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ABSTRACT 
 
This study aimed to assess the immunomodulatory effect and body performance of propolis of honey 
bee on college students. A total of forty male college students participated to the study, they were 
divided to two equal groups, control group ingested placebo and experimental group ingested propolis 
(300mg/daily) for one month. Blood samples were collected of each participant into sterile test tubes 
containing EDTA, plasma was stored at (-20 ͦc), until analysis of Wbcs, IL-2, Lysozyme, MDA, HIF1, 
GSH, No, also glucose, lactate, LDH and ACE. Physiological parameters (pulse Rate, B/P and Vo2 
max) were determined. Results shows significant increased HIF (1) expression. Wbcs, GSH, No and 
decreased oxidant, lactate, glucose, LDH and ACE in experimental group compared to control. In 
conclusion, propolis supplementation exerted immunomodulatory effect and improved body 
performance of college students, which might induce more resistance to infectious bacteria and virus. 
 
Keywords: Immunomodulatory effect body performance, propolis, oxidant, antioxidant, college 

students 

 
1. Introduction 

The important choice to increase natural immunity is by elevate body resistance to disease 
(Chopra et al., 1956). Propolis was medically used long ago by Greeks, Assyrians and Egyptian. More 
recently it is used against bacteria and virus (Bratter et al., 1999, Weng et al., 2007). Propolis of 
honey bee is a resinous, waxy substance that bees create by mixing their saliva with bee wax, along 
with compounds from various plants and tree. Bees use it to seal gaps in the hive to keep out 
intruders. Propolis has antimicrobial properties (De Castro, 2001). Propolis and royal jelly are 
important honey bee products with several health benefits (Wagh, 2013; Rao et al., 2017). Davis et al 
(2001), Volpi (2004) and Lotfy, 2006) reported that Nitric oxide (NO) induce muscle relax and is 
involved in penile erection, pathogenesis of atherosclerosis and angiogenesis (Chatterjea and Shinde, 
2006). There are other biochemical substances related to immunity in the body, (Mougios, 2006) 
stated that the conversion of carbohydrate to pyruvate or lactate, known as glycolysis, is accompanied 
by the conversion of NAD to NADH, for the glycolysis rate to be maintained, NAD has to be 
regenerated, by the transfer of an electron pair from NADH in the mitochondria, to delivery of the 
electron pair to NAD, when the rate of NADH exceeds the rate of NAD regeneration, here the 
conversion of pyruvate to lactate occurs, which is catalyzed by lactate dehydrogenase. Lactate can 
enter by diffusion from its production site in white muscle fibers to the red muscle fibers, or crosses 
membranes and enter organs in which its concentration is lower than the blood such as the heart and 
he liver. Shuler et al., (2005) added that adequate oxygen supply is essential in aerobic metabolism 
and the production of energy, even slight reduction of oxygen availability (hypoxia) impairs the 
energy production, physiological responses to hypoxia occurs at the systemic and cellular level. The 
systemic level is mediated by chemoreceptors and Nervous system. The cellular response is mediated 
by hypoxia-inducible transcription factors that are responsible for oxygen sensing in the cell. 

HIF-1, Hypoxia inducible factors consisting of HIF-1 α and HIF-1β subunits, regulates the 
expression of a variety of genes involved in diverse adaptive processes in response to hypoxia.HIF-1 
is a key regulator of oxygen homeostasis, it is a hetero dimeric α – subunit, an oxygen regulator and a 
B, subunit. It has been postulated that HIF-1 regulate about 200 target genes, such as erythropoietin, 
vascular endothelial growth factor, glucose transporter and glycolytic enzymes and several genes 
encoding proteins that promote inflammatory reaction (Schuler et al., 2005, Melillo et al., 1995). 
Studies were conducted using feed additives instead of synthetic antibiotics to reduce development of 
antibiotic resistance. Rao et al., (2017) used honey, propolis, royal jelly, Wagh (2013) used propolis 
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only, Tarabily and Ryeaan (2016) used ginger, Ahmad and Abdel Tawwab (2011) used caraway seed 
and many others. Experiments have suggested a wide range of potential therapeutic effects and 
preventive effects associated with propolis and their active ingredients that include antioxidant, 
anticancer, antimicrobial effects. Pharmacological activities are still under investigations (Gordon et 
al., 2015).  

