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Introduction

 Mesenchymal stem cells (MSCs) are the most common cell ther-
apy products used in regenerative medicine. Nevertheless, there are 
safety concerns in MSC therapy regarding immune reactions, cancer 
development, tumor metastasis, tissue calcification, etc [1-3]. It has 
been proven, however, that MSCs exert therapeutic effects by the se-
cretion of beneficial factors and vesicles for tissue regeneration [4]. 
Furthermore, Extracellular Vesicles (EVs) secreted by MSCs exhibit 
the biological properties of their parent cells [5] and have been suc-
cessfully applied for treating a broad range of diseases [6,7] without 
the many drawbacks of cell therapy. Cardiovascular Disease (CVD) 
is an important cause of increasing mortality in chronic kidney dis-
ease (CKD) patients with a prevalence rate as high as 63% The pro-
tein-bound uremic toxin, Indoxyl Sulfate (IS), which is normally ex-
creted in the urine, is one of several known nephrovascular toxins that 
contribute to high cardiovascular risk and mortality in CKD [8-10]. 
Since effective medicines are lacking for the treatment of CKD-relat-
ed CVD, we conducted a study to survey the therapeutic efficacy of 
MSC-Conditioned Medium (CM), which is rich in secreted EVs. CM 
from Umbilical Cord (UC)- derived MSCs was prepared by different 
manufacturing processes. Then the CM was used to treat IS-injured 
Human Umbilical Vein Endothelium Cells (HUVECs). MSC-CM 
prepared by different processes exerted dissimilar biological activity, 
MSC-CM with 48 h of serum deprivation produced the most signif-
icant protective effect. Our results suggest that CM from UC-MSCs 
has the potential to become a biopharmaceutical reagent in the future.

Materials and Methods
Umbilical cord-derived MSC (UC-MSC) culture and treat-
ments

 Normal human UC-MSCs were purchased from ATCC (PCS-500-
010, ATCC, Manassas, VA). Cells were grown in MSC Basal Media 
supplemented (PCS-500-030, ATCC, Manassas, VA) with the MSC 
Growth Kit (PCS-500-040, ATCC, Manassas, VA) and were incubat-
ed at 37 °C, 5% CO2. The serum supplement to the culture medium 
was pre-processed by the Exosome Depletion Kit (Cat# 61200, Nor-
gen Biotek Corp., Canada) to ensure all EVs in the medium were 
from UC-MSCs. UC-MSCs were propagated to passage 10 and then 
divided into two batches, one with and one without serum depriva-
tion. MSC-CM was collected at 24 and 48 h thereafter. The collected  

Huang YC, et al., J Nephrol Renal Ther 2024, 10: 091
DOI: 10.24966/NRT-7313/100091

HSOA Journal of
Nephrology & Renal Therapy

Review Article

Yu-Chin Huang1,2*, Tzu-Chun Tsai 3,4*, Pin-Hao Ko5, Chiung-Wei 
Huang 6,7, Chia-Hsin Chang1,2, Kuo-Ting Chang8 and Liang-Ch-
uan Lai1

1Graduate Institute of Physiology, College of Medicine, National Taiwan 
University, Taipei, Taiwan

2Division of Nephrology, Taoyuan General Hospital, Ministry of Health and 
Welfare, Taoyuan, Taiwan

3Department of Pediatrics, Taoyuan General Hospital, Ministry of Health and 
Welfare, Taiwan

4Department of Public Health & Medical Humanities, Faculty of Medicine, 
School of Medicine, National Yang Ming Chiao Tung University, Taiwan

5Department of Traditional Chinese Medicine, Taoyuan General Hospital, 
Ministry of Health and Welfare, Taoyuan, Taiwan

6Institute of Physiology, Kaohsiung Medical University, Kaohsiung, Taiwan 

7Department of Post-Baccalaureate Medicine, Kaohsiung Medical University, 
Kaohsiung, Taiwan

