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ABSTRACT

Purpose: To evaluate the influence of autonomic vagal and splenic activities on renal histomorphometric aspects 
in obese rats. Methods: Thirty male Wistar rats were used, of which, 24 received subcutaneous injections of 
monosodium glutamate (MSG) during the first 5 days of life (4 g/kg body weight) and six control animals received 
injections of saline solution (CON). Five experimental groups were organized (n = 6/group): falsely-operated 
control (CON-FO); falsely-operated obese (MSG-FO); vagotomized obese (MSG-VAG); splenectomized obese 
(MSG-SPL); vagotomized and splenectomized obese (MSG-VAG-SPL). Results: The MSG-FO group animals 
showed a significant reduction in body weight and nasal-anal length when compared to CON-FO group animals 
(p < 0.05). The MSG-VAG-SPL group showed significant reduced in most biometric parameters associated with 
obesity. Falsely-operated obese animals showed a significant reduction in renal weight, glomerular diameters, 
glomerular tuff and capsule areas and Bowman’s space compared to CON-FO group animals (p < 0.05). There 
was a significant reduction in diameter, glomerular tuft and capsule areas, and Bowman’s space in MSG-VAG, 
MSG-SPL, MSG-VAG-SPL groups when compared to the MSG-FO group. Conclusion: Vagotomy associated with 
splenectomy induces a reduction in the adiposity and causes histological changes in the kidney of obese rats.
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Introduction

Chronic kidney disease (CKD) is one of the most important 
public health problems worldwide, and its main implications 
involve damage to nephron structures and loss of kidney 
function. It has a progressive character and is related to 
high morbidity and mortality1. This disease is identified by 
the gradual destruction of nephrons caused by increased 
intraglomerular pressure and hyperfiltration. The pathogenic 
mechanisms that influence this disease converge in a common 
environment, which results in progressive interstitial fibrosis, 
peritubular capillary loss with hypoxia and destruction of 
functional nephrons as a result of tubular atrophy2,3.

Currently, it has been considered the role of subclinical 
inflammation in the evolution of chronic-degenerative 
diseases4. Inflammation is identified as a physiological 
process, in which there is a response to different stimuli such 
as infections, physical, chemical and antigenic changes or 
traumatic damage. The inflammatory response needs to be 
strictly ordered, since deficiencies or excess responses are 
closely associated with morbidity and mortality. For example, 
the inflammation that started in the glomerulus due to some 
trauma, causes innumerable harmful mechanisms through 
the activation of the immune system in a continuous and 
accentuated way, which may affect the interstitial tubule 
space. In this scenario, there is evidence of activation of 
the immune system over early and late stages of CKD. On 
the other hand, studies reveal the existence of a negative 
relationship between circulating levels of inflammation 
mediators and the stage of the disease5.

Studies show that obesity is an independent risk 
factor for CKD6,7. Research shows that obese patients in 
the United States are four times more likely to develop 
CKD than nonobese patients. Obesity is believed to 
interfere with pathophysiological changes that favor 
kidney damage. The increase in lipids in macrophages is 
able to transform the phenotype of cells and benefit the 
appearance of a proinflammatory environment responsible 
for the pathophysiological changes of the kidney related to 
obesity. There is evidence of an association of numerous 
proinflammatory cytokines produced by adipose tissue and 
inflammatory cells with kidney damage caused by obesity8.

Obesity causes several structural, hemodynamic and 
metabolic changes in the kidneys. Most of these changes 
can be compensatory responses to the systemic increase in 
metabolic demand observed in obesity. However, in some 
cases, kidney damage becomes clinically affected as a result 
of compensatory failure. Obesity-related glomerulopathy 
(ORG) is the best known9. The literature shows an association 
between glomerulopathy and inflammation. It is noteworthy 
that glomerular diseases indicate faster renal function 

deterioration when compared to other CKD etiologies. 
Glomerular injury can be caused by several immunological 
mechanisms7. Sympathetic activity may also be associated 
with the evolution of renal failure. According to Luo et al.10, 
the increase in sympathetic tone significantly alters renal 
function. In addition, renal inflammation is highly involved 
with the vagus nerve, mainly through the presence of the 
inflammatory reflex, wherein the afferent vagus nerve 
detects peripheral inflammation and the signal is transmitted 
through the central nervous system to the efferent vagus 
nerve and the spleen to relieve inflammation11.

Thus, the aim of the present study was to evaluate the 
relationship between autonomic vagal and splenic activities 
on renal histomorphometric aspects in MSG-obese rats.

Methods

The experimental procedures were in accordance with 
the Ethical Principles in Animal Experimentation adopted 
by the Brazilian College of Animal Experimentation and 
were approved by the Ethics Committee of Animal Use 
at Universidade Estadual do Oeste do Paraná (protocol. 
0906/2017).

Thirty male Wistar rats were used; of these, 24 received 
injections of monosodium glutamate (MSG) (4 g/kg body 
weight) during the first 5 days of life12. In the same period, 
6 control rats (CON) received subcutaneous injections 
of equimolar saline. The animals were adapted and 
maintained at the vivarium of the Center for Biological 
and Health Sciences (CCBS) from Universidade Estadual do 
Oeste do Paraná, housed in collective polyethylene cages 
(43 × 30 × 15 cm), under controlled temperature, 22 ± 25 °C, 
12 hour-photoperiod (light period 7:00 ~ 19:00 h).

Experimental design

Considering the induction of obesity with MSG, 
vagotomy and splenectomy, five experimental groups were 
organized (n = 6/group), as follows: falsely-operated control 
(CON-FO), falsely-operated obese (MSG-FO), vagotomized 
obese (MSG-VAG), splenectomized obese (MSG-SPL), 
vagotomized and splenectomized obese (MSG-VAG-SPL).

Surgical procedures

Splenectomy: Animals in the MSG-SPL and MSG-VAG-
SPL groups underwent splenectomy at 60 days of age. For 
the surgical procedure, the animals were intraperitoneally 
anesthetized, with a mixture (v:v) of xylazine (0.2 mg/g) and 
ketamine 0.5 (mg/g) of weight of each animal. Subsequently, 
the animals were laparotomized, the spleen located, the 
splenic vessels were tied with a 3 × 3 mm green polyester 
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surgical thread (PolySuture), the spleen was removed and 
weighed, and the cut sutured with the same type of surgical 
thread used to tie the vessels and animals returned to the 
vivarium. Falsely-operated groups (CON-FO) underwent the 
same processes, except the removal of the spleen.

