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EXPERIMENTAL STUDY

The effect of histamine on kidney by fasting in rats
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Abstract: Background: The aim of this study was to investigate ultrastructural and apoptotic changes occurring 
in the kidneys in fasting individuals and to examine the effects of histamine treatment at the electron-microscopic 
and immunohistochemical levels. 
Methods: Eighteen adult Wistar male rats were randomly divided into three groups (n=6 for each). Control group 
(1), fasting group (12 h) (2), and fasting+histamine injection (0.5 mg/kg) (3) group. Expression of caspase-3 
and caspase-9 was determined in the tissue sections using immunohistochemical techniques. Quantitative data 
were obtained using H-SCORE, and statistical evaluations were then performed. The ultrastructure of the kidney 
tissues was examined using transmission electron microscopy.
Results: Weak caspase-3 and caspase-9 expression was observed in the renal tubules and glomeruli in the 
control group, while immunoreactivity was more intense in the fasting group (p<0.05). In the fasting+histamine 
group, caspase-3 and caspase-9 immunostaining was signifi cantly positive in both renal tubules and glomeruli 
(p<0.05). At electron microscopic evaluation, degenerative changes were seen in the glomeruli of the fasting 
group, as well as partial vacuolization and disruption at the basal foldings in the tubular epithelial cells. In the 
fasting+histamine group, in addition to signifi cant dilatation of all glomerular capillaries, there were degenerative 
changes in all tubular and canalicular epithelial cells in the proximal tubules. 
Conclusions: Fasting, an important metabolic stress factor, accompanied by histamine treatment may cause 
signifi cant disruptions in the kidneys, particularly in the glomerular capillaries and proximal and distal tubules 
(Tab. 1, Fig. 2, Ref. 34). Full Text in PDF www.elis.sk.
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Histamine is an important amino acid that reduces blood 
pressure through intense vasodilatation of blood vessels. It also 
increases capillary permeability and removes excess plasma from 
the vessels, causing edema and hypovolemia (1, 2, 3). 

Histamine is produced by the enzyme histidine decarboxyl-
ase (HDC). Although the highest activity of HDC and histamine 
content have been detected in mast cells and basophils, the major 
sources of histamine in immunological reactions are the tissues, 
and these have therefore been the subject of the majority of stud-
ies (4, 5, 6). These fi ndings raise the possibility that, in addition to 
being a primary mediator in allergic and infl ammatory processes, 
histamine may also have important functions in the regulation of 
basic cellular biological processes (7). The importance of hista-
mine has been demonstrated in gastric acid secretion, contraction 
of smooth muscle, neurotransmission, wound repair, embryogen-
esis, hematopoiesis, allergic skin reactions and malignant growths. 
Additionally, histamine has been found to function in the auto, 

para and endocrine pathways through four types of histamine re-
ceptors (H1, H2, H3 and H4), while also signaling via different 
signal-transduction pathways (8, 9, 10, 11). Histamine has also 
been shown to enhance Ca++ entry into several tissues, including 
vascular endothelium, bronchial smooth muscles, brain and kid-
neys (4, 5, 6, 12). Previous studies have suggested that kidney tis-
sue, particularly the renal cortex, contains an appreciable amount 
of histamine (13). In a general histochemical survey on monkey 
tissues, histamine was detected in the glomerular capillaries (14). 
Histidine decarboxylase, the key enzyme in histamine biosynthe-
sis, was found in the glomeruli of rat the kidney, suggesting that 
glomeruli may be a site of intrarenal histamine formation (15).

Kidneys play an important role in the maintenance of plasma 
glucose levels and acid-base balance during fasting. Fasting is asso-
ciated with protein deprivation, which has been shown to alter uri-
nary concentrating ability in both humans and experimental animals 
(16, 17). During the process of adaptation to fasting, the kidneys 
are thought to be responsible for proteolysis of endogenic-proteins 
as the fi rst stage of their reconstruction. This function is performed 
by structural-functional reconstruction of the juxtaglomerular 
complex, the vessels of the fi ltration apparatus, and by the proteo-
lytic system in the proximal part of the nephron canaliculus (18). 

