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In patients with Mehandru syndrome, a recently discovered class of Pseudohypoaldosteronism (PHA-M), concomitant
correction of metabolic acidosis upon lowering of serum potassium was an unexpected finding. PHA-M includes hyperkalemia,
metabolic acidosis, mild hypertension in the presence of normal creatinine levels and euvolemic state. Metabolic acidosis was
predominantly present in males than females, 5:1 ratio. Application of low potassium diet not only normalized serum potassium,
metabolic acidosis was also corrected from bicarbonate levels of 20+2 to 25+2, a statistically significant improvement.
Correction of hyperkalemia by means of low potassium diet increases ammonia generation in proximal convoluted tubule,
which in turn leads to greater ammonia excretion in the collecting duct resulting in correction of metabolic acidosis. In animal
studies, volume density of collecting ducts was noted to be significantly higher in females than males. The male and female
kidney differs in ammonia excretion, expression of ammoniagenic enzyme, and ammonia transporter expression. Testosterone
mediates many of these dimorphisms and may involve proximal tubule androgen receptor activation. Although, correction
of metabolic acidosis by lowering serum potassium has been previously studied in animal models, no human study has been
found in the literature.

Hyperkalemia; Hypertension; Mehandru Syndrome; Metabolic Acidosis; pseodohypoaldosteronism (PHA);
Ammoniagenesis; Patiromer

Mehandru Syndrome, Metabolic Acidosis, Hyperkalemia

Acid-base homeostasis in the body is maintained by kidneys with the help of renal ammonia metabolism and transport mediation.
Patients with recently published, Mehandru syndrome or Pseudohypoaldosteronism (PHA-M) were noted to present with metabolic
acidosis, which got corrected upon normalization of serum potassium levels. As described by Mehandru et al. 2020, Mehandru
syndrome is defined by presence of metabolic acidosis, isolated hyperkalemia, mild hypertension, normal glomerular filtration rate
(GFR), normal calcium excretion and normal renin and aldosterone levels [1]. Various types of Pseudohypoaldosteronism (PHA)
have been discovered in the literature, metabolic acidosis and hyperkalemia were universally present (Table1). None of these studies
revealed correction of metabolic acidosis upon improvement of hyperkalemia with low potassium diet. Potassium was corrected
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PHA M (Newly