There is lack of information regarding the use of propolis in human health and body 
performance with respect of its immunomodulating effect and body performance. The present study 
was carried out to investigate the immunomodulating effect and body performance of propolis 
supplementation on college students. 
 
Hypothesis 

It is hypothesized that propolis supplementation induced improvement of immunomodulators 
and body performance of college students.  
 
2. Materials and Methods 
 
2.1. Subjects and experimental design: 

The researchers used the experimental method post) measurement of a control group and an 
experimental group of college students, Port-Said University. 

The experimental study was carried following the ethical principles for research. The study was 
approved by the researcher ethics committee of Port-Said University. 

 
2.2. Individuals 

Forty (40) male college students participated to the study sign an informed consent statement 
they were divided to two equal groups of 20 persons each. Group (1) the experimental group ingested 
propolis for one month (300mg) propolis once daily (Jasprica et al., 2007), control group (group (2)) 
ingested placebo for one month once daily. 

Table (1) reported that skewness were between (±3) indicating homogeneity of the sample. 
 
Table 1: Sample homogeneity of basic variables N=40 

Variables Mean Median Skewness 

Age (years) 19.7 19.6 1.2 

Height (cm) 177.4 176.9 -0.24 

Weight(kg) 75.3 75.1 0.17 

BMI (kg/m²) 21.7 21.5 0.59 

 
2.3. Blood samples 

Ten ml venous blood were withdrawn from the cubical vein of all subjects (experimental and 
control), into sterile test tubes containing anticoagulant (EDTA), then centrifuged at 3000 Rpm for 
15minutes, the plasma samples were stored at (-20  ͦc) until analysis, two ml of the blood were 
transferred slowly into a tube with EDTA, for determination of CBC using auto counter. 

- One ml of venous blood was transferred slowly into a tube, containing anticoagulant, for plasma. 
Glucose assay using the method of Trender (1969). 

- Lactate dehydrogenase enzyme was measured using the method of Sjodin (1976). 
- Human ACE assay using the quantitative sandwich enzyme immunoassay technique cat no 

(DACEOO). 
- Il-2 level were determined using (Elisa Kit, Bio source, USA). 
- Nitric oxide was determined using the method (Rajarman et al., 1998). 
- MDA assay according to (Deniz et al., 1997). 
- GSH assay according to Bentler et al., (1963). 
- Lysozyme determination the method of Schultz (1987). 
- Lactate determination using Accusport. 
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- Vo2 max was carried out using a cycle ergometer connected to sensor Medics metabolic 
measurement cart. Subjects exercised at a power output of 50w for 3min, followed by increases of 
25w every 2min, until volitional exhaustion. 

- Pulse rate determined using pulse meter. 
- Blood pressure determined using Auscultatory method. 

 
2.4. Molecular Analysis 

HIF (1) expression were determined in participants blood using RT-PCR. 
 
2.4.1. Total RNA isolation 

RNA was isolated from the blood samples and total RNA extracted using extraction Kit 
following the manufacture instructions using total isolation Kit, promega, Madison, USA 
(Cat#Z3100). 
 
2.5. Statistical analysis 

Data were analyzed with the statistical package for the social science (SPSS), version 21.0, 
presented as mean ± (S.E.M.) standard error of mean. T-test was utilized to test post propolis 
ingestion and placebo ingestion group. 

Differences between groups were considered to be significant at P≤0.05. 
 
