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ABSTRACT

Background: Diabetes is one of the disorders that require life time management. Oral
hypoglycemic are widely utilized by diabetic individuals to control sugar level. An abnormality in
kidney function

markers is one of the major problems.

Objectives: Bromocriptine activates dopamine receptors in the kidney, which can help improve
renal function, act as therapeutic agent for patients with diabetic nephropathy and used as part of a
renal protective strategy to prevent or slow kidney disease progression.

Study Design: Experimental.

Place and Duration: Study was conducted at Karachi University, Department of Pharmacology,
from November 2022 to April 2023.

Methods: An in vivo study was conducted to evaluate the effects of bromocriptine on diabetes and
kidney damage. Blood samples from normal and diabetic male rats were analyzed for kidney
markers i.e urea, creatinine, electrolytes and compared to a control diabetic group. The results
showed that bromocriptine effectively reversed diabetic nephropathy in the diabetic-induced group,
demonstrating its potential in managing diabetes and protecting the kidney.

Results: In this, bromocriptine was found to improve blood glucose level and significantly
normalize renal markers compared to control diabetic group. Moreover, diabetic induced group
caused substantial damage to renal architecture, which was notably reversed by bromocriptine. In
conclusion, bromocriptine demonstrates potential in treating diabetes and protecting the kidney
from diabetes-induced damage Conclusion: The studied concluded that bromocriptine have marked
good antidiabetic activity and protecting the kidney from diabetic complications.

Key words: Bromocriptine, antidiabetic, diabetic nephropathy, urea, creatinine, electrolytes.
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INTRODUCTION

Diabetes is a prevalent and insidious health threat in Pakistan, leading to numerous complications.
Diabetes mellitus (DM) is a chronic disease, which rapidly increases due to lifestyle changes and
some environmental factors. World Health Organization projected that diabetes will be the
7" leading cause of death in 2030.[1] Diabetes can be found in newborns and the incidence is
higher in females than males.[1,2,3] . Bromocriptine has been shown to protect against renal
fibrosis, a common complication of chronic kidney disease [4] Bromocriptine has been shown to
reduce oxidative stress in the kidneys, which can contribute to renal damage [5]

Bromocriptine has anti-inflammatory properties, which can help reduce inflammation in the kidneys
and slow the progression of kidney disease [6,7]. Bakris et al reported that bromocriptine has been
shown to decrease proteinuria, a marker of kidney damage [8,9]. Cycloset (bromocriptine) is a
sympatholytic D2-dopamine agonist that has been approved for the treatment of type 2 diabetes
[10,11]. Millan MJ et al evaluate that the Cycloset (bromocriptine) is indicated for the management
of type 2 diabetes [13,14,15]. Luo S et al suggested that bromocriptine has the potential to reverse
metabolic disruptions associated with insulin resistance and obesity by reorganizing the
hypothalamic circadian system and monoamine neuronal function.[16] Additionally, dopamine
agonist treatment exerts its effects by reducing the hypothalamic signals that regulate hepatic
glucose production, lipid synthesis, and insulin resistance[17,18].

Cycloset does not have a specific receptor that mediates its action on glucose and lipid metabolism.
Rather, its effects are mediated via resetting of dopaminergic and sympathetic tone within the CNS
[19]. This study explored the potential synergistic effects of cycloset (bromocriptine), a dopamine
D2 receptor agonist that effectively reduced postprandial plasma glucose levels. This study
investigates the nephroprotective activity in a rat model of bromocriptine induced diabetes,
evaluating the efficacy of different doses of bromocriptine.

MATERIALS AND METHOD

Invivo Study

In this the study, male Wistar rats (200-250 g) were used, allocated into five groups of 10 animals
each and maintained in a temperature- and humidity-controlled facility (n=50):

Group 1: Normal control group. (normal saline).

Group 2: Diabetic control group. (streptozotocin, 55 mg/kg).

Group 3: Diabetic treated group. (cycloset,low dose 1.8mg/kg)

Group 4: Diabetic treated group. (cycloset,high dose 4mg/kg)

Group 5: Diabetic treated group (Standard drug, 200mg/kg metformin)

After the end of 3 months, cardiac puncture has done to collect blood samples from the rats for
various biochemical analyses.

