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ABSTRACT

Overcrowding and poverty are contributing factors for impaired immunity in tuberculosis,
studies suggest that malnutrition is triggering factor. A controlled clinical trial was conducted to
investigate whether an arginine adjuvant therapy with Arachis hypogea (peanuts) could lead to a
clinical improvement in smear positive TB patients comparing the outcome on smear conversion,
C Reactive Protein (CRP) and Erythrocyte Sedimentation Rate (ESR). Smear positive and
symptoms suggestive of active pulmonary tuberculosis (n=196) consisting of 98 patients with
peanut administration and Directly observed Therapy short course (DOTS) therapy in study
group and the other 98 as controls without peanut administration and on only DOTSs therapy were
chosen as control for present study. ESR, CRP and Acid fast bacilli (AFB) grading by
microscopy were recorded at baseline, two weeks and one month after initiating the treatment
regimen in both study and controls. Data was analyzed in SPSS V25. Smear conversion rate was
markedly high, ESR and CRP levels noted were specific for each individual that had clinical
improvement but did not show any statistical significance. Further studies can be conducted to
evaluate the complete role of arginine food supplementation in early recovery of tuberculosis so
that in under developed and developing countries like India, the nutritional supplement in the
form of peanuts will be a boon.

KEY WORDS:

Arachis hypogea, C Reactive Protein (CRP), DOTs therapy, Erythrocyte Sedimentation rate
(ESR), Mycobaterium tuberculosis, Smear Conversion.

INTRODUCTION:

The nation with poverty, overcrowding and malnutrition has always shown a prevalence of
pulmonary disease called tuberculosis caused by Mycobaterium tuberculosis. Still the research is
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under process to know the contribution of malnutrition and its influence on tuberculosis (TB). [1]
In the recent years, HIV has been proved as an additional predisposing factor for the onset of
active TB that had a noticeable effect on cell mediated immune response against the disease.
Another research perspective reveals that malnutrition has been a trigger to an impaired immune
response against Mycobacterium tuberculosis. In ancient days when chemical therapeutic agents
were not available, therapy with nutritional intervention was the most harmless, reliable regimen,
but the marked contribution of the food supplementation alone to cure TB in this period was
always a controversy.[1-4] The amino acid arginine in T-helper lymphocytes type 1 (Thl) -
activated macrophages through the high output enzyme inducible nitric oxide (NO) synthase
produces high levels of NO that can be measured directly in the exhaled air as well as by the
stable urinary metabolites, nitrite and nitrate.[5-7] The production of NO in human infection of
tuberculosis is proven but its role in host defense is still a research under debate. [7-9] There are
some recent interventional results that favor the disease outcome was followed by micronutrient
supplementation and few studies report that there was weight gain but no effect on clinical
outcome from nutritional supplementation during treatment against TB, research in this field is
still a lacunae by performing controlled clinical studies on macronutrients.[10,11] The present
study was conducted as a controlled clinical trial to investigate whether the adjuvant therapy with
arginine rich food administration as supplement in the form of peanuts could result in the clinical
improvement in pulmonary tuberculosis by analysing the smear conversion rate, erythrocyte
sedimentation rate and CRP.

AIM: To study the effect of Arachis hypogea (Peanut) administration as adjuvant
supplementation along with DOTS therapy in smear positive pulmonary tuberculosis patients
and to observe the clinical outcome.

MATERIALS AND METHODS:

This comparative study was performed in smear positive TB with clinical symptoms suggestive
of active pulmonary tuberculosis (n=196) consisting of 98 patients with peanut administration
and Directly observed Therapy s (DOTS) therapy in study group and the other 98 as controls
without peanut administration and on only DOTSs therapy were chosen for the present study.
Inclusion criteria:

The patients aged older than 18 years and smear positive by microscopy as per the guidelines of
World Health Organization and Ministry of Health and family welfare, Government of India, for
the treatment were included in the study.

Exclusion criteria:

The patients aged above 60 years, with peanut allergy, those in need of hospitalization,
pregnancy, HIV, previous treatment for tuberculosis, patients under medical treatment for other
causes and drop outs were excluded from the study.

