
 Metabolic dysfunction–Associated Fatty Liver Disease (MAFLD) 
affects a quarter of the world’s population, with a substantial impact 
on the quality of life, healthcare system, and economy. The press-
ing need to identify the underlying etiology and a cure is motivat-
ed by years of observation that MAFLD significantly increases the 
risk for fatal outcomes such as cardiovascular abnormalities, type II 
diabetes, liver fibrosis, liver cirrhosis, and hepatocellular carcinoma 
[1-3]. MAFLD is a collective term for a set of progressive disease 
conditions that begins with the benign accumulation of fat in the liver 
called steatosis, followed by inflammation, fibrosis, cirrhosis, and he-
patocellular carcinoma, with ~10% of patients advancing to progres-
sively worsening pathology [1-3]. Hepatic steatosis is often preceded 
by reduced disposal of glucose and glycogen synthesis by skeletal 
muscle, resulting in elevated plasma glucose [4-6]. The elevated glu-
cose levels lead to increased secretion of insulin levels from the beta 
cells of the pancreas causing hyperinsulinemia. The elevated glucose 
levels and the ensuing hyperinsulinemia appears to de-sensitize the 
insulin receptors by locking it in a fully occupied conformation that 
is less competent for downstream signaling [7,8]. Reduced signaling 
through the receptors causes failure of Glut4 (Glucose transporter4) 
translocation to the plasma membrane, reduced glucose uptake, and 
reduced glycogen synthesis in the skeletal muscle [4, 5, 9, 10]. In 
the liver, insulin resistance causes excess glucose production lead-
ing to fasting hyperglycemia and in the adipose tissue, insulin-resis-
tant adipocytes are unable to suppress the lipolysis of triglycerides 
into Non-Esterified Free Fatty Acids (NEFA) [4-6]. This is primarily  
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because insulin-resistant adipocytes lose their ability to regulate 
ATGL and HSL lipases. The NEFA is immediately esterified to lipids 
upon entry into the hepatocytes. The influx of NEFA from insulin-re-
sistant adipose tissue contributes to about 65% of liver triglycerides 
in MAFLD [11-13]. Glycerol, another byproduct of adipose tissue 
lipolysis undergoes phosphorylation into Glycerol-3-kinase (G-3K) 
in the liver. The G-3K leads to the generation of more glucose from 
oxoacetate through the actions of PEPCK, one of the rate-limiting en-
zymes of gluconeogenesis pathway [12,14,15]. Overall, the functions 
of liver, skeletal muscles, adipose tissue, and pancreas, get adversely 
affected and precipitates into MAFLD.

 In the liver, the insulin-responsive pathway of De-Novo Lipogene-
sis (DNL) continues unabated despite systemic insulin resistance [16-
18]. About 25% of hepatic triglycerides are contributed by de-novo 
lipogenesis in the liver of MAFLD patients [11]. Hyperinsulinemia is 
strongly associated with increases DNL in the liver [11,16,17,19-27]. 
Through substrate labeling studies, it was determined that fructose 
does not directly contribute to DNL but the gluconeogenic precur-
sors such as lactate and alanine lead to synthesis of lipids [28-30]. 
Furthermore, excess fructose consumption leads to increased acetate 
production from the gut microbiota which stimulates hepatic DNL 
[31]. The lipid accumulation in the liver both by De-Novo Lipogene-
sis (DNL) and NEFA esterification further suppresses the insulin sig-
naling [32] increasing hepatic glucose production by gluconeogenesis 
and glycogenolysis. Altogether, a self-stimulating catastrophic cycle 
of hyperglycemia, hyperinsulinemia, and hyperlipidemia is mobilized 
in MAFLD [18,22,33].

