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Abstract Epithelial sodium Channel (ENaC) protein is an important substance in maintaining plasma sodium

level. Its DNA sequences are similar in rat model with and without salt sensitivity, but the mRNA number increase
in salt sensitive rat model with high salt diet. This condition is assumed to be similar in human. ENaC protein is
abundant in lung, gut and kidney, and plays a similar physiological process but different diseases. ENaC protein
levels have to be measured from specific locations; kidney will be the good source for hypertension related sodium
excretion. The possibility of ENaC protein as a marker to screen salt-sensitivity is needed to be explored. The aim of
this research is to explore the possibility of ENaC protein detection in urine. This is an observational descriptive
study. Enzyme-linked immunosorbent assay (ELISA), using Cloud-Clone reagent catalog number SED337Hu, was
used to detect and measure urinary and plasma ENaC protein level. For the first step of study, ELISA was conducted
toward various dilution of healthy individual spot urine; in the 2nd step, several locations of repeated centrifuged spot
urine and 24 hour collected urine were explored for the presence of ENaC protein; on the next step, 3 subjects,
non-hypertensive, and hypertensive with and without family history of hypertension were recruited; for the fourth
step, 13 (6 male and 7 female) non-hypertensive subjects were recruited; all steps are aimed to explore the detection
of urinary EnaC protein level. ENaC proteins can be detected in both supernatant and sediment of centrifuged urine.
In plasma of non-hypertensive, hypertensive with, and without family history of hypertension are 1.12 ng/ml, 2.7
ng/ml and 4.0 ng/mL respectively. ENaC protein levels from centrifuged urine at lower part of supernatant are lower
but consistent with serum level. Mean ENaC protein level in non-hypertensive men are lower than women. Mean
ENaC protein level in those with family history of hypertension are lower both in men and women. ENaC protein is
detectable in spot urine; the levels differ by hypertension status, family history of hypertension and also by gender.
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1. Introduction
ENaC is a transmembrane protein which regulates
sodium exchange in several tissues, namely lung, gut and
kidney [1,2,3]. Studies showed that ENaC structures are
similar among species; it consists of 3 subunits, α, β, and γ
[4]. Studies in animal and human kidney showed that
there are 3 parts of tubules that involved in sodium
regulation in the urine, they are distal convolute tubule,
connecting tubule and collecting duct with similar ENaC
protein expressions and its subcellular location differ as a
response toward different sodium intake [2]. In salt
sensitive and salt resistant rat models, there are no genetic
differences in their DNA sequences [5], but their mRNA
levels are differ [6,7]. mRNA levels of salt resistant rat are
significantly higher; the transcript levels after 4 week high
salt diet in salt sensitive rat are significantly higher than
normal salt diet in salt resistant rat [6].
ENaC protein is abundant in lung, gut and kidney, and
plays a similar physiological process but resulting different
diseases [4,8,9]. The possibility of ENaC protein as a

marker to screen salt-sensitivity is needed to be explored.
ENaC protein levels have to be measured from specific
locations; kidney will be the good source for hypertension
related sodium excretion [10], but kidney biopsy will be
too invasive for screening purposes. Urine is the closest
source to kidney, but there is no publication about ENaC
protein detection in urine yet. In conventional Elisa,
substrate detection usually conducts toward supernatant, but is
it high enough to be detected? Should the urine be
concentrated? ENaC protein is heavy; logically it will be
centrifuged near the sediment, should the supernatant near
the sediment be used? Physiologically, ENaC protein will
be destructed after its role in sodium excretion in the
tubules, is this reagent able to detect fragmented ENaC
protein?
The aim of this research is to explore the possibility of
ENaC protein detection in urine.

