THE EFFECTS OF NITRIC OXIDE SUPPLEMENT INTAKE ON NEUTROPHILS, LYMPHOCYTES, AND NLR OF HEALTH WORKERS EXPOSED TO COVID-19
IINDONESIA
PJAEE, 18 (4) (2021

THE EFFECTS OF NITRIC OXIDE SUPPLEMENT INTAKE ON
NEUTROPHILS, LYMPHOCYTES, AND NLR OF HEALTH WORKERS
EXPOSED TO COVID-19 IN INDONESIA
Abdul RohimTualeka1, Noeroel Widajati2, Didik Dwi Winarno3, Juliana Jalaludin4, Nuh
Huda5, Syamsiar S Russeng6, Ahsan Ahsan7, Indri H Susilowati8, Pudji Rahmawati9, Titin
Ratnaningsih10
1.2,3,5
Department of Occupational Health and Safety, Public Health Faculty, Airlangga
University, 60115, Surabaya, East Java, Indonesia.
4
Department of Environmental and Occupational Health, Faculty of Medicine and Health
Sciences, University Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia.
6
Faculty Universitas Airlangga
7
Faculty of Nursing, Brawijaya University, Malang, Indonesia
8
Public Health Faculty, University of Indonesia, Depok, Indonesia
9
Department of Development of Islamic Society, State Islamic University SunanAmpel,
Surabaya, Indonesia.
10
Stikes Satria Bhakti Nganjuk, Nganjuk, Indonesia.
Corresponding author: 1abdul-r-t@fkm.unair.ac.id
2
noeroel.widajati@fkm.unair.ac.id 3didik.dwi.winarno-2019@fkm.unair.ac.id
4
juliana@upm.edu.my 5nuhhuda-2018@fkp.unair.ac.id 6syamsiarsr@unhas.ac.id
7
ahsanpsik.fk@ub.ac.id 8indri@ui.ac.id 9pudji.rahmawati@uinsby.ac.id
10
titinghara@gmail.com
Abdul Rohimtualeka, Noeroel Widajati, Didik Dwi Winarno, Juliana Jalaludin, Nuh
Huda, Syamsiar S Russeng, Ahsan Ahsan, Indri H Susilowati, Pudji Rahmawati,
Titin Ratnaningsih. The Effects Of Nitric Oxide Supplement Intake On Neutrophils,
Lymphocytes, And Nlr Of Health Workers Exposed To Covid-19 In Indonesia-Palarch’s Journal Of Archaeology Of Egypt/Egyptology 18(4), 1804-1814. ISSN 1567214x
Keywords: Nitric Oxide, Nlr, Covid-19, Health Worker

ABSTRACT
Objective: The COVID-19 pandemic has hit around 139 countries in the world. This virus
can reduce immunity in humans and failure to control it can result in death. The purpose of
this study was to determine the effect of NO supplementation on neutrophil, lymphocyte, and
NLR values. Method: The research design used pre-experimental with one group pre-post
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test, the total sample was 80 health workers who were exposed to COVID-19, the
independent variable was the provision of NO and the dependent variable was the result of a
hematological examination (lymphocytes, neutrophils, and NLR). The intervention was given
NO 500 mg mixed with warm water 250 ccs, given 3 times a day for 5 days, data analysis
used the T-test with a significance value of <0.05. Results: There is a difference in the
results of the pre and post-test hematology giving NO to the results of the examination of
lymphocytes =0.000, neutrophils =0.000, and NLR =0.000. Conclusion: Giving NO to
health workers exposed to COVID-19 can normalize the neutrophil, lymphocyte, and NLR
values and the immune system to fight the coronavirus.

INTRODUCTION
All viruses both of animal and human origin can reduce immunity in the
human body. Coronavirus originating from bats is now a world pandemic. Its
ability to reduce immunity in the human body and become a ferocious virus
has killed thousands of people on earth. All parasites, including the
Coronavirus, can be killed by using Nitric Oxide or NO (1). NO is released by
macrophages in the body. This is found in several organs such as the lungs and
skin (2–6). Currently, in China, inhaled nitric oxide has been investigated as
COVID-19 therapy, and currently, clinical trials are being carried out both as a
potential treatment for patients and as a precautionary measure for healthcare
providers with research sponsored by Massachusetts General Hospital and
Hong Kong University of China Kong (7). Naturally, the human body has a
macrophage that can kill parasites in our body (Figure 1) and produce Th1 and
IFN-y which will again become macrophages.

