
Introduction
	 Immunostimulant is a natural occurring compound that modulates 
the immune system by increasing the host’s resistance against diseas-
es [1]. Immunostimulant comprise a group of biological and synthetic 
compounds that enhance the nonspecific cellular and humoral defense 
mechanism [2]. It may be chemical, drug or naturally occurring com-
pound that elevates the nonspecific defense mechanisms or the spe-
cific immune response of the host and may be given alone to activate 
non-specific defense mechanisms as well as heightening a specific 
immune response.

	 An immunostimulant is a biological or synthetic compound ad-
ministered either orally or through body fluids into the body of the 
fish or shrimp for enhancing the immune status of the host to over-
come the adverse environmental conditions, stress, pathogens and op-
portunistic microbes. An immunostimulant, used in vaccines to am-
plify the specific immune response or administered as feed additives 
to modulate non-specific immunity, have been demonstrated to play a  
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role in protection against diseases in fish [3]. Phagocytic cells play an 
important role in the defense mechanisms of the host by adhering to 
and engulfing the invading particles. Such cells include tissue macro-
phages, circulatory monocytes, and neutrophils. There are numerous 
reports of microbial products having immunostimulatory qualities 
that enhance phagocytic activity. Such immunostimulants include ba-
cilli Calmette-Guérin and Corynebacterium parvum [2].

	 Various strategies are adopted for the management of fish health. 
Therapeutic approaches are amongst the most direct ones, while the 
more efficient and aquaculture- compatible and environmentally 
sound means of health management involve the use of immunostim-
ulants to enhance the general well-being and health of fish. Immuno-
stimulants and non-specific immune enhancers mostly in the form of 
natural products stimulate the immune system, reduce susceptibility 
to diseases and protect fish from stress and diseases in aquaculture. 
This reduces the dependence on chemicals or drugs and minimizes 
the negative environmental impact. It can also render aquaculture 
products more acceptable to consumers. Emerging trends show that 
eco-friendly approaches through the use of probiotics and immuno-
stimulants can contribute significantly to health management in fish 
farming [4]. Aquaculture is likely to adopt the increased use of im-
munostimulants as feed additives since it can improve the efficiency 
of the system, enhance production, reduce the use of chemicals and 
render aquaculture products more acceptable and safe. There is a con-
siderable emphasis on health management in aquaculture based on 
prevention rather than treatment [5]. Recently a number of studies 
have supported the rationale in incorporating the use of immunostim-
ulants into the overall health management plan [1]. A more efficient 
and health management could lead to reduced cost and stability in the 
production system and improve the economics of aquaculture opera-
tions. Therefore, the review of the significance of immunostimulant in 
aquaculture.

Application of Immunostimulants
•	 [4] Conducted an extensive review on the use of immunostimu-

lants in aquaculture. Immunostimulants can increase resistance of 
fish to environmental stress and are therefore suitable for use in 
aquaculture. They can be used in complementing the activity of 
vaccines. However, overdosing can lead to immunosuppression 
[4]. 

•	 Immunostimulants enhance disease resistance by improving 
non-specific defense mechanisms. Their use, in addition to other 
agents and vaccines is acceptable to farmers. There seems to be a 
wider efficacy and greater safety with immunostimulants in com-
parison to chemotherapeutics and vaccines. Immunostimulants 
have been used as feed additives for many years in aquaculture, 
and yeast β-glucan may be the one with the longest track record. 
In nature, β-glucans are widespread and have been characterized 
in microorganisms, algae, fungi and plants [6]. Boosting Fish Im-
mune System: The immune system of fish has witnessed a surge 
in interest over the past two decades, occasioned by the demand 
of the fish farming industry for the control of infectious diseases.  
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Abstract
The use of immunostimulants to enhance activities in the immune 
system has been given considerable attention in aquaculture in or-
der to increase disease resistance in farmed fish. Use of Immuno-
stimulants in aquaculture is gaining importance as the other thera-
peutic measures like antibiotics; vaccines and chemotherapy have 
their own limitations. This review stated the importance of immuno-
stimulants, its application, objectives, types, advantages and disad-
vantages in aquaculture. Therefore, immunostimulants were found 
to be most promising for used in aquaculture to control diseases.