8Translational Medicine Center, Taoyuan General Hospital, Ministry of Health 
and Welfare, Taoyuan, Taiwan

The Conditioned Medium of 
Umbilical Cord Mesenchymal 
Stem Cells Diminished the 
Traumatic Effects of HUVECs 
Injured by Indoxyl Sulfate

Abstract
 Cardiovascular Disease (CVD) is the leading cause of mortality in 
Chronic Kidney Disease (CKD) patients. Extracellular Vesicles (EVs) 

secreted by Mesenchymal Stem Cells (MSCs) are known to exert 
therapeutic effects on cell/tissue regeneration. In this study MSCs 
were bioprocessed by serum deprivation, which produced a bioac-
tive secretome in Conditioned Medium (CM). MSC-CM was applied 
to treat human umbilical vein endothelium cells (HUVECs) injured by 
the uremic toxin indoxyl sulfate (IS). Based on our results, admin-
istration of MSC-CM with 48 h of serum deprivation demonstrated 
great potential for the treatment of injured HUVECs. MSC-CM may 
be developed into a class of biopharmaceuticals for the treatment of 
CVD in CKD.
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MSC-CM was centrifuged for 5 min and then passed through a 0.22 
μm filter before use.

HUVEC culture and treatments

 HUVECs were purchased as part of the Clonetics™ Endothelial 
Cell System (Lonza Walkersville, Inc., MD, USA; Cat.no. C2519A). 
Cells were cultured in EGMTM-2 BulletKitTM medium (Cat.no. 
CC-3162, Lonza), which contained EBMTM-2 Basal Medium (Cat.
no. CC-3156, Lonza) and EGMTM-2 SingleQuotsTM Supplements 
(Cat.no. CC-4176, Lonza) incubated at 37 °C, 5% CO2. Fetal bo-
vine serum (FBS) was processed by the Exosome Depletion Kit (Cat# 
61200, Norgen Biotek Corp., Canada) before addition to the cell cul-
tures. HUVECs from the fifth passage were incubated in 0.1 mM IS 
(Cat.no. I3875, Sigma-Aldrich, Germany) concomitant with four dif-
ferent samples of MSC-CM (with/without serum deprivation for 24 or 
48h) as various proportions of the culture medium, as shown in Table 
1.

Cell proliferation assay

 HUVECs were first cultured in a 6-cm dish; then the fifth passage 
cells were re-seeded in a 96-well microplate at a density of 2,500 
cells/well and were incubated in exosome-free culture medium con-
taining 0.1 mM IS for 96 h. HUVEC proliferation was measured 
by 3-(4,5-Dimethylthiazol-2-yl)-2,5- diphenyl tetrazolium bromide 
(MTT) (EMD Biosciences, USA) assays at timepoints of 0 and 96 h 
(n=3) according to the manufacturer’s instructions. The absorbance 
was detected at 570 nm.

Results
 Four samples MSC-CM produced by different bioprocessing 
methods exhibited different protective efficacies against IS injury in 
HUVECs. MSC-CM produced after 24 h either with or without se-
rum deprivation had no influence on HUVEC proliferation (Figure 
1A&1B). However, MSC-CM produced after 48 h with or without 
serum deprivation exerted a significant protective effect on the prolif-
eration of HUVECs injured by IS. MSC-CM produced under serum 
deprivation for 48 h, compared to the serum-supplemented group, 
provided a stronger impact on HUVECs with IS injury, particularly 
when applied as 10% of the culture volume (Figure 1C&1D).

