been illustrated in Figures 5a and 5b.
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Figures 5a and 5b: receptor-ligand interactions on a 2D diagram

4. Discussion:

Furse et al studied molecular dynamics simulations of COX-1 and COX-2 enzymes with its human substrate
(arachidonic acid). These simulations were compared to reference simulations of arachidonate in solution to
explore the effect of the enzyme on the conformation and positioning of the substrate in the active site. The
simulations suggest that the substrate has greater conformational freedom in the COX-2 active site compared to
COX-1, which is consistent with the greater volume of COX-2 active site observed in crystal structures on x-
rays (Furse and al. 2006).

Cyclooxygenases are functional homodimers. In our work, the active site was identified in the A chain of cox2
in the cox2 structure linked to ibuprofen. Our simulations only involved a single monomer, like some work
(Cukier and al. 2002) , or others that focused on an even smaller fragment of the protein, like the membrane
binding domain (Nina and al. 2000) or the membrane and helix binding domain comprising the active site of
cyclooxygenase (Garcia-Nieto and al. 2000).

In addition, previous studies have indicated that many different NSAIDs (including IBP) bind tightly to a single
monomer of the COX-2 dimer and allosterically inhibit oxygenation of the substrate into the partner monomer
(Dong and al. 2011) , (Duggan and al. 2011) .

The results of our docking confirm those found by Orlando et al on the experimental level. Orlando et al
identified ibuprofen in an area of the enzyme between the opening of the substrate channel and the top of the
active site (Orlando and al. 2015)

Looking at gastrointestinal outcomes as the primary endpoint, preliminary evidence has shown the link between
COX inhibition and the risk of cardiovascular disease. The VioXX trial in patients with rtheumatoid arthritis
treated with Rofecoxib were five times more likely to have a myocardial infarction than patients on non-
selective anti-inflammatory inhibitor Naproxen (Bombardier and al. 2000) .

Following the results of the Adenomatous Polyp PRevention On Vioxx (APPROVe) study, rofecoxib was
withdrawn from the market in 2004(Baron and al. 2008)

A meta-analysis of 280 trials of nonsteroidal anti-inflammatory drugs versus placebo showed that high dose
naproxen was associated with a risk, albeit a low one, of vascular events (Bhala and al. 2013). Furthermore, the
risk of cardiovascular disease was not equal for all COX-2 inhibitors. Questions also remained about the dose
and duration of use of nonsteroidal anti-inflammatory drugs associated with a high risk of cardiovascular
disease.

5. Conclusion

Our docking validated the experimental results known in current practice concerning the inhibition of cyclo
oxygenase by ibuprofen. Molecular docking becomes an essential step in drug discovery so that new exoges
ligands can be identified
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Chapitre 7

Chapitre 7: Etude in silico: Cyclo-oxygénase (COX), une cible inconnue de
I'hydroxychloroquine, et risque cardiovasculaire chez les patients hypertendus avec
Covid 19

Introduction

Alors que les principales recherches scientifiques ce sont penchées sur les maladies
chroniques non transmissibles, ces derniéres décennies. L’année 2019-2020 a été marquée par
I’apparition d’une nouvelle épidémie COVID-19 causée par le coronavirus 2 du syndrome
respiratoire aigu severe (SRAS-CoV-2) . (Vellingiri et al., 2020), (Chen et al., 2020).

Cette pandémie (OMS 2020) a mis en difficulté les systémes de santé du monde entier.
L’hydroxychloroquine (4-amino-quinoléine), largement utilisée pour traiter certaines
maladies auto-immunes et les affections inflammatoires, a été repositionnée comme une
nouvelle piste contre l'infection au COVID-19 (Ferner et al., 2020), (Zhai et al., 2020).

Des études préliminaires ont suggéré que I'hydroxychloroquine inhibe I'entrée du virus
SARS-CoV2 méfiee par le récepteur ACE2. . (Yao et al. ., 2020), (Devaux et al., 2020) et ait
une action anti-inflammatoires et immuno-modulatrices particulierement intéressante dans la
tempéte de cytokines au cours de l'infection au COVID-19(Guastalegname et al., 2020).

Par la suite, de nouvelles recherches ont mis en évidence 1’évolution défavorable de
cette infection chez les patients traités par les anti-inflammatoires non stéroidiens. (Day
2020).

Outre les effets gastro-digestifs, des complications cardiovasculaires graves ont été
auparavant rapportées lors de I’utilisation des inhibiteurs de la cyclo-oxygénase qu'il s'agisse
d'AINS traditionnels ou de coxib (développés comme une alternative) (Karsh 2006).

L'objectif est de verifier si, en partageant des propriétés anti-inflammatoires avec les
AINS en se liant a la cyclooxygénase, I'hydroxychloroquine, provoque des effets

cardiovasculaires fatals chez les patients hypertendus atteints de Covid 19.

Matériels et méthodes

La structure cristallographique aux rayons X de l'ibuprofene lié a la cyclooxygénase-2
(4PH9) (de Mus musculus) (Orlando et al., 2015) a été obtenue auprés de la Protein Data
Bank (PDB) (http://www.rcsb.org) a une résolution < 3,00 A (résolution: 1,81 A, valeur R
libre: 0,197, valeur R travail: 0,160, valeur R observée: 0,162).

Le fichier PDB de la protéine a été efficacement preparé a l'aide de I'AutoDock / Vina

(Molecular Graphics Lab, Le plugin Scripps Research Institute, La Jolla, CA, USA) et

-
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enregistré en tant que fichiers pdbqgt. Les hydrogenes polaires et les chrages Kollman ont été
ajoutés.

Les informations nécessaires sur 1’hydroxychloroquine ont été recueillies sur la
plateforme ChemSpider( http://www.chemspider.com/) : - Hydroxychloroquine (Formule
moléculaire: CigHx6CIN3O, Masse moyenne: 335,871 Da, Masse monoisotopique:
335,176453 Da, ChemSpider ID: 3526) - Chloroguine (Formule moléculaire Ci1gH26CIN3 |,
Masse moyenne 319,872 Da, Monoisotopique mass319.181519 Da, ID ChemSpider: 2618) .
Leurs structures chimiques sont presque similaire (Zhou et al., 2020).

Ces deux antipaludiques et antirhumatismaux ont une activité antivirale in vitro. La
chloroquine interfere avec différentes étapes du cycle de vie viral (Yan et al., 2013) .

La structure 3D du Ligand a été téléechargée a partir de la base de données Drugbak
(https://www.drugbank.ca/): Numéro d'accés DB01611. Puis I’identification et la vérification
a été effectuée sur Discovery Studio Visualizer version 2.5.5 .

Le ligand a été ensuite exporté sur AutoDock tools 1.5.6 . Les liaisons de torsion ont
été verifiées. Le ligand a été enregistré dans le méme dossier d'ancrage au format pdbqt. Les
charges ont ensuite été ajoutées. Les calculs d'amarrage ont été effectués a l'aide des
parameétres standard par défaut d'AutoDock Vina.

Pour prédire la bioactivité de I'nydroxychloroguine sur les récepteurs cox2, nous avons
utilisé Molinspiration (https://www.molinspiration.com /).

Ce serveur prédit également le score de bioactivité pour les cibles thérapeutiques les
plus importantes telles que les récepteurs GPCR, les inhibiteurs de kinases, les modulateurs de
canaux ioniques, les enzymes et les récepteurs nucléaires (Ertl et al., 2000).

La base de données SwissADME (Swissadme.ch/index.php) était utilisé pour
comparer les propriétés physicochimiques, les parametres ADME et les propriétes
pharmacocinétiques de I'hnydroxychloroquine avec certains médicaments anti-inflammatoires.
Les smiles (structure chimique) de chaque structure ont été téléchargés sur la base de données
Drug bank (Drugbank.ca/).

Les analyses statistiques (moyenne et déviation standard) ont été effectuées a l'aide du
logiciel statistique Minitab Version 16. Le test de Mann-Whitney a été utilisé pour la

comparaison des valeurs médianes du Docking

S]
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Résultats et discussion

Le complexe formé par Ibuprofene (posel) -COX 2 du modele expérimental de
Orlando et al a la valeur énergétique la plus faible et donne le meilleur score d'amarrage
(Affinité: -7,3 (kcal / mol) avec un écart quadratique moyen de (RMSD = 23,884).

Les détails d'amarrage recus aprés l'ancrage de toutes les poses hydroxychloroquine
avec la cible COX 2 ont été notes.

Le test de Mann-Whitney révéle que [Iaffinité médiane du complexe
Hydroxychloroquine /COX2 (égale a -6,350 kcal / mol) est significativement supérieure a
I’affinité médiane du complexe du mod¢le cristallisé par Orlando et al en 2015 : lbuprofene
/COX2 (-6,250 kcal / mol) , ( P-Value= 0,6712) , IC (95 %) :(-0,200 ; 1,200) .

La pose qui aurait la plus faible énergie de liaison du score d'amarrage sera considéree
comme la meilleure pose et inhibe le récepteur cible car I'énergie de liaison inférieure
correspond a une affinité de liaison plus élevée (Simon et al., 2017) .

La comparaison des scores de poses- complexes a révélée que le complexe formé par
I’hydrochloroquine (posel) -COX 2 a la valeur énergétique la plus faible et donne le meilleur
score d'amarrage (Affinité: -7,6 (kcal / mol) avec le meilleur écart quadratique moyen (RMSD
=2,542) .

On peut considérer que le complexe Hydrochloroquine (posel) -COX 2 est stable avec
une affinité de liaison plus élevée.

D'apres ces résultats d'amarrage, nous pouvons classer I'hydrochloroquine comme un
bon inhibiteur de I'enzyme COX2.

Les représentations 3D des meilleures interactions de pose entre les poses et le

récepteur ont été visualisées a l'aide d'Autodock.

L'hydroxychloroquine se lie 8 COX2 par deux liaisons hydrogéne (dans H-GLY 136 et
H-GLY45) et quatre liaisons hydrophobes: Cl -CYS36, 0 -CYS36, 0 -CYS47 et 0 -PRO154) a
différentes distances (2.68043) A, 2.46642 A, 4,47781 A, 5,06953 A, 4,66876 A et 4,23862
A, respectivement).

La glycine a radical hydrogéne (H) est dépourvue de tout caractére hydrophobe ou
hydrophile. GLY45 et GLY 136 se lient a I'nydroxychloroquine par des liaisons hydrogene, H-
GLY136 et H-GLY45).
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La cystéine est hydrophobe, mais son groupe SH se lie a une autre cystéine pour
produire une liaison forte (covalente), le pont disulfure. CYS36 et CYS47 sont impliqués dans

les liaisons hydrophobes avec I'hydroxychloroquine.

Fait intéressant, CYS36 est doublement engagé, avec les atomes d'oxygene et de
chlore de I'hydroxychloroquine.

Bien que la signification physiologique de la liaison du chlorure a cette position soit
inconnue, les ions chlorure ont déja été utilisés pour identifier le site de liaison de I'oxygene
moléculaire dans diverses protéines, y compris les dioxygénases (Colloc'h et al., 2008),
(Steiner et al., 2010).

Cela souleve la possibilité que I'ion chlorure puisse étre indicatif de la position de

I'oxygéne moléculaire avant I'incorporation dans les substrats COX.

De plus, la proline (PRO154), qui est hautement hydrophobe, se lie comme CYS36 et
CYS47 a I'atome d'oxygene de I'nydroxychloroquine.

Les inhibiteurs de I'acide arylcarboxylique se lient dans I'une des deux orientations du
site actif COX (Duggan et al., 2010).

e flurbiproféne se lie de maniére canonique avec sa fraction carboxylate appariée a
I'nydrogene aux résidus du site de constriction Arg-120 et Tyr-355 (Duggan, 2010).

En revanche, le diclofénac se lie dans une orientation inversée dans laquelle son
carboxylate est lié a I'nydrogéne aux chaines latérales de Tyr-385 et Ser-530 (Rowlinson et
al., 2003).

L'ibuproféne occupe une zone de I'enzyme entre I'ouverture du canal du substrat et le
sommet du site actif. Un total de treize contacts est établi entre le groupe isobutyle de
I'ibuprofene et Trp-387, Met-522, Val-523, Gly-526, Ala-527 et Ser-530. De plus, le groupe
a-méthyle de I'ibuprofene établit un contact avec le Val-349 et le Leu-359. (Orlando, 2015).

Le rofécoxib se lie au site actif de la cyclooxygénase dans la méme conformation

générale que celle observée pour le célécoxib (Wang et al., 2010).

Le rofécoxib effectue un total de 42 contacts avec des résidus tapissant le canal de la
cyclooxygeénase (Marnett 2009) .
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La diversité des cibles médicamenteuses possibles (dont chacune nécessite une

combinaison différente de caractéristiqgues moléculaires correspondantes) est si énorme.

Pour prédire la biactivité de I'hydroxychloroquine sur les récepteurs cox2; nous avons

utilisé Molinspiration (https://www.molinspiration.com/).