Keywords: Aquaculture; Fish; Immunostimulants; Significance

D:\vinay\HSOA Journals\JOURNALS\Journal of Aquaculture & Fisheries (AAF)\HAAF-22-003\10.24966\AAF-5523\100046


Citation: Kela E (2022) Significance of Immunostimulants in Aquaculture: A Review. J Aquac Fisheries 6: 046.

• Page 2 of 3 •

J Aquac Fisheries ISSN: 2576-5523, Open Access Journal
DOI: 10.24966/AAF-5523/100046

Volume 6 • Issue 1 • 100046

 
 
 
 
 
 
 
Although fish are poikilothermic, aquatic vertebrates, they possess 
a system of defence mechanism displaying many similarities with 
those of their mammalian counterparts. Moreover, it is now indis-
putable that fish are closer to mammals than to any invertebrate 
taxon [7]. The first line of defense mechanism present in fish is the 
innate or non-specific mechanism [4].

Objectives of Immunostimulation

	 The objectives of incorporating immunostimulant source in the 
diet of fish and other animals are as follows:

•	 To promote a greater and more effective sustained immune re-
sponse to those infectious agents producing subclinical disease 
without risks of toxicity, carcinogenicity or tissue residues.

•	 To enhance the level and duration of specific immune response, 
both cell mediated and humoral, following vaccination.

•	 To selectively stimulate the relevant components of the immune 
system or nonspecific immune mechanism that preferentially con-
fers protection against microorganisms. For example via interferon 
release, especially for those infectious agents for which no vac-
cines currently exists and

•	 To maintain immune surveillance at heightened level to ensure 
early recognition and elimination of neoplastic changes in tissues.

Types of Immunostimulants used in Aquaculture 
Section
Levamisole: is an anthelmintic used for treatment of nematodes in 
man and animals (Synthetic Chemicals): Levamisole is enhancing 
metabolic and phagocytic activation of neutrophils and increase the 
number of phagocytes and leucocytes and the level of Lysozyme. In 
Coho salmon, it increase resistance against Aeromonas salmonisida 
infection, in carp, it enhance phagocytic activity, myeloperoxidase 
activity in neutrophils, increase leukocytes number and serum lyso-
zyme levels.

FK-656 Hepatonoyl-y-glutamyl-(L) Mrsodiaminopimely–(D)–al-
anine is a peptide Related to lactoyl tetra peptide (Synthetic Chemi-
cals). FK-656 has been shown activity against microbial infection. It 
increases the resistance of Rainbow trout against A. salmonicida. In 
Yellow tail, it elevate humoral antibody titers and splenic producing 
Antibody.

MDP (Muramyl dipeptide) N-acetylmuramyl-L-alanyl-D-Isoglu-
tamine, derived from Mycobacterium (Bacterial derivatives). It 
activate macrophages, B lymphocytes and alternative pathway of 
complement. MDP increase the phagocytic activities, respiratory 
burst and migration activities of kidney leucocytes as well as resis-
tance of the fish to A. salmonicida challenge.

LPS (lipopolysaccharide) is a cell wall component of Gram-nega-
tive bacteria (Bacterial derivatives). LPS stimulate B cell

Herbs as Immunostimulant: Natural plant products have been 
reported as anti-stress, growth promotion, appetite stimulation, 
tonic, immunostimulation, and to have aphrodisiac and antimicrobial 
properties in finfish and shrimp larviculture due to the presence of 
active principles such as alkaloids, flavanoids, pigments, phenolics, 
terpenoids, steroids and essential oils. The other merits that herbs as  

immunostimulants are local availability, broad spectrum effect, cost 
effective, no side effects and biodegradable. [8] Fed catfish (Mystus 
montanus) with dietary Ocimum tenuiflorum, Zingiber officinale 
and Allium sepa (0.5g/100g each) for 45 days and analysed growth, 
haematological and serum biochemical parameters. Specific growth 
rate, total erythrocytes, haemoglobin, total leucocytes, total serum 
protein, glucose, cholesterol, magnesium levels, serum amylase, 
alkaline phosphatase, SGOT, SGPT and GGT have increased in all 
herbal supplemented fishes (especially in Z. officinale) than control. 
Thus concluded that all the three herbs have immunostimulant po-
tential and among the three herbs Zingiber officinale is more potent.