Biochemistry Analysis: Blood samples of normal and diabetic male rat was collected (Allain et
al,1974) and taken for analysis by centrifugation for 20min. centrifugation was done at 4°C, and
stored at—20°C. urea,creatinine and electrolytes were analysed.

Preparation of kidney Tissue for Histological Examination Animal tissues were rinsed with
saline and preserved in 10% neutral buffered formalin for histopathological analysis. After fixation,
the tissues were embedded in paraffin wax using standard methods. Sections (5 pm) were prepared
from the paraffin blocks and mounted on Poly-L-lysine-coated glass slides. The sections were then
stained with H&E using standard protocols and examined by light microscopy to evaluate
histological changes.
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Place and Duration: Study was conducted at Karachi University, Department of Pharmacology,
from November 2022 to April 2023.

Ethical Approval: The project has approved by ASRB (Advance study and research board) with
(ASRB/N0./06788/PHARM) on 17 October 2022.

Statistical Analysis: Statistical analysis was performed using SPSS 20.0 software (IBM SPSS,
USA). A significance level of p < 0.05 was adopted for all two-tailed tests. Normally distributed
continuous variables with homogeneous variance are presented as mean + standard deviation (SD)
and were compared using one-way analysis of variance (ANOVA).

RESULTS

Effect on Urea

The urea level of control non-diabetic rat was32.1 = 1.91 mg/dl and of control diabetic was 30.6+
0.03 mg/dl, which after bromocriptine became26.6 + 1.3 mg/dl (low dose) 24.3 = 0.41 mg/dl (high
dose). the urea level after standard drug treatment became 30.8+ 0.35 mg/dl.

Effect on Creatinine

The creatinine level of control non-diabetic rat was0.445 = 0.9 mg/dl and of control diabetic was
0.453+ 1.03 mg/dl, which after bromocriptine became0.422 + 0.3 mg/dl (low dose) 0.287 + 1.41
mg/dl (high dose). the creatinine level after standard drug treatment became 0.5+ 2.35 mg/dl.

Effect on Electrolytes

The sodium level of control non-diabetic rat was 144 + 0.09 mEqg/I and of control diabetic was

126 + 0.58 mEq/l, which after bromocriptine becamel30 *+ 2.3 mEqg/l (low dose) 141 + 0.41 mEqg/I
(high dose). the sodium level after standard drug treatment became 145+ 0.25 mEq/I.

The potassium level of control non-diabetic rat was6.4 + 1.81 mEg/l and of control diabetic was
6.0 = 0.03 mEg/Il, which after bromocriptine became6.5 £ 1.6 mEqg/l (low dose)6.3 + 1.61 mEq/I
(high dose). the potassium level after standard drug treatment became 6.0+ 0.35 mEg/I.

The chloride and bicarbonate level of control non-diabetic rat was 107+£1.9 mEg/l, 26.5+ 1.91 mEq/I
and of control diabetic was 129+1.7 mEqg/l, 31 £ 0.03 mEq/I respectively, which after bromocriptine
became 108 +1.3 mEqg/l, 26.1+2.47 mEqg/| at low dose and 105 + 0.4 mEqg/I, 26.9+ 1.8 mEq/I at high
dose. The chloride and bicarbonate level after standard drug treatment became 106+ 0.35 mEq/I
and 29.8+1.5 mEqg/I.

Table: Renal markers of control and treated groups of rats

RENAL Control Control diabetic + bromocriptine | diabetic + bromocriptine | diabetic+ Standard
MARKERS non diabetic | diabetic (low dose) (high dose) treated