PHA Type I PHA Type Il PHA Typelll Discovered by
Citasa the Author)
Early Spitzer-Weinstein Mehandru
Renal PHA I MTOD PHA-I Childhood P Gordon syndrome  Transient
: syndrome Syndrome
Hyperkalemia
e Classic PHA of .
infancy e Intestinal
« Cheek and ;Adollfslcent. -Milnteralocorticoid- salt wasting
yperkalemic resistan Obstructi
Synonyms Perry syndrome | Autosomal * Subtype 5 syndrome hyperkalemia 1.1r0 Sa:}lll cHve «PHA-M
eAutosomal recessive PHA-I RTA-1 Subtype 3 RTA Chloride shunt pathy
. ¢ Subtype e Chloride shun « Urinary
dominant PHA-I, type IV syndrome tract
* Subtype 4 RTA infections
I\%
Newborn period, | Newborn period, Infancy, .
Age infancy infancy childhood Childhood Adulthood Infancy Average age 53
Kidney, Sweat ﬁifer;ii);es
Organs Kidney glands, Salivary Kidney Kidney Kidney ! Kidney
Sweat glands,
glands, Colon .
Urinary tract
Autosomal Autosomal Autosomal
Genetics dominant, . . | Unknown Unknown . . Undiscovered | Sporadic
. recessive, sporadic dominant, sporadic
sporadic
Maturation
Heterozygous Detective sodium ﬁs;;d;r(:? End organ
Mechanism MLR mutations | transport in organs . Chloride shunt Chloride shunt resistance to | Chloride shunt
. . functions of
(Possible) that contain ENaC aldosterone
aldosterone
receptors
Serum . . . . . . .
Potassium High High High High High High High
Acidosis Present Present Present Present Present Present Present
Serum Sodium | Normal or low Normal or low Normal Normal Normal Normal Normal
PRA* High High Normal or high | Normal or low Low High Normal
Aldosterone High High Normal or high | Normal or low Low High Normal
Euvolemia, Euvolemia,
Blood Volume Euvolemia Hypervolemia Hypervolemia Euvolemia Euvolemia
Hypervolemia Hypervolemia
Blood Pressure | Normal or low Normal or low Normal or low | Normal or low High Normal Nf)rmal to
slightly elevated
GFR Normal Normal Normal Normal Normal Low Normal
Renal, Sweat or Ell;letseesrtlitnal
Salt Wasting Renal salivary glands, Absent Absent Absent Absent
and sweat
colon -
salt wasting)
Hypercalciuria | Variable Absent Absent Present Present Absent Absent
. : i Craniofacial
Anatomical Miliaria Rubra Multiple target None reported | Short stature Distal . Absent
Changes organ Arthrogryposis dysmorphism
Na High-Na, Low-K diet, _ Dietary Na _ _|Klowering 1y K Diet, Short
. . . Na bicarbonate, Lo Dietary Na restriction, | resins, .
Therapy supplementation, | K-binding resins, K-bindine resins restriction, Hvdrochlorothiazide | Antibiotics for term Patiromer
K-binding resins | Hydrochlorothiazide & Hydrochlorothiazide 4 urosepsis supplementation
. Outgrow by age . Outgrow by age | .. . Lifelong Lifelong dietary
Prognosis 2y Lifelong therapy 5y Lifelong therapy Lifelong therapy therapy management
*Plasma renin activity.
nENaC: Epithelial sodium channel;
GFR: Glomerular filtration rate;
MLR: Mineralocorticoid receptor gene;
PHA: Pseudohypoaldosteronism;
RTA: Renal tubular acidosis.

Table1: Various types of Pseudohypoaldosteronism (PHA) have been discovered in the literature, metabolic acidosis and hyperkalemia were
universally present [2].
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Figure 1: Sex differences in collecting duct volume density.
Top: low-power photomicrographs of Rhbg immunolabel in the
cortex (top) and OMi (inner stripe of outer medulla) (bottom)
in male (left) and female (right) mice. Collecting ducts appear
more abundant in female mice when compared with male mice
in the cortex and OMi. Middle: quantitative analysis of collecting
duct volume density in the cortex and OMi. Female mice had
significantly greater volume density of collecting duct segments
in the cortex and OMi when compared with male mice. Bottom:
single-cell digital quantitative analysis in male and female mice.
Female mice had significantly greater intercalated cell area of
the collecting duct in the OMi when compared with male mice (13).

with dietary modification as well as short term use of potassium
binder, Patiromer.

Short term administration of Patiromer in some patients was
necessary to normalize serum potassium levels [2]. Metabolic
acidosis is generally defined by the presence of low serum
bicarbonate concentration (normal levels 22-28 mEq/L) and
it occurs when there is excess of acid. At the basal state, body
generates about 12000 to 13000 mmol of carbon dioxide
(CO,) and 1-1.5 mmol non-volatile acid per kg body weight [3].
Lowering of serum potassium in patients with PHA-M/Mehandru
syndrome, with implementation of low potassium diet alone or
in conjunction with short term use of potassium binders has
been suggested to improve metabolic acidosis. Correction of
hyperkalemia in patients with Mehandru syndrome increases
proximal convoluted tubules (PCT) and collecting duct (CD)
ammonia transport leading to increased ammonia excretion, in-
turn resulting in the correction of metabolic acidosis. Harris et al.
2018 did suggest mechanisms by which hyperkalemia can cause
metabolic acidosis in the presence of normal kidney function
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[4]. The result of studies in mice indicated that hyperkalemia
decreases ammonia excretion by means of abnormal expression
of multiple proteins involved in proximal convoluted tubule
ammonia generation and ammonia transport by collecting duct
[4]. Excretion of ammonia from the body through urine increases
elimination of acid, whereas rest of the ammonia gets metabolized
in liver with the use of bicarbonate. Ammonia production
and transport are regulated by a variety of factors, including
extracellular pH and potassium, and by several hormones, such
as mineralocorticoids, glucocorticoids, and angiotensin II [5].