Ce serveur prédit également le score de bioactivité pour les cibles thérapeutiques les
plus importantes telles que les récepteurs GPCR, les inhibiteurs de kinases, les modulateurs de
canaux ioniques, les enzymes et les récepteurs nucléaires (Ertl, 2000).

La bioactivité d'un composé a été decidée sur la base du score de bioactivité. Si le
score de bioactivité est> 0, il s'agit d'un composé actif tandis que <-5,0 est un composé inactif
et la plage comprise entre -5,0 et 0,0 correspond aux composés modérément actifs
(Balakrishnan et al., 2015).

L'hydroxychloroquine était la seule a montrer une activité élevée contre plus d'un
récepteur cible (GPCR, inhibiteurs de kinase, modulateurs de canal ionique et inhibiteur de

protéases) (bioactivité supérieure a zéro).

Du point de vue de la découverte de médicaments, I'activité contre plusieurs cibles

signifie normalement qu'une molécule présentera de multiples effets secondaires.

Preuve supplémentaire de nos résultats de docking I'hydroxychloroquine est un
inhibiteur d’enzyme COX2 (la bioactivité comme inhibiteur d’enzyme égale a 0,15) comme

les autres AINS dont la biactivité inhibitrice enzymatique est située entre 0.12 et 0.25.

L'hydroxychloroquine est active sur les récepteurs du ligand GPCR (bioactivité =
0,35). L'impact des structures GPCR sur la découverte de médicaments est trés important. La
conception de médicaments basée sur la structure a été appliquée a un nombre croissant de

cibles GPCR au cours de la derniere décennie (Congreve et al., 2020) .

L'hydroxychloroquine était également active sur les récepteurs modulateurs des

canaux ioniques (bioactivité = 0,30).

Les canaux ioniques dépendants des ligands sont également des cibles

pharmacologiques pour le développement de nouvelles thérapies (Lara et al., 2020) .

Pour les récepteurs des inhibiteurs de kinases, la bioactivité de I'nydroxychloroquine

est de 0,44). Les récepteurs tyrosine kinases (RTK) sont des régulateurs clés des processus

N
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cellulaires et leur rdle dans la physiopathologie de nombreuses maladies est bien reconnue
(Pottier et al., 2020).

La structure de I'nydroxychloroquine, qui differe de celle des anti-inflammatoires non
stéroidiens, a tendance a montrer une activité contre une grande variété de cibles biologigues.

Sur ce fait, on dit parfois que ces composés ont un comportement de promiscuite.

Plusieurs médicaments peuvent présenter une promiscuité, en particulier dans le cas de
la réutilisation de médicaments (Gupta et al., 2020) ce qui pourrait expliquer les effets
cardiovasculaires liés au repositionnement de 1’hydroxychloroquine chez les patients

hypertendus au cours de I’infection au COVID19.

La base de données SwissADME (Swissadme.ch/index.php) a été utilisée pour
comparer les données physico-chimiques et les propriétés pharmacocinétiques de

I'nydroxychloroquine avec certains medicaments anti-inflammatoires.

Les smiles (structure chimique) de chaque structure ont été téléchargés dans la base
de données Drugbank (Drugbank.ca/).

Dans un premier temps, nous avons Vérifié si les molécules respectent les conditions
des cinq regles de Lipinski suivantes (Lipinski 2001): poids moléculaire: < 500, nombre de
donneurs de liaisons hydrogeéne : < 5, nombre d'accepteurs de liaison hydrogeéne: < 10,
lipophilie (exprimée en LogP): <5. Autant que les autres AINS I'hydroxychloroquine respecte
la régle de lipinski . L'ibuproféne, le diclofénac, le naproxéne, le piroxicam et le cécoxib ont
respectivement les poids moléculaires suivants: 335,87, 206,28, 296,15, 230,26, 331,35,

381,37), g/ mol, ils ont tous un poids moléculaire < 500 g / mol.

En comparant les valeurs de lipophilie (LogP) de nos ligands, nous observons qu'ils

ont tous des valeurs inférieures a 5 et peuvent donc étre facilement absorbés par I'organisme.

Cependant, tous les ligands ont un certain nombre de donneurs de liaisons hydrogene:
< 5, un certain nombre d'accepteurs de liaisons hydrogéne: < 10. Le fait que

I'nydroxychloroquine soit prise en compte pour la prise en charge des patients COVID-19

souligne clairement la nécessité de mieux comprendre sa pharmacocinétique.

La biodisponibilite aprés administration orale de I'nydroxychloroquine peut atteindre

80% avec un pic plasmatique d'environ 2 a 4 h . Son grand volume de distribution (200 a 800

5]
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L / kg) explique sa longue demi-vie qui pourrait aller de 30 a 60 jours,(Rainsford et al., 2015),
(Yamada et al., 2011).

La chloroquine et I'hydroxychloroquine sont métabolisées via les enzymes CYP-450
en d'autres composeés actifs, qui sont responsables des actions pharmacologiques étendues et
de la toxicité accrue. L'hydroxychloroquine est principalement excrété par voie rénale (60%)
sous forme inchangée ou métabolisée, et le reste (40%) est généralement éliminé par le foie,

les matieres fécales et la peau ou stocké dans d'autres tissus corporels maigres (Kalia, 2007).

Conclusion
Au regard des effets cardiovasculaires rapportés chez les patients hypertendus, une
attention particuliere devrait étre accordée a 1’hydroxychloroquine repositionnée dans le

traitement du COVID 19.

Nos résultats révelent pour la premiere fois en détail atomique comment
I'nydrochloroquine, I'un des médicaments les plus controversés se lie a une nouvelle cible
moléculaire (COX2) avec un score d'amarrage (Affinité: -7,6 (kcal / mol) et un écart
quadratique moyen (RMSD = 2,542).

L'hydroxychloroquine s'est avérée promiscuiteuse. Sa structure, qui différe de celle des
anti-inflammatoires non stéroidiens, a tendance a montrer une activité contre une grande

variété de cibles biologiques .

Cette découverte permet d’améliorer la compréhension de son mécanisme d'action et

des effets indésirables qui lui sont attribués.
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IN-SILICO STUDY: COX2 (CYCLO-OXYGENASE 2), AN UNKNOWN TARGET OF
HYDROXYCHLOROQUINE REPOSITIONED FOR THE TREATMENT OF COVID 19
INFECTION AND CARDIOVASCULAR EFFECTS
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ABSTRACT: Hydroxychloroquine, widely used to treat certain autoimmune
diseases and inflammatory conditions, has been repositioned as a new lead
against the COVID-19 pandemic. Preliminary studies have suggested that
hydroxychloroquine inhibits the entry of the SARS-CoV2 virus mediated by the
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Covid 19, Cardiovascular effects,
Hydroxychloroquine, Cyclooxygenase
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ACE2 receptor and is a particularly interesting anti-inflammatory and
immunomodulatory action in the cytokine storm during COVID-19 infection.
Furthermore, cardiovascular effects have been reported in hypertensive patients.
These last are thought to result from the inhibition of cyclooxygenase 2. Our
results reveal for the first time in atomic detail how hydroxychloroquine, one of
the most controversial drugs, has an affinity for a new molecular target (COX2)
with a docking score: -7.6 (kcal/mol) and a root mean square deviation (RMSD

= 2.542). Hydroxychloroquine binds to cyclo-oxygenase 2 via two hydrogen
bonds (H-GLY 136 and H-GLY45) and four hydrophobic bonds: CI -CYS36, O -
CYS36, 0 -CYS47 and 0 -PRO154). This mechanism has never been elucidated.
Hydroxychloroquine proved to be promiscuous. Its structure, which differs from
that of non-steroidal anti-inflammatory drugs , tends to show activity against a
wide variety of biological targets : As an enzyme inhibitor (bioactivity = 0.15),
GPCR receptor ligand (bioactivity = 0.35), ion channel modulator (bioactivity =
0.30), kinase inhibitor (bioactivity = 0.44) and protease inhibitor (bioactivity =
0.12). This approach improves the understanding of its mechanism of action and
the side effects attributed to it.
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INTRODUCTION: While the main scientific
research has focused on chronic non-communicable
diseases in recent decades. The year 2019-2020
was marked by the emergence of a new COVID-19
epidemic caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) 1 2. This
pandemic has challenged health systems around the
world 3.

QUICK RESPONSE CODE

DOI:
10.13040/1)PSR.0975-8232.12(2).1000-09

This article can be accessed online on
WWW.ijpsr.com

DOI link: http://dx.doi.org/10.13040/1JPSR.0975-8232.12(2).1000-09

International Journal of Pharmaceutical Sciences and Research

Hydroxychloroquine (4-amino-quinoline), widely
used to treat some autoimmune diseases and
inflammatory affections, has been repositioned as a
new lead against COVID-19 infection * °.

Preliminary studies have suggested that hydroxy-
chloroquine inhibits ACE2 receptor-mediated entry
of the SARS-CoV2 virus & 7 and has an anti-
inflammatory and immunomodulating action
particularly interesting in the cytokine storm during
COVID-19 infection 8 Thereafter, new research
has highlighted the unfavourable evolution of this
infection in patients treated with non-steroidal anti-
inflammatory drugs (NSAIDs) °. Besides the
gastro-digestive effects, serious cardiovascular
complications have been previously reported when

1000




Chapitre 7

Merad-Boudia et al., IJPSR, 2021; Vol. 12(2): 1000-09.

using cyclo-oxygenase. In the light of scientific
debates led by researchers from all over the world
on the benefit/risk ratio of hydroxychloroquine, the
objective is to check if, by sharing anti-
inflammatory properties with NSAIDs by binding
to cyclooxygenase, hydroxychloroquine, causes
fatal cardiovascular effects in hypertensive patients
with Covid 19.

MATERIALS AND METHODS:

Preparation of Receptor: In the literature, several
crystalline structures of COX-1 and COX-2 in
complex with several inhibitors and substrates have
been identified. With arachidonic acid (their
physiological substrate) °, classic NSAIDs such as
Diclofenac classic NSAIDs such as Diclofenac *,
Naproxen 2, as well as coxibs such as celecoxib
13), COX-2 is induced by inflammation, while
COX-1 is physiological. The X-ray crystallographic
structure of ibuprofen bound to cyclooxygenase-2
(4PH9) (Mus musculus) 4, was obtained from the
Protein Data Bank (PDB) (http://www.rcsb.org)
with a resolution <3.00 A (resolution: 1.81 A, free
R-value: 0.197, working R-value: 0.160, observed
R-value: 0.162). This file is not directly used by the
Autodock 1.5.6 tools. It was first visualized using
Discovery Studio Visualizer version 2.5.5.

Discovery Studio is a software package of
biological molecular design for chemists and
computational biologists. (Discovery Studio 2.5
(CDOCKER Dock, Dassault Systemes BIOVIA,
USA). Water molecules, ligands and other
heteroatoms have been removed from the protein.
This crystallographic structure has been preserved
without any treatment for molecular docking. Co-
crystallized inhibitors/substrates (ibuprofen) were
used to define the corresponding active site, the
flexible residues within this active site is a criterion
for the validation of mooring calculations (re-
docking). By a literature review, common residues
involved in the binding site were identified 1% 15 12
16 14 The PDB file of the protein has been
efficiently prepared using the AutoDock / Vina
(Molecular Graphics Lab, Le plugin Scripps
Research Institute, La Jolla, CA, USA) , and saved
as pdbqt file. Polar hydrogens and Kollman chrages
have been added.

Preparation of the Ligand: The necessary
information  about  hydroxychloroquine  was
collected on the ChemSpider platform (http://www.
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chemspider.com/): Hydroxychlorogquine (Molecular
formula: C18H26CIN3O, Average mass: 335.871 Da,
Monoisotopic mass: 335.176453 Da, ChemSpider
ID: 3526). - Chloroquine (Molecular formula
C18H26CIN3, Average mass 319,872 Da, Mono-
isotopic mass 319.181519 Da, ChemSpider ID:
2618). Their chemical structures are almost similar
to 1. These two anti-malarial and anti-rheumatic
drugs have antiviral activity in-vitro. Chloroquine
interferes with different stages of the viral life cycle
18 The 3D structure of the Ligand was downloaded
from the Drugbak database (https://www.drugbank.
ca/): Access number DBO01611. Then the
identification and verification were performed on
Discovery Studio Visualizer version 2.5.5. The
ligand was then exported to AutoDock tools 1.5.6.
Torsional connections have been verified. The
ligand was saved in the same docking folder in
pdbqt format. Charges were then added.