Discussion
 In this study, we analyzed how different manufacturing proce-
dures, such as duration of cell conditioning or selection of serum-free 
culture medium, might influence the composition of human MSC-CM 
as well as its biological activity. The results revealed that 48 h under 
serum-free culture conditions produced MSC-CM with a significant 
therapeutic benefit for the treatment of IS-injured HUVECs. The level 
of benefit was dose-dependent, as evident from the different results 
at different proportional volumes. Exosomes are the smallest class  

of EVs, but still contain bioactive components, such as cell signal-
ing proteins and RNAs, which influence cell communication [11-14]. 
FBS/serum used to supplement culture media is rich in exosomes, 
which can affect in vitro EV analyses [15]. To prevent confounding, 
FBS/serum should be pre-processed with exosome depletion kits to 
produce EV-depleted FBS/serum. CVD is the leading cause of mor-
tality in CKD patients when non- traditional risk factors are surveyed, 
one that appears is uremic toxins such as IS [16]. MSC-CM provides 
an opportunity in the treatment of CVD, such as alleviation of endo-
thelial dysfunction to preserve brain tissue and reduction of irradi-
ation-induced damage in cardiac fibroblast cells [17-18]. However, 
there has been no research applying CM to IS-induced CVD. With 
the potential of MSC-CM’s reparative ability, as our study results 
revealed, it may constitute an alternative treatment modality in the 
future, after definition of the precise molecules contained in the MSC-
CM.

Conclusion
 To date, MSC-CM has been applied to divergent diseases and 
many studies have shown its therapeutic effects [6]. Our study demon-
strated that different processing methods can produce MSC-CM with 
different protective effects. To maximize the impact of the UC-MSC 
secretome, further evaluation of MSC-CM content under different 
bioprocessing methods will be required prior to its application as a 
treatment for various diseases.
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 UC-derived MSC-CM

Serum Deprivation (+) (-) (+) (-)

Time of fasting (h) 24 24 48 48

Proportion 10% 10% 10% 10%

HUVEC Culture 20% 20% 20% 20%

Medium Volume 30% 30% 30% 30%

Table 1: Bioprocessing of UC-derived MSC-CM and proportion of the 
HUVEC culture medium volume.

Figure 1: Effect of MSC-CM on IS-injured HUVECs. MSC-CM was col-
lected via various bioprocessing methods (24 or 48 h with or without serum 
deprivation) and added in different proportions (10%, 20%, 30%) to the 
HUVEC culture medium with 0.1 mM IS for 4 days. Proliferation of HU-
VECs was examined by MTT assays. The cell growth ratio was expressed 
as relative absorbance compared with 0 h time point. (A) MSC-CM with-
out serum deprivation, 24 h. (B) MSC-CM with serum deprivation, 24 h. 
(C) MSC-CM without serum deprivation, 48 h. (D) MSC-CM with serum 
deprivation 48 h. * p <0.05; ** p <0.01; *** p <0.001; ****<0.0001.

http://dx.doi.org/10.24966/ACIM-7562/100425
D:\HNRT\2024\HNRT-24-004\Proof\10.24966\NRT-7313\100091


Citation: Huang YC, Tsai TC, Ko PH, Huang CW, Chang CH, et al. (2024) The Conditioned Medium of Umbilical Cord Mesenchymal Stem Cells Diminished the Trau-
matic Effects of HUVECs Injured by Indoxyl Sulfate. J Nephrol Renal Ther 10: 091.

• Page 3 of 3 •

J Nephrol Renal Ther ISSN: 2473-7313, Open Access Journal
DOI: 10.24966/NRT-7313/100091

Volume 10 • Issue 1 • 100091

Conflicts of Interest
The authors declare no conflict of interest.

Funding

 This study was supported by grants from Taoyuan General Hospi-
tal, Ministry of Health and Welfare. No.PTH109068.

References
1. Konstantinidou G, Peroni D, Scambi I, Marchini C, Galiè M, et al. (2008) 

Mesenchymal stem cells share molecular signature with mesenchymal tu-
mor cells and favor early tumor growth in syngeneic mice. Oncogene 27: 
2542-2551.

2. Bostani T, Roell W, Dewald O, Fries JW, Breitbach M, et al. (2007) Poten-
tial risks of bone marrow cell transplantation into infarcted hearts. Blood 
110: 1362-1369.