Subdiaphragmatic vagotomy: Animals in the MSG-
VAG and MSG-VAG-SPL groups were subjected to 
subdiaphragmatic vagotomy at 60 days of age, according 
to the protocol by Balbo et al.13 with adaptations. For 
vagotomy, the animals were intraperitoneally anesthetized 
as previously described. Then the animals were shaved in 
the ventral region, performing antisepsis of the surgical 
field using polyvinyl pyrrolidone-iodine (PVPI), a cutaneous 
ventral incision of approximately 2 cm, inferior to the 
sternum, in the midline of the abdomen. A similar incision 
was made in the abdominal muscle wall. The intestine was 
caudally retracted and the liver cranially, to expose the 
esophagus. With the aid of a magnifying glass, the anterior 
and posterior branches of the vagus nerve, which are located 
near the surface of the esophagus, were gently dissected 
and sectioned with scissors and precision tweezers. In 
animals selected for false vagotomy (FO groups), after 
opening the peritoneal cavity, the cavity was explored, 
the vagus nerve was handled and detached from the 
esophagus, but not sectioned. At the end, the muscle 
incision was closed with continuous absorbable suture 
and the skin incision with simple non-absorbable suture.

Euthanasia, organ weight and adiposity

At 150 days of age, the animals were weighed and 
euthanized by decapitation in guillotine. Animals were 
submitted to abdominal-pelvic laparotomy to remove organs 
and tissues, which were weighed on a digital scale. The 
weight of organs and tissues was expressed in standardized 
units corresponding to the gram of organ/100 g body weight 
(relative weight = organ or tissue weight / body weight × 100).

To evaluate the development of obesity in the MSG 
group, weights of fat deposits in the abdominal cavity 
(retroperitoneal, mesenteric and perigonadal) and 
subcutaneous (inguinal) were measured and the Lee 
index was calculated in all animals, using the relationship 
between cube root of body weight in grams (g) by nasal-
anal length (cm)14.

Morphological and morphometric analysis of the kidneys

Kidneys were fixed in alcohol, formaldehyde and 
acetic acid (ALFAC) for 24 h, washed in running water and 
stocked in 70% alcohol. Subsequently, they were processed 
for light microscopy, with embedding in Paraplast Plus 
(Sigma-Aldrich). For morphological analysis, semiserial 

cuts of 5 µm thickness were made, using a manual rotary 
microtome (Olympus 4060), equipped with a disposable 
steel razor. The sections obtained were deparaffinized 
with xylol, hydrated with distilled water and stained with 
hematoxylin and eosin (HE) for analysis.

For morphometric analysis, one kidney histological 
section was used and three subsequent ones were discarded 
along the organ, making an average of 10 sections/animal. 
Fifty glomeruli were selected per kidney and measured 
for diameter of the glomerular tuft, glomerular tuft area, 
capsule area and Bowman’s space. To know the area of 
Bowman’s space, the capsule area was calculated by 
subtracting the area of the glomerular tuft15,16. All sections 
were observed using an Olympus BX60 microscope. Images 
of renal glomerulus were observed at 400× magnification. 
The images were recorded using an Olympus DP71 digital 
camera with the DP Controller software v. 3.2.1.276 and 
analyzed using the Image Pro-Plus software v. 4.1. The 
results were expressed in micrometers (μm).

Statistical analysis

All data were expressed as mean ± standard error, 
applying the analysis of variance – ANOVA, followed by 
Tukey’s post-hoc test. The differences were considered 
statistically significant when p < 0.05. Statistical analyses 
were performed using the Sigma Plot software (version 
11.0; Systat Software Inc., San Jose, CA, USA).

Results

Biometric parameters associated with obesity

At the end of the experimental period (150 days of 
life), the animals in the MSG-FO obese group showed a 
significant reduction in body weight and nasal-anal length 
when compared to animals in the non-obese CON-FO 
group (p < 0.05). About the other parameters associated 
with obesity (Lee index and fat deposits), the MSG-FO 
group animals showed a significant increase in these 
measures when compared to CON-FO animals (p < 0.05). 
The MSG-VAG group not showed significant difference of 
body weight and nasal-anal length; however, significantly 
reduced the Lee index and retroperitoneal, perigonadal 
and mesenteric fat deposits when compared to MSG-FO 
group (p < 0.05). The MSG-SPL animals significantly reduced 
the Lee index and retroperitoneal fat when compared to 
MSG-FO animals (p < 0.05); however, the removal of the 
spleen did not affect the other fat deposits. The MSG-
VAG-SPL group showed a significant reduction in most of 
the biometric parameters associated with obesity when 
compared to MSG-FO group (p < 0.05) (Table 1).
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Renal histomorphometric analysis

The animals in the CON-FO group showed preserved 
renal structure, with a cortical region of granular 
appearance, containing nephrons, renal corpuscles, 
contorted tubules and thin segments loops of Henle (Fig. 1a). 
The kidneys of MSG-FO group animals showed altered 
histological structure, with immature glomerulus, tubules and 
cartilage, surrounded by loose and undifferentiated mesenchymal 
tissue (Fig. 1b). Some glomeruli slightly enlarged with diffuse 
thickening of the capillary walls (Fig. 1c). Glomerulus with a 
prominent increase in the mesangial matrix, forming several 
nodular lesions. The dilation of glomerular capillaries was 
evident and some basal capillary membranes are thickened 
(Fig. 1d). There was an accentuated glomerular lobulation with 
a greater number of mesangial cells and amount of mesangial 

Table 1 – Biometric parameters of the different groups at the end of the experimental period.
Parameters CON-FO MSG-FO MSG-VAG MSG-ESP MSG-VAG-ESP

Body weight (g) 439.60 ± 6.41 294.00 ± 13.39*a 292.00 ± 5.97a 306.80 ± 10.18ab 262.20 ± 3.60d

Nasal-anal length (cm) 23.25 ± 0.12 19.30 ± 0.27*a 20.20 ± 0.30a 20.40 ± 0.24b 19.20 ± 0.20abd

Lee index 327.00 ± 1.49 343.79 ± 2.11*a 328.78 ± 3.88b 330.37 ± 2.02bc 332.82 ± 3.47bcd