3. Results  

There is a significant higher value of granulocytes, lymphocytes, Monocytes counts, and IL-2, 
lysozyme activities and GSH concentration and significantly lower concentration of MDA post 
propolis administration compared to control group P< 0.05 (Table 2) 
 
Table 2: Effect of propolison total and differential leukocytes counts (x1000/ul), IL2 (Pg/ml) and 

lysozyme activity (ug/ml), MDA (mmol/ml) GSH (mg/dl). 
Parameters Control(g) Propolis (g) 

Granulocyte count  2.06 ± 0.34 2.70 ± 0.42 * 

Lymphocyte count 7.9 ± 0.58 10.4 ± 0.82 * 

Monocyte count 4.2 ± 0.1 4.7 ± 0.3 * 

IL-2 614.6 ± 41.2 647.2 ± 53.2 * 

Lysozyme 128.7 ± 15.3 189.2 ± 12.4 * 

MDA 5.2 ± 0.23 2.86 ± 0.12 * 

GSH 16.1 ± 0.42 22.24 ± 0.26 * 

 
There is significantly lower values of glucose, lactate and lactate dehydrogenase enzyme and 

significant increased value in case of Vo2max post propolis administration compared to control 
groups. P< 0.05(Table 3) 
 
Table 3: Effect of propolis on glucose (mg/dl), Vo2max ml/kg b.w/minute, lactate (mmol/L), lactate 

dehydrogenase (IU/L) 
Parameters Control(g) Propolis (g) 

Glucose  98 ± 10.2 76 ± 904 * 

Vo2max 34.9 ± 2.3 38.7 ± 2.5 * 

Lactate 1.7 ± 0.4 1.2 ± 0.3 * 

Lactate dehydrogenase 126 ± 12.3 97 ± 8.7 * 

 
There is significantly lower systolic and diastolic pressure and pulse rate together with 

Angiotensin converting enzyme post propolis administration and in case of nitric oxide and HIF (1) 
expression post propolis indicated a significantly higher values compared to control group. 

P<0.05 (Table 4). 
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Table 4: Effect of propolis on blood pressure (mmHg), pulse rate (c/min), Nitric oxide (uu), 
Angiotensin converting enzyme ACE (ng/ml), relative HIF (1) expression/gapdh 

Parameters Control(g) Propolis (g) 

Blood systolic pressure 122.4 ± 9.4 118.2 ± 7.4 * 

diastolic Pressure 71.6 ± 5.3 68.6 ± 4.6 * 

Pulse Rate 82.6 ± 6.5 78.4 ± 4.2 * 

Nitric oxide 13.2 ± 4.4 21.5 ± 5.3 * 

Angiotensin converting Enzyme 156.3 ± 12.3 123.4 ± 17.4 * 

Relative HIF(1) Expression/GAPDH 1.06 ± 0.03 1.98 ± 0.06 * 

 

Discussion 
Immunomodulation is an important management method as defense mechanisms and protection 

against diseases. Several Immunomodulators have been tested in human, propolis is one that received 
increasing attention. 

Table (2) showed significant increase in granulocyte, lymphocyte and monocyte counts 
together with IL-2 and lysozyme concentration. Glutathione (GSH) with decrease Malonedialdehyde 
after propolis administration compared to control group indicating an improvement in immune 
response that may reduce susceptibility to disease and improved health. These results are in 
accordance with (Castaldo and Capasso, 2002) and (Huang et al, 2014).also Table(2) reported a 
significantly increased granulocyte counts, lymphocyte and monocyte counts in experimental group 
compared to the control group which indicated an improvement in maintaining a healthy numbers of 
the WBCS that is reflected positively to the immune system. This positive effect may be a protected 
effect of propolis to the body. 

Ganong (2000) stated that leukocyte are the mobile units of the body protective system, they 
are formed partially in the bone marrow such as granulocyte, monocyte and few lymphocytes. Lymph 
tissue formed lymphocyte and plasma cells. The main functions of WBCS are the resistance against 
infections and inflammation.Leukocytes possess capacities that help their functions namely the ability 
to perform amoeboid movements, the ability to penetrate the blood vessels through its pores, also the 
secretion of proteolytic enzymes for killing microorganism and also a process of phagocytosis and 
secretion of histamine and heparin all act important role in the humeral and cellular immunity, and 
that Monocytes (the larger cells) are called macrophages due to its capability of combating disease 
agents, and that granulocytes are considered the first line of defense against inflammation and 
lymphocytes produce antibodies, or directly destroy the target cells (Barrett et al, 2010, Guyton et al., 
2006) 

Table (2) also showed a decreased malondialdehyde (MDA) level following propolis 
administration, and an increased glutathione (gSH) level in response to propolis administration this 
indicated that the propolis induced an improvement of the immune response and health improvement. 
These results are in agreement with those of (Magini, 2007, Walsh et al., 2011). 