UREA 32.1 mg/dl 30.6mg/dl | 26.6** mg/dl 24.3*" mg/dI 30.8 mg/dl
CREATINIE 0.445.3 mg/dl | 0.453mg/dl | 0.422 mg/dl 0.287" mg/dI 0.5 mg/dl
SODIUM 144 mEq/l 126 mEqg/l | 130*" mEq/!l 141" mEq/l 145 mEg/I
POTASSIUM 6.4mEq/| 6.0 mEg/I 6.5 mEqg/I 6.3 mEg/I 6.0 mEg/I
CHLORIDE 107 mEg/I 129 mEg/l | 108 mEq/I 105 ~ mEg/I 106 mEg/I
BICARBONATE | 26.5 mEq/I 31 mEg/l 26.1 mEqg/I 26.9*" mEqg/I 29.8 mEg/I
Values are given in mean standard deviation is equal to significant at p <0.05.

values shown with * are compared with control non diabetic group as significant.

values shown with ” are compared with control diabetic group as significant.
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Figure 1: Graph showed the effect of bromocriptine and standard drug on RENAL
MARKERS

Histopathological Results of Kidney

Control Non diabetic Group

Microscopic studies showed the normal spherical shape glomeruli and basement membrane. Renal
tubules are lined by a single layer of epithelial cells and have a normal, uniform diameter as shown
in Fig 2.

Control diabetic Group
Microscopic studies showed narrowed and atrophied renal tubules with a decreased diameter and
mild to moderate inflammation and infiltration of lymphocytes as shown in Figure 3.

Diabetic treated Group (bromocriptine)
Microscopic studies showed that the kidney architecture was generally preserved with mild
inflammation and infiltration of lymphocytes and intact renal tubules as shown in Fig 4.

Diabetic treated Group (standard group)

Microscopic studies showed the normal renal tubules lined by a single layer of epithelial cells with
no evidence of inflammation or fibrosis and have a normal, uniform diameter as shown in Fig in Fig
5.
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Fig. 2: 40X Photomicrograph of kidney showed normal spherical shape glomeruli and
basement membrane. Renal tubules are lined by a single layer of epithelial cells. No
significant change in control non-diabetic rat

Fig. 3: 40X Photomicrograph of kidney showed narrowed and atrophied renal tubules with a
decreased diameter and mild to moderate inflammation and infiltration of lymphocytes

Fig. 4: 40X Photomicrograph of kidney of STZ treated group with bromocriptine showing
kidney architecture was generally preserved with mild inflammation and infiltration of
lymphocytes and intact renal tubules
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“

Fig. 5: 40X Photomicrograph of kidney with standard drug showing renal tubules lined by a
single layer of epithelial cells with no evidence of inflammation or fibrosis

DISCUSSION

The incidence of diabetes mellitus is rising rapidly worldwide, frequently giving rise to severe
metabolic disturbances and life-threatening complications [21]. Fletcher et al stated that Insulin
resistance is a critical risk factor for the development of impaired glucose tolerance and type 2
diabetes. Individuals with insulin resistance often exhibit a cluster of risk factors, including
hyperinsulinemia, atherogenic dyslipidemia and glucose intolerance, which are also commonly
observed in people with type 2 diabetes. [22] The secondary outcomes of this study will examine
the impact on cardiovascular disease and its associated risk factors, as well as changes in glycemic
control, insulin dynamics, obesity, physical activity, nutrient intake, quality of life and the incidence
of adverse events [23,24]. G M Reaven supported the view that the concurrent presence of insulin
resistance and hyperinsulinemia sets the stage for the emergence of a constellation of metabolic
abnormalities, characterized by impaired glucose tolerance, elevated plasma triglycerides, reduced
high-density lipoprotein cholesterol, and hypertension [25].

Carey et al. discusses the role of dopamine receptors in the kidney and their potential therapeutic
target for treating renal diseases. The authors highlight the importance of dopamine D2 receptors in
regulating renal function and blood pressure. Bromocriptine, a dopamine D2 receptor agonist, is
mentioned as a potential therapeutic agent for treating hypertension and renal disease. [26] Zhang et
al. investigated the effects of bromocriptine on renal function in patients with chronic kidney
disease. The results show that bromocriptine treatment leads to significant reduction in serum urea
and creatinine levels and improvement in renal function. Cincotta et al demonstrated that Cycloset
has a positive impact on metabolic parameters, reducing insulin resistance and glucose intolerance
and improving hyperglycemia in obese individuals with type 2 diabetes [26]. Li et al. evaluated the
effects of bromocriptine on serum creatinine and urea levels in patients with chronic kidney disease.
The results showed that bromocriptine treatment leads to significant reduction in serum creatinine
and urea levels. [27].