 The dysregulated substrate flux at the cellular level is evident as in-
creased plasma glucose and lipid at the macroscopic organismal level. 
The substrate flux through various metabolic pathways is regulated by 
the rate-limiting enzymes, which are effectors of signaling pathways 
including insulin, and glucagon. The anabolic processes such as tri-
glyceride, cholesterol, glucose, and nucleic acid syntheses are favored 
more in the MAFLD compared to healthy livers [11,12,34]. Accord-
ingly, downstream effectors of Insulin signaling such as mTORC2 
(mammalian target of rapamycin complex2), and PKB (Protein ki-
nase B), increase the expression of full-length Srepb1c and Srebp2 
and their downstream targets in MAFLD liver [27,35,36]. Srebp1c 
activates the expression of a number of rate-limiting enzymes in the 
triglyceride synthesis pathways such as Fasn, Acc1, Scd1, Dgat1/2, 
and Gpat1 while Srebp2 increases the expression of HMGCS1 and 
HMGCR, two rate-limiting enzymes in the cholesterol synthesis 
pathway [37-39]. The increased lipid accumulation contributes to 
reduced insulin sensitivity in the liver and skeletal muscle due to 
diacylglycerol-dependent inactivation of the insulin Receptor beta 
subunit [40-42] and/or continuous Insulin-mTORC1 signaling which 
negatively feedbacks to reduce the insulin-signaling output [43,44]. 
Despite these observations, it seems counter-intuitive that these in-
sulin-dependent pathways remain active in the MAFLD liver despite 
an insulin-resistant state in the liver. A possible explanation is that a 
high-energy state (increased glucose, lipids, or both) increases the ex-
pression of genes that activates lipogenesis in the hepatocytes but are  
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normally expressed at low levels. One such factor could be Dyrk1b 
(dual specificity tyrosine phosphorylation regulated kinase 1b), which 
is increased in the liver of the high calorie fed mice and also in the 
human liver biopsies from MASH patients [32]. Dyrk1b induces li-
pogenesis by directly activating mTORC2, the central regulator of 
lipogenesis, in the fasting liver, when endogenous insulin signaling 
is minimal [32]. The gain of function mutations in Dyrk1b was pre-
viously associated with metabolic syndrome in humans in multiple 
large families in southwest Iran and in the United States [45]. We 
showed that Dyrk1b increases lipogenesis in an insulin-resistant liver 
providing direct relevance to the human disease condition [32].

 The concurrent existence of type II diabetes and MAFLD indi-
cates shared metabolic pathways that could be targeted therapeutical-
ly by drugs that achieve glycemic control. However, glucose-reducing 
drugs such as metformin, Sglt2 inhibitors, and PPAR agonists have 
been unsuccessful in reducing hepatic steatosis, inflammation, and 
fibrosis [46-55]. Several other therapeutic targets that were deduced 
rationally from metabolic pathways that trigger steatoses such as 
Acc1, DGAT1, and Scd1 [56, 57], bile acid analogs [58] that prohibit 
liver steatosis by transcriptional activation of Fgf19 [59], and Fgf21 
analogs [60-62] have not been successful either. This is either due to 
non-specific targeting of unintended pathways, and/or compensatory 
activation of feedback pathways resulting in diminished efficacy. The 
field needs a therapeutic modality that can be delivered specifically 
to the hepatocytes and targets the intended molecule very specifically 
resulting in reduced hepatic steatosis, and inflammation without any 
non-specific effects. Further, to treat advanced pathologies such as 
fibrosis and cirrhosis, novel solutions and a meta-analysis of inter-
cellular and inter-organ signaling networks is imperative. A recent 
FDA-approved agonist for gut hormone GLP-1 (glucagon-like pep-
tide-1) has been very popular in reducing obesity by up to 22% [63]. 
Considering that reduction in body weight is an approved first-line 
recommendation for MAFLD [64], liver steatosis was improved in 
patients administered with semaglutides [47,51]. However, advanced 
MAFLD pathologies may necessitate a different therapeutic interven-
tion. Another promising drug that has reached phase III is the Thyroid 
hormone beta-agonist which is specifically directed to the liver where 
it stimulates mitochondrial respiration and promotes the breakdown 
of lipids [65,66]. Altogether, the emerging therapies are promising 
and offer possibilities of a cure for MAFLD in the near future.

References
1. Younossi ZM, Golabi P, Avila LD, Paik JM, Srishord M, et al. (2019) The 

global epidemiology of NAFLD and NASH in patients with type 2 diabe-
tes: A systematic review and meta-analysis. J Hepatol 71: 793-801.

2. Loomba R, Abraham M, Unalp A, Wilson L, Lavine J, et al. (2012) Associ-
ation between diabetes, family history of diabetes, and risk of nonalcoholic 
steatohepatitis and fibrosis. Hepatology 56: 943-951.

3. Targher G, Corey KE, Byrne CD, Roden M (2021) The complex link be-
tween NAFLD and type 2 diabetes mellitus - mechanisms and treatments. 
Nat Rev Gastroenterol Hepatol 18: 599-612.

4. DeFronzo RA, Ferrannini E, Groop L, Henry RR, Herman WH, et al. 
(2015) Type 2 diabetes mellitus. Nat Rev Dis Primers 1: 15019.

5. DeFronzo RA, Tripathy D (2009) Skeletal muscle insulin resistance is the 
primary defect in type 2 diabetes. Diabetes Care 32: 157-163.

6. Shulman GI (2014) Ectopic fat in insulin resistance, dyslipidemia, and car-
diometabolic disease. N Engl J Med 371: 1131-1141.

7. Scapin, G, Dandey VP, Zhang Z, Prosise W, Hruza A, et al. (2018) Struc-
ture of the insulin receptor-insulin complex by single-particle cryo-EM 
analysis. Nature 556: 122-125.

8. Nielsen J, Brandt J, Boesen T, Hummelshøj T, Slaaby R, et al. (2022) 
Structural Investigations of Full-Length Insulin Receptor Dynamics and 
Signalling. J Mol Biol 434: 167458.