A computational model of the rat proximal convoluted tubule
suggested, fractional sodium reabsorption is lower in female than
in male kidney. This was attributed to a smaller transport area in
females as compared to males in combination with less sodium/
hydrogen exchange isoform 3 (NHE3), and claudin-2 expression
[6]. Sex dimorphic variations are present in many aspects of
biology and involve the structure and/or function of an individual
organ. Acid base homeostasis is critical for optimal health of an
individual, and renal ammonia metabolism plays a major role in
the maintenance of acid-base homeostasis. Several studies have
suggested an important correlation between abnormal acid-base
homeostasis and mortality, with both elevated and lowered serum
bicarbonate predicting increased mortality in patients both with
and without chronic kidney disease (CKD) [7-9]. Recent studies
have also shown the sex dependent differences in renal ammonia
metabolism with regards to both basal ammonia excretion and a
response to an exogenous acid level [10]. The sex dysmorphisms
are associated with structural changes in the proximal tubule
and the collecting ducts, as well as variations in the expression of
multiple proteins involved in ammonia metabolism and transport.
Besides proximal tubule as the primary site for ammoniagenesis,
Weiner et al. 2013 has suggested ammoniagenesis by most renal
epithelial cells [5]. Renal ammoniagenesis predominantly results
from glutamine metabolism, which produces 2 molecules of each,
NH,*and NCO_, from each glutamine metabolism [5].

In the cortex, morphometric analysis showed that the
collecting duct accounted for a significantly greater proportion
of volume density in the female kidney than in the male kidney
[4] (Figure 1).

Testosterone, a male sexual hormone, possibly acting through
the activation of androgen receptors (AR), regulates multiple
components of renal structure and ammonia metabolism.
Testosterone appears to mediate several critical aspects of
the sex dysmorphism in ammonia metabolism and transport.
Orchiotomy-induced testosterone deficiency leads to increased
ammonia excretion in male mice by about two-fold and the effects
were reversed upon physiological testosterone replacement [11].
The testosterone deficiency mediated effects were not due to
the dietary acid load, as food intake was not changed among the
mice. This two-fold ratio between hormonally intact testosterone
deficient male mice is identical to the two-fold variance between
male and female mice [11]. Orchiotomy increased expression of
an enzyme Phosphoenolpyruvate carboxykinase (PEPCK) and
sodium-hydrogen antiporter 3 (NHE3) in the proximal tubule
and NaK-Cl co-transporter (NKCC2) in thick ascending limb
of loop of Henle, whereas the replacement of testosterone has
reversed these side effects [11].

Thus, testosterone appears to have a major effect on ammonia
metabolism and may explain much of the differences in ammonia
excretion between male and female mice. However, testosterone-
independent effects of sex on ammonia metabolism have also
been reported [11].

Collecting duct ammonia secretion involves Rhbg and Rhcg-
mediated ammonia transport [12]. Greater ammonia excretion
in female mice was associated with greater expression of both
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Figure 2: Summary of renal ammonia metabolism. The
proximal tubule produces ammonia, as NH4+, from glutamine.
NH4+ is then secreted preferentially into the luminal fluid,
primarily by NHE-3, and, in addition, there is a component
of NH3 secretion. Ammonia is then reabsorbed in the thick
ascending limb, resulting in ammonia delivery to the distal
nephron accounting for approximately 20% to 40% of final
urinary ammonia. The remaining approximately 60% to 80%
of urinary ammonia is secreted in the collecting duct through
parallel NH3 and H+ transport. Numbers in red indicate the
proportion of total urinary ammonia present at the indicated
sites under baseline conditions. (5).

