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ABSTRACT

Obesity has been associated with a multitude of co-morbid conditions, most importantly with
diabetes mellitus and cardiovascular diseases. Diet is one of the major key factors of a successful
weight management schemes to ensure a healthy weight. High protein, low carbohydrate and low
fat diets are reported to be effective for weight management and gained particular popularity in the
recent past. As a result, most individuals have shifted to high protein diet in an attempt to lose
weight or maintain a healthy weight or body composition. On the other hand, high dietary protein is
well known to increase renal blood flow and glomerular filtration rate and may potentially increase
the future risk of renal disease due to increased glomerular pressure and hyperfiltration injury. The
mechanism by which protein diet acts on the kidney is not well known; however, multiple potential
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mechanisms have been postulated. This review discusses the possible mechanisms through which
dietary protein intake may influence renal function parameters.

Keywords: Glomerular filtration rate; hyperfiltration; kidney, nephron; protein; renal blood flow.

1. INTRODUCTION

High protein, low carbohydrate and low fat diets
have been documented to be an effective diet for
weight management [1-4]. This has caused a
shift from intake of high carbohydrate and fatty
food to food rich in protein. This strategy may be
helpful in weight loss and maintenance, but may
have a detrimental effect on kidney function. The
function of the kidney is not restricted to
excretion of metabolic waste, but it also plays a
major role in body homeostatic mechanism as
well as hormone secretion [5]. Consequently,
damage to the kidney affects every aspect of the
body physiology.

Protein diet has been reported to increase
glomerular filtration rate (GFR) and renal blood
flow (RBF) and chronic intake of high protein diet
may increase the risk of developing renal
disease as a result of elevated glomerular
pressure and hyperfiltration [6,7]. Dietary
protein’s effect is basically increased GFR and
RBF, which are regulated by various
physiological mechanisms, suggesting that it
may act through one or more of these
mechanisms. Understanding the mechanism
through which protein diet increase GFR and
RBF may provide models that can help in the
study and prevention of hyperfiltration and
accompanying hemodynamic abnormalities as

well as glomerular structural damage. This
review therefore discusses the possible
mechanisms through which dietary protein
induce elevated glomerular pressure and
hyperfiltration.

2. PROTEIN’S EFFECTS AND

MECHANISM OF ACTION ON RENAL
FUNCTION

The kidneys play major role in the body
homeostasis through regulating plasma volume,
adjusting blood pH and excreting metabolic
waste products [8]. To effectively perform these
functions, the kidneys receive a high blood flow
(about 25% of cardiac output), which results in a
high GFR (about 125 ml/min) and production of
1-2 L of urine each day [8]. The regulation of
renal blood flow is mediated by changes in renal
vascular resistance which is mainly a
consequence of arteriolar tone in the afferent and

efferent arterioles [9]. Many factors interact to
maintain a consistent blood flow, allowing
filtration and urine formation to continue despite
systemic changes in blood pressure. Factors that
impact on renal hemodynamics include; the auto-
regulatory mechanism, the renin-angiotensin
mechanism, eicosanoids, kinins, the sympathetic
nervous system (SNS), catecholamines,
antidiuretic hormone, endothelin, nitric oxide,
atrial natriuretic peptide and dopamine [10].
Chronic intake of protein enhances the growth of
the kidney and this has been reported to be
partly responsible for increased RBF and GFR.
However, RBF and GFR have been observed to
increase in acute high protein intake [11],
connoting that protein act through mechanism(s)
which influence normal physiological function of
the kidney. The regulations of RBF and GFR are
grouped into two mechanisms; extrinsic and
intrinsic control. The extrinsic involves the neural
control (SNS) and hormonal control, while the
intrinsic is the renal auto-regulation, which is
achieved by tubuloglomerular feedback and
myogenic mechanisms [12].