Apoptosis is an active mechanism of cell clearance and is pre-
sumed to be involved in the progression of kidney injury in several 
animal models (19). One of the major multigene families involved 
in the molecular controls of cell death is the caspase gene family. 
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Caspases are a family of cysteine proteases that are activated dur-
ing programmed cell death. Over 40 substrates have been identifi ed 
for caspases, whose cleavage can be either an activating or inacti-
vating event for the functioning of the protein. Initiator caspases 
(-8,-9,-10) activate effector caspases (-3,-6,-7). Effector caspases 
can, in turn, activate initiator caspases (20). Caspases participate 
in two distinct signaling pathways: activation of proinfl ammatory 
cytokines and promotion of apoptotic and necrotic cell death. One 
such, caspase-3 (CPP32/Yama/apopain) is an executor of apopto-
sis (21, 22). Loss of renal parenchymal cells by apoptosis and the 
involvement of caspase-3 have been reported to play important 
roles in the progression of chronic allograft nephropathy (23).

Although there have been histopathological and biochemi-
cal studies that discuss the separate effects of fasting and hista-
mine on the kidneys, we encountered no studies in the literature 
that combine both aspects of their effects on the kidneys (8, 12, 
16, 18).  In this context, we hypothesized that the effects of his-
tamine and fasting on the kidneys are associated with apoptotic 
cell death. We evaluated the degenerative effect of histamine in 
an established animal model in which rats were fasted and treated 
with histamine and demonstrated its ultrastructural and immuno-
histochemical features.

Material and methods

Animals
Eighteen adult Wistar male rats with average weight of 250 g 

were divided into three groups. The rats were kept at 21–23 oC and 
under a 12-h light:12-h dark schedule in the Laboratory Animal 
Research Center at Gazi University. The animals were permitted 
access to standard rodent chow and purifi ed water ad libitum. 
All animal experiments were carried out in accordance with the 
European Communities Council Directive of 24 November 1986 
(86/609/EEC) and were approved by the Animal Care Commit-
tee of Gazi University.

Experimental protocol
The fi rst, control group was kept intact during the whole pro-

cedure (n=6). The second group did not consume any histamine 
during the 12 h of fasting (n=6), while the third group was admin-
istered 0.5 mg/kg exogenous histamine intraperitoneally during the 
12 h of fasting (n=6). The rats were decapitated under pentobarbital 
anesthesia 1 h after histamine administration. Kidney tissues from 

each group were fi xed in neutral formalin for 72 h and processed 
for paraffi n embedding. Sections 4–5 mm thick were processed 
for polysine microscope slides. 

Immunohistochemical procedures
Slides for immunohistochemical examination were stored in 

a microwave oven in 0.01M Tris–HCl  buffer, (LabVision, USA). 
Endogenous peroxidase activity was blocked in 3% hydrogen per-
oxide (LabVision, USA).  Epitopes were stabilized by the appli-
cation of serum blocking solution (LabVision, USA). The slides 
were then incubated with caspase-3 (rabbit polyclonal antibody 
Ab-4, 1mg/ml, NeoMarker, USA) and caspase-9 (rabbit poly-
clonal antibody Ab-6, 1mg/ml, NeoMarker, USA) for 60 min at 
room temperature. This was followed up with application of bio-
tinated secondary antibody (Goat anti rabbit, LabVision, USA). 
Streptavidin peroxidase (Lab Vision, USA) was then applied to 
the slides. The chromogen used was 3-amino-9-ethylcarbazole 
(Lab Vision, USA). The slides were subsequently counterstained 
with Mayer’s hematoxylin.