Rhbg and Rhcg [13]. Hence, there are significant sex-dependent
variations in several important points involved in the ammonia
transport. This sex dimorphism appears to be true when applied
to the humans with PHA-M/Mehandru syndrome, especially in
context of males. All males exhibited metabolic acidosis with CO,
less than 23 whereas all females had CO, greater than 23.

Animal studies show that female mice excrete more urinary
ammonia than male mice. This correlates with greater PEPCK,
NKCC2, Rhbg,and Rhcg expression. Furthermore, these studies
have identified fundamental sex differences in renal structure.
In contrast, proximal tubules account for lesser percentage of
the cortex in the female mice kidney than in the male kidney,
whereas the opposite is true for the collecting ducts. The studies
show that there are significant sex differences in basal ammonia
excretion that results from sex differences in expression of
multiple important proteins involved in ammonia metabolism
and transport (Figure 2).

The goal of this study is to explore the relationship between
hyperkalemia and metabolic acidosis in patients with PHA-M/
Mehandru syndrome. Correction of hyperkalemia has shown to
normalize serum bicarbonate levels. Metabolic acidosis was more
predominant in males than females, however with correction of
serum potassium levels, metabolic acidosis got improved in both
sexes.

Patients with PHA-M were noted to have reduced CO, levels,
mostly in males. All patients were asymptomatic and with
the correction of potassium, improvement in CO, levels was
seen. Serum CO, levels were monitored along with potassium,
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1 F Diet 5.5 27 4.6 28
2 F Diet 5 24 3.9 29
3 F Diet 5.7 27 4 26
4 F Diet 5.9 27 4.4 27
5 F Diet 5.5 25 3.8 25
6 F Diet 5.4 23 4.5 25
7 M Diet 5.7 26 5 26
8 M Diet 5 16 4.2 24
9 M Diet 5 24 4.4 24
10 M Diet 5.7 24 4 25
11 M Diet 5 18 3.9 30
12 M Diet 5.2 30 4.6 29
13 F | Diet+P 5.6 21 4.9 25
14 F |Diet+P 6.3 27 4.6 27
15 M | Diet+ P 5.9 21 5 24
16 M | Diet+ P 5.6 24 3.8 25
17 M | Diet+ P 6.2 26 4.7 26
18 M | Diet+ P 5.2 20 4.8 24
19 | M |Diet+P 5.3 20 4.4 26
20 M | Diet+ P 5.4 27 4.6 25

*P=Patiromer
Table 2: Prevalence of metabolic acidosis in male vs females

significant rise in these was noted, achieving normal values
along with correction of potassium. CO, levels were lower in
hyperkalemic state, noted with greater prevalence in males
than females. Literature search shows prevalence of metabolic
acidosis in male vs. females, conducted in animal studies. The
results enclosed in this article provide a comprehensive look
into the reasons behind these phenomena in humans (Table 2)
(Figure 3).

Mild metabolic acidosis and isolated hyperkalemia has been
shown to be present in several patients with PHA-M/Mehandru
syndrome. In addition, mild hypertension was also noted in some
cases reported with PHA-M/Mehandru syndrome. In present
study, we have shown data and discussed patients with isolated
hyperkalemia, metabolic acidosis with mild hypertension in the
presence of euvolemia. In these patients, low potassium diet
has corrected hyperkalemia, in addition correction of metabolic
acidosis and mild hypertension was also observed.

Correcting the hyperkalemia would also reverse the acidosis
and leads to decrease in the abnormal protein expression. In
addition, as suggested by Harris et al. 2018, hyperkalemia will
suppress ammonia generation and transport, and is the main
factor for metabolic acidosis in type 4 RTA [4]. These findings are
identical to our discoveries, most of the cases diagnosed as Type
4 RTA may indeed have newly discovered PHA-M/Mehandru
syndrome. Fludrocortisone is used in RTA when hyperkalemia
is associated with aldosterone deficiency [14]. Furthermore, the
side effects of hypertension, heart failure, and edema were also
carefully considered.