Mode of action
	 The mode of action of immunostimulants is to activate the im-
mune systems of organisms, to enhance the immunity level against 
invading pathogens. The approach is very diverse in nature or may 
be poorly understood and also depends on the type of immunostimu-
lants, dose, and route of administration, time and period of exposure. 

Advantages of Immunostimulants
•	 They are widely and successfully applied to improve fish welfare, 

health and production [9]. 

•	 It facilitate function of phagocytic cells, increase their bactericidal 
activities and stimulate natural killer cells, complement system, ly-
sozyme activity and antibody response in fish and shellfish which 
confer enhanced protection from infectious diseases [10]. 

•	 It consider as enhancer to the non-specific immune responses 
along with the improvement of aquatic environmental quality [11]. 

•	 Controls fish diseases by enhancing both specific and non-specific 
defense mechanisms. 

•	 Immunostimulants increase the immunocompetency and disease 
resistance of fish. 

•	 Many IS have been developed to improve immunity of domestic 
animals.

•	 Some immunostimulant enhanced phagocytic activity and my-
eloperoxidase activity in neutrophils.

Disadvantages of Immunostimulants
•	 They are expensive. 

•	 Limited efficiency upon parentally administration [5]. 

•	 They are not effective against all diseases. 

•	 They induce immunosuppression when overdosed [12-19].

Conclusion
	 In conclusion, immunostimulants can reduce the losses caused by 
various diseases in aquaculture; but they may not be effective against 
all diseases. For the effective use of immunostimulants, the timing, 
dosages, method of administration and health status of animal need 
to be taken into consideration. Immunostimulants are substances that 
control diseases in aquaculture. They enhanced the function of phago-
cytic cells and increase their bactericidal activities. They also stimu-
late and complement lysozyme and antibody responses of fish. The 
effective method of administration of immunostimulants to fish is by 
injection. Oral and immersion methods have also been observed, but 
the efficacy of these methods decreases with longterm administration. 

D:\vinay\HSOA Journals\JOURNALS\Journal of Aquaculture & Fisheries (AAF)\HAAF-22-003\10.24966\AAF-5523\100046


Citation: Kela E (2022) Significance of Immunostimulants in Aquaculture: A Review. J Aquac Fisheries 6: 046.

• Page 3 of 3 •

J Aquac Fisheries ISSN: 2576-5523, Open Access Journal
DOI: 10.24966/AAF-5523/100046

Volume 6 • Issue 1 • 100046

References
1.	 Rodriguez A, Cuesta A, Ortuno J, Esteban MA, Meseguer J (2003) Im-

munostimulant properties of a cell wall-modified whole Saccharomyces 
cerevisiae strain administered by diet to seabream (Sparus aurata L.). Vet-
erinary Immunology and Immunopathology, 96: 183-92.

2.	 Sher J, Font-Llitjós M, Fort J, Zorzano A, Goldfarb DS, et al. (1975) 
Pathophysiology and treatment of cystinuria. Nature Revised Nephrology, 
6: 424-434.

3.	 Raa J (2016) The use of immunostimulatory substances in fish and shell-
fish farming. Revision and Fisheries Science, 4: 229-88.

4.	 Sakai M (1999) Current research status of fish immunostimulants. Aqua-
culture, 1: 30-80.

5.	 Midtlyng PJ (2017) Vaccinated fish welfare: protection versus side effects. 
Developments and Biological Standards, 90: 371-379.

6.	 Berthelsen R, Neilsen CU, Brodin B (2008) Basolateral glycylsarcosine 
(Gly-Sar) transport in Caco-2 cell monolayers is pH dependent. Journal of 
Pharmacy and Pharmacology, 65: 970-979.

7.	 Manning L (1984) Effects of Chitosan on growth and Serum biochemical 
parameters of the white shrimp. Freshwater Fisheries, 36: 6-8.

8.	 Oliver G, Evelyn TPT, Lallier T (1985) Immunity to Aeromona salmonici-
da in Coho salmon (Oncorhync husKisutch) induced by modified Freund,s 
complete adjuvant: Its non-specific nature and the probable role of mac-
rophages in phenomenon. Developmental & Comparative Immunolgy, 9: 
419-432.