9. Kashyap SR, Belfort R, Berria R, Suraamornku S, Pratipranawatr T, et 
al. (2004) Discordant effects of a chronic physiological increase in plas-
ma FFA on insulin signaling in healthy subjects with or without a family 
history of type 2 diabetes. Am J Physiol Endocrinol Metab 287: 537-546.

10. Shulman GI, Rothman DL, Jue T, Stein P, DeFronzo RA, et al. (1990) 
Quantitation of muscle glycogen synthesis in normal subjects and subjects 
with non-insulin-dependent diabetes by 13C nuclear magnetic resonance 
spectroscopy. N Engl J Med 322: 223-228.

11. Donnelly KL, Smith CI, Schwarzenberg SJ, Jessurun J, Boldt MD, et al. 
(2005) Sources of fatty acids stored in liver and secreted via lipoproteins 
in patients with nonalcoholic fatty liver disease. J Clin Invest 115: 1343-
1351.

12. Perry RJ, Camporez JPGC, Kursawe R, Titchenell PM, Zhang D, et al. 
(2015) Hepatic acetyl CoA links adipose tissue inflammation to hepatic 
insulin resistance and type 2 diabetes. Cell 160: 745-758.

13. Vatner DF, Majumdar SK, Kumashiro N, Petersen MC, Rahimi Y, et al. 
(2015) Insulin-independent regulation of hepatic triglyceride synthesis by 
fatty acids. Proc Natl Acad Sci USA 112: 1143-1148.

14. Kalemba KM, Wang Y, Xu H, Chiles E, McMillin SM, et al. (2019) Glyc-
erol induces G6pc in primary mouse hepatocytes and is the preferred sub-
strate for gluconeogenesis both in vitro and in vivo. J Biol Chem 294: 
18017-18028.

15. Nurjhan N, Consoli A, Gerich J (1992) Increased lipolysis and its conse-
quences on gluconeogenesis in non-insulin-dependent diabetes mellitus. J 
Clin Invest 89: 169-175.

16. Parks EJ, Skokan LE, Timlin MT, Dingfelder CS (2008) Dietary sugars 
stimulate fatty acid synthesis in adults. J Nutr 138: 1039-1046.

17. Parks EJ, Krauss RM, Christiansen MP, Neese RA, Hellerstein MK (1999) 
Effects of a low-fat, high-carbohydrate diet on VLDL-triglyceride assem-
bly, production, and clearance. J Clin Invest 104: 1087-1096.

18. Bhat N, Mani A (2023) Dysregulation of Lipid and Glucose Metabolism in 
Nonalcoholic Fatty Liver Disease. Nutrients 15: 2323.

19. Smith GI, Shankaran M, Yoshino M, Schweitzer GG, Chondronikola M, et 
al. (2020) Insulin resistance drives hepatic de novo lipogenesis in nonalco-
holic fatty liver disease. J Clin Invest 130: 1453-1460.

20. Cook JR, Langlet F, Kido Y, Accili D (2015) Pathogenesis of selective 
insulin resistance in isolated hepatocytes. J Biol Chem 290: 13972-13980.

21. Bril F, Lomonaco R, Orsak B, Ortiz-Lopez C, Webb A, et al. (2014) Rela-
tionship between disease severity, hyperinsulinemia, and impaired insulin 
clearance in patients with nonalcoholic steatohepatitis. Hepatology 59: 
2178-2187.

22. Rhee EJ, Lee WY, Cho YK, Kim BI, Sung KC (2011) Hyperinsulinemia 
and the development of nonalcoholic Fatty liver disease in nondiabetic 
adults. Am J Med 124: 69-76.

23. Ota T, Takamura T, Kurita S, Matsuzawa N, Kita Y, et al. (2007) Insulin 
resistance accelerates a dietary rat model of nonalcoholic steatohepatitis. 
Gastroenterology 132: 282-293.

24. George S, Rochford JJ, Wolfrum C, Gray SL, Schinner S, et al. (2004) 
A family with severe insulin resistance and diabetes due to a mutation in 
AKT2. Science 304: 1325-1328.