3. NEURAL CONTROL AND DIETARY
PROTEIN

The neural control of the kidneys is through the
SNS. Efferent renal sympathetic innervation and
neuroeffector junctions have been identified
along the renal vasculature, the tubules and the
granular cells of juxtaglomerular apparatus
[13,14]. The action of sympathetic system is
through the release the norepinephrine at
sympathetic nerve terminals into the interstitial
space. Unlike many other organs the kidneys
have a low resting sympathetic tone, meaning
that a decrease in sympathetic nervous system
cannot effectively decrease the resistance. The
main aim of the SNS is to compensate for a fall
in blood pressure or to prepare the body for the
fight or flight response. Studies have investigated
sympathetic activities in relation to protein
restriction by measuring norepinephrine (NE)
turnover in the heart and inter-scapular brown
adipose tissue (IBAT), and reported an increase
in sympathetic activity [15,16]. Since the kidneys
have a very low resting sympathetic tone, the
influence of dietary protein/amino acid will have
little or no effect on kidney function at rest.
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There are a number of autocrine and paracrine
factors within the kidney that influence the
release of neurotransmitter, the degree of its
degradation as it crosses the synaptic cleft and
its effectiveness at the postsynaptic junction.
Dopaminergic nerve fibers have been reported to
terminate in the kidney. However, the physiologic
significance of these nerves is unclear [17].

4, HORMONAL CONTROL AND DIETARY
PROTEIN

Several vasoactive substances have been
documented to regulate and influence RBF and
GFR either by constricting or dilating the afferent
and efferent arterioles of the kidney. Vasodilators
cause a fall in afferent and efferent arteriolar
resistances and consequently increasing RBF
and GFR. Various vasodilators have been
reported to increase RBF with proportionate
increase in GFR. These include glucocorticoids,
glucagons, growth hormone and dopamine
[18-20], while others like prostaglandin Eq,
bradykinin, acetylcholine and histamine have
been reported to cause large increase in RBF,
but the observed increase was not accompanied
by elevated GFR [21]. The vasodilatory effect of
amino acid is well documented, and studies have
showed that increased GFR in response to
amino acid infusion was associated with a
reduction in afferent arteriolar resistance and a
subsequent increase in single nephron plasma
flow [22]. What however remain unclear is;
whether the effect of protein on renal functions is
due to its direct effect on arterioles or indirectly
through other vasodilators. The receptors of the
various vasodilators have been identified, but
researchers are yet to identify protein/amino acid
receptor on kidney tissue. However, N-methyl-D-
aspartate (NMDA) receptor is a diheteromeric
receptor complex that functions as a membrane
calcium channel in central nervous system
tissue. N-methyl-D-aspartate activation results in
calcium entry and the stimulation of nNOS
activity and its major agonists are glutamate and
glycine [23]. These NMDA receptors have been
identified in the kidney and their inhibition caused
marked renal vasoconstriction and a reduction in
RBF. The RBF/GFR response to one of the
normal agonists, glycine, which normally
increases RBF, was nearly abolished in rats pre-
treated with two different types of NMDA receptor
antagonists [24]. Another study demonstrated
that 2 weeks of low-protein diet (8% protein vs.
21% protein in control diet) down-regulated
NMDA receptor in rats fed low-protein diet
compared with control, and that low-protein

feeding results in loss of glycine-induced
vasodilation and GFR responses associated with
decreased renal NMDA receptor expression. The
study therefore concluded that the kidney NMDA
receptor expression is conditioned by protein
intake and this receptor may play an important
role in the kidney vasodilatory response to
glycine infusion and protein feeding in rats [23].

Furthermore, the vasodilatory effect of protein
has been suggested to be mediated via release
of vasodilatory hormones which could either be
released into the systemic circulation in response
to protein diet to cause vasodilation and
increased GFR, or released within the kidney to
initiate local vasodilatory action [25]. Several
hormones have been postulated to mediate the
protein/amino acid vasodilatory and
hyperfiltration effects. Studies have ruled out
growth hormone, insulin, and atrial natriuretic
peptide, but glucagon and local hormones such
as prostaglandins, endotheliurn-derived relaxing
factor and bradykinin have been suggested as
possible mediators [26].