9.	 Tewary A, Patra BC (2008) Use of Vitamin C as an immunostimulant-ef-
fect on growth, nutritional quality, and immune response of Labeo rohita 
(Ham). Fish Physiol Biochem, 34: 251-259.

10.	Kitao T, Yashida T, Anderson DP, Blanch A (1987) Immunostimulation of 
antibodyproducing cells and humoral antibody to fish bacterins by a bio-
logical response modifier. Journal of Fish Biology, 31: 87-91.

11.	Villegas JG, Fukada H, Masumoto T, Hosokawa H (2006) Effect of Di-
etary Immunostimulants on Some Innate Immune Responses and Disease 
Resistance against Edwardsiella tarda Infection in Japanese Flounder 
(Paralichthys olivaceus). Aquaculture Sci, 54:153-162.

12.	Ian B, Roy AD (2005) The use of immunostimulants in fish larval Aqua-
culture. Fish and Shellfish Immunology, 19: 457-472.

13.	Maqsood S, Prabjeet S, Munir HS, Khusheebee M (2011) Emerging role 
of immunostimulants in combating the disease outbreak in aquaculture. 
International Journal of Aquatic Research, 3: 147-163.

14.	Symoens I, Rosenthall M (1977) Levamisole in the modulation of the im-
mune responses. The current experimental and clinical state. Journal of 
Reticuloendothelial Society, 21: 175-221.

15.	Oliver G, Evelyn TPT, Lallier T (1985) Immunity to Aeromona salmonici-
da in Coho salmon (Oncorhync husKisutch) induced by modified Freund,s 
complete adjuvant: Its non-specific nature and the probable role of mac-
rophages in phenomenon. Developmental & Comparative Immunolgy, 9: 
419-432.

16.	Kodama H, Mukamoto N, Baba T, Mule DM (1994) Macrophage-Colony 
stimulating activity in Rainbow trout (Oncorhychus mykiss) serum. In: 
Stolen JS, Flecher TC, (EDs.), Modulators of fish immune responses. S0S 
publications, Fair Haven, NJ, 1: 59-66.

17.	Bullock G, Blozer V, Tsukunda S, Summerfelt S (2000) Toxicity of acid-
ification of chitosan for cultured rainbow trout (Oncorhynchus mykiss), 
185: 272-280. 

18.	Philip R, Sreekumar K, Anas A (2001) Bright Singh IS Immunostimu-
lants–Source, diversity, commercial preparations and mode of application. 
Nat Workshop on Aquaculture Medicine, 74. 

19.	Robertsen B, Rorstad G, Engstad R, Raa J (1990) Enhancement of non-
specific disease resistance in Atlantic salmon, Salmo salar L., by a glucan 
from Saccharomyces cerevisiae cell walls. J Fish Dis 13: 391-400.