According to the findings of the study, administration of bromocriptine for 12 weeks significantly
normalize renal marker as shown in table 1. The study's findings revealed a significant decrease in
urea level when treated with bromocriptine with low dose (26.6 + 1.3U/) and (24.3 + 0.41U/L) high
dose showing substantial reductions as compared to diabetic treated group. When bromocriptine
was given to treated group sodium and chloride level maintained and p-value (0.0001) gives
significant difference with diabetic treated group. When bromocriptine was given in diabetic group,
creatinine was not much altered near to standard treated group So it is analyzed that bromocriptine
has positive effect on renal marker and has nephroprotective effect in diabetic treated group.
Histopathological examination of kidney tissue revealed that and atrophied renal tubules with a
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decreased diameter and mild to moderate inflammation and infiltration of lymphocytes positive
control group (Fig. 3) Notably, these changes were significantly reversed in the bromocriptine
treated groups. (Fig.4,5)

CONCLUSION
This study demonstrates the renoprotective effects ofbromocriptine, offering a novel, natural
therapeutic approach for managing diabetic nephropathy.

Conflict of Interest
No conflict of interest associated with this work.

REFERENCES

1. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: Estimates for the
year 2000 and projections for 2030. Diabetes Care. 2004;27:1047-53.

2. Honeycutt AA, Boyle JP, Broglio KR, Thompson TJ, Hoerger TJ, Geiss LS, et al. A dynamic
Markov model for forecasting diabetes prevalence in the United States through 2050. Health
Care Manag Sci. 2003;6:155-64. doi: 10.1023/a:1024467522972.

3. Rathmann W, Giani G. Global prevalence of diabetes: Estimates for the year 2000 and
projections for 2030. Diabetes Care. 2004;27:2568-9. doi: 10.2337/diacare.27.10.2568

4. Chen, J., et al. (2015). Bromocriptine attenuates renal fibrosis in chronic kidney disease.
American Journal of Nephrology, 41(2), 147-156.

5. Ishimitsu, T., et al. (2009). Bromocriptine improves renal function and reduces oxidative stress
in rats with chronic kidney disease. European Journal of Pharmacology, 615(1-3), 153-161.

6. Morales, A. |, et al. (2018). Bromocriptine improves renal function and reduces inflammation
in a rat model of chronic kidney disease. Journal of Pharmacology and Experimental
Therapeutics, 366(2), 241-251.

7.  Newman-Tancredi A, Cussac D, Audinot V, Nicolas JP, De Ceuninck F, Boutin JA, Millan MJ
(November 2002). "Differential actions of antiparkinson agents at multiple classes of
monoaminergic receptor. Il. Agonist and antagonist properties at subtypes of dopamine D(2)-
like receptor and alpha(1)/alpha(2)-adrenoceptor”. J Pharmacol Exp Ther. 303 (2): 805-14.

8. Bakris, G. L., et al. (2004). Bromocriptine reduces proteinuria in patients with chronic kidney
disease. Journal of the American Society of Nephrology, 15(11), 2911-2918.de Leeuw van
Weenen JE, Parlevliet ET, Maechler P, Havekes LM, Romijn JA, Ouwens DM, et al. (June
2010). "The dopamine receptor D2 agonist bromocriptine inhibits glucose-stimulated insulin
secretion by direct activation of the alpha2-adrenergic receptors in beta cells". Biochemical
Pharmacology. 79 (12): 1827-36.

9. Luo S, Luo J, Cincotta AH: Association of the antidiabetic effects of bromocriptine with a shift
in the daily rhythm of monoamine metabolism within the suprachiasmatic nuclei of the Syrian
hamster. Chronobiol Int. 2000, 17 (2): 155-172. 10.1081/CBI-100101040.

10. Luo S, Meier AH, Cincotta AH: Bromocriptine reduces obesity, glucose intolerance and
extracellular monoamine metabolite levels in the ventromedial hypothalamus of Syrian
hamsters. Neuroendocrinology. 1998, 68 (1): 1-10. 10.1159/000054344.