A complete and clear instruction with the purpose of this study was well informed to all the
patients chosen for the study in the local language. The oral and written consents were taken
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from the pulmonary tuberculosis smear positive patients before including them. This study has
approval from the Institutional Ethics Committee.

Newly diagnosed smear positive tuberculosis patients attending the outpatient departments from
October 2018 to June 2022 with a final follow up until August 2022 at the designated
microscopy centre earlier called Revised National Tuberculosis Control Program (RNTCP) and
later renamed as National Tuberculosis Eradication Program (NTEP) at the centre where the
research was carried out in a tertiary care hospital. The sputum and blood samples were collected
along with a standard laboratory requisition form drafted with initial signs and clinical symptoms
like cough, fever, haemoptysis, appetite and weight loss. ESR, CRP and Acid fast bacilli (AFB)
grading by microscopy were recorded at baseline, two weeks and one month after initiating the
treatment regimen. AFB staining and evaluation was done according to national guidelines.
Semi quantitative estimation of CRP was done by latex agglutination test (Beacon diagnostics
private limited, Gujarat, India) and ESR was measured be Westegren’s method at same intervals
of baseline, after two weeks and one month.

After confirmation of sputum smear positivity and prior to the starting of DOTS therapy as per
the WHO guidelines, the baseline readings of CRP and ESR were recorded. The treatment
protocol was thoroughly explained that contained isoniazid, pyrazinamide, rifampicin and
ethambutol during the intensive phase of 2 months followed by isoniazid, rifampicin and
ethambutol for an additional 4 months as continuation phase. At the time of initiation of the drug
in intensive phase the study group patients (n=98) were supplemented with unpeeled peanuts in
soaked and boiled form that contained the highest amount of arginine that equals 1438ug/g.
Approximately 30 grams of peanuts were administered as an adjuvant therapy along with DOTS.
The control group (n=98) were only on DOTSs therapy without nutritional supplement with
peanuts. The drug supplementation and peanut administration was supervised daily.

The patients were called for follow up after two weeks and one month of administration of drugs
and nutritional supplements. During the follow up visit the sputum smear examination was done
using the AFB Staining as per NTEP guidelines, CRP was tested by semi quantitative estimation
by latex agglutination test and ESR was done. The initial outcomewas recorded after two weeks,
completion of one month are the results were tabulated.

STATISTICALANALYSIS: Data were entered in MS-Excel and analyzed in SPSS V25.
Descriptive statistics were represented with percentages for qualitative data, Mean with SD and
Median with IQR for quantitative data. Shapiro wilk test was applied to find normality. Friedman
test was applied to find the significance from baseline to one month. P<0.05 was considered as
statistically significant.

RESULTS:

Of the 300 cases of tuberculosis our hospital obtained, 215 individuals tested positive for the
disease; of these, 11 had mild, 23 had moderate, and 21 had severe lung disease. 29 cases of
pleural effusion, 11 cases of disseminated TB, 3 cases of abdominal TB, and 2 cases of TB
lymphopadenopathy were identified among the 45 patients of EPTB. The 29 effusion incidents
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included nine additional instances of lung parenchyma involvement. TB meningitis symptoms
were seen in four cases of disseminated TB. Men made up 40 of the 55 patients with pulmonary
TB cases. The course of lung involvement was identical whether it was mild, moderate, or
severe. 15 male and 14 female individuals had pleural effusions.Out of 210 sputum AFB smear
positive samples, Peanut administration was initiated in 105 patients and only 98 patients took
the complete drug and nutritional (peanuts) dose as advised and hence the drop out patient
number was low (6.6%) and the other 105 patients were taken as control group who took only
DOTS therapy but only 98 results were taken into consideration to equalize the number with the
test group on peanut supplementation. No side effects or adverse reactions were reported during
food supplementation.