25. Miyake K, Ogawa W, Matsumoto M, Nakamura T, Sakaue H, et al. (2002) 
Hyperinsulinemia, glucose intolerance, and dyslipidemia induced by acute 
inhibition of phosphoinositide 3-kinase signaling in the liver. J Clin Invest 
110: 1483-1491.

http://dx.doi.org/10.24966/GHR-2566/100047
https://pubmed.ncbi.nlm.nih.gov/22505194/
https://pubmed.ncbi.nlm.nih.gov/22505194/
https://pubmed.ncbi.nlm.nih.gov/22505194/
https://pubmed.ncbi.nlm.nih.gov/33972770/
https://pubmed.ncbi.nlm.nih.gov/33972770/
https://pubmed.ncbi.nlm.nih.gov/33972770/
https://www.nature.com/articles/nrdp201519
https://www.nature.com/articles/nrdp201519
https://pubmed.ncbi.nlm.nih.gov/25229917/
https://pubmed.ncbi.nlm.nih.gov/25229917/
https://pubmed.ncbi.nlm.nih.gov/29512653/
https://pubmed.ncbi.nlm.nih.gov/29512653/
https://pubmed.ncbi.nlm.nih.gov/29512653/
https://pubmed.ncbi.nlm.nih.gov/35074483/
https://pubmed.ncbi.nlm.nih.gov/35074483/
https://pubmed.ncbi.nlm.nih.gov/35074483/
https://pubmed.ncbi.nlm.nih.gov/15126243/
https://pubmed.ncbi.nlm.nih.gov/15126243/
https://pubmed.ncbi.nlm.nih.gov/15126243/
https://pubmed.ncbi.nlm.nih.gov/15126243/
https://pubmed.ncbi.nlm.nih.gov/15864352/
https://pubmed.ncbi.nlm.nih.gov/15864352/
https://pubmed.ncbi.nlm.nih.gov/15864352/
https://pubmed.ncbi.nlm.nih.gov/15864352/
https://pubmed.ncbi.nlm.nih.gov/25662011/
https://pubmed.ncbi.nlm.nih.gov/25662011/
https://pubmed.ncbi.nlm.nih.gov/25662011/
https://pubmed.ncbi.nlm.nih.gov/25564660/
https://pubmed.ncbi.nlm.nih.gov/25564660/
https://pubmed.ncbi.nlm.nih.gov/25564660/
https://pubmed.ncbi.nlm.nih.gov/31645433/
https://pubmed.ncbi.nlm.nih.gov/31645433/
https://pubmed.ncbi.nlm.nih.gov/31645433/
https://pubmed.ncbi.nlm.nih.gov/31645433/
https://pubmed.ncbi.nlm.nih.gov/18492831/
https://pubmed.ncbi.nlm.nih.gov/18492831/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC408572/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC408572/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC408572/
https://pubmed.ncbi.nlm.nih.gov/37242206/
https://pubmed.ncbi.nlm.nih.gov/37242206/
https://pubmed.ncbi.nlm.nih.gov/31805015/
https://pubmed.ncbi.nlm.nih.gov/31805015/
https://pubmed.ncbi.nlm.nih.gov/31805015/
https://pubmed.ncbi.nlm.nih.gov/25873396/
https://pubmed.ncbi.nlm.nih.gov/25873396/
https://pubmed.ncbi.nlm.nih.gov/24777953/
https://pubmed.ncbi.nlm.nih.gov/24777953/
https://pubmed.ncbi.nlm.nih.gov/24777953/
https://pubmed.ncbi.nlm.nih.gov/24777953/
https://pubmed.ncbi.nlm.nih.gov/21187187/
https://pubmed.ncbi.nlm.nih.gov/21187187/
https://pubmed.ncbi.nlm.nih.gov/21187187/
https://pubmed.ncbi.nlm.nih.gov/17241878/
https://pubmed.ncbi.nlm.nih.gov/17241878/
https://pubmed.ncbi.nlm.nih.gov/17241878/
https://pubmed.ncbi.nlm.nih.gov/15166380/
https://pubmed.ncbi.nlm.nih.gov/15166380/
https://pubmed.ncbi.nlm.nih.gov/15166380/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC151813/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC151813/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC151813/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC151813/


Citation: Bhat N, Mani A (2023) Deregulation of Lipid Homeostasis in Metabolic dysfunction–Associated Fatty Liver Disease (MAFLD). J Gastro enterol Hepa-
tology Res 7: 047.

• Page 3 of 4 •

J Gastroenterol Hepatology Res ISSN: 2574-2566, Open Access Journal
DOI: 10.24966/GHR-2566/100047

Volume 7 • Issue 1 • 100045

26. Chitturi S, Abeygunasekera S, Farrell GC, Holmes-Walker J, Hui JM, et al. 
(2002) NASH and insulin resistance: Insulin hypersecretion and specific 
association with the insulin resistance syndrome. Hepatology 35: 373-379.

27. Shimomura I, Matsuda M, Hammer RE, Bashmakov Y, Brown MS, et al. 
(2000) Decreased IRS-2 and increased SREBP-1c lead to mixed insulin 
resistance and sensitivity in livers of lipodystrophic and ob/ob mice. Mol 
Cell 6: 77-86.

28. Sun SZ, Empie MW (2012) Fructose metabolism in humans - what isoto-
pic tracer studies tell us. Nutr Metab (Lond) 9: 89.

29. Palacín M, Lasunción MA, Herrera E (1988) Utilization of glucose, ala-
nine, lactate, and glycerol as lipogenic substrates by periuterine adipose 
tissue in situ in fed and starved rats. J Lipid Res 29: 26-32.