2. Methods
This is a descriptive explorative study. Enzyme-linked
immunosorbent assay (ELISA), using Cloud-Clone reagent
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catalog number SED337Hu, were conducted following
the enclosed instruction. There are 4 steps of studies, exploring
the urinary epithelial sodium channel protein presence in:
1. Different urinary dilution
First step of the study was measuring the level of
urinary ENaC protein with several dilution scenarios.
Urine was taken from a normal male subject and diluted in
phosphate buffer saline (PBS) solution, then centrifuged.
Elisa was performed towards supernatant.
2. Different part of centrifuged urine.
Spot urine from a healthy person collected together
with his serum and 24 hour collected urine from other
healthy person collected for other purpose were treated
similarly to explore the presence of ENaC protein in
repeated centrifugation. A 100 ml, 50 ml, 40 ml, 30 ml, 20
ml and 10 ml urine were centrifuged; 10 ml of the lower
part with the sediment were taken and re-centrifuged.
Elisa was performed towards upper part of supernatant,
which was taken around the surface; and the lower part of
supernatant, which was taken about 1 cm above the
sediment. Sediments were collected, manually grinded,
diluted with PBS solution in several concentrations and
then the ENaC protein level was measured by Elisa.
Sediment is not a conventional sample for Elisa, but in the
case of urinary ENaC protein, its possibility should be
explored since the intact ENaC protein is pooled in the
cytoplasmic vesicle of tubule cells.
3. Different subject conditions, which are normotensive
subject and hypertensive subjects with and without family
history of hypertension.
In the third step, serum and spot urines samples from
those subjects were collected, the urines were centrifuged
and ENaC protein was measured from different places of
the centrifuged urine. Based on the result of step 1 study,
urines were not diluted anymore.
4. Random subjects.
In this step, 13 adult subjects were randomly recruited;
spot urine samples were collected, centrifuged, and
ENaC protein level was measured from lower supernatant.
Demographic characteristics, anthropometric measures
and blood pressures were collected through interview,
anthropometric measurement and digital blood pressure
measurement respectively, following the standard protocol.

spot urine and 24 hours urine collection, with multiple
centrifugations.
Table 1. Urinary ENaC level with dilution, without centrifugation
Urine Dilution With PBS
No dilution

0.2

1:2

0.0

1:4

0.0

1:8

0.0

1:16

0.0

1:32

0.0

1:64

0.0

1:128

0.0

Table 2. Serum and Urinary ENaC protein level, with repeated
urinary centrifugations
ENaC Protein Level (ng/mL)
serum

1.12
Morning Urine

24 hour Urine

100 ml

1.4

0.1

50 ml

0.6

0.2

40 ml

2.9

0.2

30 ml

0.8

0.2

20 ml

0.2

0.2

10 ml

0.4

0.3

ENaC protein level form multiple centrifugations are
not consistent in spot urine, but relatively consistent in 24
hours urine. Moreover, single centrifugation urines, both
spot and 24 hours urines reveal the similar ENaC protein
levels.
Table 3. Urinary ENaC protein detection of grinded sediments with
several PBS solution dilutions
Sediment Dilution

3. Results
Table 1 showed the result of urinary ENaC protein detection
in several urine dilutions. ENaC protein is 0.2 ng/mL in
non-diluted urine and is not detectable in diluted urine.
Table 2 showed the result of ENaC protein detection in
serum and urine of healthy persons; urines were taken as

ENaC Level (ng/mL)

ENaC Protein Level (ng/mL)

1:2

5.8

1:4

15.6

1:8

25.6

1:16

65.6

1:32

99.2

1:64

345.6

1:128

332.8

1:256

68.3

The urinary sediment’s ENaC protein detection reveals
inconsistent high concentration levels.

Table 4.Urinary ENaC protein level in different subjects
ENaC Protein Level (ng/mL)
Source Of Sample

Non-hypertensive Subject

Hypertensive Subjects
With Family History Of Hypertension

Without Family History Of Hypertension

serum

1.12

2.7

4.0

upper supernatant

0.4

2.8

2.7

Lower supernatant

0.3

2.7

3.7

Sediment

2.8

2.5

2.3
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Serum ENaC protein level is lowest in nonhypertensive subject and highest in hypertensive subject
without family history of hypertension. Its level pattern in
lower supernatant is similar with the serum level, but
opposite to ENaC protein levels in sediment.
Table 5. Characteristics and urinary ENaC protein level in healthy
subjects
Characteristics

Min

Max

Average

22

50

33.64

BMI (kg/m )

21.2

31

25.89

ENaC level (ng/mL)

0.2

2.7

1.75

• female

1.5

2.7

2.1

○ with family history of hypertension

1.5

2.5

1.9

○ without family history of hypertension

2.5

2.7

2.6

0.2

2.0

1.35

○ with family history of hypertension

0.2

2.0

1.13

○ without family history of hypertension

1.4

1.7

1.6

Age (years)
2

• male

Family history of hypertension is positive in 3 male and
5 female subjects. The range of ENaC protein level is
similar with the previous results. Urinary ENaC protein
level is higher in female compare to male; higher in
subjects without family history of hypertension.