All the results were summarized and tabulated. Table 1 shows the results of Smear positivity of
patients with and without Peanut supplementation. In this the smear conversion rate in the
patients that was at the baseline, after two weeks and after one month were recorded. The
percentage of 62.9 cases with peanut administration and about 59.8% of controls who were on
only dot therapy had smear conversion to negative after one month follow up. No cases were
Grade 3 positive with peanut administration after one month but 7.2% of cases remained Grade 3
without peanut administration that had a statistical significance of p value 0.001.

The ESR values in Table 2 where the minimum sedimentation rate at baseline was 22mm per
hour and maximum was 66mm per hour. After administration of peanuts in these subjects the
minimum value after 2 weeks was 12 and maximum was 52. After one month follow up the
minimum value was decreased to min. 10mm per hour and max. was 46 mm per hour. The
results were same in both control and test groups. The mean ESR level decreases from 40.77 +
9.43 to 20.74 £ 7.4 after one month treatment. The clinical improvement and the decrease in ESR
was almost similar.

Table 3 shows the effect of peanut adjuvant therapy on CRP levels.At the time of diagnosis, the
median and mean CRP values in TB patients were 48 mg/L (IQR: 48) (95% CI: [83.8-130.9]), in
both treatment and control group respectively. With the start of treatment, the median and mean
CRP concentrations decreased to 24 mg/L (IQR: 24) in treatment group while remain constant in
control group (48mg/L) ((95% CI: [14.1-26.4]), respectively. The difference in circulating CRP
concentrations between diagnosis and 4 weeks after anti-TB medication was not observed in
both non-parametric and parametric comparisons.

There was a noted clinical improvement individually who were administered peanuts and those
who were not administered. These values had no statistical significance.Peanut supplemented TB
patients showed a considerably higher cure rate in the subgroup analysis (62.8% (61/37) vs.
59.8% (17/32), p = 0.01). These outcomes were validated by multiple logistic regression analysis
with age and sex adjustments (Table 4).

DISCUSSION:

In this comparative study, we investigated whether arginine-rich food supplementation with
peanuts may reduce the clinical symptoms of smear-positive tuberculosis by increasing nitric
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oxide production.s also linked to increased catabolism and decreased food intake. 1 Prior to
getting TB, patients in countries with a high population often have low nutritional status.
Participants in this study who were diagnosed with smear-positive tuberculosis had BMIs of 16—
17 kg/m2, which is clearly below the malnutrition cut off point of 18.5 kg/m2. Due to the nature
of the TB illness, food consumption is severely restricted during the first few weeks of treatment,
so it is unlikely that this would affect the results of our study. One gram of arginine is
administered daily, or one-fifth of the average daily intake in industrialised nations. We chose to
follow the same daily dosing regimen for arginine provided as a dietary supplement, equivalent
to 1 g of arginine for four weeks, as in Schon et al's study [12]. The four-week treatment term
was selected since most patients will have responded to treatment by then and start eating on
their own, decreasing the likelihood that a further food supplement will be useful. In the current
study, smear positive, CRP levels, and ESR levels were investigated. The people had a greater
cure rate due to the high smear conversion. The study's findings were reliable and demonstrated
that using peanuts as an adjuvant therapy produced better results. Younger age groups
demonstrated the highest benefits and the earliest recovery from the disease. The three variables
included in the study varied significantly, and because the smear conversion was substantially
high, the individuals had a higher cure rate. The study's findings were reliable and demonstrated
that using peanuts as an adjuvant therapy led to improved results. In contrast to a study by Farazi
A et al., who claim that there was no substantial smear conversion but a constitutional
improvement in symptoms, the current study shows that there was a good smear conversion rate
in peanut administered individuals. [13]