Molecular Docking Protocol: Docking calculations
were performed using the standard AutoDock Vina
parameters. AutoDock Vina docking programme is
generally in the top position among all the methods
tested in CASF-2013. Vina is the best of all
methods in terms of reception power. Ligand
minimisation has a significant impact, reducing the
performance difference between AutoDock and
Vina . The active site was placed in a 40 x 50 x
40 A grid box, in the geometrical center of the set
of selected flexible residues at 0.375 A as the grid
spacing. Values of the root mean square deviation
(RMSD) between the docking and the initial poses
have been calculated. Results of the docking were
initially examined in Discovery Studio. (Discovery
Studio 2.5 (CDOCKER Dock, Dassault Systemes
BIOVIA, USA). The best poses were ranked
according to Vina scores (kcal/mol), evaluated by
the free bond energies (score S, kcal/mol) and the
binding interactions between the ligand atom and
the residues of the active site. To predict the
bioactivity of hydroxychloroquine for cox2
receptors, we used Molinspiration (https://www.
molinspiration.com/). This server predicts bioactivity
score for the most important therapeutic targets
such as GPCR receptors, kinase inhibitors, ion
channel modulators, enzymes, and nuclear
receptors 20, SwissADME database
(Swissadme.ch/index. php) was used to compare
physiochemical properties, ADME parameters and
pharmacokinetic properties of hydroxychloroquine
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with certain anti-inflammatory drugs. Smiles
(chemical structure) for each structure were
downloaded from the Drug Bank database
(Drugbank.ca/). Statistical analyses (mean and
standard deviation) were performed using Minitab
statistical software Version 16. Mann-Whitney test

was used to comparison of median Docking values.

RESULTS AND DISCUSSION:
Identification of the COX2 Interaction Site:
Each COX isoform is considered as heterodimer

E-ISSN: 0975-8232; P-ISSN: 2320-5148

with a catalytic site and an allosteric site 2.
Inhibitors may act at one or both sites, depending
on the structure and concentration of the inhibitor
22 \Whatever the site, binding requires that a small
molecule must first enter through the binding
domain to the four-helix membrane in an open area
called the "lobby" 2. As shown in Fig. 1a and 1b,
Ibuprofen was first identified in the pocket of the
COX2 enzyme binding site.

FIG. 1: COX2 POCKET (1A: BINDING IBUPROFEN, 1B FREE)

Interactions between COX2-Ibuprofen have been illustrated in Fig. 2a and 2b.

TYR
A356

VAL Al
ALL7 Aol

LEU
AS532

LEU : PHE TYR
= AS519 A386
A360 T ALA
A350 AS28
TRP
A388

B

FIG 2: A AND B: RECEIVER-LIGAND INTERACTIONS ON A 2D DIAGRAM

Coordinates of the Grid Box (X, Y, Z points,
dimensions and spacing) used for the Ibuprofen-
COX2 model (shown in Fig. 3) have been noted to

FIG. 3: GRID BOXIBUPROFEN-COX2

International Journal of Pharmaceutical Sciences and Research

help identify the Hydroxychloroquine-COX2
interaction. Prepared hydroxychloroquine must first
enter through the open area called the “hall” Fig. 4.

FIG. 4 : PREPARED RECEPTOR (COX2)
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Molecular Docking Simulations: Molecular
docking was chosen as the first choice as a method
of discrimination of the hydroxychloroquine-COX2
interaction due to the ability to simulate the binding
of small compounds in the active site of enzymes,

[?Bﬁ?ge?ﬂ(jrgaﬂ_ico prediction of putative

In our work, the active site was identified in the A
chain of COX2 of ibuprofen bound COX2
structure. Our simulations involved only a single
monomer, as some works 2, or others that have
focused on a smaller fragment of protein, as the
membrane-binding domain %, or the membrane
binding domain and helices comprising active site
of cyclooxygenase 2. In addition, previous studies
have indicated that many NSAIDs (including IBP)
bind tightly to a single monomer of COX-2 dimer
and allosterically inhibit the oxygenation of the
substrate in the partner monomer 28 29,

Binding affinities of the different poses in the
COX2 active site A validation docking of crystal
structure of murine (mu) COX-2 in complex with
Ibuprofen (IBP) 4. (PDB ID: 4PH9) (http: /
Iwww.rcsb.org/pdb) was performed on Autodock
vina after viewing on discovery studio and
treatment of the ligand and receptor. Results are
shown in Table 1.

TABLE 1: RESULTS OF THE BEST MOLECULAR
DOCKING POSES: IBUPROFEN-COX2

E-ISSN: 0975-8232; P-ISSN: 2320-5148

square deviation of (RMSD = 23.884). Docking
results of all hydroxychloroquine poses with the
target (COX 2) are shown in Table 2.

TABLE 1: DOCKING RESULTS OF ALL
HYDROXYCHLOROQUINE POSES WITH THE
TARGET (COX 2)

Mode Affinity Distribution Best mode

(kcal / mol) of RMSD RMSD
1 -7,6 1,816 2,542
2 -7,3 4,402 8,010
3 -7,3 2,936 4,617
4 -6,5 3,815 5,854
5 -6,2 11,579 14,151
6 -6,1 10,063 13,409
7 -6,0 12,299 15,319
8 -6,0 13,774 16,865

Mode Affinity Distribution Best mode

(kcal / mol) of RMSD RMSD
1 -7,3 22,181 23,884
2 -6,4 22,236 23,890
3 -6,3 21,384 22,730
4 -6,3 22,279 23,833
5 -6,2 14,475 15,595
6 -6,1 23,055 24,780
7 -6,1 16,577 17,580
8 -6,0 25,852 27,421

Complex formed by Ibuprofen (pose 1) -COX 2 of

Mann-Whitney test Table 3 reveals that the median
affinity of the Hydroxychlorogquine/COX2 complex
(-6,350 kcal/mol) is significantly higher than the
median affinity of the complex of the model
crystallized by Orlando et al., in 2015: Ibuprofen
/COX2 (-6,250 kcal/mol), ( P-Value= 0.6712), IC
(95%): (-0.200; 1.200).

Pose that has the lowest binding energy of the
docking score will be considered the best pose and
inhibits the target receptor because lower binding
energy corresponds to higher binding affinity *C.
Comparison of the pose-complex scores revealed
that the complex formed by Hydrochloroquine
(posel) -COX 2 has the lowest energy value and
gives the best docking score (Affinity: -7.6
(kcal/mol) with the best root mean square deviation
(RMSD = 2.542). Hydroxychloroquine -COX 2
complex can be considered to be stable with a
higher binding affinity.

Based on these docking results, we can classify
hydroxychloroquine as a good inhibitor of the
COX2 enzyme. 3D representations of the best pose
interactions between poses and receptor were
visualized using Discovery studio software. The

experimental model of Orlando and al has the ~COX2-hydroxychloroquine poses formed are
lowest energy value and shows the best mooring ~ shown in Fig. 5.
score (Affinity: -7.3 (kcal/mol) with a root mean
TABLE 3: PARAMETER OF THE MANN-WHITNEY TEST
Complex Median Average Standard Maximum Minimum Coefficient
affinity affinity deviation affinity affinity of variation
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
Hydroxychloroquine/COX2 -6,350 -6,625 0,6671 -7,6 -6,0 0,1
Ibuprofene/COX2 -6,250 -6,3375 0,4103 -7,3 -6,0 0,06
International Journal of Pharmaceutical Sciences and Research 1003
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FIG. 5: COX2-POSES COMPLEXES FORMED (COX2 BOUND TO HYDROXYCHLOROQUINE)
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Binding mode observed for the best pose with receptor pocket is shown in Fig. 6, 7.

FIG. 6: 3D VIEW OF HYDROXYCHLOROQUINE
(POSE1) - COX2 INTERACTION

Types of interactions, bonds, and amino acids
involved in the Hydroxychloroquine-COX2 complex
are shown in Table 4. Hydroxychloroquine binds
to COX2 through two hydrogen bonds (in H-
GLY136 and H-GLY45) and four hydrophobic
bonds: CI -CYS36, 0 -CYS36, 0 -CYS47, and O -
PRO154) at different distances (2.68043) A,
2.46642 A, 4.47781 A, 5.06953 A, 4.66876 A and
4.23862 A, respectively). Glycine with a hydrogen
(H) radical is devoid of any hydrophobic or
hydrophilic character. GLY45 and GLY136 bind to
hydroxychloroquine through hydrogen bonds, H-
GLY136 and H-GLY45) . Cysteine is hydrophobic,
but its SH group binds to another cysteine to
produce a strong (covalent) bond, the disulfide
bridge. CYS36 and CYS47 are involved in
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FIG. 7: 2D VIEW OF HYDROXYCHLOROQUINE
(POSE1) - COX2 INTERACTION

hydrophobic bonds with hydroxychloroguine.
Interestingly, CYS36 is doubly committed, with
oxygen and chlorine atoms of hydroxychloroquine.
Although the physiological significance of chloride
binding at this position is unknown, chloride ions
have previously been used to identify the molecular
oxygen binding site in various proteins, including
dioxygenases 3 32, This raises the possibility that
the chloride ion may be indicative of the position of
molecular oxygen prior to incorporation into COX
substrates. In addition, proline (PRO154), which is
highly hydrophobic, binds like CYS36 and CYS47
to the oxygen atom of hydroxychloroquine.
Arylcarboxylic acid inhibitors bind in one of two
orientations of the COX active site 2. Flurbiprofen
binds canonically with its hydrogen paired carbo-
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xylate fraction to the Arg-120 and Tyr-355 residues
constriction site 2. In contrast, diclofenac binds in
an inverted orientation in which its carboxylate is
hydrogen-bonded to the side chains of Tyr-385 and
Ser-530 ' lbuprofen occupies an area of the
enzyme between the opening of the substrate
channel and the top of the active site. A total of
thirteen contacts is made between the isobutyl

E-ISSN: 0975-8232; P-ISSN: 2320-5148

group of ibuprofen and Trp-387, Met-522, Val-523,
Gly-526, Ala-527, and Ser-530. In addition, the o-
methyl group of ibuprofen makes contact with Val-
349 and Leu-359 . Rofecoxib binds to the active
site of cyclooxygenase in the same general confor-
mation as observed for celecoxib !°. Rofecoxib
makes a total of 42 contacts with residues lining the
cyclooxygenase channel %,

TABLE 4: TYPES OF INTERACTIONS, BONDS AND AMINO ACIDS INVOLVED: HYDROXYCHLOROQUINE-COX2

Nom Distance  Catégories Types From From To To Angle Angle
chemistry chemistry DHA HAY
:UNKO:H5 - 2,68043 Hydrogen Conventional :UNKO:H5 H-Donor A:GLY136:0 H- 104,688 154,153
A:GLY136:0 Bond Hydrogen Bond Acceptor
:UNKO:H31 - 2,46642 Hydrogen Conventional :UNKO:H31 H-Donor A:GLY45:0 H- 136,328 138,467
A:GLY45:0 Bond Hydrogen Bond Acceptor
:UNKO:CI - 4,47781  Hydrophobic Alkyl :UNKO:CI Alkyl A:CYS36 Alkyl
A:CYS36
:UNKO - A:CYS36  5,06953  Hydrophobic Pi-Alkyl :UNKO Pi-Orbitals A:CYS36 Alkyl
:UNKO - A:CYS47  4,66876 Hydrophobic Pi-Alkyl :UNKO Pi-Orbitals A:CYS47 Alkyl
:UNKO - A:PRO154  4,23862  Hydrophobic Pi-Alkyl :UNKO Pi-Orbitals A:PRO154 Alkyl

Prediction of Bioactivity: The diversity of
possible drug targets (each of which requires a
different combination of corresponding molecular
characteristics) is so enormous. To predict the
bioactivity of hydroxychloroguine for different
receptors, we used Molinspiration (https://www.
molinspiration.com/). This server predicts the
bioactivity score for the most important therapeutic

targets such as GPCR receptors, kinase inhibitors,
ion channel modulators, enzymes, and nuclear
receptors 2°. The bioactivity of a compound was
decided based on the bioactivity score. If the
bioactivity score is> 0, it is an active compound
while <-5.0 is an inactive compound, and the range
between -5.0 and 0.0 corresponds to moderately
active compounds .

TABLE 5: PREDICTION OF THE BIOACTIVITY OF HYDROXYCHLOROQUINE AND OTHER

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS
Molecules GPCR lon Kinase nuclear Protease Enzyme

Ligand channel inhibitor receptor inhibitor inhibitor

hydroxychloroquine 0,35 0,30 0,44 -0,12 0,12 0,15
Ibuprofen -0,17 -0,01 -0,72 0,05 -0,21 0,12
Diclofenac 0,14 0,20 0,17 0,09 -0,10 0,25
Naproxene -0,11 -0,06 -0,38 0,14 -0,26 0,15
Piroxicam -0,42 -0,57 -0,50 -0,73 -0,04 0,18
Célécoxib -0,06 -0,27 0,01 -0,28 -0,06 0,17

Hydroxychloroquine was the only one to show high
activity against more than one target receptor.
(GPCR, kinase inhibitors, ion channel modulators,
protease inhibitor, and enzyme inhibitor) in Table
5 (bioactivity greater than zero). In drug discovery,
activity against multiple targets means that a
molecule will have multiple side effects. Further
proof of our docking results, hydroxychloroquine is
a COX2 enzyme inhibitor (bioactivity as an
enzyme inhibitor : 0.15), like other NSAIDs whose
enzymatic inhibitory biactivity is between 0.12 and
0.25. Hydroxychloroquine is active on GPCR
ligand receptors (bioactivity : 0.35). Impact of
GPCR structures on drug discovery is very
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important. Structure-based drug design has been
applied to an increasing number of GPCR targets
over the last decade *. Hydroxychloroquine was
also active on modulating ion channel receptors
(bioactivity : 0.30). Ligand-dependent ion channels
are also pharmacological targets for the develop-
ment of new therapies *°. For receptors of kinase
inhibitors, the bioactivity of hydroxychloroquine is
0.44). Receptor tyrosine kinases are key regulators
of cellular processes and their role in the
pathophysiology of many diseases is well
recognized 3. The structure of hydroxychloro-
quine, which differs from that of nonsteroidal anti-
inflammatory drugs, tends to show activity against
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a wide variety of biological targets. On this fact, it
Is sometimes said that such a compound has a
promiscuous behavior. Several drugs may be
promiscuous, especially in the case of drug reuse %,
which could explain the cardiovascular effects
related to the repositioning of hydroxychloroquine
in hypertensive patients during COVID 19
infection.