Retroperitoneal fat (g/100 g BW) 1.53 ± 0.10 1.70 ± 0.26*a 0.68 ± 0.02b 0.95 ± 0.04c 0.74 ± 0.02bd

Perigonadal fat (g/100 g BW) 1.54 ± 0.07 2.5 ± 0.09*a 1.93 ± 0.09b 2.75 ± 0.05ac 1.99 ± 0.05bd

Inguinal fat (g/100 g BW) 0.28 ± 0.03 0.59 ± 0.07*a 0.84 ± 0.17b 0.57 ± 0.02ac 0.48 ± 0.10acd

Mesenteric fat (g/100 g BW) 0.99 ± 0.08 2.29 ± 0.17*a 1.53 ± 0.18b 2.13 ± 0.11bc 1.48 ± 0.19d

Values expressed as mean ± standard error. N = 6 animals/group. BW = body weight. Analysis of variance - ANOVA (one-way), followed by Tukey’s test, 
*= p < 0.05 between the CON-FO and MSG-FO groups. Different lowercase letters a, b, c, d = p < 0.05, when comparing obese groups.

matrix, and thickening of capillary walls (Fig. 1e). Capillary wall 
thickening and hypercellularity were also evident (Fig. 1f). 
Some glomeruli were found with focal glomerular necrosis 
and crescent formation (Fig. 1g). In the MSG-VAG and MSG-
VAG-SPL animals, the kidneys were found with multiple areas 
of renal infarction characterized by marked pallor, extending 
to the subcapsular surface (Fig. 1h).

In the histomorphometric analysis of renal parameters, 
the MSG-FO group showed a significant reduction in renal 
weight and diameters of glomerular tuft area, capsule area, 
and Bowman space, when compared to CON-FO group 
(p < 0.05) (Table 2). The groups MSG-VAG, MSG-SPL, MSG-
VAG-SPL showed a significant reduction in diameter and area 
of glomerular tuft, area of the capsule and the Bowman’s 
space were found when compared to the MSG-FO group, 
(p < 0.05) (Table 2).

Figure 1 – Renal glomerulus photomicrograph of the animals from different experimental groups. (a) Glomerulus with normal aspect 
in the animals from CON-S group, showed renal corpuscles, distal contorted tubules (DCT), segments loops of Henle (SLH), blood 
capillaries (*), glomerular tuft (triangle), Bowman’s space (circle); (b) Reduced glomerulus and with altered appearance in animals 
of the MSG-FO group (arrows), immature tubules (arrowhead); (c) Glomeruli with increased diameters (arrows), diffuse thickening 
of the capillary walls (arrowhead); (d) Increase in the mesangial matrix (MM), nodular lesions (arrowhead), dilated capillaries (thin 
arrow), capillary membranes are thickened (thick arrow); (e) Glomerular lobulation (arrowhead), thickening of capillary walls (EC); (f) 
Capillary wall thickening and hypercellularity (HP); (g) Glomerular necrosis (arrow) and crescent formation (CF); (h) Renal infarction in 
animals MSG-VAG-ESP (arrow), necrotic cells (NC), blood vessel (arrowhead). Staining = Harris hematoxylin and eosin.

(a)

(e)

(b)

(f)

(c) (d)

(h)(g)
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Discussion

Obesity is associated with insulin resistance, diabetes, 
dyslipidemia and hypertension. Collectively, these conditions 
comprise the metabolic syndrome, which involves a low-
grade chronic proinflammatory state17. In addition, obesity 
is the main cause of chronic kidney disease, especially in 
terminal kidney disease, with ORG being the most well-
known kidney disease associated with obesity18,19.

In this research the animals of MSG-FO group showed a 
significant reduction in body weight and nasal-anal length 
when compared to CON-FO group. This reduction can be 
attributed to the side effect of the application of MSG, 
since the endocrine alterations includes the reduction 
of circulating levels of growth hormone (GH), due to the 
permanent destruction of neurons in the hypothalamus 
arcuate nucleus, GH-RH production site. According to 
results, despite the lower body weight and nasal-anal 
length of these animals, there was a significant increase 
in the Lee index and fat deposits. The lower secretion of 
GH implies in the reduction and retardation of the animal 
growth, due to the inadequate growth of the volume and 
the number of cells. This hormone is considered a calorific 
hormone, which produces lipolysis and anabolism and, in 
addition to being diabetogenic, its reduction implies the 
failure of fat mobilization, thus contributing to the increase 
in the adipose tissue of these animals20–23.

In MSG-VAG animals there was a significant reduction 
in the Lee index and in the retroperitoneal, perigonadal 
and mesenteric fat deposits. Souza et al.24 showed that 
vagotomy promotes weight loss and reduced food intake 
more importantly in the first postoperative days, one of the 
explanations for this fact is that the procedure blocks the 
feeding inhibitory effect, consequently, these animals ingest 
smaller amounts and more frequent portions of liquid diet, 

Table 2 – Glomerular histomorphometry of the different experimental groups at the end of the experimental period.

Parameters CON-FO MSG-FO MSG-VAG MSG-ESP MSG-VAG-ESP

Renal weight 
(g/100 g BW) 0.30 ± 0.009 0.23 ± 0.01*a 1.88 ± 0.41b 0.23 ± 0.05ac 0.24 ± 0.01acd

Diameter of the 
glomerular tuft (µm) 119.98 ± 1.25 93.15 ± 0.82*a 33.83 ± 0.42b 35.19 ± 0.37bc 34.2 ± 0.37bcd

Area of the glomerular 
tuft (µm²) 9176.39 ± 106.32 8081.42 ± 124.21*a 869.10 ± 12.41b 917.96 ± 18.33bc 863.54 ± 15.25bcd

Bowman’s capsule area 
(µm²) 7517.01 ± 108.86 5620.90 ± 101.96*a 637.30 ± 11.30b 672.48 ± 15.44bc 599.52 ± 12.20bcd

Bowman’s space area 
(µm²) 119.98 ± 1.25 93.15 ± 0.82*a 33.83 ± 0.42b 35.19 ± 0.37bc 34.20 ± 0.37bcd

Values expressed as mean ± standard error. N = 6 animals/group. Analysis of variance – ANOVA (one way), followed by Tukey’s test, * = p < 0.05 
between the CON-FO and MSG-FO groups. Different lowercase letters a, b, c, d = p < 0.05, when comparing obese groups.

and larger amounts and less frequent portions of solid diet, 
possibly explained by the reduction in tone of the pyloric 
sphincter. in addition, vagal activities are associated with 
gastric emptying25,26. It is known that the digestive tract loses 
control from the central nervous system after vagotomy27, 
what probably happened the animals in this research. 