The success of tuberculosis treatment has been suggested to be monitored by a number of
immune-based biomarkers, such as C-reactive protein (CRP), an acute inflammatory protein and
component of the innate immune response [14-19]. Several studies have looked at the usefulness
of CRP testing in TB, and they have revealed that TB has a lower median CRP than bacterial
pneumonia [20] and that include CRP testing in clinical assessment can assist manage HIV-
positive patients in an environment with a high TB incidence rate [21-23]. High baseline CRP
levels have also been connected to slow sputum culture conversion [24] and unsuccessful
treatment outcomes[25], and it has been discovered that an increase in CRP after 8 weeks of TB
treatment is indicative of persistent culture-positive status. In current study, at the time of
diagnosis, the median and mean CRP values in TB patients were 48 mg/L (IQR: 48) (95% CI.
[83.8-130.9]), in both treatment and control group respectively. With the start of treatment, the
median and mean CRP concentrations decreased to 24 mg/L (IQR: 24) in treatment groupwhile
remain constant in control group (48mg/L) ((95% CI: [14.1-26.4]), respectively. After one
month of treatment, CRP levels remained over the inflammatory threshold even in patients with
negative sputum smear results, despite a dramatic drop in those levels.

We found that 87% of people in this study of recently discovered active TB patients had
increased ESRs and 26% had normal ones at baseline. Patients with pulmonary TB were reported
to have an average ESR of 40.77. In a previous Saudi study, haematological abnormalities were
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examined in 50 patients with pulmonary TB and positive sputum smear results [26]. The mean
ESR readings were found to be 30.71 and 20.71after two weeks and one month duration
respectively, with a range of 12-52 and 10-46 mm/hr. Nevertheless, no information was provided
regarding the percentage of patients with ESRs that were normal, above normal, or greater than
100.According to the authors of a study carried out in India [27], a lower ESR value in a TB
patient may be associated to HIV infection in a developing country like India, and the higher the
ESR value, the lower the risk of a related HIV infection.

In our study there was improvement in ESR and CRP individually showed that there was a good
clinical outcome but there was no statistical significance. A study by Gad MZ states that there
was an improvement in body mass index, reduced constitutional symptoms and decreased CRP
in response with the increased arginine levels, which had ergogenic potential because arginine
play a pivotal role in the secretion of endogenous growth hormone and their involvement in the
synthesis of creatinine. L-Arginine supplementation affects on CNS function that has increasing
effect on nitric oxide and strengthen the immune system. [28] Two separate individual trials that
were performed earlier have reported the role of L-arginine in TB, performing the study by
testing arginine-rich food (peanuts) supplementation. In the first study, an early sputum smear
conversion and recovery from cough were reported in the peanut supplemented group, but this
study reported only HIV negative patients. [29] The second study concluded that there was no
significant wholesome advantage and reported that better cure rates was observed in HIV
positive participants who took the arginine-rich adjuvant therapy. [12] This study results are in
concurrence with arandomized clinical trial of TB patients without HIV infection by T Schon et
al, supplementation with arginine resulted in higher sputum conversion rates, faster recovery
from symptoms and a marked increase in weight. However, this outcome was not seen in
patients with Acquired immune deficiency syndrome in the trials that were performed separately.
[30] A controversial result was declared by APRalph et al., who have found in their research that
the effect of L-arginine along with vitamin D as combined therapy in TB and at the doses that
they used in the study,they could not show that these agents alone or in combination were
showing significant benefits in TB cure rate. [31] In a research performed by MK Magdy et al.,
from Cairo, Egypt reported that CRP and ESR showed equal responses in monitoring the therapy
and concluded that the smear conversion with first line DOT therapy was about 88% by the end
of second month. [32] This study results were almost similar to the present study, but was
performed in extra pulmonary cases.

The clinical outcome that happened in TB patients was may be by elevated production of NO
which was increased due to arginine consumption in the form of peanuts. The results obtained
support a role of peanut administration that can aim at enhancing the human anti mycobacterial
effect during the treatment of active tuberculosis.In our study no major side effects were reported
in the peanut administered groups.