Pharmacokinetics of Hydroxychloroquine: The
SwissADME database (Swissadme.ch/index.php)
was used to compare physicochemical data and
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pharmacokinetic properties of hydroxychloroguine
with certain anti-inflammatory drugs. The smiles
(chemical structure) of each structure were down-
loaded from the Drugbank database (Drugbank.ca/).
First, we checked whether the molecules comply
with the conditions of the following five Lipinski
rules *): molecular weight: < 500, number of
hydrogen bond donors: < 5, number of hydrogen
bond acceptors: < 10, lipophilicity (in LogP): <5.
Lipinky's rule analysis with SwssADME in Table
6.

TABLE 6: LIPINKY'S RULE FOR HYDROXYCHLOROQUINE AND CERTAIN NONSTEROIDAL ANTI-

INFLAMMATORY DRUGS

Molecules Formula Molecular Number of  Number of LogP
weight (g / mol) H Acceptors H donors

Hydroxychloroquine Ci1sH26CIN3O 335.87 3 2 3.87

Ibuprofen CC(C)cci=cc=Cc(c=Ccrceyco=0 206.28 2 1 3.5

Diclofenac OC(=0)CCl=CC=CC=CINC1=C(Cl)C 296.15 2 2 4.98

= CC =C1ClI
Naproxéne COCl=CC2=C(C=C1)C=C(C=C2)[C 230.26 3 1 3.29
@H](C)C(O)=0
Piroxicam CNIC(C(=O)NC2=NC= CC=C2)=C(0) 331.35 5 2 2.2
C2=C(C=CC=C2)S1(=0)=0
Célécoxib CC1=CC=C(C=C1)Cl=CC (=NN1iC1CC 381.37 7 1 3.99

=C(C=C)S(N)(=0)=0)C (R (R F

As much as other NSAIDs, hydroxychloroquine
respects the lipinski rule Table 6. Ibuprofen,
diclofenac, naproxen, piroxicam and cecoxib have
the following molecular weights, respectively:
335.87, 206.28, 296.15, 230.26, 331.35, 381.37), ¢
/mol, they all have a molecular weight < 500 g/
mol. By comparing the lipophilicity (LogP) values
of our ligands, we observed that they all have
values below 5 and therefore can be easily
absorbed. However, all ligands have a number of
hydrogen bond donors: < 5, a number of hydrogen
bond acceptors: < 10. The fact that
hydroxychloroquine is taken into account for the
management of COVID-19 patients clearly
highlights the need to better understand its
pharmacokinetics. The bioavailability after oral
administration of hydroxychloroguine can reach
80% with a plasma peak of approximately 2 to 4
hours. Its large volume of distribution (200 to 800
L / kg) explains its long half-life, which could
range from 30 to 60 days “> 4. Hydroxychloroquine
are metabolized via CYP-450 enzymes into other
active compounds, which are responsible for
extensive pharmacological actions and increased
toxicity. Hydroxychloroquine is mainly excreted
via the Kkidneys (60%)as unchanged or
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metabolized, and the remainder (40%) is usually
eliminated by the liver, feces and skin or stored in
other lean body tissues #2.

CONCLUSION: In view of the cardiovascular
effects reported in hypertensive patients, particular
attention should be paid to repositioned hydroxy-
chloroquine in the treatment of COVID 19. Our
results reveal for the first time in atomic detail how
hydrochloroquine, one of the most controversial
drugs binds to a new molecular target (COX2) with
a mooring core (Affinity: -7.6 (kcal/mol) and a root
mean square deviation (RMSD = 2.542).
Hydroxychloroquine has been shown to be
promiscuous. Its structure, which differs from that
of non-steroidal anti-inflammatory drugs, tends to
show activity against a wide variety of biological
targets. This discovery improves the understanding
of its mechanism of action and the adverse effects
attributed to it.
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Chapitre 8

Concernant les expérimentations in silico . Dans 1’étude de Silva Arouche, Reis et al
qui a inclus comme ligands le remdesivir, la ribavirine, le favipiravir, le galidesivir,
I'nydroxychloroquine et la chloroquine . Les valeurs d'énergie d'affinité obtenues pour les
ligands hydroxychloroquine étaient de -9,9 kcal / mol et pour la chloroquine de -10. 8 kcal /
mol indiquant que le couplage contribue & une amélioration efficace des énergies d'affinité
avec la principale protéase COVID-19 en complexe avec un inhibiteur de la protéase COVID-
19 N3. (Silva Arouche et al., 2020).

Le résultats de ’amarrage de huit autres composés presque similaires (sofosbuvir,
ribavirine, galidesivir, remdesivir, favipiravir, céfuroxime, ténofovir, et Hydroxychloroquine)
avec des modeles d'’ARN polymérase ARN-dépendante de la protéine virale (RdRp) construits
par simulations de dynamique a montré des affinités de liaison moyennes pour tous les
médicaments dans la méme gamme (-6,13 (Hydroxychloroquine) et jusqu'a -7,46
(Sofosbuvir) kcal / mol) (Elfiky, 2020) .

Par ailleurs le remdesvir testé contre quinze cibles potentielles du SRAS-CoV-2 a
montré une meilleure liaison aux cibles prioritaires par rapport a la liaison de la chloroquine,
du favipiravir et de I'nydroxychloroquine, mais a montré un potentiel de liaison moindre par
rapport a l'interaction entre le ritonavir et le lopinavir . (Skariyachan et al., 2020)

Hagar , Ahmed et al ont sélectionné certains médicaments hétérocycliques (Favipiravir
, Amodiaquine , 2'-Fluoro-2'-désoxycytidine et Ribavirine) évalués comme inhibiteurs et
analogues nucléotidiques du COVID-19. Ancreés sur la protéase principale du SRAS-CoV-2
(PDB: 6LU7), I'hydroxychloroquine avait une faible affinité de liaison par rapport a
I'Amodiaquine : -6,06 Kcal / mol. (Hagar et al., 2020) .

Dans la méme perspective, I'ancrage moléculaire et la dynamique moléculaire ont été
réalisés pour deux récepteurs ACE2 et le récepteur complexe [SARS-CoV-2 / ACE2] dans
deux sites actifs pour trouver un ligand, qui peut inhiber COVID-19. Parmi les dix-huit
médicaments, dont la structure est similaire a la chloroquine et a I'nydroxychloroquine, les
inhibiteurs potentiels de I'enzyme de conversion de l'angiotensine (ACE2). Le ramipril ,
le delapril et le lisinopril avaient montré une bonne liaison au récepteur ACE2 et au complexe
[SARS-CoV-2 / ACE2] que la chloroquine et I'nydroxychloroquine (Khelfaoui et al., 2020).

Le ritonavir, le lopinavir, le remdesivir, la chloroquine, I'nydroxychloroquine (HCQ),
les antiviraux de routine comme l'oseltamivir et la ribavirine des molécules ayant des actions
anti-inflammatoires comme l'acide mycophénolique (MPA), le pémirolast, l'isoniazide et
I'ériodictyol ont également été testées contre les protéines responsables de la propagation

virale (3Clpro, Nspl10 / 16, protéine Spike, domaine de liaison au récepteur de la protéine
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SRAS, protéine de liaison virale simple brin Nsp 9 et hélicase virale) . Les interactions
moléculaires du ritonavir, du lopinavir et du remdesivir contre les protéines du SRAS-CoV-2
ont amélioré leur potentiel en tant que médicament candidat pour le traitement de COVID-19 .
(Deshpande et al., 2020) .

Ahmed, Abdelrheem et al ont testé la caulerpine et ses dérivés comme médicament
d'appoint contre les protéines réceptrices du SRAS-CoV-2: la protéase principale SARS-CoV-
2 et la protéine de pointe du SRAS-CoV-2 .

En association avec le lopinavir, le siméprévir, I'nydroxychloroquine, la chloroquine et
I'amprénavir , la caulerpine pourrait étre utilisé pour perturber la stabilité des protéines des
récepteurs du SRAS-CoV?2 afin d'augmenter l'activité antivirale . (Ahmed et al., 2020) .

La liaison de I'énergie libre entre la caulerpine et la protéase principale du SARS-
CoV-2-3CL (6LU7) a confirmé I'efficacité de la molécule de caulerpine . (Abdelrheem et al.,
2020).

D’autres produits phytochimiques naturels, les flavonoides et les non flavonoides ont
démontreé leur efficacité in silico . Une revue de Antonio, Wiedemann et al visait a évaluer
systématiquement les métabolites naturels qui pourraient potentiellement étre utilisés contre
cette nouvelle maladie en regardant leurs sources naturelles, leur mécanisme d'action et leurs
usages pharmacologiques antérieurs (Antonio et al., 2020).

Cependant, des questions importantes doivent encore étre abordées quant a la
biodisponibilité et I’efficacité in vivo.

Dans notre revue nous avons sélectionné, sur Medline, uniquement ceux qui ont
étaient testé in silico depuis le début de la pandémie au COVID-19. L’étude de Kumar,
Kashyap et al a démontré avec succes la liaison de composés phytochimiques tels que la
sarsasapogenine, I'acide ursonique, la curcumine, I'ajmalicine, la novobiocine, la silymarine et
I'aranotine, la pipérine, le gingérol, l'acide rosmarinique et l'acétate d'alpha terpinyle a la
protéine virale Nsp15 et ils pourraient jouer un réle clé dans l'inhibition de la réplication du
SARS-CoV-2. L'hydroxychloroquine était utilisée comme contrdle positif (Kumar et al.,
2020) .

Les flavonoides du thé (le gallate d'épigallocatéchine et le gallate de théaflavine) ont
démontré une valeur d'énergie de contact atomique (ACE) plus élevée, une énergie de liaison,
une valeur Ki, une efficacité de ligand, une surface et plus d'acide aminé interactions que
I'nydroxychloroquine (HCQ) lors de la liaison dans le canal central de la protéine de pointe.
Ces flavonoides se liaient sur trois sites de liaison distincts (I, 11 et 1) du noyau de pointe

lorsque HCQ se lie uniquement au site I11 (le plus éloigné du contact nCoV-RBD du contact
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Conclusion

Toutes les études in silico identifiées ont testé I'hydroxychloroquine et / ou la
chloroquine seules, en association ou comparées a d'autres agents thérapeutiques ancrés a
différentes cibles du virus COVID-19 mais pas a d'autres cibles collatérales. Il est vrai que la
pharmacologie des médicaments repositionnés dans la lutte au COVID-19 est connue et
approuvée mais l'incertitude entourant ce nouveau virus met en évidence un débat

contradictoire au sein de la communaute scientifique.

Il serait raisonnable de reconsidérer les espoirs fondés sur la découverte de nouveaux
médicaments pour Il'induction d'une immunité fiable (anticorps neutralisants) et durable dans
le temps. Dans ce contexte, les études in silico doivent étre poursuivies pour une meilleure

compréhension de l'infection au COVID-19.
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Exhaustive Review of Studies in Silico Conducted in the Fight
against COVID-19 that involved Hydroxychloroquine and/or
Chloroquine alone, in Combination or Compared to other
Therapeutic Agents
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12 3Department of Biology, Laboratory of Analytical Chemistry and Electrochemistry, University of Tlemcen, 13000, Algeria

Abstract: While the implementation of a SARS CoV2 vaccine is slow in coming. Several countries around the world are in the
midst of a second wave of the COVID-19 pandemic. Current data shows considerable progress but also very questionable and
sometimes contradictory results. Studies in silico optimize the time and cost of research. This exhaustive review on Pubmed,
attempts to examine all the approaches in silico addressed since the start of fight against COVID 19, which have involved
hydroxychloroguine and or chloroquine alone, combined or compared to other therapeutic agents such as antivirals. ,
phytochemicals and many more. Were used as targets, proteins involved in the pathways by which this virus enters host cell:
Main protease COVID-19, receptor binding domain of SRAS-CoV-2 Spike protein, peak protein of SRAS -CoV-2 and envelope
protein necessary in maturation processes of virus. . Other solutions to overcome challenges related to pharmacodynamic and
pharmacokinetic properties of chloroquine and hydroxychloroquine were discussed. Well-tolerated and widely used drugs have
also been selected for molecular dynamics simulations. The results will be reported in this review to allow future research to
investigate new leads

Keywords: Dynamic simulation, SRAS-CoV-2, Ligands, Covid-19

I. INTRODUCTION

In March 2020, governments around the world were warned of the potential consequences of a premature slackening of
interventions. Studies have shown by modeling that the result of such decision could lead to an increase in contagiousness greater
than 1.That is, a second wave of infection (Leung, Wu and al. 2020) . A situation we are living today. Pharmaceutical companies
usually create drug programs around the concept: Unmet medical needs (for under-treated health problems).The main conditions of
the Unmet Medical Need program are: -Disease with no existing or satisfactory treatment.