Analyses
The slides were visualized, and were images obtained using a 

photolight microscope (CX31 Olympus, Germany) attached to a 
digital camera (C-5060 Olympus, Germany). Immunohistochemi-
cal analysis was performed on kidney cross-sections for all animals 
using image-analyzing software (Leica Q Win V3 Plus Image). 

Two independent observers blind to the treatment regimen 
performed separate immunolabeling score evaluations. Labeling 
intensity was graded semi-quantitatively, and the HSCORE was 
calculated using the equation HSCORE =ΣPi(i + 1), where i is 
the intensity of labeling with a value of 1, 2 or 3 (weak, moder-
ate or strong, respectively) and Pi is the percentage of labeled 
epithelial cells for each intensity, ranging from 0% to 100% (24). 
Statistical differences were calculated using the Mann-Whitney 
U test. Results were expressed as mean±SD. p<0.05 was consid-
ered signifi cant.

Electron microscopic procedures
For electron microscopic examination, tissues from all groups 

were fi xed for 2–3 h in phosphate-buffer containing 2.5% gluter-
aldehyde. They were then post-fi xed in 1% osmium tetraoxide 
(OsO4), followed by dehydration in a series of graded alcohols 
(50, 60, 70, 80, 90, 96, and 100% ethanol). After passing through 

Caspase-3 p Caspase-9 p
Control Glomerular Epithelial Cell 25.20±1.30 ab 0.002* 25.00±1.58 gh 0.002*
Fasting Glomerular Epithelial Cell 243.20±3.34 ac 155.40±2.51 gı 
Fasting + Histamine Glomerular Epithelial Cell 286.40±4.56 bc 169.40±6.84 hı

Control Distal Tubule Epithelial Cell 67.60±1.67 de 0.002* 65.60±1.67 ij 0.002*
Fasting Distal Tubule Epithelial Cell 164.40±2.51 df 241.60±4.56 ih

Fasting + Histamine Distal Tubule Epithelial Cell 288.80±3.34 ef 290.80±2.68 jh

*Kruskall-Wallis Test p value, a Mann-Whitney U Test z= - 2.63 p=0.008, b Mann-Whitney U Test z= - 2.62 p=0.009, c Mann-Whitney U Test z= - 2.63 p=0.008, d Mann-
Whitney U Test z= - 2.64 p=0.008, e Mann-Whitney U Test z= - 2.64 p=0.008, f Mann-Whitney U Test z= - 2.63 p=0.008, g Mann-Whitney U Test z= - 2.64 p=0.008, hMann-
Whitney U Test z= - 2.64 p=0.008, ı Mann-Whitney U Test z= - 2.64 p=0.008, i Mann-Whitney U Test z= - 2.63 p=0.008, j Mann-Whitney U Test z= - 2.64 p=0.008, h Mann-
Whitney U Test z= - 2.63 p=0.008

Tab. 1. HSCORE values of caspase-3 and caspase-9 in control, fasting and fasting+histamine group.
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propylene oxide, the specimens were embedded in an Araldite CY 
212 kit. After the selection of appropriate specimens, thin sections 
were cut and stained with uranyl acetate and lead citrate. These 
were then examined under an electron microscope (Carl Zeiss 
EM 900, Germany).

Results

Immunohistochemical fi ndings
The distribution pattern of caspase-3 and caspase-9 H-

SCORES in the control, fasting and fasting+histamine group 
kidneys are summarized in Table 1.

In the control group, there was a weak caspase-3 or caspase-9 
expression in the distal tubules (Figs 1a1, 1b1; p>0.05). Immuno-
reactivity was detected, especially at the apical cytoplasm of the 
distal tubule epithelial cells. Additionally, there was no reactivity in 
the glomeruli (Figs 1a1, 1b1; p<0.05). In the fasting group, there 
was an increase in caspase-3 expression in the glomeruli (Fig. 1a2), 
whereas with caspase-9, immunostaining was weak to moderate 
in glomerular epithelial cells and strong in distal tubule epithelial 
cells (Fig. 1b2). Increased caspase-3 reactivity was observed in 
the fasting +histamine group. There were statistically signifi cant 
differences in immunolabeling intensities of caspase-3 between 
the fasting+histamine and control groups (p<0.05). Caspase-3 