3. Lee HY, Hong IS (2017) Double-edged sword of mesenchymal stem cells: 
Cancer-promoting versus therapeutic potential. Cancer Science, 108: 1939-
1946.

4. Madrigal M, Rao KS, Riordan NH (2014) A review of therapeutic effects 
of mesenchymal stem cell secretions and induction of secretory modifica-
tion by different culture methods. J Transl Med 12: 260.

5. Takahashi M, Li TS, Suzuki R, Kobayashi T, Ito H, et al. (2006) Cytokines 
produced by bone marrow cells can contribute to functional improvement 
of the infarcted heart by protecting cardiomyocytes from ischemic injury. 
Am J Physiol Heart Circ Physiol 291: H886-893.

6. Sagaradze GD, Basalova NA, Kirpatovsky VI, Grigorieva OA, Balaban-
yan VU, et al. (2019) Application of rat cryptorchidism model for the 
evaluation of mesenchymal stromal cell secretome regenerative potential. 
Biomed Pharmacother 109: 1428-1436.

7. Bjorge IM, Kim SY, Mano JF, Kalionis B, Chrzanowski W (2017) Extra-
cellular vesicles, exosomes and shedding vesicles in regenerative medicine 
- a new paradigm for tissue repair. Biomater Sci 6: 60-78.

8. Cohen G, Glorieux G, Thornalley P, Schepers E, Meert N, et al. (2007) 
Review on uraemic toxins III: recommendations for handling uraemic re-
tention solutes in vitro —towards a standardized approach for research on 
uraemia. Nephrology Dialysis Transplantation 22: 3381-3390.

9. Campbell KL, Johnson DW, Stanton T, Vesey DA, Rossi M, et al. (2014) 
Protein-bound Uremic Toxins, Inflammation and Oxidative Stress: A 
Cross-sectional Study in Stage 3–4 Chronic Kidney Disease. Arch of Med 
Res 45: 309-317.

10. Tan X, Cao X, Zou J, Zou J, Zhang X, et al. (2017) Indoxyl sulfate, a 
valuable biomarker in chronic kidney disease and dialysis. Hemodialysis 
Int 21: 161-167.

11. Xu R, Rai A, Chen M, Suwakulsiri W, Greening DW, et al. (2018) Extra-
cellular vesicles in cancer - implications for future improvements in cancer 
care. Nat Rev Clin Oncol 15: 617-638.

12. Pi F, Binzel DW, Lee TJ, Li Z, Sun M, et al. (2018) Nanoparticle orienta-
tion to control RNA loading and ligand display on extracellular vesicles for 
cancer regression. Nat Nanotechnol 13: 82-89.

13. Thery C (2015) Cancer: Diagnosis by extracellular vesicles. Nature523: 
161-162.

14. Barile L, Moccetti T, Marbán E, Vassalli G (2016) Roles of exosomes in 
cardioprotection. Euro Heart J 38: 1372-1379.

15. Lehrich BM, Liang Y, Khosravi P, Federoff HJ, Fiandaca MS (2018) Fetal 
Bovine Serum-Derived Extracellular Vesicles Persist within Vesicle-De-
pleted Culture Media. Int J Mol Sci 19: 3538.

16. Maqbool M, Cooper ME, Jandeleit-Dahm KAM (2018) Cardiovascular Dis-
ease and Diabetic Kidney Disease. Semin Nephrol 38: 217-232.

17. Korkmaz-Icöz S, Zhou P, Guo Y, Loganathan S, Brlecic P, et al. (2021) 
Mesenchymal stem cell-derived conditioned medium protects vascular 
grafts of brain-dead rats against in vitro ischemia/reperfusion injury. Stem 
Cell Res Ther 12: 144.