Hatfield, (2013) stated that several classes of compound such as thymus extract, glutamine, 
whey protein boost the immune system. He also added that antioxidants are compounds that repair 
damage to cells caused by oxidants and pollution, which cause oxidation in the body which produce 
dangerous elements called free radicals.(Murray et al., 2009) added that lipid peroxidation is a source 
of free radicals in VIVO and that lipid peroxidation is a chain reaction providing a continuous supply 
of free radicals that initiate further peroxidation and antioxidants fall in 2 classes (1) preventive 
antioxidants include catalase and peroxidase that react with ROOH, and chelators of metal ions such 
as EDTA, (2) chain breaking antioxidants which interfere with chain propagation such as superoxide 
dismutase which acts in the aqueous phase to trap superoxide free radicals. 

The increased activity reported in Table (2) of interleukin 2 and lysozyme, indicated 
bactericidal activities suggested increased levels of innate immunity. These results are in agreement 
with those of Bertolini et al., (2012) and Chatter-Jea and Shinde (2006). The increased parameters 
levels of table (2) denote improved immunity, more resistance to diseases and better health together 
with decrease free radicals. 
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Vo2max is the amount of oxygen transported maximally to the tissues from the lungs and 
provides an index of the capacity for aerobic energy transfer. Table (3) showed a significant increased 
Vo2max in case of the experimental group ingested propolis for one month compared to control group 
indicating increased oxygen diffusing capacity and higher energy production. This was in accordance 
to Chakravarthy and Booth (2004) and El Kolla (2013). The increased Vo2max induced by propolis, 
indicated that it can open the respiratory progress ways and allow easy passage of air to and from the 
alveoli of the lungs. 

The effect of propolis was reported in table (3) as it decreased glucose and lactate concentration 
significantly. The glucose level might decreased due to the effect of propolis in stimulating the 
process of glycolysis and glucose metabolism leading to decreased glucose and hence may be 
beneficial in decrease glucose levels in case of diabetes mellitus. As for the decreased lactate 
concentration this decrease might be induced by increased Vo2max concentration which in turn 
decreased lactate production as it is a product of anaerobic oxidation of glucose and the decreased 
lactate concentration indicated higher fitness and better muscle performance as reported by Hatfield 
(2013). Lactate dehydrogenase (LDH) in table(3) showed a significant decreased concentration after 
propolis ingestion compared to control group, LDH catalyzes the interconversion of pyruvate and 
lactate in the presence of NADH or NADH2, and is distributed in body cells and fluids. LDH is 
elevated in conditions accompanied by tissue necrosis, particularly muscle and heart or red cells, and 
the decreased level of LDH showed in table (3) after propolis ingestion indicated that propolis 
induced an improvement in tissue function especially in relation to skeletal muscle and heart. This is 
in agreement with the explanation reported by Murray et al., (2009) and Tanaka Seals (2003), that 
pyruvate is reduced by NADH to lactate, the reaction being catalyzed by lactate dehydrogenase. Thus, 
tissues that function under hypoxic circumstances and to produce lactate.  

The result of decreased lactate production indicated that propolis share in increase oxidation of 
the tissues and that let to decreased lactate production. 

Table (4) shows a significant increased Nitric oxide post propolis administration compared to 
control group, which indicate a vasodilator action and improvement of angiogenesis. Nitric oxide 
(NO) is a gaseous molecule with numerous biologic properties, it was found to be a potent activator of 
guanylate cyclase, the enzyme catalyzing cGMP synthesis. This suggested that a broad class of 
nitrogen oxide containing compounds, collectively known as nitro vasodilators induced CGMP 
formation in vascular smooth muscle cell via a common mechanism involving release of NO 
(Knowles and Moncada, 1994) they added that Nitric oxide is synthesized as a by-product of the 
catalytic conversion of L-arginine to L-citrulline by the enzyme Nitric oxide synthase (NOS). 