4.1 Glucagon and Dietary Protein

Plasma glucagon level has been shown to
increase in response to protein meals and amino
acid infusion [27,28], but branched-chain amino
acids which do not stimulate renal vasodilation
does not stimulate the release of glucagon.
Carbohydrate meals do not influence renal
hemodynamics and has been shown not to
cause increased plasma glucagon [29]. In line
with this, glucagon has been demonstrated to
cause increase in GFR and renal plasma flow.
However, the glucagon required to cause
comparable increase in RBF and GFR are much
higher than the level observed due to protein and
amino acid infusion [30-32]. This suggests that
glucagon is not the sole mediator, but may be
partly involved in the protein/amino acid induced
hyperfiltration and vasodilatation. The study by
Tuttle and co-workers [33] in diabetic patients
failed to demonstrate glucagon as the primary
mediator of the amino acid-induced glomerular
hyperfiltration in diabetes, but in normal
individuals, they observed that the response to
amino acids was partly dependent on glucagon.

4.2 Prostaglandins and Dietary Protein

Prostaglandins are intra-renal hormones which
have been reported to be involved in the
regulation of vascular tone as well as salt and
water homeostasis in the mammalian kidney.
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Prostaglandins (PG) such as PGE;and
PGl, have been suggested to contribute to
changes in renal hemodynamics in response to a
protein diet [34]. Renal prostaglandin production
has been demonstrated to increase in response
to protein load or amino acid infusion and
decrease in response to protein restriction [34-
36]. Inhibition of prostaglandin production by
nonsteroidal anti-inflammatory drugs such as
aspirin and meclofenamate has been reported to
abolish the augmented GFR after a meat meal or
during amino acid infusion in human subjects
and animals [36,37]. Study by Yao and co-worker
[34] demonstrated that COX-2 level increased
after protein loading, but decreased after protein
restriction in male Sprague-Dawley rats. In the
study, the animals were treated with either a low-
protein diet (CA170595, 8% casein, Harlan
Teklad, Madison, WI), normal-protein diet (TD
91352, 20% casein, Harlan Teklad, Madison, WI,
control), or high-protein diet (CA170598, 50%
casein, Harlan Teklad, Madison, WI) for 2 weeks
and the rats on the high-protein diet were divided
into subsets and were treated with either COX-2
inhibitor (2 mg/kg, daily gastric gavage of SC-
58236) or nNOS inhibitor (20 mg/kg daily of 7-
nitroinidazole) during the second week of high-
protein diet treatment. They observed that
cortical COX-2 increased in rats treated with
high-protein diet, but decreased in rats treated
with low-protein diet compared with rats on
normal-protein diet. In the subset group, it was
observed that COX-2 inhibition attenuated high
protein-induced hyperfiltration, but had no effect
on high protein-induced intra-renal renin
elevation suggesting that induction of cortical
COX-2 contributed to high protein-induced
hyperfiltration but not intra-renal renin elevation.
Cortical nNOS expression also increased after
protein loading, and inhibition of nNOS activity
completely reversed high protein-induced cortical
COX-2 elevation and hyperfiltration.