King et al.28 evidenced that the reduction in the Lee 
index of vagotomized animals is due to hypophagia, 
consequently reducing the weight and the percentage of 
fat deposits. Based on these studies, it can be deduced that 
the reduction in the Lee index and fat deposits in these 
animals occur by two possible mechanisms: reduction of 
food intake and interruption of the vagal stimulus to the 
pancreas, reducing hyperinsulinemia.

In MSG-SPL animals there was a significant decrease 
in the Lee index and retroperitoneal fat, not affecting the 
other fat deposits. According to Gotoh et al.29 splenectomy 
decreases food intake. However, Maury and Brichard30 
describe an increase in retroperitoneal fat, as well as an 
increase in the area of adipocytes. About lipid metabolism, 
Alberti et al.31 evidenced that animals submitted to 
splenectomy, showed increase of total cholesterol and 
LDL-cholesterol fraction concentrations. As well as the 
splenectomy is related to changes in the lipid metabolism 
that are reverted by spleen tissue implants.

Carvalho and Saad32 showed that there was a decrease 
in fat deposits and an increase in insulin sensitivity in 
obese and splenectomized mice, reflected by a reduction 
in blood glucose. There was also a reduction in the 
infiltration of macrophages into the liver and in the adipose 
tissue of splenectomized mice. According to Leite et al.33, 
splenectomy reduces obesity, hyperinsulinemia and insulin 
resistance in MSG rats, changes that may be related to a 
reduction in the inflammatory process originating from 
the spleen.
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In this study, the MSG-VAG-SPL group showed a significant 
reduction in most of the biometric parameters associated with 
obesity when compared to MSG-FO animals. There are no 
data in the literature evaluating this double surgery. However, 
there is a possible relationship with the decrease in biometric 
parameters with the dual surgery. It is known that isolated 
vagotomy is already sufficient to reduce dietary intake and 
lead to weight loss in humans and laboratory animals that 
showed a decrease in daily feed intake, reducing weight and 
fat deposits. This effect is due to the loss of efferent vagal 
pathways, which arouse appetite and endocrine changes34.

The first research demonstrating parasympathetic 
innervation in the abdominal viscera is the study by Swan35, 
which showed terminations of the posterior vagal branch 
in the celiac plexus. The celiac plexus is responsible for the 
innervation of organs in the retrodiaphragmatic portion of the 
digestive system, in which it contributes to the innervation 
of the spleen36. As in this study, several studies suggest or 
demonstrate the existence of a vagus nerve-celiac ganglion 
connection37–39.

It was demonstrated that CON-FO animals showed 
preserved renal structure, unlike animals in the MSG-FO 
group, which have altered histological structure, in addition 
to immature glomerulus, tubules and cartilage, surrounded 
by loose and undifferentiated mesenchymal tissue, enlarged 
glomeruli with diffuse thickening of capillary walls, prominence 
of the mesangial matrix and focal glomerular necrosis. 
Researchers demonstrated that obesity causes a metabolic 
overload and triggers a series of changes such as arterial 
hypertension, diabetes mellitus and abnormal lipid metabolism, 
considered the main causes of chronic kidney disease3.

Weisinger et al.40 hypothesized the direct relationship 
between obesity and kidney injury, demonstrating the 
association between morbid obesity, proteinuria, 
glomerulomegaly and focal segmental glomerulosclerosis, 
stating that obesity has a direct relationship in the failure of 
renal function. Kambham et al.41 associated glomerulopathy 
with obesity and, according to the authors, kidney damage 
associated with obesity does not depend on hypertensive 
or diabetic disease. According to Zhu and Scherer42, obesity 
causes metabolic disorders that can affect renal function, 
evidencing perihilar focal segmental glomerulosclerosis 
associated with obesity.

In the histomorphometric analysis of renal parameters, 
the MSG-FO group showed a decrease in renal weight and 
diameters of glomerular tuft area, capsule area, and Bowman’s 
space when compared to CON-FO group. According to Pereira 
et al.43, obesity raises the basal metabolic needs, increasing 
blood flow, cardiac output and blood pressure. The authors 
argue that part of the cardiac output is destined for the kidney, 

with vasodilation of the afferent arteriole, increased renal 
plasma flow and glomerular hyperfiltration.

In accordance with Lee et al.44, changes in fat deposits 
that accompany obesity are associated with the progression 
of kidney disease, due to epithelial and mesangial cell 
damage. Paula et al.45 also showed the progression of kidney 
disease and glomerular changes, such as vasodilation of the 
afferent arteriole with increased renal blood flow, glomerular 
hypertension and hyperfiltration, and thickening of the 
glomerular and tubular basement membranes. According 
to these authors, the mechanisms responsible for renal 
vasodilation in the obese are not well understood; however, 
they may be related to the feedback mechanism of the macula 
densa, in which the increase in sodium reabsorption in the 
proximal segments of the nephron leads to a reduction in the 
supply of sodium chloride to the distal tubule, stimulating the 
macula densa to cause afferent vasodilation and to secrete 
renin resulting in greater expansion of the extracellular volume.

According to the results of this study, there was a 
significant reduction in the diameter and area of glomerular 
tuft, capsule area and Bowman’s space in the MSG-VAG, 
MSG-SPL, MSG-VAG-SPL groups when compared to 
MSG-FO group, mainly in the MSG-VAGMSG-VAG-SPL 
groups. However, the MSG-VAG group showed a significant 
increase in renal weight. The reduction in renal parameters 
of operated groups can be explained by renal innervation, 
which originates from the renal nervous plexus, formed by 
sympathetic fibers from the thoracic splanchnic nerve, and 
parasympathetic nerves from the vagus nerve, in addition 
to abdominopelvic splanchnic nerve fibers, suggesting that 
lack of innervation results in renal atrophy46,47.