Systemic acidosis triggers the signal to reabsorb bicarbonate
in the proximal convoluted tubules. Hyperkalemia has been
shown to decrease proximal tubular ammonia generation and
ammonia transport through the collecting ducts leading to
impaired ammonia excretion that causes metabolic acidosis [4].
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Figure 3a&b: Statistical analysis: All differences among the groups were examined for statistical significance using a two-tailed
Student t test and one-way ANOVA. GraphPad Prism 374 software was used to perform statistical analysis. P< 0.05 was considered

significant

Kidneys are known to have two major functions in acid-base
homeostasis: 1) reabsorption of filtered bicarbonate and 2)
generation of new bicarbonate. In adults, kidneys typically filter
about 4200 mmol/day of bicarbonate [5] and renal epithelial cells
re-reabsorb almost all of this in the process called, “bicarbonate
reabsorption”. Kidneys also produce new bicarbonate by means
of process known as, “bicarbonate generation”, which involves
both, ammonia [5] metabolisms and titratable acid secretion.
Under basal conditions, ammonia metabolism, which includes
net ammoniagenesis and renal epithelial cell ammonia transport
leading to urinary ammonia excretion, is a quantitively greater
component of new bicarbonate generation [16-19].

Acid base homeostasis is critical for the maintenance of
normal health. Renal ammonia excretion is the quantitively
predeterminant component of net acid excretion, both under
basal conditions and in response to acid-base disturbance. The
amount of ammonia that the kidneys produce and the amount
of ammonia that is excreted in the urine varies dramatically in
response to physiological stimuli. It has been well established that
urinary ammonia excretion contributes to acid-base homeostasis
and hence selective and regulated renal ammonia transport by
renal epithelial cells is central to acid-base homeostasis. Both
molecular forms of ammonia, NH, and NH,*, are transported by
specific proteins and regulation of these transport processes
determines the eventual fate of the ammonia being generated in
the body.

Early models of renal ammonia metabolism suggest that
ammonia transport could be explained through the simple

paradigm of NH,* trapping and NH, diffusion equilibrium. In
this model [20], NH,* could not be transported across plasma
membranes and NH,, because it was a small and uncharged
molecule, diffuses efficiently across lipid bi-layers and was in
diffusion equilibrium throughout the kidneys. Based on the
several studies, these aspects of the previous paradigm seems
incorrect, and that specific membrane proteins have critical roles
in the movement of both NH,and NH,* across renal epithelial cell
plasma membranes.

In patients with Mehandru syndrome/PHA-M, hyperkalemia
was present in all patients; metabolic acidosis was found in 34%
of the cases. Several patients also exhibited mild hypertension.
Metabolic acidosis was corrected in all patients upon
normalization of potassium. In our study, metabolic acidosis is
more prominent in males than females, ratio of 5:1. This is the
first study in humans to describe sex dimorphism previously
reported in animals. Further studies may coincide with our
findings.

1. Sushil KM, Attiya H, Avais M, Jay S, Supreet K, et al. Me tabolic
Acidosis, H yperkalemia, and R enal U nresponsiveness
to Aldosterone Syndrome: Response to Treatment with
Low-Potassium Diet. Saudi ] Kidney Dis Transpl. 2020 Sep-
Oct;31(5):1134-1139.

Endocrinol Diabetes Open Access

Volume: 4.1


https://pubmed.ncbi.nlm.nih.gov/33229781/
https://pubmed.ncbi.nlm.nih.gov/33229781/
https://pubmed.ncbi.nlm.nih.gov/33229781/
https://pubmed.ncbi.nlm.nih.gov/33229781/
https://pubmed.ncbi.nlm.nih.gov/33229781/

Journal Home: https://www.boffinaccess.com/endocrinology-diabetes

Boffin Access

FOSTERING KNOWLEDGE

2. Mehandru SK, Kaur S, Yuh ], Khawaja US, Asif A, et 11. Weiner ID, Verlander JW. Ammonia transporters and their
al. Mehandru Syndrome, Newly Discovered Class of role in acid-base balance. Physiol Rev. 2017 Apr;97(2):465-
Pseudohypoaldosteronism (PHA-M), Role of Medication in 494.