4.3 Kininand Dietary Protein

Bradykinin and kallidin are members of kallikrein-
kinin system and are together classified as kinin
[38]. They are formed from substrate kininogen
through the action of the enzyme kallikrein, which
has been reported to be present in the plasma
and in several tissues, including kidneys,
pancreas, intestine, sweat glands and salivary
glands [39]. Kallikrein has been demonstrated to
influence renal function, and kallikrein inhibitors
and kinin antagonists have been observed to
affect renal function [40]. Studies have
suggested that intra-renal bradykinin may be
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involved in the protein - induced increase in renal
hemodynamics. A study on GFR, RPF and renal
kallikrein in rats fed 9%, 25% or 50% protein
(casein) diets for 8 to 13 days showed that GFR,
RPF and renal synthesis of prokallikrein, as well
as excretion of both active kallikrein and kallikrei
increased progressively with increasing dietary
protein. The treatment of 50% protein-fed rats
with aprotinin, a prokallikrein inhibitor markedly
lowered renal and urinary kallikrein, as well as
GFR and RPF in aprotinin - treated rats
compared to vehicle-treated. It was concluded
that renal kallikrein and kinins participated in
mediating the renal vasodilatory effect of dietary
protein [41]. Similarly, another study examined
the role of tissue kallikrein and kinins in renal
vasodilation produced by intravenous infusion of
a 10% amino acid solution over 60-90 mins in
rats. The rats were fed with 9% protein diet for 2
weeks. An increased GFR and RPF were
observed, which was associated with a 2-3 fold
increase in urinary kinin excretion rate [42].
Same study reported that pre-treatment with
aprotinin abolished the rise in urinary kinins and
prevented significant increase in GFR and RPF
in response to amino acid infusion. Also, in rats
pre-treated with a B2 kinin receptor antagonist,
infusion of amino acid raised urinary kinins to a
level similar to that of the untreated rats, but GFR
and RPF responses were absent. It was reported
that aprotinin or the kinin antagonist produced no
consistent change in renal function in rats that
were not infused with amino acid, and observed
that the tissue active kallikrein level dropped to
50% in amino acid-infused rats, suggesting that
amino acid-induced increase in kinins was not
associated with an increase in renal kallikrein
activity. From their results, the authors concluded
that kinins generated in the kidney participated in
mediating renal vasodilation during acute
infusion of amino acid. A study by Jaffa and
colleagues [43] in moderately diabetic (MD) rats
fed with low (9%), normal (25%) and a high
(50%) protein diet, reported that in MD rats fed
with 9% protein diet, GFR, RPF and kallikrein
excretion rate were significantly reduced,
compared to MD 25% protein-fed rats and MD
50% protein-fed rats. From their findings, they
suggested that the renal hemodynamic response
to dietary protein manipulation in diabetic rats
might be mediated via changes in renal
kallikrein-kinin system activity.

5. DOPAMINE AND DIETARY PROTEIN

Dopamine is synthesized within the kidney in the
proximal tubule through the decarboxylation of



Aluko et al.; BIMMR, 7(6): 458-469, 2015, Article no.BJMMR.2015.352

circulating  L-3,4-dihydroxyphenylalanine  (L-
DOPA) by the enzyme L-amino acid
decarboxylase and discharged into the lumen,
where it binds to and activates specific
dopaminergic receptors [44]. It acts locally to
exert its actions in a paracrine and autocrine
fashion. The major effects include; increase in
RBF and natriuretic response. Dopamine
receptors are classified into the D1 and the D2
subtype families. Dopamine D; receptor
stimulation results in renal vasodilatation and
natriuresis while dopamine D, receptors may
play a synergistic role in the dopamine
modulated natriuresis [45].