To date, there are no studies relating vagotomy 
combined with splenectomy and MSG-induced obesity 
model. Considering that there are significant changes 
in the renal parameters of MSG-VAG-SPL animals when 
compared to MSG-FO group, it is worth mentioning that 
there are studies revealing an important association 
between vagus autonomic activity and the functioning 
of the immune system, affecting mainly the spleen48–50. 
The interaction between the efferent vagus nerve and 
the splenic nerve can occur in the suprarenal, superior 
mesenteric or celiac adrenal ganglia51,52.

Sympathetic activity, through different mechanisms, 
may also be associated with the evolution of renal failure. 
A study shows that with stimulation of renal sympathetic 
fibers, there is an increase in the production and release 
of norepinephrine, on the other hand, when there is an 
interruption of sympathetic nerve stimulation, there is a 
reduction in its production and release. In CKD, sympathetic 
hyperactivity is evident in the earlier clinical phase of the 
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disease, revealing a direct association with the severity 
of the state of renal failure53. Another study showed that 
patients with CKD had sympathetic renal denervation, 
with consequent changes in renal structure54.

It is known that the spleen can undergo changes 
due to numerous conditions, due to its wide variety 
of functions, including obesity. Studies show that the 
participation of the spleen in inflammation and obesity is 
evidenced by splenectomy55,56. The results demonstrated 
that splenectomy influences the renal parameters of obese 
animals. According to Kopple57 and Hall et al.58 splenectomy 
reduces food intake in these animals and, consequently, 
leads to protein restriction, causing low weight and decrease 
in kidney size, resulting in glomerular injury.

Conclusion

The vagotomy associated or not with splenectomy 
induce a reduction in the adiposity and causes histological 
changes in the kidneys of obese rats.

Authors’ contribution

Design the study: Grassiolli S and Amorim JPA; Critical 
revision: Medeiros KA, Siqueira BS, Urrutia AD, Porto EM 
and Amorim JPA; Technical procedures: Medeiros KA, 
Siqueira BS and Urrutia AD; Acquisition of data: Medeiros 
KA, Siqueira BS, Urrutia AD and Porto EM; Final approval: 
Medeiros KA, Grassiolli S and Amorim JPA.

Data availability statement

All dataset were generated or analyzed in the current 
study.

Funding

Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior

[https://doi.org/10.13039/501100002322]
Finance code 001

Acknowledgments

Not applicable.

References

1.	 Kariyanna SS, Light RP, Agarwal R. A longitudinal study 
of kidney structure and function in adults. Nephrol Dial 
Transplant. 2010;25(4):1120–6. https://doi.org/10.1093/
ndt/gfp654

2.	 Eddy AA. Progression in Chronic Kidney Disease. Adv 
Chronic Kidney Dis. 2005;12(4):353–65. https://doi.
org/10.1053/j.ackd.2005.07.011

3.	 Vianna HR, Soares CMBM, Tavares MS, Teixeira MM, Silva 
ACS. Inflammation in chronic kidney disease: the role of 
cytokines. J Bras Nefrol. 2011;33(3):351–64. https://doi.
org/10.1590/S0101-28002011000300012

4.	 Dörr O, Liebetrau C, Möllmann H, Gaede L, Troidl C, 
Morczeck K, Wiebe J, Hoffmann J, Voss S, Bauer T, Hamm 
C, Nef H. Influence of renal sympathetic denervation on 
cardiac extracellular matrix turnover and cardiac fibrosis. 
Am J Hypertens. 2015;28(10):1285–92. https://doi.
org/10.1093/ajh/hpv020

5.	 Kiuchi MG, Graciano ML, Carreira MAMQ, Kiuchi 
T, Chen S, Andrea BR, Lugon JR. Effects of renal 
sympathetic denervation in left ventricular hypertrophy 
in CKD refractory hypertensive patients. Int J 
Cardiol. 2016;202:121–3. https://doi.org/10.1016/j.
ijcard.2015.08.206

6.	 Agrawal V, Shah A, Rice C, Franklin BA, McCullough PA. 
Impact of treating the metabolic syndrome on chronic 
kidney disease. Nat Rev Nephrol. 2009;5(9):520–8. 
https://doi.org/10.1038/nrneph.2009.114

7.	 Bratoeva K, Stoyanov GS, Merdzhanova A, Radanova M. 
Manifestations of renal impairment in fructose-induced 
metabolic syndrome. Cureus. 2017;9(11):e1826. https://
doi.org/10.7759/cureus.1826

8.	 Hering D, Lambert EA, Marusic P, Walton AS, Krum H, 
Lambert GW, Esler MD, Schlaich MP. Substantial reduction 
in single sympathetic nerve firing after renal denervation 
in patients with resistant hypertension. Hypertension. 
2013;61(2):457–64. https://doi.org/10.1161/
HYPERTENSIONAHA.111.00194

9.	 Wu Y, Liu Z, Xiang Z, Zeng C, Chen Z, Ma X, Li L. Obesity-
Related Glomerulopathy: Insights from Gene Expression 
Profiles of the Glomeruli Derived from Renal Biopsy 
Samples. Endocrinology. 2006;147(1):44–50. https://doi.
org/10.1210/en.2005-0641

10.	 Luo D, Zhang X, Lu C-Z. Renal sympathetic denervation 
for the treatment of resistant hypertension with chronic 
renal failure: first-in-man experience. Chin Med J (Engl). 
2013;126(7):1392–3.

11.	 Tracey KJ. Physiology and immunology of the cholinergic 
antiinflammatory pathway. J Clin Invest. 2007;117(2):289–
96. https://doi.org/10.1172/JCI30555

12.	 Olney JW. Brain lesions, obesity, and other disturbances in mice 
treated with monosodium glutamate. Science. 1969;164(3880):719–
21. https://doi.org/10.1126/science.164.3880.719

