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Introduction: A hyperproteic diet normally results in acute changes in renal function evidenced
by increases of natriuresis and glomerular filtration rate (renal functional reserve).
Objectives: To assess the changes in natriuresis and creatinine clearance during 12 weeks on
hyperproteic and hypersodic diet.
Materials and Methods: Eighteen adults male Holtzman rats were included and the follow-up
period was 12 weeks. The rats were initially distributed into three groups; hyperproteic diet (30%)
from an animal source (n = 6), hyperproteic diet (30%) from a plant source (n = 6) and normoproteic
diet (18%) from an animal source (n = 6). The diets were isocaloric, normosodic (0.25%). From week
8, each group was divided into three rats each and received a high-sodium (1.5%) and normosodic
diet (0.25%) respectively.
Results: The hyperproteic diet group (animal or plant vegetal source) had higher creatinine
clearance than normoproteic diet (P < 0.05). The hyperproteic vegetal diet group had a peak with
an increased renal functional reserve in 21% (P = 0.04). The natriuresis increased in the group on
the animal-source diet during the first 2 weeks (P = 0.03). The group plant-source diet did not have
significant change at the first week (P = 0.50); however, there was a subsequent decrease in the level
of natriuresis between weeks 3 to 8. When the groups were exposed to a hypersodic diet, there was
not difference in the natriuretic response between the groups (P > 0.05).
Conclusion: A hyperproteic vegetal diet increased renal functional reserve but not natriuresis
during an acute or long-term period; however, the natriuretic response was not impaired when a
hypersodic diet was added, though hyperfiltration was present.
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Introduction
Acute exposure of a hyperproteic diet induces an increase
in glomerular filtration rate (GFR), plasmatic renal flow,
decrease in renal vascular resistance and an increase in
natriuresis (1-3). There are few reports about long-term
changes of natriuresis and renal functional reserve.
A hyperproteic diet normally results in acute changes in
renal function evidenced by increases of natriuresis and
GFR (renal functional reserve). Modulation of natriuresis
mainly has been reported through prostaglandins,
angiotensin 2, natriuretic peptides and cinine-kalikrein
(4). When hyperfiltration is persistent, there are
autoregulation mechanisms on natriuresis, for example,
primary tubular reabsorption. Pathologically, a long-

term hyperproteic diet could induce sustained sodium
reabsorption on excess protein intake (5).
Objectives
The objective of this study was to assess the acute and
long-term changes in natriuresis and creatinine clearance
when a chronic hyperproteic diet and saline overload was
administrated. The previous reports analyze only acute
changes, for example, GFR concerning hyperproteic diet
(6,7). This study evaluates expected increases of GFR on
hyperproteic diet (renal functional reserve (8,9) during the
acute and long term. Natriuresis is measured to compare
changes on normosodic and hypersodic diets.
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Materials and Methods
Study design
Eighteen adults male Holtzman rats between 8 and 14
weeks of life were included in the study, and the follow-up
period was 12 weeks. The rats were initially distributed
into three groups. The first group received a hyperproteic
diet (30%) from an animal source (n:6), the second group
received a hyperproteic diet (30%) from a plant source
(n:6) and the third group received a normoproteic diet
(18%) from an animal source (n:6). The nutritional
analysis was performed from soybean and poultry source.
The diets were isocaloric, normosodic (0.25%) and water
ad libitum. From week 8, each group was divided into
three rats each and received a high-sodium (1.5%) and
normosodic diet (0.25%) respectively. Periodic checks
were performed to measure the 24-hour natriuresis (flame
photometry, normal values of 28-190 mmol/24 hours) in
weeks 0, 1, 2, 3, 4, 6, 8, 9, 11, 12 and glomerular filtration
rate (Jaffe reaction, creatinine normal value of 0.4-1.4
mg/dL) in weeks 0, 4, 8, 12. (Supplementary file 1). The
method of euthanasia used thiopental by intraperitoneal
injection.
The source of diets were analyzed by Certified Total
Quality Laboratory La Molina (http://www.lamolina.
edu.pe/calidadtotal/fisico_quimico.htm) and is showed
in Table 1. The plant source was soy, its protein content
47%. The animal source was poultry, its protein content
77%. There were higher levels of essential, aromatic and
branched chain amino acids in poultry meal than the
plant source (Table 2).
The minimum concentration of proteins required for the
growth of rats is estimated at approximately 15% and most
of the food produced contains between 18 and 25% (10,11).
This investigation defined a normoproteic diet at a protein
concentration of 18%. The hyperproteic diet corresponds
to a caloric intake derived from proteins in more than
25%. The hyperproteic diet was defined a concentration
of 30% (5). The salt requirements for growth are estimated
at 0.05% and that in a 400 g rat it is equivalent to a
consumption of 10 mg/day of sodium or 25 mg/kg. Some
commercial diets have a sodium concentration of 0.3 to
0.5%, however, this amount exceeds the requirements, and
is equivalent to a consumption of 100 mg/d or 250 mg/kg
(12). In human nutrition, a consumption of 2400 mg/d of
sodium or 34 mg/kg is recommended. A value of 0.25%
and 1.5% were defined as normosodic and hypersodic