L-DOPA is derived from the amino acids L-
phenylalanine and L-tyrosine and increased
availability of these by protein diet intake will
enhance intra-renal dopamine synthesis, thus it
was hypothesised that the amino acid-induced
glomerular hyperfiltration may be due to
increased dopamine secretion. In line with this,
studies in humans have demonstrated an
increase in dopamine secretion after a high
protein meal [46,47], and administration of L-
tyrosine in animal studies have also shown a
similar effect [48,49]. In another animal study, the
infusion of amino acids containing L-tyrosine
increased both GFR and renal dopamine
excretion, but the same solution without L-
tyrosine increased GFR but not urinary dopamine
output. Also, the infusion of L-tyrosine alone
increased renal dopamine excretion but not GFR
[50]. This study suggested thus; urinary
dopamine does not play a significant role in the
regulation of kidney function, renal innervation is
essential in the GFR response to systemic amino
acid infusion, and a dopaminergic mechanism
apart from tubular dopamine excretion is
involved. In line with this, a study assessed the
amino acid-induced glomerular hyperfiltration in
association with dopaminergic mechanism in 12
healthy male volunteers. The subjects were
administered with an electrolyte - balanced
solution of mixed amino acid (10%), and their
RBF and GFR were assessed by renal clearance
of inulin and p-aminohippuric acid. The subjects
were orally administered with either placebo or
sulpiride; a centrally and peripherally acting
dopamine like receptor antagonist, or
domperidone which affects only peripheral
dopamine receptors, before amino acid infusion.
It was observed that those that received the
placebo, amino acid infusion significantly
increased GFR and RBF, while those pre-treated
with domperidone, the renal response to amino
acid was marginally altered. In those pre-treated

with sulpiride, the renal hemodynamic changes
induced by amino acid were completely
abolished. From their study, the authors
suggested that dopaminergic mechanism was
involved in the amino acid-induced glomerular
hyperfiltration and may be mediated through
activation of D,-like receptors [51]. Furthermore,
a study in anesthetized rats demonstrated that
dopamine D,receptor agonist caused an
increase in GFR which corroborated to that
provoked by infusion of a 10% amino acid
solution. However, D, receptor antagonist
(sulpiride) which acts both centrally and
peripherally completely abolished the renal
hemodynamic response to amino acids. In
addition, domperidone, a peripherally acting D,
receptor antagonist was observed to partly inhibit
the hyperfiltration [52].

Méndez et al. [53] studied the renal
hemodynamic response to intravenous infusion
of a 10% mixed amino acid solution in
anesthetized euvolemic Wistar-Furth rats in the
presence or absence of specific dopamine D,
[Sch 23390 (SCH)] and dopamine D, [S-sulpiride
(S-SP)] receptor antagonists. This study showed
that the infusion of amino acid in vehicle pre-
treated rats resulted in an increase in GFR and
RPF. Administration of amino acid in the
presence of SCH receptor antagonist also
resulted in elevations in both GFR and RPF but
amino acid infusion in the presence of S-SP
receptor antagonist completely prevented the
amino acid induced rise in both RPF and GFR.
Same study also examined whether the amino
acid-induced hyperfiltration was due to dopamine
release from renal nerves or enhanced renal
tubule dopamine synthesis. Amino acid was
administered to rats whose left kidney had been
chronically denervated, while the right kidney
remained intact. It was observed that the infusion
of amino acid led to significant increase in GFR
and RPF only in the intact control kidney,
whereas GFR and RPF remained unaltered in
the denervated kidney.