13.	 Balbo SL, Grassiolli S, Ribeiro RA, Bonfleur ML, Gravena C, 
Brito MN, Andreazzi AE, Mathias PCF, Torrezan R. Fat storage 
is partially dependent on vagal activity and insulin secretion 
of hypothalamic obese rat. Endocrine. 2007;31(2):142–8. 
https://doi.org/10.1007/s12020-007-0021-z

https://doi.org/10.13039/501100002322
https://doi.org/10.1093/ndt/gfp654
https://doi.org/10.1093/ndt/gfp654
https://doi.org/10.1053/j.ackd.2005.07.011
https://doi.org/10.1053/j.ackd.2005.07.011
https://doi.org/10.1590/S0101-28002011000300012
https://doi.org/10.1590/S0101-28002011000300012
https://doi.org/10.1093/ajh/hpv020
https://doi.org/10.1093/ajh/hpv020
https://doi.org/10.1016/j.ijcard.2015.08.206
https://doi.org/10.1016/j.ijcard.2015.08.206
https://doi.org/10.1038/nrneph.2009.114
https://doi.org/10.7759/cureus.1826
https://doi.org/10.7759/cureus.1826
https://doi.org/10.1161/HYPERTENSIONAHA.111.00194
https://doi.org/10.1161/HYPERTENSIONAHA.111.00194
https://doi.org/10.1210/en.2005-0641
https://doi.org/10.1210/en.2005-0641
https://doi.org/10.1172/JCI30555
https://doi.org/10.1126/science.164.3880.719
https://doi.org/10.1007/s12020-007-0021-z


Vagotomy associated with splenectomy reduces lipid accumulation and causes kidneys histological changes in rats with 
hypothalamic obesity

8 � Acta Cir Bras. 2021;36(2):e360205

14.	 Novelli ELB, Diniz YS, Galhardi CM, Ebaid GMX, Rodrigues 
HG, Mani F, Fernandes AAH, Cicogna AC, Novelli Filho 
JLVB. Anthropometrical parameters and markers of 
obesity in rats. Lab Anim. 2007;41(1):111–9. https://doi.
org/10.1258/002367707779399518

15.	 Danilewicz M, Wągrowska-Danilewicz M. Diffuse 
idiopathic mesangial proliferative glomerulonephritis in 
re-biopsied patients. A quantitative study. Med Sci Monit. 
1998;4(6):CR955-9.

16.	 Dixit SG, Rani P, Anand A, Khatri K, Chauhan R, Bharihoke 
V. To study the effect of monosodium glutamate on 
histomorphometry of cortex of kidney in adult albino rats. 
Ren Fail. 2014;36(2):266–70. https://doi.org/10.3109/08
86022X.2013.846865

17.	 Festa A, D’Agostino Jr R, Williams K, Karter AJ, Mayer-Davis 
EJ, Tracy RP, Haffner SM. The relation of body fat mass 
and distribution to markers of chronic inflammation. Int J 
Obes Relat Metab Disord. 2001;25(10):1407–15. https://
doi.org/10.1038/sj.ijo.0801792

18.	 Tsuboi N, Okabayashi Y, Shimizu A, Yokoo T. The renal 
pathology of obesity. Kidney Int Rep. 2017; 2(2):251–60. 
https://doi.org/10.1016/j.ekir.2017.01.007

19.	 Li Y, Xu G. Clinical efficacy and safety of Jinshuibao 
combined with ACEI/ARB in the treatment of diabetic 
kidney disease: A meta-analysis of randomized controlled 
trials. J Ren Nutr. 2020;30(2):92–100. https://doi.
org/10.1053/j.jrn.2019.03.083

20.	 Dolnikoff MS, Kater CE, Egami M, Andrade IS, 
Marmo MR. Neonatal treatment with monosodium 
glutamate increases plasma corticosterone in the rat. 
Neuroendocrionology. 1988;48(6):645–9. https://doi.
org/10.1159/000125076

21.	 Miranda RA, Agostinho AR, Trevenzoli IH, Barella LF, 
Franco CCS, Trombini AB, Malta A, Gravena C, Torrezan 
R, Mathias PCF, Oliveira JC. Insulin oversecretion in 
MSG-obese rats is related to alterations in cholinergic 
muscarinic receptor subtypes in pancreatic islets. Cell 
Physiol Biochem. 2014;33(4):1075–86. https://doi.
org/10.1159/000358677

22.	 Gaspar RS, Benevides ROA, Fontelles JLL, Vale CC, França 
LM, Barros PTS, Paes AMA. Reproductive alterations 
in hyperinsulinemic but normoandrogenic MSG obese 
female rats. J Endocrinol. 2016;229(2):61–72. https://doi.
org/10.1530/JOE-15-0453

23.	 Tordoff MG, Aleman TR, Murphy MC. No effects of 
monosodium glutamate consumption on the body 
weight or composition of adult rats and mice. Physiol 
Behav. 2012;107(3):338–45. https://doi.org/10.1016/j.
physbeh.2012.07.006

24.	 Souza F, Marchesini JB, Campos ACL, Malafaia O, Monteiro 
OG, Ribeiro FB, Alves HFP, Siroti FJ, Meister H, Mathias 
PCF. Efeito da vagotomia troncular em ratos injetados 
na fase neonatal com glutamato monossódico: estudo 

biométrico. Acta Cir Bras. 2001;16(1):32–45. https://doi.
org/10.1590/S0102-86502001000100006

25.	 Song J, Yin J, Sallam HS, Bai T, Chen Y and Chen JDZ. 
Electroacupuncture improves burn‐induced impairment 
in gastric motility mediated via the vagal mechanism in 
rats. Neurogastroenterol Motil. 2013;25(10):807–e635. 
https://doi.org/10.1111/nmo.12183

26.	 Wang N, Song S, Chen J. Synchronized dual pulse gastric 
electrical stimulation improves gastric emptying and 
activates enteric glial cells via upregulation of GFAP 
and S100B with different courses of subdiaphragmatic 
vagotomy in rats. Mol Med Rep. 2017;15(6):3826–32. 
https://doi.org/10.3892/mmr.2017.6471

27.	 Collares EF, Vinagre AM. Evidence of the effect of dipyrone 
on the central nervous system as a determinant of delayed 
gastric emptying observed in rats after its administration. 
Braz J Med Biol Res. 2003;36(10):1375–82. https://doi.
org/10.1590/S0100-879X2003001000014

28.	 King BM, Phelps GR, Frohman LA. Hypothalamic 
obesity in female rats in absence of vagally mediated 
hyperinsulinemia. Am J Physiol. 1980;239(6):E437–41. 
https://doi.org/10.1152/ajpendo.1980.239.6.E437

29.	 Gotoh K, Inoue M, Masaki T, Chiba S, Shimasaki T, Ando 
H, Fujiwara K, Katsuragi I, Kakuma T, Seike M, Sakata T, 
Yoshimatsu H. A novel anti‐inflammatory role for spleen‐
derived interleukin‐10 in obesity‐induced hypothalamic 
inflammation. J Neurochem. 2012;120(5):752–64. 
https://doi.org/10.1111/j.1471-4159.2011.07617.x