Table 2. Composition of soybean and poultry meal. The dates are show
in percentage

Soybean meal

Poultry meal

Dry matter

90.0

94.0

Protein

47.0

77.3

Fiber

4.0

0.57

Fat

1.0

12

Lysine

2.96

4.43

Methionine

0.67

0.82

Arginine

3.48

4.49

Threonine

1.87

3.31

Tryptophan

0.74

0.60

Glycine

2.02

0.0

Histidine

1.28

2.26

Leucine

3.72

7.04

Isoleucine

2.12

2.24

Phenylalanine

2.34

0.0

Valine

2.22

5.38

respectively.
Ethical issues
This study was confirmed by Local Ethics Committee
of department of Physiology at San Marcos University.
As an experiment, the protocols were approved to be
in accordance with the guidelines for the Care and Use
of Laboratory Animals by the National Academy of
Sciences (National Institutes of Health). This study
was extracted from the MSc thesis of Edwin Castillo
at this University (https://cybertesis.unmsm.edu.pe/
handle/20.500.12672/3925).
Data analysis
Statistical analysis used Wilcoxon test to compare two
related samples and Friedman statistical test to compare
more than two dependent samples (GFR or natriuresis
during follow-up). Mann-Whitney U and Kruskal Wallis
were used to compare two or more than two independent
samples, respectively (GFR or natriuresis between diets
groups).
Results
At baseline (week 0) the mean of creatinine was 0.54 mg/
dL, weight 242 g and the control of creatinine clearance
was homogeneous between groups (P > 0.05). The

Table 1. Analysis of experimental diets
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Normoproteic animal diet

Hyperproteic animal diet

Hyperproteic vegetal diet

Protein (g/100 g)

18.3

28.9

30.1

Humidity (g/100 g)

9.3

8.1

8.3

Fat (g/100 g)

5.3

7.5

8.1

Ash (g/100 g)

4.9

4.7

6.5

Carbohydrate (g/100 g)

62.2

50.8

47.0

Total energy (Kcal/100 g)

369.7

386.3

381.3
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Hyperproteic diet and renal reserve

hyperproteic diet group (animal or vegetal) had higher
creatinine clearance than the group given the normoproteic
diet at weeks 4 and 8 (P < 0.05). The hyperproteic vegetal
diet group increased renal functional reserve in 21%
(P = 0.04) and the hyperproteic animal diet group did not
have significant changes (P > 0.05). The normoproteic
animal diet group reduced creatinine clearance between
weeks 4 to 8. All the groups had no significant changes in
creatinine clearance after salt overload.
The group on the animal-source diet increased
natriuresis more than 1.5-fold from baseline during the
first 2 weeks (P = 0.03) and the group plant-sourced diet
did not have significant change in the first week (P = 0.50).
After, reduce their natriuresis between weeks 2 to 8
(P < 0.05). The groups on the animal-sourced diet had a
subsequent decrease in the level of natriuresis between
weeks 3 to 8 (Table 3).
There was higher creatinine clearance on the animal or
plant hyperproteic diet than normoproteic diet at weeks
4 and 8, but not of natriuresis (Figure 1). The natriuretic
response was not impaired when the groups were exposed
to a hypersodic diet during week 8 to 12 and there were
no differences between the groups (P > 0.05), even though
natriuresis had previously decreased as renal functional
reserve increased, specifically during peak at week 8 in
hyperproteic vegetal diet.