An urgent demand for effective therapy that is increasingly affecting patients. This concept is perfectly applicable to the current
pandemic at COVID-19 . Determining an unmet medical need requires an understanding of the disease, available therapies, and
possible gaps in treatment. Currently, potential strategies to control COVID-19 are summarized around antivirals, corticosteroids,
convalescent plasma and vaccines. (Shamim, Khan and al. 2020). Several trials are in progress (Davis, Ferreira and al. 2020) , but
several questions arise , in particular, the production of neutralizing or non-neutralizing antibodies, durability of immunity,
reinfection and safety of new treatments. Within this context, in silico studies take a special place in the fight against COVID 19.
These optimize the time and cost of research and offer new perspectives in development and repositioning of drugs. This exhaustive
review attempts to examine all the in silico approaches that have been addressed since the beginning of the fight against COVID 19.

Il. METHODS

On March 13, 2020, international science and technology advisers from a dozen countries, including the United States, called on
publishers to voluntarily make their publications related to COVID-19 and coronavirus, as well as the available data supporting
them, immediately available in PubMed Central (PMC) to support ongoing public health emergency response efforts
(https://www.ncbi.nlm.nih.gov/pmc/about/covid-19/). Therefore, access to the full text of all publications was allowed. Given the
new and recent nature of this pandemic at covid-19 . The search filter has been adjusted based on data available since the beginning
of the pandemic (i.e. within the past year) and updated to October 31, 2020. Given the rapid development of the field and the
accelerated diffusion of scientific discoveries concerning COVID-19 , more than 20,100 articles have been published. To meet our
main objective, an exhaustive search was conducted on all in Silico studies conducted in the fight against COVID-19 that involved
hydroxychloroquine and/or chloroquine alone, combined or compared to other therapeutic agents.
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The Pubmed survey was conducted for the SARS-CoV-2 studies using the following MeshData: Hydroxychloroquine and molecular
docking and covid 19. The Pubmed database was consulted without language restriction . After reviewing the title and abstract 42
full-text studies were retrieved. 40 studies meeting the inclusion criteria were selected.

For identification of ligands studied, the databases Drug bank (https://go.drugbank.com/) and chemspider
(http://www.chemspider.com/) were consulted. The Proteines Data Bank (pdb) (https://www.rcsb.org/) was consulted for the targets
studied. The research on plants, chemicals, bioactivity and ethnobotany was based on Dr. Duke's current phytochemical and
ethnobotanical data. (US Department of Agriculture, Agricultural Research Service. 1992-2016. Dr. Duke's phytochemical and
ethnobotanical databases, https://phytochem.nal.usda.gov/). PubChem database was also consulted
(https://pubchem.ncbi.nim.nih.gov/).

I1l. RESULTS

In all the published studies in silico , the approaches were very different depending on the ligand and the target proposed in the
molecular docking (Table 1).

Author/Year Ligand Targets Interaction site
(Silva Arouche, | Remdesivir , ribavirin , favipiravir , The main COVID-19 protease (in The highest affinity values found in order from
Reis and al. galidesivir , hydroxychloroquine and complex with a COVID-19 N3 highest  to lowest: Chloroquine ,
2020) chloroquine protease inhibitor) hydroxychloroquine , favipiravir , galidesivir ,
Remdesivir and ribavirin .

(Fantini, Combined Therapy: Hydroxychloroquine | Binding domain and site of | MTAis directed against the virus while CLQ-
Chahinian and (CLQ-OH) / Azithromycin (ATM) attachment of the SARS-CoV-2 virus | OH is directed against cell attachment
al. 2020) on gangliosides near the primary | co- factors.

receptor of the virus, the angiotensin-2

converting enzyme (ACE-2).
(Bailly and Natural Glycyrrhizic Acid (GLR) At the membrane , the cholesterol of GLR a good candidate to be tested against Cov-2

Vergoten 2020)

the lipid rafts that are important for
the entry of the virus into the cell.

SARS, alone and in combination with other
drugs.

(Hagar, Ahmed

Selected heterocyclic drugs: Favipiravir ,

Main Protease of SRAS CoV-2 (PDB:

Amodiaquine has the lowest binding energy

and al. 2020) amodiaquine , 2'-Fluoro-2'-deoxycytidine | 6LU7) (-7.77 Kcal/mol) and could serve as a good
and ribavirin as an inhibitor and inhibitor of SRAS CoV-2, remdisivir has a
nucleotide analogues of COVID-19. binding affinity of 4.96 Kcal/mol).
(Rajagopal, Novel oxazine-substituted 9- Main protease of Sras CoV-2 (PDB: A38 has the highest G-score (-7.83) compared to
Varakumar and | anilinoacridines 5R82) all standard compounds proposed for the
al. 2020) treatment of COVID-19 such as ritonavir

(-7.48), nelfinavir (-5.93), lopinavir (-6.94),
hydroxychloroquine (-5.47) and mataquine (-
5.37).

(Nandi, Kumar

34 drugs, including antivirals and

binding to COVID-19 proteases

13 compounds with good binding affinity were

and al. 2020) antimalarials, predicted to inhibit binding to COVID-19
proteases.
(Hamza, Ali Moringa oleifera, phytochemical leaf Mass of amino acid sequences has | Maximum energy obtained for
and al. 2020) extracts (aqueous and ethanol) of been calculated and translated from | hydroxychloroquine is -5.1 kcal/mol, kaempferol
flavonoids,  anthraquinone  and the entire CoV2-SARS genome and | (flavonoid) is -6.2 kcal/mol and for
hydroxychloroquine. identification of peptides that may be | anthraguinone -6 kcal/mol.
a target for inhibition.
(Maiti and Tea flavonoids catechin products mainly | The central channel of the peak Tea flavonoids produced catechin products
Banerjee 2020) | epigallocatechin gallate or other such as | protein. mainly epigallocatechin gallate or other such as

theaflavin gallate and

hydroxychloroguine (HCQ)

theaflavin gallate have demonstrated a higher
atomic contact energy (ACE) value, binding
energy, Ki value, ligand efficiency, surface area
and more amino acid interactions than
hydroxychloroquine (HCQ) when bound.
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(Hathout, Chloroquine CQ Angiotensin converting enzyme-2 | Good binding of CQ and HCQ to these receptors

Abdelhamid and (ACE-2) receptors, heparin sulfate

and al. 2020) Hydroxychloroquine HCQ proteoglycan and

phosphatidylinositol-binding clathrin
assembly protein (PICALM), which
are expressed in lung and intranasal
tissues and represent the initial sites of
viral particles on the surface of
respiratory cells.

(Elfiky 2020) sofosbuvir, ribavirine, galidesivir, Viral protein-dependent RNA | sofosbuvir, ribavirin, galidesivir, remdesivir,
remdesivir, favipiravir, céfuroxime, polymerase-RNA polymerase (RdRp) | favipiravir, cefuroxime, tenofovir, and
ténofovir, and Hydroxychloroquine models built by docking and dynamics | hydroxychloroquine, bind to SRAS-CoV-2

simulations RdRp

(Khelfaoui, Eighteen drugs from the ACE2 Approved | Two ACE2 receptors and the complex | Ramipril , delapril and lisinopril , chloroquine

Harkati and al.
2020)

Drug Library that are structurally similar
to chloroquine and hydroxychloroquine,

the potential angiotensin-converting
enzyme (ACE2) inhibitors

receptor [SARS-CoV-2 / ACE2] in
two active sites

and hydroxychloroquine bind to the ACE2
receptor and [SRAS-CoV-2 / ACE2] complex.

(Sehailia and Artemisinin and its derivatives, SRAS-CoV-2 Spike protein receptor Further screening for artemisinin and derived

Chemat 2020) hydroxychloroquine, arténimol binding domain compounds produced a better Vina docking
score than hydroxychloroquine (-7.1 kcal mol -1
for artelinic acid versus -5.5 kcal mol -1 for
hydroxychloroquine). Artesunate, artemisinin
and artenimol showed two modes of interaction
with the Spike protein binding hot spots Lys353
and Lys31.

(Ahmed, caulerpine and its derivatives Caulerpine and its derivatives as an | Molecular docking analysis showed that the

Abdelrheem adjunct to the SARS-CoV-2 receptor | binding energies of most of the caulerpine

and al. 2020) proteins: SRAS-CoV-2 Core Protease | derivatives were higher than those of all the

and SRAS-CoV-2 Spike Protein. drugs suggested for both the

(Cel1, Onay- hydroxychloroquine and chloroquine Crystalline structures of the SRAS- Hydroxychloroquine and chloroquine do not

Besi Kci and al. CoV-2 and ACE2 proteins interact with the CoV-2-SRAS proteins, but bind

2020) to the amino acids ASP350, ASP382, ALA348,

PHE40 and PHE390 at the allosteric ACE2 site
rather than the active ACE2 site.

(Enmozhi, Raja

Andrographolide of Andrographis

Main protease of SRAS-VOC-2

Andrographolide was successfully anchored in

and al. 2020) paniculataen (Mpro) the SARS-CoV-2 Mpro binding site.
(Skariyachan, Chloroquine, Hydroxychloroquine, 15 potential targets for SRAS-CoV-2 | Among the selected drugs, ritonavir and
Gopal and al. Favipiravir, Lopinavir, Remdesivir and lopinavir showed improved binding to priority
2020) Ritonavir) targets with minimal binding energy (kcal/mol),
cluster-RMS, number of interacting residues and
stabilizing forces relative to the binding of
chloroquine, favipiravir and hydroxychloroquine
(Baildya, Hydroxyxhloroquine Main protease COVID-19 Snapshots of structural changes over time clearly
Ghosh and al. indicate that the drug molecule has a profound
2020) impact on the binding sites as well as on the

overall geometry of the protease moiety.

(Braz, Silveira
and al. 2020)

Azythromycine (AZM) , Chloroquine

CQ) , and hydroxychloroquine ( HCQ)

The main viral protease (M pro) and
the cathepsin L host (CTSL) involved
in the activation of the SARS-CoV-2
S peak protein and the receptor
binding domain (RBD) of the SRAS-
CoV-2 peak protein (S)

Results showed AZM affinity scores (AG) with
strong interactions with ACE2, CTSL, M pro
and RBD.

CQ affinity scores showed three low energy (less
negative) results with ACE2, CTSL and RBD.
For HCQ, two results (ACE2 and M pro ) were
strongly related to receptors
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(Nimgampalle,
Devanathan
and al. 2020)

Chloroquine, I'hydroxychloroquine

SRAS-CoV-2 viral proteins.

Chloroquine and hydroxychloroquine can bind
to specific structural and non-structural proteins
involved in the pathogenesis of SRAS-CoV-2
infection with different efficiencies.

(Abdelrheem, Caulerpine, chloroquine,| Main protease of CoV-SRAS-2-3CL Free energy binding between caulerpine and
Ahmed and al. hydroxychloroquine, azithromycin,| (PDB ID: 6LU7) and the main 6LU7 confirmed the efficacy of the caulerpine
2020) remdesivir, baloxvir, lopinavir and proteases of CoV-SRAS (PDB ID: molecule against the main CoV-2-SRAS
favipiravir. 2GTB and 3TNT) protease
(Deshpande, Ritonavir, lopinavir, remdesivir, | Proteins responsible for viral | The data generated confirm the potential of
Tiwari and al. chloroquine, hydroxychloroquine (HCQ), | propagation, namely 3Clpro, Nsp10/ | ritonavir, lopinavir and remdesivir as therapeutic
2020) routine antivirals such as oseltamivir and | 16, Spike protein, SRAS protein | candidates for SRAS-CoV-2. Eriodictyol is
ribavirin. In addition, small molecules | receptor binding domain, single- | observed to bind to almost all selected target
with anti-inflammatory actions such as | stranded viral binding protein Nsp 9 | proteins with good binding energy, suggesting
mycophenolic acid (MPA), pemirolast, | and viral helicase its importance in the treatment of COVID 19.
isoniazid and eriodictyol were also | The virus protein that penetrates the
tested. human angiotensin converting enzyme
2 (ACE2) receptor in the host cell is
also used as a target for molecular
anchoring.
(Wang, Han Chloroquine  (CQ) and HEK?293T high-expression ACE2 Chloroquine (CQ) and Hydroxychloroquing
and al. 2020) Hydroxychloroquine ( HCQ) cells (ACE2 h cells) (HCQ) show an equivalent suppression effect for
the entry of the pseudotyped 2019-nCoV peak
virus into ACE2 h cells.
(Beura and Pharmacophore model ( CQD15) of | PDB_ID: 6LU7 CQD15 which shows better interactions for the

Chetti 2020)

chloroquine and chloroquine derivatives

Crystal structure of the main COVID-
19 protease in complex with an N3
inhibitor

inhibition of SRAS-CoV-2 compared to
chloroquine and hydroxychloroquine.