Addition to Low Potassium Diet. Int ] Clin Med Cases. 2020 12. Weiner ID, Hamm LL. Molecular mechanisms of renal
Dec;3(8):167. ammonia transport. Annu Rev Physiol. 2007;69:317-40.

3. McMahon GM. Acid/I:%ase Disorders: Metabolic Acidosis. 13 Harris AN, Lee HW, Osis G, Fang L, Webster KL, et al. Differences
Nephrology Hypertension. 2020 Dec. in renal ammonia metabolism in male and female kidney. Am

4. Harris AN, Grimm PR, Hyun-Wook L, Eric D, Lijuan F, et al. ] Physiol Renal Physiol. 2018 Aug 1;315(2):F211-F222.
Mechanism of Hyperkalemia-Induced Metabolic Acidosis. ] 14, Mustageem R, Arif A. Renal Tubular Acidosis. StatPearls
Am Soc Nephrol. 2018 May; 29(5): 1411-1425. [Internet]. 2020 Aug.

5. Weiner ID, Verlander JW. Renal ammonia metabolism and {5 pHarris AN, Grimm PR, Lee H-W, Eric D, Lijuan F, et al.
transport. Compr Physiol. 2013;3(1):201-220. Mechanism of HYPERKALEMIA-INDUCED metabolic acidosis.

6. Li Q McDonough AA, Layton HE, Layton AT. Functional ] Am Soc Nephrol. 2018 May; 29(5): 1411-1425.
implications of sexual dimorphism of transporter patterns 16. Weiner ID, Mitch WE, Sands JM. Urea and ammonia
along the rat prox?mal tubule: modeling and analysis. Am ] metabolism and the control of renal nitrogen excretion. Clin
Physiol Renal Physiol. 2018;315(3):F692-F700. ] Am Soc Nephrol. 2015 Aug 7;10(8):1444-58.

7. Kovesdy CP, Anderson JE, Kalantar-Zadeh K. Association of 17 weiner ID, Verlander JW. Renal ammonia metabolism and
serum bicarbonate levels with mortality in patients with transport. Compr Physiol. 2013 Jan; 3(1): 201-220.
Ir;orrl'-;iﬁlzly)s'll'sg??;ndent CKD. Nephrol Dial Transplant. 2009 18. Weiner ID, Verlander JW. Ammonia transport in the kidney by

pr; ' ' Rhesus glycoproteins. Am ] Physiol Renal Physiol. 2014 May

8. Navaneethan SD, Schold ]D, Arrigain S, ]Olly SE, Wehbe E, 15; 306(10): F1107-F1120.
et al. Seljum .blCEII‘bOI.late and r.nortallty in stage 3 and stage 19. Wrong O, Davies HE. The excretion of acid in renal disease. Q ]
4 chronic kidney disease. Clin ] Am Soc Nephrol. 2011 Med. 1959 Apr;28(110):259-313
0ct;6(10):2395-402. ec Pr ' ' o o

9. Raphael KL, Murphy RA, Shlipak MG, Satterfield S, Huston 20. Slmon.E., Martin D, Buerkert J. Contrlbutl.on of 1nd1_Vldu.al

. . . superficial nephron segments to ammonium handling in

HK, et al. Bicarbonate concentration, acid-base status, and . . o . .
o . " chronic metabolic acidosis in the rat. Evidence for ammonia
mortality in the health, aging, and body composition study. di Tibri in th | N Clin 1 ¢ 1985 Aue:
Clin ] Am Soc Nephrol. 2016 Feb 5;11(2):308-16. 7:52%?;3;5r1%r24m  renal cortex. ] Clin Tnvest. e

10. Harris AN, Weiner ID. Sex differences in renal ammonia - .
metabolism. Am ] Physiol Renal Physiol. 2021 Jan
1;320(1):F55-F60.