The important limitation in this study related to the lack of evaluation of arginine utilisation and
estimated levels of nitric oxide production in the patients administered with peanuts and also its
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effect on other inflammatory markers like interleukins. We propose that further studies can be
conducted to evaluate the complete role of arginine in early recovery of the disease. Hence in
under developed and developing countries like India that the nutritional supplement in the form
of peanuts will be a boon.
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LEGENDS:
Table 1: Smear positivity of patients with and without Peanut supplementation
Table 2: ESR levels of patients at baseline, after two weeks and after one month of
peanut administration and without peanut supplementation.
Table 3: CRP levels and their variation at various chosen intervals with and without
peanut administration.

Table 1:
SMEAR Gradin | Test (n=98) Control (n=98) P_value
POSITIVITY |g Count | % Count | %
1 21 21.6% |25 25.8%
BASELINE |2 19 19.6% | 26 26.8% |0.27
3 57 58.8% | 46 47 4%
0 21 21.6% | 10 10.3%
TWO 1 44 45.4% | 32 33.0% 0.007
WEEKS 2 18 18.6% |34 35.1%
3 14 14.4% | 21 21.6%
0 61 62.9% |58 59.8%
ONE 1 34 35.1% |21 21.6% 0.001
MONTH 2 2 21% |11 11.3% |
3 0 00% |7 7.2%
Table 2
Min. | Max. )
ESR mm/ | mmy | M8 [sp [Medlor [P
hr hr n an value
Test |22 66 40.77 | 9.43 | 42.00 |13
BASELINE ICO”UO 2 |es |4247|883 | 4200 |11 | %
TWO Test |12 52 30.71|8.41 |30.00 |12 0.22
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WEEKS ICO”UO 12 |52 |3235]9.00 |32.00 |13
ONE Test 10 46 20.74 | 7.13 | 20.00 |8 -
MONTH ICO”UO 10 |46 |21.71|7.73 |20.00 |9 |
Table 3
Min. | Max. | Mea Media P-
CRP pg/dl | pg/dl | n SD n IQR value
Test 12 96 68.16 | 27.58 | 48.00 | 48
PASELINE ICO”UO 12 |96 |68.63|2832|4800 |48 |
TWO Test 6 96 37.18 | 23.46 | 24.00 | 24 .
WEEKS ICO”UO 6 |96 |38.63|24.1248.00 |24 |
ONE Test 6 96 19.17 | 14.89 | 12.00 |12 -
MONTH ICO”UO 6 |96 |19.69|16.06|12.00 |12 |
Table 4: Logistic regression analysis
Parameters Univariate p-value Multivariate p-value
Analysis analysis
TB Culture
Positive 052 (0.46 to|<0.001 0.55 (0.47 to | <0.001
0.58) 0.64)
Negative Reference
Age
<20 years 0.48 (0.37 to|<0.001 0.68 (0.46 to|0.044
0.62) 0.99)
20-35 years 094 (0.82 to|0.427 0.86 (0.70 to|0.104
1.09) 1.03)
36-50 1.08 (092 to|0.351 0.88 (0.72 to|0.223
1.27) 1.08)
50-60 Reference
Gender
Female Reference
Male 140 (1.24 to | <0.0001 1.29 (1.13 to|<0.001
1.58) 1.48)

ur. Chem. Bull. 2023, 12 (1), 1613 - 1623

1620



Arginine rich food supplementation and its clinical effect on C Reactive Protein, ESR and Smear
Conversion Rate of Pulmonary Tuberculosis patients.

Section A-Research paper

REFERENCES

1. Cegielski JP, McMurray DN. The relationship between malnutrition and tuberculosis:
evidence from studies in humans and experimental animals. International Journal of
Tuberculosis and Lung Disease. 2004;8(3):286-98. PMID: 15139466

2. McMurray DN. Micronutrient status and immune function in tuberculosis. Ann N Y
Acad Sci. 1990;587:59-69. http://doi: 10.1111/j.1749-6632. 1990.tb00134.

3. Ramakrishnan CV, Rajendran K, Jacob PG, Fox W, Radakrishna S. The role of diet in
the treatment of pulmonary tuberculosis: an evaluation in a controlled chemotherapy
study in home and sanatorium patients in South India. Bull World Health Organ.
1961;1961(25):339-59. PMID: 14490066

4. Macallan DC. Malnutrition in tuberculosis. Diagn Microbiol Infect Dis 1999;34:153-7.
http://doi: 10.1016/s0732-8893(99)00007-3.