(Mukherjee, L'hydroxychloroquine (HCQ) Viral genetic material is transcribed A detailed structural overview of the presence of
Dasgupta and and replicated by the 3C protease. a water-mediated catalytic triad was obtained,
al. 2020) the main protease SRAS-CoV-2 which could be useful for inhibitor modeling.
(Chidambaram, | coumarin-based derivatives The main protease of the SRAS the natural coumarin analogue,
Ali and al. coronavirus in complex with o- toddacoumaquinone, showed a remarkable
2020) ketoamide (PDB ID: 5N50) inhibition capacity with a binding energy of -7.8
kcal/mol than other compounds against the main
SRAS coronavirus protease in complex with a-
ketoamide (PDB ID: 5N50).
(Beck, Beck Hydroxychloroquine CCR4: A G  protein-coupled | Such as improved survival rates due to a
and al. 2020) transmembrane  receptor (GPCR) | significant reduction in pro-inflammatory
expressed throughout the human body | cytokine release and associated sepsis. These
with highest levels of expression in | data suggest a potential role for the use of CCR4
bone marrow and lymphoid tissue. antagonists in the treatment of COVID-19
patients.
(Gandhi, The phytoconstituents of the drugs: | SARS-CoV-2:  An  Ayurvedic Binding energy and inhibition of Zingiber
Rupareliyaand | Nagaradi Kashaya which includes Sunthi | perspective for SRAS-CoV-2-like Officinalis (Sunthi) 6 gingesulfonic acid is
al. 2020) (Zingiber officinalis Roscoe), | symptoms with an in silico study superior to hydroxychloroquine and quinine

Pushkarmool (Inula racemose Hook.F.),
Guduchi (Tinospora cordifolia Miers.),
Kantakari (Solanum virginianum L.) in
comparison with

hydroxychloroquine and quinine
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(Achutha,
Pushpa and al.
2020)

4-aminoquinoline and 8-aminoquinoline
analogs of chloroquine.

Viral protease, called cysteine
protease of the chymotrypsin type,
also known as the main protease (3CL

pro)

Six compounds provided better binding energies
than chloroquine and hydroxychloroquine.
Interactions with residues at the active site,
particularly with Cys145 and His41, which are
involved in the catalytic diad for proteolysis,
make these compounds powerful inhibitors of
the main protease

(Pandey, Rane

10 potential natural phytochemical

The SRAS-CoV-2 lead protein

Fisetin, quercetin and kamferol bind to the

and al. 2020) compounds (flavonoids / non-flavonoids) hACE2-S complex with low free binding energy.
compared their affinity with The study provided an indication that these
hydroxychloroquine molecules may have the potential to disrupt the
binding of the hACE2-S complex.
(Han, Wang Chloroquine, Hydroxychloroquine, 3CL hydrolase (Mpro), indicating its Chloroquine has the highest binding affinity for
and al. 2020) Remdesivir, Ritonavir, Beclabuvir, ability to inhibit SRAS-CoV-2. 3CL hydrolase (Mpro) among clinically
Indinavir and Favipiravir) and a newly approved drugs, indicating its effective
developed drug a-ketoamide (13b) inhibitory capacity for SRAS-CoV-2. However,
inhibitor at the molecular level the newly designed 13b inhibitor has potentially
improved inhibition efficacy with higher binding
energy compared to chloroquine.
(Gentile, chloroquine  (CQ) and Envelope protein (E), necessary in the | CQ and HCQ have influenced the functionality
Fuochi and al. hydroxychloroquine (HCQ) maturation process of the virus, of the envelope protein (E), which is necessary
2020) in the virus maturation processes, due to
interactions that alter the flexibility of the
protein structure. In addition, CQ and HCQ have
also influenced viral RNA reuptake and capping
in CoV-2-SRAS, achieved by nsp10 / nsp14 and
nsp10 / nspl6. In particular, HCQ demonstrated
better energy binding to the targets examined
compared to CQ
(Ortega, Famotidine Catalytic site of the three proteases Famotidine could interact in the catalytic site of

Serrano and al.
2020)

associated with the replication of
SRAS-CoV2.

the three proteases associated with the
replication of SRAS-CoV2.

However, the low binding affinity of famotidine
to these proteases suggests that successful
famotidine therapy could probably only be
achieved in combination with other antiviral
drugs.

(Dave,
Rakholiya and
al. 2020)

Total of 30 compounds of Solanum
tuberosum and Brassica juncea flue water
residues

SRAS-CoV-1, SARS-CoV-2 and
cellular proteins involved in the
mechanism of infection.

Docking analysis identified lead molecules with
favorable binding energy, pose number and
hydrogen bonding interactions, indicating
efficient modulation of ACE2 and TMPRSS2
receptors.

(Belhassan, En-

eighteen imidazole derivatives based on

Main protease of SARS-CoV-2.

Molecules Nos. 3, 7 and 14 have higher binding

Nahli and al. 7-chloro-4-aminoquinoline energy to the newly crystallized CoV-2-SRAS

2020) core protease (bp code 6LU7) compared to other
imidazole derivatives and the two drugs;
chloroquine and hydroxychloroquine.

(Basu, Using curcumin as the reference Actif site of the SRAS-CoV-2 main ZINCO07333416 with better binding energy (-

Veeraraghavan | compound,a commercially available protease (Mpro) 8.72 kcal/mol) than the commonly designed anti-

and al. 2020) cyclohexanone compound, Covid-19 drugs such as the viral protease

ZINCO07333416

Versus

Lopinavir, the nucleoside analogue
Remdesivir and the reused drug
hydroxychloroquine

inhibitor Lopinavir, the nucleoside analogue
Remdesivir and the reused drug
hydroxychloroquine .
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(Tiwari 2020) VTAR-01 designed by novo based on | RBD-hACE?2 interaction interface Ribavirin, ascorbate, lopinavir and
fragments of selected molecules, namely hydroxychloroquine have a strong interaction at
ascorbate, ribavirin, lopinavir, and the RBD-hACE?2 interface.
hydroxychloroquine.

(Gul, Ozcan Tetracycline, dihydroergotamine, | SRAS-CoV-2 3C protease (3CL pro)| Tetracycline, dihydroergotamine, ergotamine,

and al. 2020) ergotamine, dutasteride, nelfinavir and | and viral RNA-dependent RNA| dutasteride, nelfinavir and paliperidone formed
paliperidone, eltrombopag, tipranavir, | polymerase (RdRp) stable interactions with 3CL pro
ergotamine and conivaptan, eltrombopag, tipranavir, ergotamine and
dihydroergotamine, bromocriptine, conivaptan bound to the enzyme with high free
dutasteride, conivaptan, paliperidone and binding energies. Mooring results suggest that
tipranavir. ergotamine, dihydroergotamine, bromocriptine,

dutasteride, conivaptan, paliperidone and
tipranavir can bind to both enzymes with high
affinity.

(Kumar, Phytochemical compounds such as Nspl5 protein was selected because it | Phytochemicals such as sarsasapogenin, ursonic

Kashyap and al. | sarsasapogenin, ursonic acid, curcumin, has an 89% similarity with the other | acid, curcumin, ajmalicin, novobiocin, silymarin

2020) ajmalicin, novobiocin, silymarin and | SRAS-CoV, which caused the | and aranotine, piperine, gingerol, rosmarinic
aranotine, piperine, gingerol, rosmarinic | previous epidemic. The hypothesis is | acid and alpha terpinyl acetate to viral protein
acid and alpha terpinyl acetate. that inhibition of SP15 inhibits viral | against SP15 could play a key role in inhibiting
Hydroxychloroquine is used as a positive | replication. the replication of CoV-2-SRAS
control, as well as nelfinavir.

(Abdelli, Natural compounds (Isothymol, Thymol, | Angiotensin converting enzyme 2 Isothymol gives the best docking scores

Hassaniand al. | Limonene, P-cymene and vy-terpinene) | (ACE2) as a SRAS-CoV-2 receptor compared to the co-crystallized B-D-mannose

2020) derived from the essential oil of the inhibitor of the ACE2 enzyme, the drug
antiviral and  antimicrobial  plant Captropil as a good inhibitor of ACE2 and the
Ammoides verticillata antiviral drug Chloroquine also involved in other

mechanisms such as the inhibition of the ACE2
cell receptor

IV. DISCUSSION
Several critical reviews (Singh, Singh and al. 2020) , systematic reviews (Antonio, Wiedemann and al. 2020) , and pharmacological
(Singh, Parida and al. 2020) have been published on different treatments or trials used in the fight against COVID-19. No exhaustive
and exclusive review o studies in silico of hydroxychloroquine and or chloroquine alone, combined or compared with other
therapeutic agents has been conducted. For the first time we propose to discuss the recent results obtained by molecular docking of
ligands identified as potentials in different works with several targets involved in penetration, replication and transmission of
COVID-19 infection.
To date, more than 30 peer-reviewed articles published on Medline have reported the results of molecular docking of
hydroxychloroquine and chloroquine alone, in combination or as positive controls for SARS CoV2-19 (Table 1).
Baildya and al concluded that hydroxyxhloroquine confers good inhibitory response to the main protease COVID-19 (Baildya,
Ghosh and al. 2020) . However, prolongation of the QT interval in patients taking hydroxychloroquine with azithromycin, a
combination that has proven effective in European clinical trials, raised concerns about the use of these drugs in the treatment of
COVID-19 ( Mazzanti and al., 2020). Beck and al's study identified CCR4 ( Transmembrane receptor,( GPCR) expressed at
high levels in bone marrow and lymphoid tissue) as immunomodulatory target of hydroxychloroquine. Authors propose to substitute
the latter with CCR4 antagonists that do not promote prolongation of QT interval, such as the FDA-approved drug mogamulizumab
or investigational compound K777 for the treatment of severe coronavirus disease as monotherapy or in combination with antivirals
(Beck, Beck and al. 2020) . Nimgampalle and al demonstrated that chloroquine and hydroxychlorogquine can bind to specific
structural and non-structural proteins involved in pathogenesis of SRAS-CoV-2 infection with different effectiveness
(Nimgampalle, Devanathan and al. 2020) . These results corrhoborate with those of Wang and al on HEK 293T cells with high
ACE2 expression (ACE2 h cells) (Wang, Han and al. 2020). Results of Gentile and al showed that CQ and HCQ influenced the
functionality of envelope protein (E), necessary in the virus maturation processes, due to interactions that alter flexibility of the
protein structure.
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In addition, Chloroquine and HCQ also influenced rereading and capping of viral RNA in SRAS-CoV-2, made by nsp10 / nsp14

and nsp10 / nspl16. In particular, Hydrxychloroquine demonstrated better energetic binding with targets examined compared to
Chloroquine (Gentile, Fuochi and al. 2020). Achutha and al demonstrated efficacy of four 4-aminoquinoline and 8-aminoquinoline
analogues of chloroquine showing resemblance to SARS-CoV-2 (Achutha, Pushpa and al. 2020). Beura and Chetti showed that
pharmacophore model (CQD15) of chloroquine and chloroquine derivatives have better interactions for inhibition of SRAS-CoV-2
than the latter two (Beura and Chetti 2020). Main viral protease (M pro) and host cathepsin L (CTSL) are part of proteolytic systems
involved in the activation of the SRAS-CoV-2 S protein and receptor binding domain (RBD) of the SRAS-CoV-2 (S) peak protein .
Braz and al showed that azithromycin had strong interactions with ACE2, CTSL, M pro and RBD. Chloroquine affinity scores
showed three low energy (less negative) results with ACE2, CTSL and RBD. For Hydroxychloroquine , two results (ACE2 and M
pro) were strongly related to receptors (Braz, Silveira and al. 2020). Combined hydroxychloroquine / azithromycin therapy,
proposed in silico by Fantini and al had synergistic beneficial effects in patients with COVID-19 (Fantini, Chahinian and al. 2020).
These results are contradictory with those of Fiolet and al. Systematic review and meta-analysis was conducted by authors to
evaluate effect of hydroxychloroquine with or without azithromycin on mortality in patients with COVID-19 . Hydroxychloroquine
alone was not associated with reduced mortality in hospitalized patients with COVID-19, but combination of hydroxychloroquine
and azithromycin significantly increased mortality. (Fiolet, Guihur and al. 2020).