6. NITRIC OXIDEAND DIETARY PROTEIN

Nitric oxide (NO) is another paracrine factor that
acts in the kidney to modulate neurotransmission
activity. It is produced through the action of nitric
oxide synthase (NOS) enzyme. This exist in
three isoforms; neuronal (nNOS, NOSI),
inducible (iNOS, NOSII), and endothelial (eNOS,
NOSIII) and all are expressed within the kidney
[14]. The eNOS isoform has been reported to be
present in the endothelial cells of the renal
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vasculature and glomerular capillaries [54,55].
The nNOS isoform has been identified within the
renal sympathetic nerves [56] and at low levels in
the renal tubules, but at high levels in the macula
densa region [57]. Nitric oxide has been reported
to modulate the activity of renal sympathetic
nerves. Nitric oxide has been demonstrated to
act directly at the pre-junctional membrane to
facilitate norepinephrine release [58] and at the
post-junctional membrane, the vascular or
tubular epithelial cells to depress norepinephrine
mediated effects [59,60]. Studies have shown
that inhibition of NO synthesis prevents amino
acid/dietary protein-stimulated renal vasodilation
and hyperfiltration. A study investigated NO’s
participation in renal vasodilatation and
increased GFR induced by amino acid infusion in
rat. In the study, NO synthesis was inhibited with
JVG-monomethyl L-arginine (LNMMA) and it was
observed that renal arterial infusion of LNMMA
resulted in a significant decrease in GFR and
RPF. Furthermore, the significant increase in
GFR and RPF induced by amino acid infusion
were completely inhibited by intra-renal infusion
of LNMMA. From their results, they concluded
that NO participates in regulation of basal renal
hemodynamics and NO participates in amino
acid induced hyperfiltration and  renal
vasodilatation [61]. Another study reported that
intravenous infusion of L-NMMA in anesthetized
euvolemic Munich-Wistar rats caused a modest
reduction in RPF rate without a change in GFR.
The pre-treated L-NMMA rats then received an
intravenous infusion of either 10% glycine or
11.4% mixed amino acids. They observed that L-
NMMA pre-treatment attenuated glycine-induced
hyperfiltration ~and obliterated the renal
hyperemic response, and in rats that received
the mixed amino acid, L-NMMA caused modest
blunting of the mixed amino acid-induced
hyperfiltration, but failed to curtail the renal
hyperaemia [62]. Salazar et al. [63] studied renal
hemodynamic response to a meat meal (10 g/kg)
in conscious dogs with and without an intra-renal
NO synthesis inhibition with NG-nitro-L-arginine
methyl ester (L-NAME). They observed in those
not treated with L-NAME a significant renal
hyperemia after the meat meal, while those that
were pre-treated with intra-renal infusion of L-
NAME, the induced increase GFR and RPF by
the meat meal was abolished. Same study also
demonstrated that pre-treatment with L-arginine
and L-NAME did not modify the meat meal-
induced changes in GFR and RPF.

A more recent study investigated the role of high
protein intake on cortical COX-2 expression and

whether  cortical COX-2  contributes to
hyperfiltration and increased intra-renal renin
biosynthesis. They reported that cortical COX-2
increased after protein loading, but decreased
after protein restriction. They also reported that
COX-2 inhibition attenuated high protein-induced
hyperfiltration, but had no effect on high protein-
induced intra-renal renin elevation. Same study
also examined the interactions between intra-
renal nNOS and COX-2 systems. It was reported
that cortical COX-2 elevation seen in salt
restriction was blocked by nNOS inhibition, and
that cortical nNOS expression increased after
protein loading. They also reported that inhibition
of nNOS activity completely reversed high
protein-induced cortical COX-2 elevation and
hyperfiltration. From their results they concluded
that NO is a mediator of high protein-induced
cortical COX-2 elevation and suggested that both
intra-renal nNOS and COX-2 systems appeared
to regulate afferent arteriolar tone and
subsequent hyperfiltration seen in high-protein
intake [34]. Cyclooxygenase is the rate-limiting
enzyme for prostaglandin production.
Prostanglandins have been associated with
protein induced vasodilation and hyperfiltration
[35]. In contrast, a study by Sallstrom and
colleague, [11] showed that in C57BL/6J male
conscious mice, the inhibition of NO synthesis
failed to abolish the high protein-induced
glomerular hyperfiltration, thus concluded that
protein-induced glomerular hyperfiltration is
independent of NO synthase.