Previous research has established a linear correlation
between GFR (mL/min/100 g) and increased up to weight
of about 120-150 g. When the rats over 150 g, the GFR had
not run parallel with the increase in weight. Then, there is
a constant decrease in the GFR/100 g (13). The results are
in line with this previous report. The weight at baseline
was 242 g and the GFR subsequently decreased slowly in
animal-source diet groups, except in hyperproteic vegetal
diet group. There was a significance difference between
hyperproteic and normoproteic diet groups independent
of the slow reduction of GFR.
It was outstanding to observe hyperfiltration and
reduced natriuresis in hyperproteic vegetal diet during
week 8. More studies are needed to investigate this point.
This mechanism cannot be explained by tubuloglomerular
feedback or by a synthesis of prostaglandins because
they simultaneously increase glomerular filtration and
natriuresis. Thus, another possible mechanism is the
effect of angiotensin, which can increase sodium tubular
reabsorption by AT1 and increase glomerular filtration
by changing glomerular hemodynamics at efferent
arterioles. During weeks 8 to 12, when a hypersodic diet
was added, the natriuretic response was not impaired, so
in the hypothesis of angiotensin, its sustained increased
under hyperproteic diet would not disable the natriuretic
response by a saline overload.

Discussion
These findings show that a vegetal hyperproteic diet
had higher renal functional reserve but not increased
natriuresis. The vegetal hyperproteic diet increased
functional renal reserve, even though the animal protein
source had higher levels of arginine and methionine,
which is typically related to hyperfiltration. Compared to
the normoproteic diet group, the hyperproteic animal or
plant group had higher levels of GFR.

Conclusion
A long-term hyperproteic vegetal diet and subsequently
increases in GFR not impaired physiological increases in
natriuresis when a salt overload is administrated in an
experimental model.
Limitations of the study
This research could have included more rats in each
group to avoid a type II error possibility, specially to assess

Table 3. Control of natriuresis and creatinine clearance

Groups

1.Hyper-A

2.Normo-A

3.Hyper-V

Natriuresis
(mmol/24 h)
Creatinine clearance
(mL/min/100 g)
Natriuresis
(mmol/24 h)
Creatinine clearance
(mL/min/100 g)
Natriuresis
(mmol/24 h)
Creatinine clearance
(mL/min/100g)

0

1

2

3

4

6

8

76

115

107

49

46

49

37

0.38
(0.04)

0.39 (0.06)
37

128

127

54

0.34
(0.07)
80
0.34
(0.04)

54

34

39

33
0.40
(0.07)

9

11

12

a.

25

28

26

b.

113

110

52

52

0.35 (0.05) group b
a

24

43

31

b

67

132

103
0.28 (0.07) group a

0.27*
(0.04)
43

31
0.41*
(0.06)

89
0.26 (0.13) group a

0.34
(0.04)

0.27*
(0.04)
87

Weeks
Groups

0.20 (0.04) group b
a

38

39

b

102

130

33
62
0.29 (0.02) group a
0.32 (0.08) group b)

The groups were hyperproteic animal (Hyper-A), normoproteic animal (Normo-A), and hyperproteic vegetal (Hyper-V). From week 1 to 8 the diets
were normosodic. From week 8 to 12 each group was separate in normosodic (a) and hypersodic (b) groups.
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Figure 1. There was higher creatinine clearance on the animal or plant hyperproteic diet than normoproteic diet at weeks 4 and 8, but not of natriuresis .

changes of GFR on hyperproteic animal diet. However,
the means and standard deviation were given, hence, this
possibility was unlikely.
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