Figure 1. Macrophage kills a parasite (8)
NLR is an indicator to determine the effectiveness of treatment for healing
disease. This is used as a new marker in predicting the failure of medical
treatment of a disease in a patient (9). If the patient in medical care has a low
NLR, the higher the effectiveness of the treatment for healing the disease (9–
12). It can also be used as a marker of the effectiveness of treatment for
healing COVID-19 patients. In controlling COVID-19, modulation of NO
through NO-rich foods to enhance the patient's immunity as well as to kill
COVID-19 is not available (13). NO-rich foods such as dark chocolate, beets,
and pomegranates are effective for boosting the patient's immunity and killing
the virus. Research to be carried out is to use foods rich in NO or nitric oxide
to kill COVID-19. An indicator of the effect of NO rich foods on COVID-19
is the normality of NLR.
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Sources of Nitrate can be obtained from vegetables, especially celery, lettuce,
beetroot, and spinach. Other types of food, including fruits, pure chocolate,
garlic, and red wine, also contain polyphenols and other compounds that can
increase the production of nitric oxide in our bodies (14). With regard to its
effect on viral infections, nitric oxide helps the immune system by acting as an
antiviral and provides many of the much-needed protective effects during the
onset of the viral infection (15). Referring to the phenomenon that occurred,
researchers paid special attention to health workers who were exposed to
Covid-19 for their health problems, especially to increase immunity.
METHOD
The research design used a pre-experimental with one group pre-post test (16).
The number of samples of 80 health workers who were exposed to COVID19, the independent variable presents NO and the variable in charge of
checking the results of examinations for neutrophils, lymphocytes, and NLR.
The group exposed to COVID-19 received NO supplements from
pomegranates, beets, and dark chocolate contained in the powder, each patient
received 1 sachet powder for every day for 5 days. The mass of 1 sachet
powder is 500 mg NO which has been approved by BPOM RI MD
867013167071 and BPOM RI MD 867013219071 in 2020.
The exposed groups were taken from health workers who were in the tracing
monitoring of the Kebonsari Community Health Center working area who
carried out self-quarantine at home. The sampling of venous blood was 5 cc,
the research instrument used was a 3 ml syringe/vacutainer, turnover,
K2EDTA tube, microscope counter with 10 times ocular magnification and
100 times objectively with the help of immersion oil, and the intervention was
given NO 500 mg supplement mixed with warm water 250 cc, given 3 times a
day for 5 days, data analysis used the T-test with a significance value of
α<0.05. The results of the neutrophil, lymphocyte, and NLR count were
compared with the normal number of each variable. The result of lymphocyte
and neutrophil count compared with normal lymphocyte count in children is 9
ml, normal lymphocytes in adults 3 ml, normal neutrophils 1.5-8 µl.
Neutrophil and lymphocyte ratio or NLR also compared to normal NLR is less
than 6 (17). Neutrophil and lymphocyte ratio or NLR was also compared with
normal NLR (18).
RESULTS
A.
Characteristics of Respondents Data
The results of the study were data on the characteristics of respondents
including gender, age, level of education, history of the disease, BMI, and
fasting blood sugar. This data is listed in the following table:

Table 2 Characteristics of respondents

Variable
Gender

N

%
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1.Men
10
2.Woman
70
Age
1.
21-30 Year
2.
31-40 Year
3.
41-50 Year
4.
51-60 Year
Level
of
education
1.Diploma
45
2.Bachelor
28
3. Post Graduate 7
Previous Disease
History
1.No
77
2.Yes
3
Body mass index
(BMI)
1.Low
13
2.Normal
39
3.Obesity
28
Fasting
Blood
Sugar
1.Low
1
2.Normal
70
3.High
9

12.5
87.5
31
29
18
2

38.8
36.3
22.5
2.5

56.3
35.0
8.8

96.3
3.8

16.3
48.8
35.0

1.3
87.5
11.3

Based on table 1 data shows that the most respondents are gender 70 women
(87.5%), age 21-30 years 31 (38.8%), education level 45 diplomas (56.3%),
history of disease 77 (96.3 %), BMI was 39 normal (48.8%) and normal
fasting blood sugar 70 (87.5%).
B.
Neutrophil, lymphocyte and NLR examination values
The results of the study contained data on the number of neutrophils,
lymphocytes, and neutrophil lymphocytes ratio (NLR). The significance test
was used to determine whether there was an effect of the independent variable,
namely the provision of NO and the dependent variable on the results of the
hematology examination. The test results are carried out with the criteria if the
P-value <significant alpha 5% or 0.05, then there is a significant influence
between the independent variable on the dependent variable.
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Figure 2. Value of Pre and Post Lymphocytes
Figure 2. The value of pre and post lymphocyte examin

Figure 2. Value of Pre and Post Lymphocytes
Figure 2. The value of pre and post lymphocyte examination after NO
intervention. The results of the lymphocyte analysis showed the data for the
group pre mean (9,98250), CI lower (-13,415) and upper (-9,993), standard
deviation (6.405), and post mean (8.19375), lower CI (-13.416) and upper (9.991), the standard deviation (4.359). Lymphocyte P-value=0.000.