30. Domènech M, López-Soriano FJ, Argilés JM (1993) Alanine as a lipogenic 
precursor in isolated hepatocytes from obese Zucker rats. Cell Mol Biol 
(Noisy-le-grand) 39: 693-699.

31. Zhao S, Jang C, Liu J, Uehara K, Gilbert M, et al. (2020) Dietary fructose 
feeds hepatic lipogenesis via microbiota-derived acetate. Nature 579: 586-
591.

32. Bhat N, Narayanan A, Fathzadeh M, Kahn M, Zang D, et al. (2022) Dyrk1b 
promotes hepatic lipogenesis by bypassing canonical insulin signaling and 
directly activating mTORC2 in mice. J Clin Invest 132.

33. El Ouaamari A, Kawamori D, Dirice E, Liew CW, Shadrach Jl, et al. 
(2013) Liver-derived systemic factors drive beta cell hyperplasia in insu-
lin-resistant states. Cell Rep 3: 401-410.

34. Fletcher JA, Deja S, Satapati S, Fu X, Burgess SC, et al. (2019) Impaired 
ketogenesis and increased acetyl-CoA oxidation promote hyperglycemia 
in human fatty liver. JCI Insight 5.

35. Shimomura I, Ikemoto YB, Horton JD, Brown MS, Goldstein JL, et al. 
(1999) Insulin selectively increases SREBP-1c mRNA in the livers of rats 
with streptozotocin-induced diabetes. Proc Natl Acad Sci USA 96: 13656-
13661.

36. Yahagi N, Shimano H, Hasty AH, Matsuzaka T, Ide T, et al. (2002) Ab-
sence of sterol regulatory element-binding protein-1 (SREBP-1) amelio-
rates fatty livers but not obesity or insulin resistance in Lep(ob)/Lep(ob) 
mice. J Biol Chem 277: 19353-19357.

37. Foretz M, Guichard C, Foufelle F (1999) Sterol regulatory element bind-
ing protein-1c is a major mediator of insulin action on the hepatic expres-
sion of glucokinase and lipogenesis-related genes. Proc Natl Acad Sci U 
S A 96: 12737-12742.

38. Horton JD, Goldstein JL, Brown MS (2002) SREBPs: activators of the 
complete program of cholesterol and fatty acid synthesis in the liver. J Clin 
Invest 109: 1125-1131.

39. Liang G, Yang J, Horton JD, Hammer RE, Goldstein JL, et al. (2002) Di-
minished hepatic response to fasting/refeeding and liver X receptor ago-
nists in mice with selective deficiency of sterol regulatory element-binding 
protein-1c. J Biol Chem 277: 9520-9528.

40. Lyu K, Zhang D, Kahn M, Horst KWT, Rodrigues RC, et al. (2020) A 
Membrane-Bound Diacylglycerol Species Induces PKC-Mediated Hepat-
ic Insulin Resistance. Cell Metab 32: 654-664.

41. Petersen MC, Madiraju Ak, Gassaway BM, Marcel M, Nasiri AR (2016) 
et al. Insulin receptor Thr1160 phosphorylation mediates lipid-induced he-
patic insulin resistance. J Clin Invest 126: 4361-4371.

42. Samuel VT, Liu ZX, Wang A, Beddow SA, Geisler JG, et al. (2007) In-
hibition of protein kinase Cepsilon prevents hepatic insulin resistance in 
nonalcoholic fatty liver disease. J Clin Invest 117: 739-745.

43. Ardestani A, Lupse B, Kido Y, Leibowitz G, Maedler, et al. (2018) 
mTORC1 Signaling: A Double-Edged Sword in Diabetic beta Cells. Cell 
Metab 27: 314-331.

44. Um SH, Frigerio F, Watanabe M, Picard F, Joaquin M, et al. (2004) Ab-
sence of S6K1 protects against age- and diet-induced obesity while en-
hancing insulin sensitivity. Nature 431: 200-205.

45. Keramati AR, Fathzadeh M, Go GW, Singh R, Choi M, et al. (2014) A 
form of the metabolic syndrome associated with mutations in DYRK1B. N 
Engl J Med 370: 1909-1919.

46. Francque SM, Bedossa P, Ratziu V, Anstee QM, Bugainesi E, et al. (2021) 
A Randomized, Controlled Trial of the Pan-PPAR Agonist Lanifibranor in 
NASH. N Engl J Med 385: 1547-1558.

47. Flint A, Andersen G, Hockings P, Jonhansson L, Morsing A, et al. (2021) 
Randomised clinical trial: semaglutide versus placebo reduced liver ste-
atosis but not liver stiffness in subjects with non-alcoholic fatty liver dis-
ease assessed by magnetic resonance imaging. Aliment Pharmacol Ther 
54: 1150-1161.