7. TUBULOGLOMERULAR
AND DIETARY PROTEIN

Tubuloglomerular feedback (TGF) is an intrinsic
feedback mechanism designed to protect against
large fluctuations in GFR and solute excretion
due to changes in renal perfusion pressure [64].
Tubuloglomerular  feedback mechanism is
mediated by the juxtaglomerular apparatus and
links the changes in sodium chloride (NaCl)
concentration at the macula densa with the
control of renal arteriolar resistance [65]. The
macula densa cells of the distal nephron sense
changes in delivery of NaCl which changes with
respect to renal perfusion pressure. Increase in
renal perfusion pressure increases GFR, thereby
increasing delivery of NaCl to the macula densa
cells of the juxtaglomerular apparatus. The
signalling from the macula densa cells to the
adjacent afferent arterioles involves adenosine.
This triggers an increase in afferent arteriolar
resistance and a decrease in GFR towards
normal [66]. Decrease in NaCl delivery causes
macula densa cells to initiate response that

FEEDBACK
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decreases the afferent arteriolar resistance,
consequently raising the glomerular hydrostatic
pressure and return GFR to normal and in
addition, it initiates renin-angiotensin system.
Angiotensin Il constricts the efferent arterioles,
thereby increasing glomerular hydrostatic
pressure and returns GFR towards normal [67].

Tubuloglomerular feedback mechanism has
been proposed as a mediator of protein-induced
vasodilation given that a high protein intake will
increase the filtration of amino acid,
consequently increasing tubular amino acid
reabsorption at the proximal tubule. At the
proximal tubule, amino acid is co-transported
with Na* thus decreasing the NaCl delivery to the
distal tubule. The macula densa senses this as a
fall in GFR and thus reduce the degree of TGF
signalling which results in vasodilatation of
afferent arterioles and a consequent rise in GFR
[68]. A study assessed this by observing the
effect of high protein feeding on sodium-
dependent amino acid reabsorption in the
proximal tubules, and NaCl delivery to the distal
tubules [69]. Woods and co-workers [69] infused
a solution of four amino acids (Ala, Ser, Gly and
Pro) intravenously into anesthetized dogs with
either normal kidneys or with blunted
tubuloglomerular feedback kidneys achieved by
lowering renal artery pressure or blocked by
making the kidneys non-filtering. They observed
an increase in RBF, GFR and proximal tubular
Na’® reabsorption but the distal Na® delivery
remained relatively constant after 90 min of
amino acid infusion. The hemodynamic
responses to amino acids were abolished in the
blunted tubuloglomerular feedback kidneys
induced by lowered renal artery pressure and
non-filtration. In another study, it was observed
that rats fed a high-protein diet had higher rates
of Na* and CI" reabsorption between the late
proximal and early distal tubules and a lower Na*
and CI' concentrations in the early distal tubule
than rats fed a low-protein diet [70]. It was also
reported that TGF was diminished in rats fed with
high-protein diet. From their findings, they
deduced that dietary protein does not alter TGF
system but influences the signal eliciting the TGF
response [70]. In healthy human subjects,
intravenous administration of amino acid resulted
in a significant increase in RBF and GFR.
However, the amino acid-induced renal
hemodynamic effects were abolished when the
healthy volunteers received a low sodium diet
(20 mEqg/day) for three days prior to amino acid
infusion [71].

Increase in proximal tubular NaCl reabsorption
and a fall in distal tubules NaCl concentration
suggest that TGF response is likely to play an
important role in  protein-induced renal
hemodynamics. However, a study by Sallstrom
et al. [11] differed from this. In their study of high
protein-induced hyperfiltration in conscious mice,
the influence of TGF was studied using female
adenosine Aj-receptor knockout mice and
corresponding wild-type mice. The mice were
given a low-protein diet (8% casein) for 10 days,
followed by a high-protein diet (50% casein) for
10 days.Glomerular filtration rate was measured
after 10 days on a low-protein diet and in half of
the animals the diet was switched to a high-
protein diet, whereas the other half continued
with low protein. After another 10 days, GFR was
again measured. A;-receptor knockout female
mice had a similar GFR and developed a similar
hyperfiltration, as their corresponding wild-type
controls. The GFR in Aj-receptor knockout
female mice lacking the TGF mechanism was
expected to be less or not affected by dietary
protein intake. However, it was observed that the
knockout mice treated with a high-protein diet
exhibited a similar degree of hyperfiltration as
wild-type mice having intact TGF mechanism.
Thus, concluding that hyperfiltration occurs
independently of the TGF mechanism.