A family of NOS enzymes exists are consists of NOS isoforms (Sessa, 1994), so NO can 
control blood flow by regulating muscle tone of blood vessels inducing angiogenesis. The Nitric oxide 
relaxed the blood vessels, as it increases the diameters of the arterial blood vessels. NO produced by 
endothelium and platelets also inhibits platelets aggregation and adhesion, inhibits leukocyte adhesion 
and modulate smooth muscle cell proliferation (Moncada and Higgs, 1993).No is also involved in 
vascular remodeling and angiogenesis, and NO may be involved in the pathogenesis of 
atherosclerosis. 

It is interesting in this regard that some patients with heart transplants develop an accelerated 
form of atherosclerosis in the vessels of the transplant, and there is reason to believe that it is triggered 
by endothelial damage (Azadzoi et al., 1992). 

Blood pressure means the force exerted by the blood against any unit area of the vessel wall. 
Blood flow though a blood vessel is determined by two factors: 
1. The force that pushes the blood through the vessel. 
2. The vascular resistance, which is the impediment to blood flow through the vessel (Badeer, 2001). 

Table (4) reported a significantly decreased blood pressure following propolis administration 
for one month in case of experimental group compared to the control group. This decrease of blood 
pressure measuring may indicated an improvement in health, especially when associated with a lower 
pulse Rate in table (4).The decreased pulse Rate and blood pressure are both indication of better 
health and fitness as reported by Galal (2017) and Gursavek and Mishra, (2012).  

Barrett et al., (2010) added that in young age the blood pressure at rest is approximately 120/70 
mmHg., and the pressure is affected by the cardiac output and the peripheral resistance, and is 
affected by many factors namely emotion, sleep, advancing age, gender, health and fitness state. 
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Table (4) shows a decreased ACE concentration post propolis administration compared to 
control group. Sonna et al., (2001) and Ahmetov et al., (2008) stated ACE, convert angiotensin I to 
angiotensin II and inactivate bradykinin and tackykinins. And ACE gene contains in intron 16,287bp 
insertion / deletion polymorphism and that accounts for the variance in blood ACE levels , with the 
highest mean levels of angiotensin converting enzyme occurring in case of DD genotype and the 
lowest level in case of II genotype. They also added that ACE is involved in the metabolism of 
substances that affect vascular remodeling and that the polymorphism of the ACE gene and 
concentration of ACE might account for the difference in training and performance. 

Table (4) showed that propolis administration to the experimental group decreased angiotensin 
converting enzyme compared to the control group as ACE convert angiotensin I to angiotensin II wich 
in turn is converted to angiotensin III leading to increase blood pressure. The decreased concentration 
of ACE post propolis might be an indication of the action of ACE inhibitor. (Barrett et al, 2010) 
reported the pharmacologic manipulation of the renin –angiotensin system by inhibiting the secretion 
of the renin in a number of ways, by using prostaglandin inhibitor such as indomethacin or B-
adrenergic blocker as propranolol, or enalkiren which prevent renin from generating angiotensin I, or 
prevention of conversion angiotensin I to angiotensin II by captopril.  

Data presented in table (2,3,4) indicated the effect of propolis administration in elevating 
immunity elements assessed, acting as immunomodulator agent. Hellwing-Burgel et al., (2005) 
reported a novel transcription factor in immune reaction, Hypoxia-inducible factor-1 (HIF-1), table(4) 
shows an increased HIF(1) expression post propolis ingestion, which is in accordance with Hellwing-
Burgel et al., (2005), they added that a number of peptide and non peptidic mediators of inflammation 
can affect HIF-1 even under normoxic conditions. 

Moreover, HIF-1 stimulates the expression of several genes that promote inflammatory 
reaction. They concluded that HIF-1 activation is desirable in inflammation and HIF-1 suppression is 
beneficial to prevent tumor angiogenesis and tumor cell adaptation to hypoxia and malignant diseases. 
 