Figure 3. Value of Pre and Post Neutrophils
Figure 3. The value of pre and post neutrophil examination after NO
intervention. The results of the analysis on neutrophil showed the data for the
group pre mean (52,736), CI lower (-17.2840) and upper (-10.0485), standard
deviation (14.9361), and post mean (66.402), lower CI (-17.2963) and upper (10.0362), the standard deviation (1.3591). Neutrophil P value =0.000

Figure 4. Value of Pre and post NLR
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Figure 4. The value of pre and post NLR examination after the intervention
giving NO. The results of the analysis on the NLR show the data for the pre
mean (1.9497), lower CI (-1.51243) and upper (-1.23757), standard deviation
(0.54637), and post mean (3.3247), lower CI (-1.51274) and upper (-1.23726),
the standard deviation (0.29798). P-value NLR =0.000.
DISCUSSION
The relationship between NO supplements and the respondent group on
lymphocyte levels in the blood.
Based on the results of the study, there is an influence between the intake of
NO-rich foods on the normality of lymphocyte levels in the blood of the
respondent group. Lymphocytes are a source of immunoglobulins that are
important in the body's cellular immune response. Lymphocytes have a role to
fight infections caused by viruses or bacteria. Absolute lymphopenia occurs in
severe cases (19). When the lymphocyte counts decreases, the body's ability to
fight infection will be impaired. A common laboratory abnormality in
COVID-19 patients is a decrease in the absolute lymphocyte count (20).
Another study showed that of the 40 COVID-19 patients, 13 were severe cases
and showed a significant and sustained decrease in lymphocyte count. The
mean lymphocyte value in severe cases was 0.6 x 109 / L and in mild cases, it
was 1.1 x 109 / L (21).
NO that enters the body from food is released by macrophages when a virus
enters the body. Macrophages will work together with T lymphocytes to kill
Listeria bacteria (22). Macrophages will phagocyte Listeria bacteria through
the phagocytosis process and T lymphocytes will produce IFN-y, TNF-a
cytokines, and stimulate NK (Natural Killer) cells (23). The benefits of NO on
the body has been widely studied, one of the most important is its role in the
body's immune system. NO cooperate with the lysosomes of macrophages to
kill pathogens such as bacteria, fungi and viruses. Nitric oxide help to protect
the body from bacteria that enter through the digestive tract. Normal flora that
live in the mouth and throat convert nitrate to nitrite in the diet will be
changed to NO when exposed to stomach acid. NO this will kill nearly all
pathogens ingested with food (24). Gunawijaya stated that two cells play a
role in the synthesis of NO by macrophage cells, namely macrophage cells and
T lymphocytes. The c-NOS enzyme triggers the production of NO in small
amounts which only causes temporary vasodilation, while i-NOS triggers large
amounts of production and can cause vasodilation that is severe and prolonged
(25). An increase in the immune response can be seen in addition to an
increase in phagocytic activity, it can also be seen from an increase in NO
levels. Based on this explanation, it can be clearly seen that there is a
relationship between the intake of NO-rich foods with lymphocyte levels in
the blood. This relationship suggests that NO intake affects the normality of
lymphocytes in the blood (26).
The relationship between NO supplements and the respondent group on
neutrophil levels in the blood.
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The results showed that there was an effect of NO-rich foods on the normality
of neutrophil levels in the blood of the respondent group. The results stated
that the NO produced by eNOS (Endothelial Nitric Oxide Synthase) has a
protective effect, namely decreasing platelet aggregation, preventing leukocyte
adhesion and increasing vasodilation of arteries and blood flow, and regulating
contractility (27). It can convert abnormal neutrophils into normal neutrophils.
Nitric Oxide is a potent vasodilator for anti-inflammatory blood vessels (28).
If therapy using NO is done properly and given according to recommended
doses, then the symptoms of COVID-19 such as pneumonia can be prevented.
This is because increasing the consumption of foods rich in NO can increase
the normality of neutrophils in the blood. Neutrophils are the first leukocytes
to reach the area of inflammation and initiate defense. host against pathogens.
Neutrophil activation also acts to fight infection effectively, along with
monocytes and macrophages via phagocytosis and microorganisms or through
the release of inflammatory components such as oxygen radicals, proteases, or
peroxidases (16).
Neutrophils are the body's first defense mechanism when damaged body tissue
or foreign objects enter the body. Neutrophils serve as the body's line of
defense against foreign substances, especially against bacteria. It is phagocytic
and can enter infected tissue. Neutrophils in the blood that circulate for about
10 hours can live for 1-4 days while in the extravascular tissue. Neutrophils
are the largest type of leukocyte cells, which are about 50-70% among other
leukocyte cells (29). Neutrophil cell function is closely related to antibody
activation and the complement system. The interaction of this system with
neutrophils increases the ability of these cells to phagocytosis and break down
various particles. Neutrophils are capable of releasing enzymes into their own
cytoplasm to destroy ingested material or phagocytosis and neutrophils can
also release myeloperoxidase enzymes into the surrounding environment. The
release of NO can also reduce the aggregation and adhesion of platelets and
leukocytes and inhibit Vascular Cell Adhesion Molecule-1 (VCAM-1) (31).
NO consumption also affects neutrophil normality (30).