4. Discussion
The result of step 1 study showed that urinary ENaC
protein level is low, no dilution is needed. It is low but still in
the range that is detectable by the reagent (0.156-10 ng/mL)
[11]. Lesson from this step is urinary ENaC protein
detection should be conducted without urine dilution.
Since urinary ENaC protein is so low, we considered
the possibility of using concentrated urine. Concentrating
urine was conducted by assuming that a big molecule of
ENaC protein (85-95kDa) [4] will be settled near the
sediment during centrifugation; we tried to concentrate the
urine by double centrifugation by collecting 10 ml of near
sediment supernatant of 20-100 ml spot urine as well as
24 hour urine to be re-centrifuged. We also measured the
presence of serum ENaC protein to ensure the correctness
to the process. Serum ENaC protein level is 1.12ng/mL.
Table 2 showed us that single centrifuged urine; both spot
and 24 hour collection reveal a similar level of ENaC
protein. Multiple centrifuged spot urine reveal non
consistent level of ENaC protein, and 24 hour collection
urine gave the same level of ENaC protein, lower than
those in spot urine; it is understandable because of the
presence of urinary protease which could cut any protein
in the urine [12] if it left without treatment. ENaC protein
detection from upper supernatant and lower supernatant
reveal a similar result. Lesson learnt from this step is that
spot urine seems to be as good as 24 hour collected urine;
since 24 hours urine collection is difficult to achieve [13],
then a spot urine will be better. Concentrating the urine by
double centrifugation is not likely to be necessary.
ENaC activity is regulated by intra and extracellular
protease which cut αENaC and loop γENaC to activate the
channel. It means that soluble ENaC will be cut ENaC
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protein; as consequences, the level of urinary ENaC will
be lower [4]. The intact ENaC will be stay in the
cytoplasmic vesicle, within the cells [3]. With that
consideration, sediment which will contain cells was also
used to detect the presence of ENaC protein. Table 3
showed us that the ENaC protein level is detectable but
the results are not consistent; the higher the dilution, the
higher the ENaC protein level. It could be due to the
interference of the big particles within the sediment.
Cell lysis should be done properly; sonicated with an
ultrasonic cell disrupter or subjected the sediment into two
freeze-thaw cycles as mentioned in the protocol [11]. We
also have to consider the cell number in the sediment,
should it be counted first, or should we limit the cell
number before ENaC protein detection? The use of
sediment to detect urinary ENaC protein level needs a
further study.
The third step of the study aimed to explore the
difference of urinary ENaC protein level in subject with
and without hypertension, with and without family history
of hypertension. It is interesting that the level of serum
and lower supernatant ENaC protein are consistent, the
lowest on non-hypertensive subject and the highest on
hypertensive subject without family history of hypertension.
Putting it into theory, individual with normal blood
pressure despite their salt intake will need fewer ENaC
protein to allow sodium to be excreted into the urine;
while hypertensive individual will tend to retain sodium
and use more ENaC protein to enable the process [3].
Based on the result on step 2 where dilution of sediment
gave inconsistent results, in this step sediment was used
without any dilution. The levels of ENaC protein in
sediment are the opposite of lower supernatant results; it
can also be explained by the same theory, in normotensive
individual ENaC protein is utilized in a smaller number, it
leaves the pooled ENaC protein within the cytoplasmic
vesicle and detected in the sediment where cells lie after
centrifugation. This result raise a question, does it mean
that sediment, if properly treated will be a better source
for ENaC protein detection?
Learning from step 3 of the study, in the 4th step we
only use lower supernatant. From Table 5 we learn that
the level of urinary ENaC protein in non-hypertensive
subjects is affected by gender and the presence of family
history of hypertension, it is confirmed that, in mice
model, female hormones protect them from hypertension,
one of the mechanisms is through the reduction of salt
sensitivity [14]. A bigger sample size is needed to define
the normal range of urinary ENaC protein level.
It can be concluded that Cloud-Clone reagent catalog
number SED337Hu can be used to detect urinary ENaC
protein. Spot urine is better than collected urine and lower
part of supernatant yielding a consistent level of ENaC
protein with serum levels in subjects with various
condition of hypertension.
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