Fig. 1. Immunoreactivity of caspase-3 (a) and caspase-9 (b) in control (1), fasting (2), fasting+histamine (3) group in the kidney. : distal tu-
bule epithelial cells, : glomerulus. X400.

a1

a2

a3

b1

b2

b3
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expression at the glomerular epithelial cells and tubule epithelial 
cells was signifi cantly cytoplasmic and granular in form (Fig. 
1a3). There was weak to moderate caspase-9 expression in the 
glomerular epithelial cells and strong expression in distal tubule 
cells in this group (Fig. 1b3). Cytoplasmic expression constantly 
increased in the distal tubule epithelial cells. Immunolabeling 
intensities of caspase-9 in distal tubule cells of the kidney were 
signifi cantly higher in the fasting+histamine group compared to 
the control group (p<0.05).

Electron microscopic fi ndings
In the control group, glomerular basement membrane 

(GBM), podocytes, and their foot processes and intraglomerular 
mesangial cells were normal in structure (Figure 2a1). Proximal 
tubule basal folds and mitochondria were normal. Few peroxi-
somes were seen in the cytoplasm. Microvilli were also normal 
(Fig. 2b1). In the fasting group, glomeruli were generally nor-
mal in structure (data not shown). However, high magnifi cation 
microscopic examinations of glomeruli revealed increases in 

a1

a2

a3

b1

b2

b3

Fig. 2. Electron micrograph of the control (1), fasting (2), fasting+histamine (3) group in the kidney and glumerular capillary (a), proximal 
tubule (b) : pinocytotic vesicles, : cristolysis of mitochondria (a2). : Electron-dense lysosomes. : rarely disappeared basal foldings, 
m: microvilli, intraglomerular mesangial cells (a1) and proximal tubule (b1) in the control group. v: endostatic vesicles, : large and small 
vacuoles. Inset: : Electron-dense lysosymes, +: swelling, and cristolysis seen in mitochondria (b2) in the fasting group. : Foot process of the 
podocytes (a3). : dilatation in glomerular capillaries. Apoptotic bodies. İnset: : apoptotic bodies in certain cells. (b3) in the fasting+histamine 
group. (Uranyl acetate-Lead citrate X3000).
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pinocytotic vesicles and cristolysis of mitochondria in some re-
gions of the endothelial cells of capillary loops (Fig. 2a2). The 
most signifi cant change was the intra-cytoplasmic edema at the 
apical site of the proximal tubules. An increase in electron-dense 
lysosomes in cells was also observed. While the regularity of 
basal foldings was disordered in patches, microvilli had a normal 
structure. However, an increase in endostatic vesicles and large 
and small vacuoles enclosed by membranes in apical cytoplasm 
were observed. Myelin fi gures were rare in these vacuoles (Fig. 
2b2). Intense degenerative changes were also detected in the 
epithelial cells of certain tubules. Cytoplasm of these cells was 
electron-dense, and swelling and cristolysis were present in their 
mitochondria (Fig. 2b2 inset). In the fasting+histamine group, 
there were signifi cant dilatations in all the glomerular capillaries. 
In some regions, disappearance or effacement was seen in the 
foot processes of podocytes (Fig. 2a3). There were signifi cant 
degenerative changes in all tubular epithelial cells, particularly 
in the proximal tubules. In some of these tubular epithelial cells, 
there were large apoptotic bodies in the cytoplasm (Fig. 2b3). 
Apoptotic cells were displaced from the lumen in some tubules, 
and microvilli had disappeared in this region (Fig. 2b3 inset). 
Certain cells with nuclei were also observed to have become 
apoptotic bodies.