48. Santos RD, Filho RB (2020) Treatment of nonalcoholic fatty liver disease 
with dapagliflozin in non-diabetic patients. Metabol Open 5: 100028.

49. Akuta N (2019) Impact of sodium glucose cotransporter 2 inhibitor on 
histological features and glucose metabolism of non-alcoholic fatty liver 
disease complicated by diabetes mellitus. Hepatol Res 49: 531-539.

50. Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, et al. (2016) Li-
raglutide safety and efficacy in patients with non-alcoholic steatohepati-
tis (LEAN): a multicentre, double-blind, randomised, placebo-controlled 
phase 2 study. Lancet 387: 679-690.

51. Newsome PN, Cusi K, Linder M, Okanoue T, Ratziu V, et al. (2021) A 
Placebo-Controlled Trial of Subcutaneous Semaglutide in Nonalcoholic 
Steatohepatitis. N Engl J Med 384: 1113-1124.

52. Shimizu M, Suzuki K, Kato K, Jojima T, Lijima T, et al. (2019) Evaluation 
of the effects of dapagliflozin, a sodium-glucose co-transporter-2 inhibitor, 
on hepatic steatosis and fibrosis using transient elastography in patients 
with type 2 diabetes and non-alcoholic fatty liver disease. Diabetes Obes 
Metab 21: 285-292.

53. Harrison SA, Smith WB, Chen CY, Cheng P, Badman MK, et al. (2022) 
Licogliflozin for nonalcoholic steatohepatitis: a randomized, double-blind, 
placebo-controlled, phase 2a study. Nat Med 28:1432-1438.

54. Han E, Lee YH, Lee BW, Kang ES, Cha BS, et al. (2020) Ipragliflozin Ad-
ditively Ameliorates Non-Alcoholic Fatty Liver Disease in Patients with 
Type 2 Diabetes Controlled with Metformin and Pioglitazone: A 24-Week 
Randomized Controlled Trial. J Clin Med 9: 259.

55. Inoue M (2019) Effects of canagliflozin on body composition and hepatic 
fat content in type 2 diabetes patients with non-alcoholic fatty liver dis-
ease. J Diabetes Investig 10: 1004-1011.

56. Calle RA, Amin NB, Gonzalez SC, Ross TT, Bergman A, et al. (2021) 
ACC inhibitor alone or co-administered with a DGAT2 inhibitor in pa-
tients with non-alcoholic fatty liver disease: two parallel, placebo-con-
trolled, randomized phase 2a trials. Nat Med 27: 1836-1848.

57. Ratziu V, Guevara LD, Poordad F, Fuster F, Arrese M, et al. (2021) Ar-
amchol in patients with nonalcoholic steatohepatitis: a randomized, dou-
ble-blind, placebo-controlled phase 2b trial. Nat Med 27: 1825-1835.

58. Younossi ZM, Ratziu V, Loomba R, Rinella M, Anstee QM, et al. (2019) 
Obeticholic acid for the treatment of non-alcoholic steatohepatitis: interim 
analysis from a multicentre, randomised, placebo-controlled phase 3 trial. 
Lancet 394: 2184-2196.

59. Bhat N, Esteghamat F, Chaube BK, Mani M, Jain D, et al. (2022) TCF7L2 
transcriptionally regulates Fgf15 to maintain bile acid and lipid homeosta-
sis through gut-liver crosstalk. FASEB J 36: 22185.

60. Harrison SA, Ruane PJ, Neff G, Yale K, Fong E, et al. (2021) Efruxifermin 
in non-alcoholic steatohepatitis: a randomized, double-blind, placebo-con-
trolled, phase 2a trial. Nat Med 27: 1262-1271.