5. Flynn JL, Chan J. Immunology of tuberculosis. Annu Rev Immunol 2001;19:93e129.
http://doi: 10.1146/annurev.immunol.19.1.93.

6. Verdon CP, Burton BA, Prior RL. Sample pre-treatment with nitrate reductase and
glucose-6-phosphate dehydrogenase quantitatively reduces nitrate while avoiding
interference by NADPH when the griess reaction is used to assay for nitrite. Anal.
Biochem. 224 (1995) 502-8. http://doi: 10.1006/abi0.1995.1079.

7. Chan ED, Chan J, Schluger NW. What is the role of nitric oxide in murine and human
host defence against tuberculosis? Am J Respir Cell Mol Biol 2001;25:606e12. http://doi:
10.1165/ajrcmb.25.5.4487.

8. Wang CH, Liu CY, Lin HC, Yu CT, Chung KF, Kuo HP. Increased exhaled nitric oxide
in active pulmonary tuberculosis due to inducible NO synthase up regulation in alveolar
macrophages. European Respiratory ~ Journal 1998;11(4):809e15.http://doi:
10.1183/09031936.98.110408009.

9. Stenger S. Cytolytic T cells in the immune response to mycobacterium tuberculosis.
Scand J Infect Dis 2001;33(7):483e7. http://doi: 10.1080/00365540110026584.

10. Benn CS, Friis H, Wejse C. Should micronutrient supplementation be integrated into the
case management of tuberculosis? J Inf Dis 2008;197: 1487e90. http://doi:
10.1086/587847.

11. Martins N, Morris P, Kelly PM. Food incentives to improve completion of tuberculosis
treatment: randomised controlled trial in dili, Timor-Leste. BMJ 2009;26(339):b42-48.
http://doi:10.1136/bmj.b4248.

12. Farazi, A, Shafaat, O, Sofian, M & Kahbazi M. Arginine adjunctive therapy in active
tuberculosis. Tuberculosis research and treatment, 2015.PMID: 25734013

13. Schon T, Idh J, Westmanet A, Effects of a food supplement rich in arginine in patients
with smear positive pulmonary tuberculosis—a randomised trial, Tuberculosis. 91 (2011)
370-377. http://doi.org/10.1016/j.tube.2011.06.002

1621

ur. Chem. Bull. 2023, 12 (1), 1613 - 1623


https://doi.org/10.1016/j.tube.2011.06.002

Arginine rich food supplementation and its clinical effect on C Reactive Protein, ESR and Smear
Conversion Rate of Pulmonary Tuberculosis patients.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Section A-Research paper

Clifford V, Zufferey C, Street A, et al.. Cytokines for monitoring anti-tuberculous
therapy: a systematic review. Tuberculosis (Edinb) 2015; 95:217-28.

Jayakumar A, Vittinghoff E, Segal MR, et al.; Tuberculosis Trials Consortium Serum
biomarkers of treatment response within a randomized clinical trial for pulmonary
tuberculosis. Tuberculosis (Edinb) 2015; 95:415-20.

Lee MR, Tsai CJ, Wang WJ, et al.. Plasma biomarkers can predict treatment response in
tuberculosis patients: a prospective observational
study. Medicine(Baltimore) 2015; 94:e1628.

Gardiner JL, Karp CL. Transformative tools for tackling tuberculosis.J Exp
Med 2015; 212:1759-609.

Mendy J, Togun T, Owolabi O, et al.. C-reactive protein, Neopterin and Beta2
microglobulin levels pre and post TB treatment in The Gambia. BMC Infect
Dis 2016; 16:115.

Jacobs R, Malherbe S, Loxton AG, et al.. Identification of novel host biomarkers in
plasma as candidates for the immunodiagnosis of tuberculosis disease and monitoring of
tuberculosis treatment response. Oncotarget 2016; 7:57581-92.