The inconsistency recorded in these studies may
be due to the technique used; the use of
conscious animals which had an advantage in
preventing possible influence of anesthetic
agent, measurement of GFR via FITC-inulin
clearance, a modified technique described by Qi
et al. [72]. A study design that takes into
consideration the differences in these techniques
might address the disparity.

Another interesting fact is that the fall in NaCl
concentration in distal tubules influences the
macula densa to stimulate renin secretion,
making it possible that renin angiotenin system
may play a part in protein-induced
hemodynamics. Studies have observed a rise in
renin level in response to protein diet or amino
acid infusion [73,74]. A study examined the
effects of dietary protein on angiotensin
converting enzyme (ACE) in male Wistar Kyoto
rats, which were fed with isocaloric diets
containing 5, 16 or 50% protein for 3 weeks.
Angiotensin converting enzyme activity was
measured in the kidney medulla, cortex and
proximal tubule brush border membrane. It was
observed that renal cortex and brush border ACE
activity increased in parallel with protein intake,
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whereas, kidney medulla ACE activity did not
vary significantly and the increase in ACE activity
in the brush border membrane corresponded to a
similar increase in the maximum number of
binding sites of 3H-ramiprilat, suggesting that the
increase in ACE activity corresponded to an
increase in ACE concentration [75]. Scabora et
al. [76] investigated the impact of maternal
protein restriction during whole pregnancy on the
medial solitary tract nuclei (nTS) cytological
pattern and expression of angiotensin |l
receptors (AT1R) and AT2R in 16-week-old
offspring (LP). The study reported a decrease in
the expression of AT1R in the entire nTS of 16-
week-old LP rats compared with those of age-
matched appropriate normal-protein ingestion,
inferring that maternal protein restriction interfere
with angiotensin activity in the offspring.
However, a study in instrumented conscious dog
fed with 10 g/kg of raw beef, designed to study
the role of angiotensin system in protein-induce
hemodynamic, observed that the normal renal
hemodynamic responses to protein diet were not
abolished by blockade of the renin angiotensin
system with captopril, or by activation of this
system by dietary salt restriction, or infusion of
exogenous angiotensin Il, suggesting that the
renin-angiotensin system plays a relatively
unimportant role in protein-stimulated renal
vasodilation [25].

8. CONCLUSION

The precise mechanism by which protein induces
hyperfiltration and vasodilation is still unclear,
although several studies have inferred different
mechanisms which include the role of NO, TGF
and some vasodilators as potential causative
factors. The variations of results reported in the
studies reviewed were majorly dependent on the
techniques used. The proposition that TGF
mechanism could be the mediator of protein —
induced hyperfiltration has been countered by a
recent study that took into consideration the
interference of anaesthetic agent on the
observed response. This recent study used
conscious adenosine A;-receptor knockout mice
model to nullify the role of TGF mechanism. In
addition, the potential role of NO as a mediator of
renal hyperfiltration and vasodilation by protein
was queried by a knockout mice model for
specific NOS isoforms expressed in the kidney,
thus doubting the role of NO in protein — induced
hemodynamics.

There are possibilities that the action of protein
on renal functions may involve a synergy of the

mechanisms highlighted, or that different amino
acid constituents act through various mediators.
This therefore warrants further investigations.
More so, attention has been drawn to the role of
NMDA receptors in the kidney, where pre-
treatment with its antagonist abolished the
normal protein/amino acid induced hyperfiltration
and vasodilation and a low-protein diet down-
regulates NMDA receptor. Further
characterisation of the role of these receptors in
proteinf/amino  acid-induced = hemodynamics
needs to be investigated. Receptors might
interestingly be the sole mediator of protein’s
effect on the kidney.
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