18. Chen ZY, Hu YY, Hu YY, Cheng LX (2018) The conditioned medium of 
human mesenchymal stromal cells reduces irradiation-induced damage in 
cardiac fibroblast cells. J of RadiaT Res 59: 555-564.

http://dx.doi.org/10.24966/ACIM-7562/100425
D:\HNRT\2024\HNRT-24-004\Proof\10.24966\NRT-7313\100091
https://pubmed.ncbi.nlm.nih.gov/17483296/
https://pubmed.ncbi.nlm.nih.gov/17483296/
https://pubmed.ncbi.nlm.nih.gov/17483296/
https://pubmed.ncbi.nlm.nih.gov/28756624/
https://pubmed.ncbi.nlm.nih.gov/28756624/
https://pubmed.ncbi.nlm.nih.gov/28756624/
https://pubmed.ncbi.nlm.nih.gov/25304688/
https://pubmed.ncbi.nlm.nih.gov/25304688/
https://pubmed.ncbi.nlm.nih.gov/25304688/
https://pubmed.ncbi.nlm.nih.gov/16603697/
https://pubmed.ncbi.nlm.nih.gov/16603697/
https://pubmed.ncbi.nlm.nih.gov/16603697/
https://pubmed.ncbi.nlm.nih.gov/16603697/
https://www.sciencedirect.com/science/article/pii/S0753332218338484
https://www.sciencedirect.com/science/article/pii/S0753332218338484
https://www.sciencedirect.com/science/article/pii/S0753332218338484
https://www.sciencedirect.com/science/article/pii/S0753332218338484
https://pubmed.ncbi.nlm.nih.gov/29184934/
https://pubmed.ncbi.nlm.nih.gov/29184934/
https://pubmed.ncbi.nlm.nih.gov/29184934/
https://pubmed.ncbi.nlm.nih.gov/17724037/
https://pubmed.ncbi.nlm.nih.gov/17724037/
https://pubmed.ncbi.nlm.nih.gov/17724037/
https://pubmed.ncbi.nlm.nih.gov/17724037/
https://pubmed.ncbi.nlm.nih.gov/24751327/
https://pubmed.ncbi.nlm.nih.gov/24751327/
https://pubmed.ncbi.nlm.nih.gov/24751327/
https://pubmed.ncbi.nlm.nih.gov/24751327/
https://pubmed.ncbi.nlm.nih.gov/27616754/
https://pubmed.ncbi.nlm.nih.gov/27616754/
https://pubmed.ncbi.nlm.nih.gov/27616754/
https://pubmed.ncbi.nlm.nih.gov/29795272/
https://pubmed.ncbi.nlm.nih.gov/29795272/
https://pubmed.ncbi.nlm.nih.gov/29795272/
https://pubmed.ncbi.nlm.nih.gov/29230043/
https://pubmed.ncbi.nlm.nih.gov/29230043/
https://pubmed.ncbi.nlm.nih.gov/29230043/
https://pubmed.ncbi.nlm.nih.gov/26106856/
https://pubmed.ncbi.nlm.nih.gov/26106856/
https://pubmed.ncbi.nlm.nih.gov/27443883/
https://pubmed.ncbi.nlm.nih.gov/27443883/
https://pubmed.ncbi.nlm.nih.gov/30423996/
https://pubmed.ncbi.nlm.nih.gov/30423996/
https://pubmed.ncbi.nlm.nih.gov/30423996/
https://pubmed.ncbi.nlm.nih.gov/29753399/
https://pubmed.ncbi.nlm.nih.gov/29753399/
https://pubmed.ncbi.nlm.nih.gov/33627181/
https://pubmed.ncbi.nlm.nih.gov/33627181/
https://pubmed.ncbi.nlm.nih.gov/33627181/
https://pubmed.ncbi.nlm.nih.gov/33627181/
https://pubmed.ncbi.nlm.nih.gov/30010837/
https://pubmed.ncbi.nlm.nih.gov/30010837/
https://pubmed.ncbi.nlm.nih.gov/30010837/


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