Discussion 

Recent in vivo and in vitro studies have shown that renal 
glomeruli actively participate in the regulation of glomeru-
lar microcirculation under physiological conditions or in the 
course of renal injury. It is well recognized that the renal glom-
erulus is a target organ for a number of circulating hormones 
and locally synthesized compounds with potent biological ac-
tivity (25, 26). 

Fasting generally reduces the baseline metabolism and turn-
over of materials in the body. Fasting or dietary protein intake also 
accelerates the nephropathy associated with experimental diabetes, 
hypertension and systemic lupus (27). In addition, intake of food 
and water can alter the general metabolic activity of the body in 
such a way as to affect the metabolism of drugs, including their 
distribution, movement, retention, and excretion. Our aim was 
therefore to investigate the uptake, distribution and retention of 
intraperitoneally administered histamine with special reference 
to the effects of fasting.

Although several studies have been conducted on experimen-
tal fasting or restriction of food, only one examined the effect of 
fasting on the ultrastructure of the kidney18. Gonthmakher et al. 
carried out observations on degranulation of the myoepithelial 
cells of the juxtaglomerular complex and dilated lumen of glo-
merular capillaries and afferent arterioles in the cortex of the rat 
kidney during fasting. They concluded that this is the kidney’s 
adaptation to fasting to ensure proteolysis of endogenic proteins 
(18). In another study, they observed hypergranulation and loss in 
ER and the collapse of glomerular capillaries of the myoepithelial 
cells of the juxtaglomerular complex in hyperplasia. Accumula-
tion of secretory granules in the myoepithelial cells is combined 

with the loss of functional activity of the protein synthesizing 
cells, which indicates a hypofunction in the juxtaglomerular com-
plex (28). They concluded that during fasting a decrease occurs 
in renin synthesis and secretion in the juxtaglomerular complex. 
The functional condition of the juxtaglomerular complex plays 
a key role in the regulation of glomerular hemodynamics. Glo-
merular hemodynamic changes are an indirect factor for the dila-
tation and collapse of capillaries. We identifi ed an increase in 
pinocytotic vesicles and cristolysis of mitochondria in glomeruli 
and in the number of pale apical vacuoles during fasting. Intense 
degenerative changes were also detected in the epithelial cells of 
proximal tubules. Cytoplasms of these cells were electron-dense, 
and there was swelling and cristolysis in their mitochondria. As 
evidence of this, strong reabsorption and proteolysis at the proxi-
mal tubules are important factors in fasting for facilitating the 
infi ltration of proteins from the glomerular fi ltration membrane. 
Protein adaptation is an important physiological mechanism nec-
essary for regulation in protein distribution during fasting. This 
function is related to the changes in the juxtaglomerular complex 
and fi ltration capillaries maintained by the proteolytic system of 
the proximal tubules. 

Caspase-3 staining has been reported to be closely correlated 
with the changes in apoptosis, and both have been positively cor-
related with renal structure and function (29). Yang et al. reported 
that caspase-3 was strongly expressed in the distal renal tubular 
cells, suggesting that cell degeneration, necrosis and apoptosis 
coexist in the tubular epithelial cells in renal tubular damage 
induced by endotoxin and hypoxia; degeneration and necrosis 
occur primarily in the proximal tubular epithelial cells, while 
apoptosis was pronounced in the distal renal cells (26). At immu-
nohistochemical examination, we observed moderate caspase-3 
and caspase-9 immunoreactivity in distal tubules in the control 
group. This confi rmed the hypothesis that as kidney tubules con-
tinuously undergo regeneration, it is reasonable to assume that 
apoptosis will also be present in normal kidneys. On the other 
hand, we detected an increase in caspase-3 immunoreactivity in 
the glomerular epithelium and caspase-9 immunoreactivity in the 
distal tubules in the fasting group. This indicates that caspase-9 
initiated apoptosis in tubules and caspase-3 maintained this, es-
pecially in the glomeruli. These data confi rm that caspase-3 and 
caspase-9 immunoreactivity was greater in glomeruli and tubules 
compared to the control group. 