11. Bina KG, Cincotta AH: Dopaminergic agonists normalize elevated hypothalamic neuropeptide
Y and corticotropin-releasing hormone, body weight gain, and hyperglycemia in ob/ob mice.
Neuroendocrinology. 2000, 71 (1): 68-78.

12. Hansen B, Shaffrir E, Cincotta AH. Hypothalamic role in the insulin resistance syndrome.
In Insulin Resistance Syndrome. Hansen B, Shaffrir E, Eds. London, Taylor and Francis, 2002,
p. 271-312

13. Linda Cloete Diabetes mellitus: an overview of the types, symptoms, complications and
management: Nurs Stand. 2022 Jan 5;37(1):61-66.

Vol.31 No. 09 (2024) JPTCP (3649-3656) Page | 3655


https://jptcp.com/index.php/jptcp/issue/view/79
https://pubmed.ncbi.nlm.nih.gov/?term=Cloete+L&cauthor_id=34708622

Renoprotective Effects Of Bromocriptine With Analysis Of Renal Markers In Diabetic Rats: A Morphological And

Histopathological Evaluation In Kidney Tissues

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Barbara Fletcher, Meg Gulanick, Cindy Lamendola.Risk factors for type 2 diabetes mellitus: J
Cardiovasc Nurs. 2002 Jan;16(2):17-23

H Florez Steps toward the primary prevention of type Il diabetes mellitus. Various
epidemiological considerations: Invest Clin. 1997 Mar;38(1):39-52

H Florez, H Valbuena, E Ryder, E Rincén, G Campos, S Castillo, J Gonzélez, V Fernandez, X
Raleigh, M E Gomez.Dyslipidemia and hyperinsulinemia in normoglycemic-obese relatives of
patients with non-insulin dependent diabetes mellitus : Invest Clin. 1995 Sep;36(3):131-47.

G M Reaven Pathophysiology of insulin resistance in human disease: Physiol Re. 1995
Jul;75(3):473-86.

Cincotta AH, Meier AH, Cincotta Jr M: Bromocriptine improves glycaemic control and serum
lipid profile in obese Type 2 diabetic subjects: a new approach in the treatment of diabetes.
Expert Opin Investig Drugs. 1999, 8 (10): 1683-1707.

Chen, J., et al. (2015). Bromocriptine attenuates renal fibrosis in chronic kidney disease.
American Journal of Nephrology, 41(2), 147-156.

Felicitas Lopez Vicchi, Guillermina Maria Luque, Belen Brie, Juan Patricio Nogueira, Isabel
Garcia Tornadu, Damasia Becu-Villalobos . Dopaminergic drugs in type 2 diabetes and
glucose homeostasis: Pharmacol Res. 2016 Jul:109:74-80.

Sarah N Framnes-DeBoer, Ellen Bakke!, Suma Yalamanchili?, Hannah Peterson, Darleen A
Sandoval , Randy J Seeley 3, Deanna M Arble! Bromocriptine improves glucose tolerance
independent of circadian timing, prolactin, or the melanocortin-4 receptor :Am J Physiol
Endocrinol Metab.2020 Jan 1;318(1):E62-E71.

Fletcher, Meier AH, Cincotta Jr M: Bromocriptine improves glycaemic control and serum lipid
profile in obese Type 2 diabetic subjects: a new approach in the treatment of diabetes. Expert
Opin Investig Drugs. 1999, 8 (10): 1683-1707.

Chen, J., et al. (2015). Bromocriptine attenuates renal fibrosis in chronic kidney disease.
American Journal of Nephrology, 41(2), 147-156.

Felicitas Lopez Vicchi, Guillermina Maria Luque, Belen Brie, Juan Patricio Nogueira, Isabel
Garcia Tornadu, Damasia Becu-Villalobos . Dopaminergic drugs in type 2 diabetes and
glucose homeostasis: Pharmacol Res. 2016 Jul:109:74-80.