http://dx.doi.org/10.24966/GHR-2566/100047
https://pubmed.ncbi.nlm.nih.gov/11826411/
https://pubmed.ncbi.nlm.nih.gov/11826411/
https://pubmed.ncbi.nlm.nih.gov/11826411/
https://pubmed.ncbi.nlm.nih.gov/10949029/
https://pubmed.ncbi.nlm.nih.gov/10949029/
https://pubmed.ncbi.nlm.nih.gov/10949029/
https://pubmed.ncbi.nlm.nih.gov/10949029/
https://pubmed.ncbi.nlm.nih.gov/23031075/
https://pubmed.ncbi.nlm.nih.gov/23031075/
https://pubmed.ncbi.nlm.nih.gov/3356949/
https://pubmed.ncbi.nlm.nih.gov/3356949/
https://pubmed.ncbi.nlm.nih.gov/3356949/
https://pubmed.ncbi.nlm.nih.gov/8220077/
https://pubmed.ncbi.nlm.nih.gov/8220077/
https://pubmed.ncbi.nlm.nih.gov/8220077/
https://pubmed.ncbi.nlm.nih.gov/32214246/
https://pubmed.ncbi.nlm.nih.gov/32214246/
https://pubmed.ncbi.nlm.nih.gov/32214246/
https://pubmed.ncbi.nlm.nih.gov/34855620/
https://pubmed.ncbi.nlm.nih.gov/34855620/
https://pubmed.ncbi.nlm.nih.gov/34855620/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3655439/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3655439/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3655439/
https://pubmed.ncbi.nlm.nih.gov/31012869/
https://pubmed.ncbi.nlm.nih.gov/31012869/
https://pubmed.ncbi.nlm.nih.gov/31012869/
https://pubmed.ncbi.nlm.nih.gov/10570128/
https://pubmed.ncbi.nlm.nih.gov/10570128/
https://pubmed.ncbi.nlm.nih.gov/10570128/
https://pubmed.ncbi.nlm.nih.gov/10570128/
https://pubmed.ncbi.nlm.nih.gov/11923308/
https://pubmed.ncbi.nlm.nih.gov/11923308/
https://pubmed.ncbi.nlm.nih.gov/11923308/
https://pubmed.ncbi.nlm.nih.gov/11923308/
https://pubmed.ncbi.nlm.nih.gov/10535992/
https://pubmed.ncbi.nlm.nih.gov/10535992/
https://pubmed.ncbi.nlm.nih.gov/10535992/
https://pubmed.ncbi.nlm.nih.gov/10535992/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC150968/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC150968/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC150968/
https://pubmed.ncbi.nlm.nih.gov/11782483/
https://pubmed.ncbi.nlm.nih.gov/11782483/
https://pubmed.ncbi.nlm.nih.gov/11782483/
https://pubmed.ncbi.nlm.nih.gov/11782483/
https://pubmed.ncbi.nlm.nih.gov/32882164/
https://pubmed.ncbi.nlm.nih.gov/32882164/
https://pubmed.ncbi.nlm.nih.gov/32882164/
https://pubmed.ncbi.nlm.nih.gov/27760050/
https://pubmed.ncbi.nlm.nih.gov/27760050/
https://pubmed.ncbi.nlm.nih.gov/27760050/
https://pubmed.ncbi.nlm.nih.gov/17318260/
https://pubmed.ncbi.nlm.nih.gov/17318260/
https://pubmed.ncbi.nlm.nih.gov/17318260/
https://pubmed.ncbi.nlm.nih.gov/29275961/
https://pubmed.ncbi.nlm.nih.gov/29275961/
https://pubmed.ncbi.nlm.nih.gov/29275961/
https://pubmed.ncbi.nlm.nih.gov/15306821/
https://pubmed.ncbi.nlm.nih.gov/15306821/
https://pubmed.ncbi.nlm.nih.gov/15306821/
https://pubmed.ncbi.nlm.nih.gov/24827035/
https://pubmed.ncbi.nlm.nih.gov/24827035/
https://pubmed.ncbi.nlm.nih.gov/24827035/
https://www.nejm.org/doi/full/10.1056/nejmoa2036205
https://www.nejm.org/doi/full/10.1056/nejmoa2036205
https://www.nejm.org/doi/full/10.1056/nejmoa2036205
https://pubmed.ncbi.nlm.nih.gov/34570916/
https://pubmed.ncbi.nlm.nih.gov/34570916/
https://pubmed.ncbi.nlm.nih.gov/34570916/
https://pubmed.ncbi.nlm.nih.gov/34570916/
https://pubmed.ncbi.nlm.nih.gov/34570916/
https://pubmed.ncbi.nlm.nih.gov/32812927/
https://pubmed.ncbi.nlm.nih.gov/32812927/
https://pubmed.ncbi.nlm.nih.gov/30577089/
https://pubmed.ncbi.nlm.nih.gov/30577089/
https://pubmed.ncbi.nlm.nih.gov/30577089/
https://pubmed.ncbi.nlm.nih.gov/26608256/
https://pubmed.ncbi.nlm.nih.gov/26608256/
https://pubmed.ncbi.nlm.nih.gov/26608256/
https://pubmed.ncbi.nlm.nih.gov/26608256/
https://www.nejm.org/doi/full/10.1056/NEJMoa2028395
https://www.nejm.org/doi/full/10.1056/NEJMoa2028395
https://www.nejm.org/doi/full/10.1056/NEJMoa2028395
https://pubmed.ncbi.nlm.nih.gov/30178600/
https://pubmed.ncbi.nlm.nih.gov/30178600/
https://pubmed.ncbi.nlm.nih.gov/30178600/
https://pubmed.ncbi.nlm.nih.gov/30178600/
https://pubmed.ncbi.nlm.nih.gov/30178600/
https://pubmed.ncbi.nlm.nih.gov/35725922/
https://pubmed.ncbi.nlm.nih.gov/35725922/
https://pubmed.ncbi.nlm.nih.gov/35725922/
https://pubmed.ncbi.nlm.nih.gov/31963648/
https://pubmed.ncbi.nlm.nih.gov/31963648/
https://pubmed.ncbi.nlm.nih.gov/31963648/
https://pubmed.ncbi.nlm.nih.gov/31963648/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6626966/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6626966/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6626966/
https://pubmed.ncbi.nlm.nih.gov/34635855/
https://pubmed.ncbi.nlm.nih.gov/34635855/
https://pubmed.ncbi.nlm.nih.gov/34635855/
https://pubmed.ncbi.nlm.nih.gov/34635855/
https://pubmed.ncbi.nlm.nih.gov/34621052/
https://pubmed.ncbi.nlm.nih.gov/34621052/
https://pubmed.ncbi.nlm.nih.gov/34621052/
https://pubmed.ncbi.nlm.nih.gov/31813633/
https://pubmed.ncbi.nlm.nih.gov/31813633/
https://pubmed.ncbi.nlm.nih.gov/31813633/
https://pubmed.ncbi.nlm.nih.gov/31813633/
https://pubmed.ncbi.nlm.nih.gov/35133032/
https://pubmed.ncbi.nlm.nih.gov/35133032/
https://pubmed.ncbi.nlm.nih.gov/35133032/
https://www.nature.com/articles/s41591-021-01425-3
https://www.nature.com/articles/s41591-021-01425-3
https://www.nature.com/articles/s41591-021-01425-3