The role of histamine in the kidney during fasting has not been 
investigated histologically. Various studies have examined the 
effects of histamine and protein diet in several tissues with bio-
chemical and cell culture techniques. Bourgoignie et al. showed 
that dogs fed a low-protein diet developed proteinuria, glomerular 
sclerosis and showed a decrease in glomerular fi ltration rate after 
renal mass reduction (30). Another study showed that histamine 
affects membrane voltage, ion conductance and ion channels of 
human glomerular epithelial cells in culture (12). 

Histamine is a renal autacoid synthesized in rat and human 
glomeruli. It has also been shown to affect glomerular metabolism 
in vitro and renal hemodynamics, including glomerular microcir-
culation, in vivo (2, 3, 26, 31). Studies using labeled histamine 
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HI and H2 receptor antagonists have shown that both receptors 
are present in glomeruli, and that a hormone-sensitive adenylate 
cyclase primarily linked to the H2 receptor is present in glomeru-
lar cells (10, 11, 32). More recently, histamine has been shown to 
stimulate renin release by isolated perfused rat kidneys, an effect 
primarily mediated by an H2 receptor (10, 11, 33). In addition to its 
hemodynamic effects on the renal and other regional circulations, 
histamine is an important regulator of the immune-infl ammatory 
response in many tissues (34).

Histamine has important physiological functions in the glom-
erulus. It dilates renal vasculature and reduces the ultrafi ltration 
quantity (31). Histamine is usually associated with mast cells in 
almost all tissues and is also produced in the glomerulus and en-
dothelial cells, which modulate contraction in rat mesangial cells 
(26, 32). These fi ndings show that histamine potentially infl u-
ences glomerular hemodynamics via mesangial cell contraction 
and further support the hypothesis that the contractile property of 
the mesangial cell is the underlying mechanism responsible for 
the reduction in glomerular capillary surface area. However, the 
relationship between enhanced apoptosis and actions of histamine 
in kidney tissues has not been established.

Our present fi ndings are that the increased caspase-3 activity 
in cortical tubules, especially in distal tubules, is responsive to 
fasting+histamine treatment. Our observations suggest that, fol-
lowing histamine treatment, there is an increase in proteolysis in 
the distal tubules, which also affect glomerular fi ltration, which 
signals an increase in expression of caspase-3 thereby causing cer-
tain cells with nuclei to become apoptotic bodies. It is likely that 
fasting+histamine treatment with increased intratubular apoptosis 
may modulate glomerular functions and other cellular and meta-
bolic processes in glomeruli. Furthermore, we demonstrated that 
there was moderate caspase-3 staining in glomerular epithelial 
cells. At electron microscopic evaluation, signifi cant dilatation 
of all glomerular capillaries was observed. In some regions, foot 
processes of podocytes had disappeared. These fi ndings indicate 
they are effects of histamine in glomeruli and are compatible with 
the possibility that histamine is involved in the regulation of glo-
merular function and may be infl uenced by the reconstruction of 
glomerular fi ltration.

While we could not identify the mechanisms by which fasting 
increases the effects of histamine, we can exclude the possibility 
that increased apoptosis in the kidneys of fasting rats is associated 
with histamine treatment compared to rats given normal food. 

We conclude that fasting is an important metabolic stress factor 
and, when accompanied by histamine treatment, it is likely to cause 
prominent disruptions in the kidneys, mainly in the glomerular 
capillaries and renal tubules. Immunohistochemistry results em-
phasize the importance of the caspase-3 and caspase-9 signaling 
pathways in the degenerative effects of fasting+histamine charac-
terization of apoptosis mechanisms in the kidneys, especially in 
the cortical tubules. In this context, fasting may alter the general 
metabolic activity of the body so that the metabolism of agents 
such as histamine, including their distribution, movement, reten-
tion, and excretion, may be adversely affected. 
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