Other anti-malarial drugs have also been tested. (Nandi, Kumar and al. 2020). For artemisinin and its derivatives, by taking as target
the receptor binding domain of the SRAS-CoV-2 Spike protein. Sehailia and Chemat noted that hydroxychloroquine could act as
good inhibitor but artemisinin and derived compounds had better Vina docking score (better affinity). In view of an excellent history
of safety in humans against various conditions, authors requested a protocol for extracting artemisinin from Artemisia annua.
(Sehailia and Chemat 2020) . Critical review of pharmacology, preclinical and clinical studies was performed by Singh, Singh and
al on Remdesivir in COVID-19. According to authors, initial compassionate use of remdesivir showed fairly good result, but
difficult to quantify, in the absence of a control arm. While the very first randomized, double-blind, placebo-controlled trial
conducted in Wuhan found no significant advantage over the control, the preliminary result of another similar multi-center trial
showed faster recovery time but no difference in mortality . (Singh, Singh and al. 2020)

Concerning in silico experimentations. In the study of Silva Arouche, Reis and al which included as ligands remdesivir, ribavirin,
favipiravir, galidesivir, hydroxychloroquine and chloroquine. affinity energy values obtained for hydroxychloroquine ligands were -
9.9 kcal/mol and for chloroquine -10. 8 kcal/mol indicating that the coupling contributes to an effective improvement in affinity
energies with the main protease of COVID-19 in complex with a COVID-19 N3 protease inhibitor (Silva Arouche, Reis and al.
2020).

Results of docking eight other almost similar compounds (sofosbuvir, ribavirin, galidesivir, remdesivir, favipiravir, cefuroxime,
tenofovir, and Hydroxychloroquine) with viral protein-dependent RNA polymerase RNA (RdRp) models constructed by dynamic
simulations showed mean binding affinities for all drugs in the same range (-6.13 (Hydroxychloroguine) and up to -7.46
(Sofosbuvir) kcal/mol) (Elfiky 2020). In addition, remdesvir tested against fifteen potential SRAS-CoV-2 targets showed better
binding to priority targets compared to binding of chloroquine, favipiravir and hydroxychloroquine, but showed lower binding
potential compared to interaction between ritonavir and lopinavir (Skariyachan, Gopal and al. 2020) . Hagar and al have selected
certain heterocyclic drugs (Favipiravir , Amodiaquine , 2'-Fluoro-2'-deoxycytidine and Ribavirin) evaluated as inhibitors and
nucleotide analogues of COVID-19. Docked to the main protease SRAS-CoV-2 (PDB: 6LU7), hydroxychloroquine had low
binding affinity compared to amodiaquine: -6.06 Kcal/mol (Hagar, Ahmed and al. 2020) . In same perspective, molecular docking
and molecular dynamics were performed for two ACE2 receptors and complex receptor [SARS-CoV-2 / ACE2] in two active sites
to find ligand, which can inhibit COVID-19. Of the eighteen drugs, which are similar structure to chloroquine and
hydroxychloroquine, potential angiotensin converting enzyme (ACEZ2) inhibitors , Ramipril, delapril and lisinopril had shown good
binding to ACE2 receptor and [SARS-CoV-2 / ACE2] complex than chloroquine and hydroxychloroquine(Khelfaoui, Harkati and
al. 2020). Ritonavir, lopinavir, remdesivir, chloroquine, hydroxychloroquine (HCQ), routine antivirals such as oseltamivir and
ribavirin molecules with anti-inflammatory actions such as mycophenolic acid , pemirolast, isoniazid and eriodictyol were also
tested against proteins responsible for viral propagation (3Clpro, Nsp10/16, Spike protein, SRAS protein receptor binding domain,
single-stranded viral binding protein Nsp 9 and viral helicase). Molecular interactions of ritonavir, lopinavir and remdesivir against
SRAS-CoV-2 proteins have enhanced their potential as drug candidate for treatment of COVID-19. (Deshpande, Tiwari and al.
2020) . Ahmed and al tested caulerpin and its derivatives as an adjunct drug against SARS-CoV-2 receptor proteins: Main protease
SARS-CoV-2 and peak protein of SRAS-CoV-2.
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In combination with lopinavir, simeprevir, hydroxychloroquine, chloroquine and amprenavir, caulerpine could be used to disrupt
stability of SRAS-CoV2 receptor proteins, to increase antiviral activity (Ahmed, Abdelrheem and al. 2020). Free energy binding
between caulerpine and main protease of SRAS-CoV-2-3CL (6LU7) confirmed efficacy of caulerpine molecule (Abdelrheem,
Ahmed and al. 2020).

Other phytochemical, natural, flavonoid and non-flavonoid products have demonstrated their effectiveness in silico.
Review by Antonio and al aimed to systematically evaluate natural metabolites that could potentially be used against this new
disease by looking at their natural sources, mechanism of action and previous pharmacological uses (Antonio, Wiedemann and al.
2020)

However, important questions still need to be addressed regarding in vivo bioavailability and efficacy. In our review we have
selected, on Medline, only those that have been tested in silico since the beginning of COVID-19 pandemic
Study by Kumar and al successfully demonstrated binding of phytochemical compounds such as sarsasapogenin, ursonic acid,
curcumin, ajmalicin, novobiocin, silymarin and aranotine, piperine, gingerol, rosmarinic acid and alpha terpinyl acetate to viral
protein Nspl15 and could play key role in inhibiting replication of SRAS CoV-2. Hydroxychloroquine was used as positive control
(Kumar, Kashyap and al. 2020) . Tea flavonoids (epigallocatechin gallate and theaflavin gallate) demonstrated higher atomic contact
energy (ACE) value, binding energy, Ki value, ligand efficiency, surface area and more amino acid interactions than
hydroxychloroguine when binding in central channel of the peak protein . These flavonoids bound to three distinct binding sites (I,
11, and I11) of spike nucleus when HCQ binds only at site Il (the site furthest from the nCoV-RBD contact of ACE2) (Maiti and
Banerjee 2020). Gandhi and al have hypothesized to use Nagaradi Kashaya which includes Sunthi ( Zingiber officinalis Roscoe ),
Pushkarmool ( Inula racemose Hook.F. ), Guduchi ( Tinospora cordifolia Miers.) , Kantakari ( Solanum virginianum L. Binding
energy and inhibition of 6 gingesulfonic acid of Zingiber Officinalis (Sunthi) was higher than hydroxychloroquine and quinine
(Gandhi, Rupareliya and al. 2020). A total of 30 compounds of Solanum tuberosum and Brassica juncea smoke water residues were
tested. Docking analysis indicated (a) curcumenol, (b) N-desmethylselegiline, (c) phentermine and (d) sphingolipid derivatives as
selective and potent candidates over hydroxychloroquine for treatment with COVID- 19(Dave, Rakholiya and al. 2020) . Using
curcumin as reference compound, Basu and al identified new commercially available cyclohexanone compound, ZINC07333416
Versus Lopinavir, the nucleoside analogue Remdesivir and the reused drug hydroxychloroquine. . ZINC07333416 with better
binding energy (-8.72 kcal/mol) than commonly designed anti-Covid-19 drugs such as viral protease inhibitor Lopinavir, the
nucleoside analog Remdesivir and the reused drug hydroxychloroquine when targeted to active site of main protein SRAS-CoV-2
(Mpro) (Basu, Veeraraghavan and al. 2020) . Angiotensin Converting Enzyme 2 (ACE2) as a SARS-CoV-2 receptor, a potential
therapeutic target for COVID -19 virus has been docked to natural compounds (Isothymol, Thymol, Limonene, P-cymene and v-
terpinene) derived from essential oil of antiviral and antimicrobial plant Ammoides verticillata . Isothymol, a major component of
this plant, gives best docking scores compared to co-crystallized B-D-mannose inhibitor of ACE2 enzyme, Captropil as a good
inhibitor of ACE2 and Chloroquine also involved in other mechanisms such as inhibition of ACE2 cell receptor . (Abdelli, Hassani
and al. 2020) .

Andrographolide from Andrographis paniculataen has been used because chloroquine and hydroxychloroquine derivatives are not
suitable for patients with conditions such as diabetes, hypertension and heart problems. Andrographolide was successfully docked in
binding site of SRAS-CoV-2 Mpro . (Enmozhi, Raja and al. 2020) .

Other leads have been investigated:

Some new oxazine-substituted 9-anilinoacridines have been identified by molecular docking as significantly active inhibitors
against the main protease of SRAS-CoV-2 compared to hydroxychloroquine (Rajagopal, Varakumar and al. 2020)

VTAR-01 was developed by new method on selected molecular fragments, namely ascorbate, ribavirin, lopinavir and
hydroxychloroquine. This hybrid molecule provided better interaction with RBD-hACE2 interface than any antiviral drug used to
design it (Tiwari 2020). In another approach, natural coumarin analog, toddacoumaquinone, showed remarkable inhibition capacity
with binding energy of -7.8 kcal/mol than other compounds against main protease SRAS coronavirus in complex with a-ketoamide
(PDB ID: 5N50) (Chidambaram, Ali and al. 2020) .

Currently, there is no safe and effective therapy option for COVID-19 . The reuse approach is seen as the best alternative since it
involves less time and cost to find new therapeutic agent. Singh and al reviewed mechanism of action, pharmacokinetics, and
tolerability of these already approved drugs (Singh, Parida and al. 2020). In Drug Design, in silico studies that use these molecules
are therefore taking big step towards the fight against COVID-19 Well-tolerated and widely used drugs have been selected for
molecular dynamics simulations with SRAS-CoV-2 3C protease (3CL pro) and viral RNA-dependent RNA polymerase (RdRp).
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Tetracycline, dihydroergotamine, ergotamine, dutasteride, nelfinavir and paliperidone formed stable interactions with 3CL pro .
Eltrombopag, tipranavir, ergotamine, and conivaptan bound to enzyme with high free binding energies. Docking results suggest that
ergotamine, dihydroergotamine, bromocriptine, dutasteride, conivaptan, paliperidone and tipranavir can bind to both enzymes with
high affinity(Gul, Ozcan and al. 2020). Famotidine could also interact in catalytic site of the three proteases associated with SRAS-
CoV2 replication. Pharmacokinetic parameters indicated that its effect against SRASS-CoV2 infection could only be achieved by
intravenous administration (Ortega, Serrano and al. 2020). This prospect of reuse is very broad given available drugs that may be
candidates against SRAS-CoV2.
V. CONCLUSION

All identified studies in silico tested hydroxychloroquine and/or chloroquine alone, in combination or compared to other therapeutic
agents docked to different targets of COVID-19 virus but not to other collateral targets. It is true that pharmacology of drugs
repositioned in fight against COVID-19 is known and approved but the uncertainty surrounding this new virus highlights
contradictory debate in scientific community. It would be reasonable to reconsider hopes based on discovery of new drugs for
induction of reliable immunity (neutralizing antibodies ) and lasting over time. In this context, studies in silico should be continued
for better understanding of COVID-19 infection.
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Développer un modele de prédiction simple de diagnostic de ’'HTA basé sur les
différents aspects a permis d’améliorer les performances de prédictions et de diagnostique de
I’HTA dans nos populations de 1’ouest Algérien.

Les variables intégrées dans notre modele sont a 1’issue d’un raisonnement biologique
clinique, épidémiologique et thérapeutique.

Par ailleurs outre les facteurs traditionnels, il existe un certain nombre de différends
dans diverses études concernant la variabilité des paramétres hématologiques chez les patients
souffrant d'hypertension et les sujets normotendus. Des parametres hématologiques altérés
peuvent fortement indiquer une atteinte hypertensive des organes terminaux, en particulier
une insuffisance rénale (Babu et al., 2015) (AL-Hamdani, 2010) (Jadeja et al., 2011).

Notre étude montre une association statistiquement significative entre le risque de
développer une pression artérielle élevée pour les deux sexes et certains paramétres
hématologiques, quel que soit I'dge, notamment: Ratio des globules rouges, VCM, CCMH,
ratio des plaquettes et ratio de sédimentation.

Nos résultats montrent que les sujets avec moins de globules rouges ont un risque
trois fois et demi de développer une hypertension par rapport a ceux qui ont une pression
arterielle normale.

De nombreuses études ont montré que les patients anémiques ont une prévalence
élevée d'hypertension (Gandhi et al., 2017) .

Notre modele logistique a également retenu le taux de VCM comme facteur hématologique
associé a I'hypertension.

Nous avons constaté que les sujets avec un VCM inférieur sont plus exposés a
I'hypertension avec un risque qui est treize fois et demi plus grand que les sujets qui ont un
VCM normal . Les anciens rapports suggerent que les personnes souffrant d'hypertension ont
des VCM inferieurs a ceux des sujets ayant une pression artérielle normale (Bruschi et al.,
1986) (Postnov et al., 1988).