30.	 Maury E, Brichard SM. Adipokine dysregulation, adipose 
tissue inflammation and metabolic syndrome. Mol Cell 
Endocrinol. 2010;314(1):1–16. https://doi.org/10.1016/j.
mce.2009.07.031

31.	 Alberti LR, Veloso DFM, Vasconcellos LS, Petroianu A. 
Is there a relationship between lipids metabolism and 
splenic surgeries? Acta Cir. Bras. 2012;27(11):751–6. 
https://doi.org/10.1590/S0102-86502012001100002

32.	 Carvalho BM, Saad MJA. Influence of gut microbiota 
on subclinical inflammation and insulin resistance. 
Mediators Inflamm. 2013;986734. https://doi.
org/10.1155/2013/986734

33.	 Leite NC, Montes EG, Fisher SV, Cancian CRC, Oliveira JC, 
Martins-Pinge MC, Kanunfre CC, Souza KLA, Grassiolli S. 
Splenectomy attenuates obesity and decreases insulin 
hypersecretion in hypothalamic obese rats. Metabolism. 
2015;64(9):1122–33. https://doi.org/10.1016/j.
metabol.2015.05.003

34.	 Furness JB, Koopmans HS, Robbins HL, Clerc N, Tobin 
JM, Morris MJ. Effects of vagal and splanchnic section 
on food intake, weight, serum leptin and hypothalamic 
neuropeptide Y in rat. Auton Neurosci. 2001;92(1-2):28–
36. https://doi.org/10.1016/S1566-0702(01)00311-3

35.	 Swan J. A Demonstration of the Nerves of the Human 
Body. Med Q Rev. 1834;3(5):140–3.

https://doi.org/10.1258/002367707779399518
https://doi.org/10.1258/002367707779399518
https://doi.org/10.3109/0886022X.2013.846865
https://doi.org/10.3109/0886022X.2013.846865
https://doi.org/10.1038/sj.ijo.0801792
https://doi.org/10.1038/sj.ijo.0801792
https://doi.org/10.1016/j.ekir.2017.01.007
https://doi.org/10.1053/j.jrn.2019.03.083
https://doi.org/10.1053/j.jrn.2019.03.083
https://doi.org/10.1159/000125076
https://doi.org/10.1159/000125076
https://doi.org/10.1159/000358677
https://doi.org/10.1159/000358677
https://doi.org/10.1530/JOE-15-0453
https://doi.org/10.1530/JOE-15-0453
https://doi.org/10.1016/j.physbeh.2012.07.006
https://doi.org/10.1016/j.physbeh.2012.07.006
https://doi.org/10.1590/S0102-86502001000100006
https://doi.org/10.1590/S0102-86502001000100006
https://doi.org/10.1111/nmo.12183
https://doi.org/10.3892/mmr.2017.6471
https://doi.org/10.1590/S0100-879X2003001000014
https://doi.org/10.1590/S0100-879X2003001000014
https://doi.org/10.1152/ajpendo.1980.239.6.E437
https://doi.org/10.1111/j.1471-4159.2011.07617.x
https://doi.org/10.1016/j.mce.2009.07.031
https://doi.org/10.1016/j.mce.2009.07.031
https://doi.org/10.1590/S0102-86502012001100002
https://doi.org/10.1155/2013/986734
https://doi.org/10.1155/2013/986734
https://doi.org/10.1016/j.metabol.2015.05.003
https://doi.org/10.1016/j.metabol.2015.05.003
https://doi.org/10.1016/S1566-0702(01)00311-3


9

Medeiros KA et al.

Acta Cir Bras. 2021;36(2):e360205

36.	 Kuntz A, Van Buskirk C. Reflex inhibition of bile flow and 
intestinal motility mediated through decentralized celiac 
plexus. Exp Biol Med. 1941;46(3):519–23. https://doi.
org/10.3181/00379727-46-12047

37.	 Mccrea ED. The abdominal distribution of the vagus. J 
Anat. 1924;59(Pt 1):18–40.

38.	 Dale HH, Dudley HW. The presence of histamine and 
acetylcholine in the spleen of the ox and the horse. J 
Physiol. 1929;68(2):97–123. https://doi.org/10.1113/
jphysiol.1929.sp002598

39.	 Mitchegll GAG. The nerve‐supply of the gastro‐
œsophageal junction. Br J Surg. 1938;26(102):333–45. 
https://doi.org/10.1002/bjs.18002610214

40.	 Weisinger JR, Kempson RL, Eldridge FL, Swenson RS. 
The nephrotic syndrome: A complication of massive 
obesity. Ann Intern Med. 1974;81(4):440–7. https://doi.
org/10.7326/0003-4819-81-4-440

41.	 Kambham N, Markowitz GS, Valeri AM, Lin J, D’Agati 
VD. Obesity-related glomerulopathy: An emerging 
epidemic. Kidney Int. 2001;59(4):1498–509. https://doi.
org/10.1046/j.1523-1755.2001.0590041498.x

42.	 Zhu Q, Scherer PE. Immunologic and endocrine functions 
of adipose tissue: implications for kidney disease. Nat Rev 
Nephrol. 2018;14(2):105–20. https://doi.org/10.1038/
nrneph.2017.157

43.	 Pereira JECSS, Ezequiel DGA, Costa MB, Paula RB. 
Obesidade e doença renal: aspectos fisiopatológicos. 
HU Revista. 2018 44(2):231–40. https://doi.
org/10.34019/1982-8047.2018.v44.13982

44.	 Lee HS, Lee KB, Hyun YY, Chang Y, Ryu S, Choi Y. DASH 
dietary pattern and chronic kidney disease in elderly 
Korean adults. Eur J Clin Nutr. 2017;71(6):755–61. https://
doi.org/10.1038/ejcn.2016.240

45.	 Paula RB, Silva AA, Hall JE. Aldosterone Antagonism 
Attenuates Obesity-Induced Hypertension and Glomerular 
Hyperfiltration. Hypertension. 2004;43(1):41–7. https://
doi.org/10.1161/01.HYP.0000105624.68174.00