D:\vinay\HSOA Journals\JOURNALS\Journal of Aquaculture & Fisheries (AAF)\HAAF-22-003\10.24966\AAF-5523\100046
https://pubmed.ncbi.nlm.nih.gov/20517292/
https://pubmed.ncbi.nlm.nih.gov/20517292/
https://pubmed.ncbi.nlm.nih.gov/20517292/
https://www.tandfonline.com/doi/abs/10.1080/10641269609388587
https://www.tandfonline.com/doi/abs/10.1080/10641269609388587
https://pubmed.ncbi.nlm.nih.gov/9270866/
https://pubmed.ncbi.nlm.nih.gov/9270866/
https://www.researchgate.net/publication/237058673_Basolateral_glycylsarcosine_Gly-Sar_transport_in_Caco-2_cell_monolayers_is_pH_dependent
https://www.researchgate.net/publication/237058673_Basolateral_glycylsarcosine_Gly-Sar_transport_in_Caco-2_cell_monolayers_is_pH_dependent
https://www.researchgate.net/publication/237058673_Basolateral_glycylsarcosine_Gly-Sar_transport_in_Caco-2_cell_monolayers_is_pH_dependent
https://pubmed.ncbi.nlm.nih.gov/4043481/
https://pubmed.ncbi.nlm.nih.gov/4043481/
https://pubmed.ncbi.nlm.nih.gov/4043481/
https://pubmed.ncbi.nlm.nih.gov/4043481/
https://pubmed.ncbi.nlm.nih.gov/4043481/
https://pubmed.ncbi.nlm.nih.gov/18665463/
https://pubmed.ncbi.nlm.nih.gov/18665463/
https://pubmed.ncbi.nlm.nih.gov/18665463/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1095-8649.1987.tb05298.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1095-8649.1987.tb05298.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1095-8649.1987.tb05298.x
https://www.jstage.jst.go.jp/article/aquaculturesci1953/54/2/54_2_153/_pdf
https://www.jstage.jst.go.jp/article/aquaculturesci1953/54/2/54_2_153/_pdf
https://www.jstage.jst.go.jp/article/aquaculturesci1953/54/2/54_2_153/_pdf
https://www.jstage.jst.go.jp/article/aquaculturesci1953/54/2/54_2_153/_pdf
https://pubmed.ncbi.nlm.nih.gov/15890531/
https://pubmed.ncbi.nlm.nih.gov/15890531/
https://www.researchgate.net/publication/284268432_Emerging_role_of_immunostimulants_in_combating_the_disease_outbreak_in_aquaculture
https://www.researchgate.net/publication/284268432_Emerging_role_of_immunostimulants_in_combating_the_disease_outbreak_in_aquaculture
https://www.researchgate.net/publication/284268432_Emerging_role_of_immunostimulants_in_combating_the_disease_outbreak_in_aquaculture
https://pubmed.ncbi.nlm.nih.gov/4043481/
https://pubmed.ncbi.nlm.nih.gov/4043481/
https://pubmed.ncbi.nlm.nih.gov/4043481/
https://pubmed.ncbi.nlm.nih.gov/4043481/
https://pubmed.ncbi.nlm.nih.gov/4043481/
https://www.researchgate.net/publication/223348586_Toxicity_of_acidified_chitosan_for_cultured_rainbow_trout_Oncorhynchus_mykiss
https://www.researchgate.net/publication/223348586_Toxicity_of_acidified_chitosan_for_cultured_rainbow_trout_Oncorhynchus_mykiss
https://www.researchgate.net/publication/223348586_Toxicity_of_acidified_chitosan_for_cultured_rainbow_trout_Oncorhynchus_mykiss
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2761.1990.tb00798.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2761.1990.tb00798.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2761.1990.tb00798.x


Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us

http://www.heraldopenaccess.us/

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

 
Advances In Industrial Biotechnology | ISSN: 2639-5665 

Advances In Microbiology Research | ISSN: 2689-694X 

Archives Of Surgery And Surgical Education | ISSN: 2689-3126 

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779 

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X 

Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276 

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292 

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370 

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594 

Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X 

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562 

Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608 

Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879 

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397 

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751 

Journal Of Aquaculture & Fisheries | ISSN: 2576-5523 

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780 

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546 

Journal Of Cardiology Study & Research | ISSN: 2640-768X 

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943 

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771 

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844 

Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801 

Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978 

Journal Of Cytology & Tissue Biology | ISSN: 2378-9107 

Journal Of Dairy Research & Technology | ISSN: 2688-9315 

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783 

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X 

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798 

Journal Of Environmental Science Current Research | ISSN: 2643-5020 

Journal Of Food Science & Nutrition | ISSN: 2470-1076 

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X 

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566 

 
Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485 

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662 

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999 

Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640 

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654 

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493 

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657 

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044 

Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X 

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313 

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400 

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419 

Journal Of Obesity & Weight Loss | ISSN: 2473-7372 

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887 

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052 

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X 

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649 

Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670 

Journal Of Plant Science Current Research | ISSN: 2639-3743 

Journal Of Practical & Professional Nursing | ISSN: 2639-5681 

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150 

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177 

Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574 

Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060 

Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284 

Journal Of Toxicology Current Research | ISSN: 2639-3735 

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | ISSN: 2573-0193 

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829 

Trends In Anatomy & Physiology | ISSN: 2640-7752 

info@heraldsopenaccess.us
http://www.heraldopenaccess.us/
https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

	_GoBack