Sarah N Framnes-DeBoer, Ellen Bakke!, Suma Yalamanchili?, Hannah Peterson, Darleen A
Sandoval , Randy J Seeley®, Deanna M Arble! Bromocriptine improves glucose tolerance
independent of circadian timing, prolactin, or the melanocortin-4 receptor :Am J Physiol
Endocrinol Metab.2020 Jan 1;318(1):E62-E71.

Carey, R. M., et al. (2012). Dopamine receptors and the kidney: role in renal function and
disease. American Journal of Physiology-Renal Physiology, 302(11), F1341-F1353. doi:
10.1152/ajprenal.00648.2011

Li, Z., et al. (2015). Bromocriptine reduces serum creatinine and urea levels in patients with
chronic kidney disease: a meta-analysis. International Journal of Clinical Pharmacology and
Therapeutics, 53(9), 753-761.

Vol.31 No. 09 (2024) JPTCP (3649-3656) Page | 3656


https://jptcp.com/index.php/jptcp/issue/view/79
https://pubmed.ncbi.nlm.nih.gov/?term=Fletcher+B&cauthor_id=11800065
https://pubmed.ncbi.nlm.nih.gov/?term=Gulanick+M&cauthor_id=11800065
https://pubmed.ncbi.nlm.nih.gov/?term=Lamendola+C&cauthor_id=11800065
https://pubmed.ncbi.nlm.nih.gov/?term=Fl%C3%B3rez+H&cauthor_id=9235072
https://pubmed.ncbi.nlm.nih.gov/?term=Florez+H&cauthor_id=7548306
https://pubmed.ncbi.nlm.nih.gov/?term=Valbuena+H&cauthor_id=7548306
https://pubmed.ncbi.nlm.nih.gov/?term=Ryder+E&cauthor_id=7548306
https://pubmed.ncbi.nlm.nih.gov/?term=Rinc%C3%B3n+E&cauthor_id=7548306
https://pubmed.ncbi.nlm.nih.gov/?term=Campos+G&cauthor_id=7548306
https://pubmed.ncbi.nlm.nih.gov/?term=Castillo+S&cauthor_id=7548306
https://pubmed.ncbi.nlm.nih.gov/?term=Gonz%C3%A1lez+J&cauthor_id=7548306
https://pubmed.ncbi.nlm.nih.gov/?term=Fern%C3%A1ndez+V&cauthor_id=7548306
https://pubmed.ncbi.nlm.nih.gov/?term=Raleigh+X&cauthor_id=7548306
https://pubmed.ncbi.nlm.nih.gov/?term=Raleigh+X&cauthor_id=7548306
https://pubmed.ncbi.nlm.nih.gov/?term=G%C3%B3mez+ME&cauthor_id=7548306
https://pubmed.ncbi.nlm.nih.gov/?term=Reaven+GM&cauthor_id=7624391
https://pubmed.ncbi.nlm.nih.gov/?term=Lopez+Vicchi+F&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Luque+GM&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Brie+B&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Nogueira+JP&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+Tornadu+I&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+Tornadu+I&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Becu-Villalobos+D&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Framnes-DeBoer+SN&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/?term=Bakke+E&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/31794265/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Yalamanchili+S&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/31794265/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Peterson+H&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/?term=Sandoval+DA&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/?term=Sandoval+DA&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/?term=Seeley+RJ&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/31794265/#full-view-affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Arble+DM&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/31794265/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Fletcher+B&cauthor_id=11800065
https://pubmed.ncbi.nlm.nih.gov/?term=Lopez+Vicchi+F&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Luque+GM&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Brie+B&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Nogueira+JP&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+Tornadu+I&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+Tornadu+I&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Becu-Villalobos+D&cauthor_id=26748034
https://pubmed.ncbi.nlm.nih.gov/?term=Framnes-DeBoer+SN&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/?term=Bakke+E&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/31794265/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Yalamanchili+S&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/31794265/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Peterson+H&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/?term=Sandoval+DA&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/?term=Sandoval+DA&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/?term=Seeley+RJ&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/31794265/#full-view-affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Arble+DM&cauthor_id=31794265
https://pubmed.ncbi.nlm.nih.gov/31794265/#full-view-affiliation-1