Rakotovao-Ravahatra ZD et al ont étudié I'hémogramme chez les patients
hypertendus. Parmil51 patients hypertendus, 41% d'entre eux souffraient d'anémies
microcytaires avec MCV inférieur a la normale (Rakotovao-Ravahatra et al., 2016). Notre
étude montre aussi que les sujets dont le CCMH est inférieur a la normale sont moins exposés
a ’hypertension. En 2017, Enawgaw B et al ont mené une étude transversale comparative de
certains parameétres hématologiques d'individus hypertendus et normotendus (Enawgaw et al.,
2017). Dans cette étude, VCM et CCMH ont augmenté de maniére significative dans les

groupes hypertendus.
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Mais d'autres études sur ces mémes parametres ont montré des idées contradictoires.
Par exemple, une étude menée par Babu KR et al. (Babu et al., 2015) montre une VCM
significativement plus faible et une CCMH significativement plus élevée.

Pour les plaquettes, les sujets avec des niveaux inférieurs & la normale sont 12 fois
plus exposés a I'hypertension que les sujets avec une numération plaquettaire normale.

Une corrélation entre la numération plaquettaire et la gravité de la maladie coronarienne a été
observée dans I'étude de Hilal Bektas Uysal et al (Uysal et al., 2016) .

Nous notons également que l'augmentation du taux de sédimentation & une heure
augmente le risque d'hypertension de 56,63 fois par rapport aux sujets ayant un taux de
sédimentation normal.

La détection et le traitement de 1’hypertension chez le diabétique sont parmi les
mesures les plus efficaces pour prévenir les complications tandis que la pharmacothérapie est
une des fagons les plus efficaces pour maintenir des niveaux cibles de TA en contexte de
soins primaires.

Chez les patients hypertendus , les récentes enquétes de prévalence montrent que le
diabete de type 2 n'est pas détecté dans au moins 30 % des cas et que le développement de
complications micro- et macrovasculaires peut précéder la progression vers le diabéte déclaré
de type 2 (Rydén et al., 2013) .

Outre le déséquilibre de la glycorégulation, sur le plan physiopathologique, le diabéte de type
2 est aussi associé a un dysfonctionnement profond du métabolisme des acides aminés (Kahn
etal., 2014).

Ces deux notions ont conduit a exploré une nouvelle voie dans la pathogeneése et
1I’évolution du diabéte.

Nous avons étudié I’implication de la voie des kynurénines dans le suivi du diabete de type2
chez les hypertendus et de ses complications chez les hypertendus.

Les rares données épidémiologiques concernant la voie des kynurénines en relation
avec le diabéte de type 2 montrent que des valeurs élevées du ratio plasmatique K/T sont
associees a des pronostics cardiovasculaires défavorables (Pedersen et al., 2011).

Les hommes et les femmes diabétiques de type 2 insulinotraités de notre échantillon
avaient un age moyen de plus de 60 ans, ce résultat est concordant avec ceux de Deo et al ou
la prévalence globale de I'hypertension et du diabéte était modeste, sauf dans le groupe d'age
des 60 ans et plus, dans lequel 50% étaient aussi hypertendus (Deo et al., 2017).

Dans le groupe des diabétiques de type 2 non insulinotraités, 1’4ge moyen était de 45

ans a presque 50 ans pour les hommes et les femmes. Dans cette cohorte portant sur des cas
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Conclusion

Conclusion

Le but de ce travail n’est pas de quantifier la fréquence de 1I’hypertension et des
facteurs de risque qui y sont associés , bien que cela demeure préalable a la détermination «
des besoins en santé. » d’une population et donc a 1’¢laboration de toute politique de santé.
Dans notre cas, nous avons souhaité transformer 1’appréhension traditionnelle de la valeur des
connaissances actuelles sur le suivi des patients hypertendus et de proposer de nouvelles
approches .

Ce travail revét une signification particuliere. La derniére décennie a vu une croissance
substantielle de la littérature sur I'hypertension artérielle. Comment aborder ce theme avec
une démarche a la fois simple et inédite. On retient que la meilleure fagon d’avoir une bonne
idée est d’en avoir plusieurs. Avec des outils innovants de la biologie moléculaire, nous avons
voulu changer le regard que I’on porte sur le diagnostic de I’hypertension artérielle et des
mécanismes moléculaires sous-jacents.

Le défit était difficile a surmonter. Les renseignements nominatifs que nous avons
recueillis, posent des problemes, car ils ne renferment pas toutes les informations requises.
Des variables qui peuvent étre associée a 1’hypertension n’ont pas été rapportées. Le milieu de
résidence (urbain ou en ville) , la situation familiale , la profession , et le revenu. Et surtout la
part des individus qui ne répondent pas aux traitement et leurs particularités

Il nous est apparu difficile voire impossible de répertorier la totalité des complications
liées a I’hypertension artérielle dans notre région d’étude et d’’en donner un apergu descriptif
; 11 est vrai que le diabéte était le plus souvent associ¢ a I’HTA . Mais peu de données de haute
qualité provenant de la surveillance de I’évolution du diabéte et du métabolisme des acides
aminés sont disponibles . Notons aussi une déperdition importante du nombre de patients. Elle
s’explique a la fois par des raisons objectives (déménagement), ou médicales (développement
de complications) mais aussi par le refus explicite de certains patients de participer a
I’enquéte. Il nous est apparu aussi difficile, le fait de travailler sur ’hypertension dans un
contexte pandémique particulier de trouver de nouveaux candidats dans la lutte au COVID-
19. Malgré ces conditions , nous avons mis en évidence des stratégies originales d’évaluation
des traitements qui ont étaient proposés.

Dans la suite de notre travail, nous concentrerons nos efforts sur le repositionnement
d’autres molécules thérapeutiques et 1’ancrage moléculaire avec des cibles méconnues.

Dans la lutte contre le Sars Cov 2. Etaient utilisés comme ligands :
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Annexe 01

Questionnaire Du Malade

NOM €t PréNOM ©. ettt
Al ans

Sexe: o0 Masculin o0 Féminin

Poids:ocoooviiiiii KgTaille:..........ccooeiiiaannt. mIMC:.................. Kg/m2
Tour de taille:............... m Tour de hanche:.............. m

PAS ... mmHg PAD:... ... mmHg

Parametres anthropo-sociologiques

Niveau d’instruction : 0 Analphabéte o Primaire 0 Secondaire o Universitaire
Activité professionnelle: 0 Sans profession o Avec profession 0 Retraité
Type d’Habitat : o Individuel o Collectif

Situation familiale: o Marié o Célibataire o Autre

ATCD personnel

Cardiopathie :

HTA: o Oui o0 Non Diabéte: o Oui 0 Non
Dyslipidémie: o Oui o0 Non

Facteurs de risque

HTA: o Oui o Non Diabéte: o Oui o Non
Dyslipidémie: o Oui o0 Non Obésité: oOui oNon

Tabac: o Oui o0 Non Alcool: 0 Oui o0 Non ATCD Familiaux: o Oui o Non

Examen Biochimique

Troponine:..............coouennn Asat (TGO) :............... Alat (TGP)..............
Myoglobine:..................... LDH:......ooiii CKMB:.........ceeneel.
Glycémie:.......cooeviiiiiinin. Créatinine:.................. Urée:.ooooiiiiiinnnn.
Cholestérol total:.................. Triglycérides :.............. CRP:....oo,
HDL cholestérol:................. LDL cholestérol :..........

Traitement: o Oui o Non
T & e
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Annexe 02

Mini Nutritional Assessment

MNA®

Nom :

Nestlé
Nuftritioninstitute

Prénom :

Sexe : Age

Taille, cm :

Date :

Répondez a la premiére partie du questionnaire en indiquant le score approprié pour chaque question. Additionnez les points de la partie
Dépistage, si le résultat est égal a 11 ou inférieur, complétez le questionnaire pour obtenir I'appréciation précise de I'etat nutritionnel.

Dépistage

Combien de véritables repas le patient prend-il par jour ?

0=1repas
1=2repas
2 =3 repas

O

K Consomme-t-il ?

. Une fois par jour au moins
des produits laitiers?

. Une ou deux fois par semaine
des ceufs ou des legumineuses

. Chaque jour de la viande, du
poisson ou de volaille

0.0 =si0ou1oui

0.5 =si2oui

1.0 =si3oui

ouid non O
ouid non O

ouig non O

0.0

Consomme-t-il au moins deux fois par jour des fruits ou des

légumes ?
O0=non 1=oui

O

Quelle quantité de boissons consomme-t-il par jour ? (eau, jus,

café, thé, lait...)

0,0 = moins de 3 verres
0,5=de 3 a5 verres
1.0 = plus de 5 verres

0.0

A Le patient présente-t-il une perte d’appétit? A-t-il moins
mangé ces 3 derniers mois par manque d'appétit,
problémes digestifs, difficultés de mastication ou de
déglutition ?

0 = baisse sévére des prises alimentaires

1 = legére baisse des prises alimentaires

2 = pas de baisse des prises alimentaires D
B Perte récente de poids (<3 mois)

0 = perte de poids > 3 kg

1= ne sait pas

2 = perte de poids entre 1 et 3 kg

3 = pas de perte de poids |:|

C Motricite
0 = au lit ou au fauteuil
1 = autonome a l'intérieur
2 = sort du domicile |:|

D Maladie aigué ou stress psychologique au cours des 3
derniers mois?

O0=oui 2=non ]

E Problémes neuropsychologiques
0 = démence ou dépression sévere
1= démence légere
2 = pas de probléme psychologique |:|

F Indice de masse corporelle (IMC) = poids en Kg / (taille en

m)?

0=IMC <19
1=19=IMC < 21
2=21<IMC <23
3=IMC=z23

Maniére de se nourrir

0 = nécessite une assistance

1 = se nourrit seul avec difficulté
2 = se nourrit seul sans difficulté

Score de dépistage
(sous-total max. 14 points)

12-14 points: état nutritionnel normal
8-11 points: a risque de dénutrition
0-7 points: denutrition avérée

Pour une evaluation approfondie, passez aux questions G-R

Evaluation globale

G

Le patient vit-il de fagon indépendante & domicile ?

1=oui 0=non

Le patient se considére-t-il bien nourri ?

0 = se considére comme dénutri

1 = n'est pas certain de son é&tat nutritionnel
2 = se considére comme n'ayant pas de probléme de nutrition |:|

Le patient se sent-il en meilleure cu en moins bonne santé que la

plupart des personnes de son age ?
0.0 = moins bonne

0,5 = ne sait pas

1,0 = aussi bonne

2,0 = meilleure

Prend plus de 3 médicaments par jour ?

O=oui 1=non

Circonférence brachiale (CB en cm)
0.0=CB<21

05=CB=<21<22

1.0=CB>22

0.0

Escarres ou plaies cutanées ?
O0=oui 1=non

Circonférence du mollet (CM en cm)
0=CM< 31
1=CMz31

Ref

Wellas B, Villars H, Abellan G, et al. Overview of the MNA® - lts History and

Challenges. J Nut Health Aging 2006;10:456-465.

Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for
Undermnutrition in Geriatric Practice: Developing the Short-Fom Mini
Nutritional Assessment (MNA-5SF). J. Geront 2001;56A: M366-377.

Guigoz Y. The Mini-Nutritional Assessment (MNA®) Review of the Literature
- What does it tell us? J Nutr Health Aging 2006; 10:466-487

@ Société des Produits Nestlé, S.A., Vevey, Switzerland, Trademark Owners

@ Nestlé, 1994, Revision 2006. N67200 12/99 10M
Pour plus d'informations : www mna-eldery.com

Evaluation globale (max. 16 points)
Score de dépistage
Score total (max. 30 points)

Appreciation de I'état nutritionnel

de 24 a 30 points |
de 17 & 23,5 points
moins de 17 points

oono
oo
o

état nutritionnel normal
risque de malnutrition
mauvais état nutritionnel






Annexe 03

République Algérienne Democratique et Populaire
Ministere de I'Enseignement Superieur et de la Recherche Scientifique
Université Abou-Bekr-Belkaid Faculté des Sciences de la Nature et de la Vie et Sciences
de la Terre de I’Univers
Département de biologie

Madame, Monsieur,

Vous participez a un projet de recherche sur le diabete de type 2 et ses facteurs de
risque sur la santé. Dans le cadre de ce projet, un prélévement d’échantillonsde sang est
proposé. Le volume de ce prélevement est de 5 ml de sang.

La conservation de vos échantillons de sang s'effectuera dans des conditions strictes de
confidentialité des données médicales sans que votre nom, votre prénom ou d'autres données
directement nominatives ne soient transmises avec le prélevement.

Conformément a la loi du 6juillet 1992 portant code de la déontologie médicale. Le
protocole est lu est approuvé par le conseil régionale de déontologie médicale.

Aprés avoir lu cette information et pu poser toutes les questions que je jugeais utiles
aumedecin qui me suit.

J’accepte qu'un prélévement de sang soit effectué conformément aux objectifs et aux
méthodes décrits ci-dessus.

Prénom et nom du patient: Date:

L e ———————————— Signature:
e Signature:

Un exemplaire original signé de ce formulaire de consentement doit étre conservé par le
patient.
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