5. Conclusion  
In conclusion, the present study suggested that propolis supplementation exerted 

immunomodulatory effect and induced higher body performance on college students. 
Accordingly, induce more resistance to infectious bacteria and virus. The study also, throws the 

light for the use of supplementations as preventive and therapeutic agents for diseases. 
 
References 
 
Ahmad, M and M Abdel-Tawwab, 2011.The use of caraway seed meal as a feed additive in fish diets. 

Aquaculture 314,110. 
Ahmetov, 1, D. Popov, and V.A. Rogozkin, 2008. The use of genetic method for prognosis of aerobic 

and anaerobic performance in athletes. Human physiology 34, 3. 
Azadzoi, K., N. Kim, and M. Brown, 1992. Endothelium derived nitric oxide and cyclo-oxygenase 

products modulate corpus covernosum smooth muscular tone, Jurol 147,220. 
Badeer, H., 2001. Hemodynamics for medical students, Am. J. physiol., 25, 44. 
Barrett, K., S. Barman, and S. Boitona, 2010. Ganong’s review of medical physiology, M. Graw Hill 

Lange, USA. 
Bentler, E., O. Duron, and B. Kelly, 1963. Determination of blood glutathione. J. Labclin Med., 61, 

882. 
Bertolini, P., F. Biondi, andM. Carvalho, 2012. Antimicrobial capacity of propolis dentifrice against 

streptococcus mutans strainsin tooth-bruches. Journal of applied oral science, 20, 32. 
Bratter, C., M. Tregel, and C. Liebenthal, 1999. Profilactic effectiveness of propolis for immuno 

stimulation. Forsch Komplement armed, 6,256. 
Castaldo, S., and F. Capasso, 2002. Propolis an old remedy used in modern medicine. Fitoterrapia, 73, 

51-56. 
Chakravarthy, M., and F. Booth, 2004. Eating exercise. JAPPL. Physiol., 96, 3. 
ChatterJea, M., and R. Shinde, 2006. Text book medical biochemistry JAYPee medical publishers, 

New Delhi. 



Curr. Sci. Int., 7(4): 896-903, 2018 
ISSN: 2077-4435 

902 

Chopra, R., S. Nayar, and I. Chopra, 1956. Glossary of Indian medicinal plant. CSIR, New Delhi-
India. 

Davis, K., E. Martin, and F. Murad, 2001. Novel effects of Nitric oxide. Annu. Revi. pharmacol. 
toxicol., 41,203. 

De Castro, S., 2001. Propolis: Biological and pharmacological activities. Annual reviews of bio-
medical science, 3, 49. 

Deniz, S., S. Arzu, and I. Fegen, 1997. Lipid peroxidation and antioxidant status in experimental 
animal, Effects of aging and hypercholesterolemic diet. Clin Chim Acta, 265, 77. 

El Kolla, M., 2013. Nutrient supplements. National Academy of Nutrition 24. 
Galal, A., 2017. Diversity of ACE and actinan 3 and its relationship to biological and digital variables 

in aerobic and anaerobic endurance athletes as a function of selection. Master degree, physical 
education, Assiout Univ. 

Ganong, W., 2000. Medical physiology. Alange Medical book, USA. 
Gordan, O., P. Luis, and R. Ashley, 2015. Oxidative transformation of demethoxy and Bis-demethoxy 

curcumin products, mechanism of formation and poisoning of human. Chem. Res. Toxical. 
28,989. 

Gursavek, S., and P. Mishra, 2012. Relationship of selected anthropometric measure and physical 
variables to performance in triple jump. J. of movement education and exercise science 2, 
2149. 

Guyton, A., and J. Hall, 2006. Text book of Medical physiology. El Sevier Saunders, USA. 
Hatfield, F., 2013. Fitness complete guide. ISSA, USA. 
Hellwing – Burgel, T., D. Stiel, and A. Wagner, 2005. Hypoxia inducible factor: A novel transcription 

factor in immune reaction. Journal of interferon cytokine research, 25,297. 
Huang, S., C. Zhang, and K. Wang, 2014. Recent advances in the chemical composition of propolis. 