Citation: Bhat N, Mani A (2023) Deregulation of Lipid Homeostasis in Metabolic dysfunction–Associated Fatty Liver Disease (MAFLD). J Gastro enterol Hepa-
tology Res 7: 047.

• Page 4 of 4 •

J Gastroenterol Hepatology Res ISSN: 2574-2566, Open Access Journal
DOI: 10.24966/GHR-2566/100047

Volume 7 • Issue 1 • 100045

61. Charles ED, Tetri BA, Frias JP, Kundu S, Luo Y, et al. (2019) Pegbelfer-
min (BMS-986036), PEGylated FGF21, in Patients with Obesity and Type 
2 Diabetes: Results from a Randomized Phase 2 Study. Clincal Trial 27: 
41-49.

62. Sanyal A, Charles ED, Tetri BA, Loomba R, Harrison SA, et al. (2019) 
Pegbelfermin (BMS-986036), a PEGylated fibroblast growth factor 21 
analogue, in patients with non-alcoholic steatohepatitis: a randomised, 
double-blind, placebo-controlled, phase 2a trial. Lancet 392: 2705-2717.

63. Nogueiras R, Nauck MA, Tschop MH (2023) Gut hormone co-agonists for 
the treatment of obesity: from bench to bedside. Nat Metab 5: 933-944.

64. Andreasen CR, Andersen A, Vilsboll T (2023) The future of incretins in 
the treatment of obesity and non-alcoholic fatty liver disease. Diabetologia 
66: 1846-1858.

65. Harrison SA, Bashir M, Moussa SE, McCarty K, Frias JP, et al. (2021) 
Effects of Resmetirom on Noninvasive Endpoints in a 36-Week Phase 2 
Active Treatment Extension Study in Patients With NASH. Hepatol Com-
mun 5: 573-588.

66. Harrison SA, Bashir MR, Guy CD, Zhou R, Frias JP, et al. (2019) Resme-
tirom (MGL-3196) for the treatment of non-alcoholic steatohepatitis: a 
multicentre, randomised, double-blind, placebo-controlled, phase 2 trial. 
Lancet 394: 2012-2024.

http://dx.doi.org/10.24966/GHR-2566/100047
https://pubmed.ncbi.nlm.nih.gov/30520566/
https://pubmed.ncbi.nlm.nih.gov/30520566/
https://pubmed.ncbi.nlm.nih.gov/30520566/
https://pubmed.ncbi.nlm.nih.gov/30520566/
https://pubmed.ncbi.nlm.nih.gov/30554783/
https://pubmed.ncbi.nlm.nih.gov/30554783/
https://pubmed.ncbi.nlm.nih.gov/30554783/
https://pubmed.ncbi.nlm.nih.gov/30554783/
https://pubmed.ncbi.nlm.nih.gov/37308724/
https://pubmed.ncbi.nlm.nih.gov/37308724/
https://pubmed.ncbi.nlm.nih.gov/37498367/
https://pubmed.ncbi.nlm.nih.gov/37498367/
https://pubmed.ncbi.nlm.nih.gov/37498367/
https://pubmed.ncbi.nlm.nih.gov/33860116/
https://pubmed.ncbi.nlm.nih.gov/33860116/
https://pubmed.ncbi.nlm.nih.gov/33860116/
https://pubmed.ncbi.nlm.nih.gov/33860116/


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 

mailto:info%40heraldsopenaccess.us?subject=
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