Kang YA, Kwon SY, Yoon HI, Lee JH, Lee CT. Role of C-reactive protein and
procalcitonin in differentiation of tuberculosis from bacterial community acquired
pneumonia. Korean J Intern Med. 2009;24(4):337-42.

Drain PK, Mayeza L, Bartman P, Hurtado R, Moodley P, Varghese S, Maartens G,
Alvarez GG, Wilson D. Diagnostic accuracy and clinical role of rapid C-reactive protein
testing in HIV-infected individuals with presumed tuberculosis in South Africa. Int J
Tuberc Lung Dis. 2014;18(1):20-6.

Lawn SD, Kerkhoff AD, Vogt M, Wood R. Diagnostic and prognostic value of serum C-
reactive protein for screening for HIV-associated tuberculosis. Int J Tuberc Lung Dis.
2013;17(5):636-43.

Shivakoti R, Yang WT, Gupte N, Berendes S, Rosa AL, Cardoso SW, Mwelase N,
Kanyama C, Pillay S, Samaneka W, et al. Concurrent anemia and elevated C-reactive
protein predicts HIV clinical treatment failure, including tuberculosis, after antiretroviral
therapy initiation. Clin Infect Dis. 2015;61(1):102-10.

Djoba Siawaya JF, Chegou NN, van den Heuvel MM, Diacon AH, Beyers N, van Helden
P, Walzl G. Differential cytokine/chemokines and KL-6 profiles in patients with different
forms of tuberculosis. Cytokine. 2009;47(2):132-6.

Huang CT, Lee LN, Ho CC, Shu CC, Ruan SY, Tsai YJ, Wang JY, Yu CJ. High serum
levels of procalcitonin and soluble TREM-1 correlated with poor prognosis in pulmonary
tuberculosis. J Infect. 2014,68(5):440-7.

Al-Omar 1A, Al-Ashban RM, Shah AH. Hematological abnormalities in Saudis suffering
from pulmonary tuberculosis and their response to treatment. Res J Pharmacol 2009;3:78-
85.

1622

ur. Chem. Bull. 2023, 12 (1), 1613 - 1623



Arginine rich food supplementation and its clinical effect on C Reactive Protein, ESR and Smear
Conversion Rate of Pulmonary Tuberculosis patients.

27.

28.

29.

30.

31.

32.

Section A-Research paper

Sarkar K, Baraily S, Dasgupta S, Bhattacharya SK. Erythrocyte sedimenta- tion rate may
be an indicator for screening of tuberculosis patients for underlying HIV infection,
particularly in resource-poor settings: An experience from India. Journal of Health,
Population and Nutrition 2004;22:220-221.

Gad MZ, Anti-aging effects of L-arginine. J Adv Res 2010; 1:169-177.
http://doi.org/10.1016/j.jare.2010.05.001.

Swanson B, Keithley JK, Zeller JM, Sha BE, A pilot study of the safety and efficacy of
supplemental arginine to enhance immune function in persons with HIV/AIDS Nutrition.
2002(18):7-8, 688—690. http://doi: 10.1016/s0899-9007(02)00786-4.

Schon T, Elias D, Moges F. Arginine as an adjuvant to chemotherapy improves clinical
outcome in active tuberculosis. Europ. Resp. J, 21 (2003) 483-488. http://doi:
10.1183/09031936.03.00090702.

Ralph AP, Waramori G, Pontororing GJ. L-arginine and vitamin D adjunctive therapies
in pulmonary tuberculosis: a randomised, double-blind, placebo-controlled trial.
PLOSONE, 8 (2013). Article ID e70032, 2013. PMID: 23967066

Magdy MK, Hesham AAH, Mohamed SA, C reactive protein versus erythrocyte
sedimentation rate in monitoring multidrug- resistant tuberculosis. The Egyptian Journal
of Chest Diseases and Tuberculosis. 69 (2020) 458-465. http://doi: 10.4103/
ejcdt 113 19

1623

ur. Chem. Bull. 2023, 12 (1), 1613 - 1623