The relationship between NO supplements and the respondent group on
NLR levels in the blood.
Based on the results of the study, there was an effect between the provision of
NO-rich foods on the normality of the blood NLR levels of the respondent
group. This statement is in line with previous studies which stated that intake
of NO supplements affected the normality of lymphocytes and neutrophils
which linearly affected the normality of NLR levels (32-33). The normality of
NLR depends on the normality of lymphocytes and neutrophils (34). NO
supplement (food) can increase the normality of lymphocytes and neutrophils,
causing normality in NLR. The neutrophil/lymphocyte ratio (NLR) has been
used as a marker of systemic inflammation (35). Our observation that NLRP3
inflammation in humans is inhibited by NO further suggests the potential
application of NO therapy in the treatment of inflammatory diseases. (36). In
this study, in the group divided between acute and chronic COVID-19
infection, the NLR value in chronic infection patients (69 patients) was lower
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than in acute infection patients (23 patients). The mean NLR value of acute
infection patients was 20.7 and chronic infection patients were 4.8. The results
of this study indicate that the NLR value is associated with the clinical
outcome of COVID-19 patients and that an increase in the NLR value can be
an independent prognostic parameter for patients with COVID-19 infection
(37). The addition of these foods not only increases NO concentration but also
maintains NO in the body (38). Excess NO in the body can form nitroso
compounds such as nitrosamine which has an effect on cancer. Beets help
prevent the formation of nitroso thereby avoiding cancer (19). In a reasonable
amount of NO compounds also controlling an important physiological role in
the cell signaling processes and inflammation, however in excessive amounts
of NO have a characters as reactive oxidative, genotoxic and destrukstif for
human cells (40).
In addition to providing NO with pomegranates, beets, and dark chocolate
ingredients, it is also recommended that other ingredients be able to increase
the amino acid L-arginine which produces nitric oxide in the body. L-Arginine
is one of the substances that regulate Nitric Oxide (NO) synthesis, antibody
production and B cell development, T cell receptor expression which causes
L-Arginine to be important in the innate immune system and adaptive immune
system (39). A diet high in nitrate and antioxidant-rich vegetables or the use of
supplements, such as L-arginine, which is found in seafood, watermelon juice,
nuts, seeds, algae, meat, protein concentrates, and soy protein isolation (40).
L-Arginine is needed in various physiological processes of the body including
modulation of the immune system and has a role in increasing the immune
system (41). The intervention of NO supplement intake for health workers
exposed to Covid did not show signs and symptoms of certain side effects.
Side effects do not necessarily occur in every NO supplement intake, but if
there are excessive side effects, stop consuming NO intake and must be treated
immediately by the medical.

CONCLUSION
The hematological profile of the neutrophil, lymphocyte, and NLR values of
health workers who are exposed to COVID-19 can be important for supporting
data to see the state of a person's immunity. In their activity as cells that
protect the body from parasites, macrophages release nitric oxide to kill these
parasites. All parasites, including COVID-19, can be killed using free radicals
in the body, namely nitric oxide or NO. Giving nitric oxide intake to health
workers who are exposed to COVID-19 has an impact on changes in the
results of hematological examinations, the value of neutrophils, lymphocytes,
and blood NLR.
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