Molecules, 19, 19 6 10. 
Jasprica, J., A. Mornar, and Z. Debeljak, 2007. Invivo study of propolis supplementation effects on 

antioxidation. J. Ethnopharmacol., 110,548. 
Knowles, R., and S. Moncada, 1994. Nitric oxide synthases in mammals Biochem. J., 298, 249. 
Lotfy, M., 2006. Propolis in health and disease. Asian pacific journal of cancer prevention 7, 22-31.  
Magini, N., 2007. Selected vitamins and trace elements support immune function by strengthening 

epithelial barriers and cellular humoral immune response. British J., Nutr. 9, 24. 
Melillo, G., T. Musso, and A. Sica, 1995. A hypoxia responsive element mediates a novel pathway of 

activation of inducible nitric oxide synthase promoter. J. Exp. Med. 182, 1683. 
Moncada, S., and A. Higgs, 1993. The L-arginine nitric oxide pathway. NEJM 329, 2002. 
Mougios, V., 2006. Exercise biochemistry. Human Kinetics, USA 
Murray, R., D. Bender, andA. Weil, 2006. Harper’s illustrated biochemistry. Lange, USA. 
Rajaraman, V., B.J. Nonnecke, S.T. Franklin, D.C. Hammell, and R.L. Horst 1998. Effect of Vitamins 

A and E on Nitric Oxide Production by Blood Mononuclear Leukocytes from Neonatal 
Calves Fed Milk Replacer. J. Dairy Sci., 81:3278–3285. 

Rajarman, V., B. Nonnecke, and S. Franklin, 1998. Effect of vita. E on nitric oxide production by 
blood mononuclear leukocytes from neonatal calves. Journal of Dairy science, 81, 3278. 

Rao, V., S. Lakhsmi, and H. Siew, 2017. Honey, propolis, royal jelly, review of their health benefits. 
Oxidative medicine and cellular longevity, 22,120. 

Schuler, B., C. Lundry, and M. Gassmann, 2005. HIF-1 and the adaptation of man to high altitude 
Schweizerische Zeits Chrift fur sportmedizin und sport traumatology, 53, 82. 

Schultz, L., 1987. Methods in clinical chemistry. The CV Mosby co St. Louis, USA. 
Sessa, W., 1994. The nitric oxide synthase family of proteins. J. Vasc. Res., 31,131. 
Sjodin, B., 1976. Lactate dehydrogenase in human skeletal muscle. Acta physiol. Scand suppl. 436: 1-

32. 
Sonna, L., Marilyn, A. Sharp, and M. Graig, 2001. Angiotensin converting enzyme genotype and 

physical performance during US army basic training. JAPPL. Physiol. 91, 1155. 
Tanaka, H., and D. Seals, 2003. Dynamic exercise in masters athletes. JAPPL. Physiol., 95, 2152. 
Tarabily, S., and A. Ryeaan, 2016. Protective effects of oral administration of ginger on some 

biological variables of divers. Advances in environmental biology, 10,181. 



Curr. Sci. Int., 7(4): 896-903, 2018 
ISSN: 2077-4435 

903 

Trender, P., 1969. Determination of glucose in blood using glucose oxidase with an alternative 
oxygen acceptor. Ann clin. Biochem 6, 24. 

Volpi, N., 2004. Separation of flavonoid and phenolic acids from propolis by capillary zone 
electrophoresis. Electro phoresis, 25, 1872. 

Wagh, W., 2013. Propolis: a wonder bees product and its pharmacological potentials. Advances in 
pharmacological science 308249. 

Walsh, N., M. Gleenson, and D. Pyne, 2011. Maintaining immune health. Exerc. Immunol. Rev. 17, 
64. 

Weng, M., C. Liao, and C. Chen, 2007. Taiwanese propolis induces G1 arrest in human lung 
carunoma cells. J Agric. Food chem. 55, 5289. 

 
 