Endocrinol Diabetes Open Access Volume: 4.1


https://www.boffinaccess.com/clinical-and-medical-cases/mehandru-syndrome-newly-3-167/IJCMC-3-167.pdf
https://www.boffinaccess.com/clinical-and-medical-cases/mehandru-syndrome-newly-3-167/IJCMC-3-167.pdf
https://www.boffinaccess.com/clinical-and-medical-cases/mehandru-syndrome-newly-3-167/IJCMC-3-167.pdf
https://www.boffinaccess.com/clinical-and-medical-cases/mehandru-syndrome-newly-3-167/IJCMC-3-167.pdf
https://www.boffinaccess.com/clinical-and-medical-cases/mehandru-syndrome-newly-3-167/IJCMC-3-167.pdf
https://www.renalandurologynews.com/home/decision-support-in-medicine/nephrology-hypertension/acid-base-disorders-metabolic-acidosis/
https://www.renalandurologynews.com/home/decision-support-in-medicine/nephrology-hypertension/acid-base-disorders-metabolic-acidosis/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5967781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5967781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5967781/
https://pubmed.ncbi.nlm.nih.gov/23720285/
https://pubmed.ncbi.nlm.nih.gov/23720285/
https://pubmed.ncbi.nlm.nih.gov/29846110/
https://pubmed.ncbi.nlm.nih.gov/29846110/
https://pubmed.ncbi.nlm.nih.gov/29846110/
https://pubmed.ncbi.nlm.nih.gov/29846110/
https://pubmed.ncbi.nlm.nih.gov/19015169/
https://pubmed.ncbi.nlm.nih.gov/19015169/
https://pubmed.ncbi.nlm.nih.gov/19015169/
https://pubmed.ncbi.nlm.nih.gov/19015169/
https://pubmed.ncbi.nlm.nih.gov/21885787/
https://pubmed.ncbi.nlm.nih.gov/21885787/
https://pubmed.ncbi.nlm.nih.gov/21885787/
https://pubmed.ncbi.nlm.nih.gov/21885787/
https://pubmed.ncbi.nlm.nih.gov/26769766/
https://pubmed.ncbi.nlm.nih.gov/26769766/
https://pubmed.ncbi.nlm.nih.gov/26769766/
https://pubmed.ncbi.nlm.nih.gov/26769766/
https://pubmed.ncbi.nlm.nih.gov/33308019/
https://pubmed.ncbi.nlm.nih.gov/33308019/
https://pubmed.ncbi.nlm.nih.gov/33308019/
https://pubmed.ncbi.nlm.nih.gov/28151423/
https://pubmed.ncbi.nlm.nih.gov/28151423/
https://pubmed.ncbi.nlm.nih.gov/28151423/
https://pubmed.ncbi.nlm.nih.gov/17002591/
https://pubmed.ncbi.nlm.nih.gov/17002591/
https://pubmed.ncbi.nlm.nih.gov/29561185/
https://pubmed.ncbi.nlm.nih.gov/29561185/
https://pubmed.ncbi.nlm.nih.gov/29561185/
https://www.ncbi.nlm.nih.gov/books/NBK519044/
https://www.ncbi.nlm.nih.gov/books/NBK519044/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5967781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5967781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5967781/
https://pubmed.ncbi.nlm.nih.gov/25078422/
https://pubmed.ncbi.nlm.nih.gov/25078422/
https://pubmed.ncbi.nlm.nih.gov/25078422/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4319187/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4319187/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4024734/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4024734/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4024734/
https://pubmed.ncbi.nlm.nih.gov/13658353/
https://pubmed.ncbi.nlm.nih.gov/13658353/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC423918/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC423918/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC423918/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC423918/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC423918/

	Title
	Corresponding author
	Abstract
	Keywords
	Running Head
	Introduction
	Table1
	Figure 1
	Figure 2
	Aim
	Materials and Methods
	Table 2
	Discussion
	Figure 3a&b
	Conclusion
	Reference