46.	 Sharma A. Monosodium glutamate-induced oxidative 
kidney damage and possible mechanisms: a mini-review. J 
Biomed Sci. 2015;22:93. https://doi.org/10.1186/s12929-
015-0192-5

47.	 Tain Y-L, Hsu C-N. Developmental origins of chronic kidney 
disease: Should we focus on early life? Int J Mol Sci. 
2017;18(2):381. https://doi.org/10.3390/ijms18020381

48.	 Nance DM, Sanders VM. Autonomic innervation 
and regulation of the immune system (1987–2007). 
Brain Behav Immun. 2007;21(6):736–45. https://doi.
org/10.1016/j.bbi.2007.03.008

49.	 Romanovsky AA. The inflammatory reflex: the current 
model should be revised. Exp Physiol. 2012;97(11):1178–
9. https://doi.org/10.1113/expphysiol.2011.064071

50.	 Inoue T, Abe C, Sung S-SJ, Moscalu S, Jankowski J, Huang 
L, Ye H, Rosin DL, Guyenet PG, Okusa MD. Vagus nerve 
stimulation mediates protection from kidney ischemia-
reperfusion injury through α7nAChR+ splenocytes. J Clin 
Invest. 2016;126(5):1939–52. https://doi.org/10.1172/
JCI83658

51.	 Berthoud H-R, Powley TL. Characterization of vagal 
innervation to the rat celiac, suprarenal and mesenteric 
ganglia. J Auton Nerv Syst. 1993;42(2):153–69. https://
doi.org/10.1016/0165-1838(93)90046-W

52.	 Li M, Galligan J, Wang D, Fink G. The effects of celiac 
ganglionectomy on sympathetic innervation to the 
splanchnic organs in the rat. Auton Neurosci. 2010;154(1-
2):66–73. https://doi.org/10.1016/j.autneu.2009.11.009

53.	 Schlaich MP, Bart B, Hering D, Walton A, Marusic P, 
Mahfoud F, Böhm M, Lambert EA, Krum H, Sobotka PA, 
Schmieder RE, Ika-Sari C, Eikelis N, Straznicky N, Lambert 
GW, Esler MD. Feasibility of catheter-based renal nerve 
ablation and effects on sympathetic nerve activity 
and blood pressure in patients with end-stage renal 
disease. Int J Cardiol. 2013;168(3):2214–20. https://doi.
org/10.1016/j.ijcard.2013.01.218

54.	 Mahmoodi BK, Matsushita K, Woodward M, Blankestijn 
PJ, Cirillo M, Ohkubo T, Rossing P, Sarnak MJ, Stengel B, 
Yamagishi K, Yamashita K, Zhang L, Coresh J, Jong PE, 
Astor BC. Associations of kidney disease measures with 
mortality and end-stage renal disease in individuals 
with and without hypertension: a meta-analysis. Lancet. 
2012;380(9854):1649–61. https://doi.org/10.1016/
S0140-6736(12)61272-0

55.	 Nishimura S, Manabe I, Nagasaki M, Eto K, Yamashita H, 
Ohsugi M, Otsu M, Hara K, Ueki K, Sugiura S, Yoshimura K, 
Kadowaki T, Nagai R. CD8+ effector T cells contribute to 
macrophage recruitment and adipose tissue inflammation 
in obesity. Nat Med. 2009;15(8):914–20. https://doi.
org/10.1038/nm.1964

56.	 Vadasz Z, Haj T, Kessel A, Toubi E. B‐regulatory cells in 
autoimmunity and immune mediated inflammation. FEBS 
Lett. 2013;587(13):2074–8. https://doi.org/10.1016/j.
febslet.2013.05.023

57.	 Kopple JD. Obesity and Chronic Kidney Disease. J Ren 
Nutr. 2010;20(5):S29–30. https://doi.org/10.1053/j.
jrn.2010.05.008

58.	 Hall JE, Henegar JR, Dwyer TM, Liu J, Silva AA, Kuo JJ, 
Tallam L. Is obesity a major cause of chronic kidney 
disease? Adv Ren Replace Ther. 2004;11(1):41–54.https://
doi.org/10.1053/j.arrt.2003.10.007

https://doi.org/10.3181/00379727-46-12047
https://doi.org/10.3181/00379727-46-12047
https://doi.org/10.1113/jphysiol.1929.sp002598
https://doi.org/10.1113/jphysiol.1929.sp002598
https://doi.org/10.1002/bjs.18002610214
https://doi.org/10.7326/0003-4819-81-4-440
https://doi.org/10.7326/0003-4819-81-4-440
https://doi.org/10.1046/j.1523-1755.2001.0590041498.x
https://doi.org/10.1046/j.1523-1755.2001.0590041498.x
https://doi.org/10.1038/nrneph.2017.157
https://doi.org/10.1038/nrneph.2017.157
https://doi.org/10.34019/1982-8047.2018.v44.13982
https://doi.org/10.34019/1982-8047.2018.v44.13982
https://doi.org/10.1038/ejcn.2016.240
https://doi.org/10.1038/ejcn.2016.240
https://doi.org/10.1186/s12929-015-0192-5
https://doi.org/10.1186/s12929-015-0192-5
https://doi.org/10.3390/ijms18020381
https://doi.org/10.1016/j.bbi.2007.03.008
https://doi.org/10.1016/j.bbi.2007.03.008
https://doi.org/10.1113/expphysiol.2011.064071
https://doi.org/10.1172/JCI83658
https://doi.org/10.1172/JCI83658
https://doi.org/10.1016/0165-1838(93)90046-W
https://doi.org/10.1016/0165-1838(93)90046-W
https://doi.org/10.1016/j.autneu.2009.11.009
https://doi.org/10.1016/j.ijcard.2013.01.218
https://doi.org/10.1016/j.ijcard.2013.01.218
https://doi.org/10.1016/S0140-6736(12)61272-
https://doi.org/10.1016/S0140-6736(12)61272-
https://doi.org/10.1038/nm.1964
https://doi.org/10.1038/nm.1964
https://doi.org/10.1016/j.febslet.2013.05.023
https://doi.org/10.1016/j.febslet.2013.05.023
https://doi.org/10.1053/j.jrn.2010.05.008
https://doi.org/10.1053/j.jrn.2010.05.008
https://doi.org/10.1053/j.arrt.2003.10.007
https://doi.org/10.1053/j.arrt.2003.10.007

