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Immunohistochemistry with semiquantitative image analysis showed that prolactin recep-
tor in distal renal tubules of female rats is most sensitive to the negative effects of both 
cholestasis and hyperprolactinemia. The responses of medullary tubules to cholestasis and 
hyperprolactinemia were less pronounced: decrease and increase in prolactin receptor expres-
sion, respectively. Proximal tubules were characterized by stable levels of prolactin receptor 
expression insensitive to the effects of obstructive cholestasis and hyperprolactinemia. The 
cholestasis-induced changes in the intensity of prolactin receptor expression were opposite in 
kidney and liver cells. It is concluded that different parts of the nephron differ by the presence, 
type, and direction of regulation of prolactin receptor expression in obstructive cholestasis 
and hyperprolactinemia.
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Prolactin is a hormone involved in not only regulation 
of reproduction, but also homeostasis maintenance. It 
regulates water and salt balance in the kidneys, blad-
der, intestine, skin, sweat glands, mammary glands, 
and amniotic fl uid of different species. Prolactin regu-
lates secretory activity of ductal structures, including 
renal tubules and bile ducts of mammals. Osmoregula-
tory effect on the kidneys was reported in males and 
females, especially during pregnancy [1,5,8,14]. In 
some animal species and in humans, prolactin receptor 
was detected in kidney cells [8,9,11]. Kidney func-
tion is substantially changed with cholestasis, which 
is necessary for elimination of bile components that 
are normally excreted by the liver [3].

Diseases accompanied by cholestasis are sex-de-
pendent and are more common in females. In this case, 
pregnancy characterized by elevated levels of prolactin 
contributes to increased incidence of cholestasis. Cho-

lestasis in pregnant women markedly increases prolac-
tin levels in comparison with normal pregnancy [7,10].

Here we studied whether cholestasis affects renal 
sensitivity to prolactin evaluated by tissue expression 
of its receptor in various structures of the kidney in 
female rats, and whether prolactin can affect it. The 
liver was used as the reference tissue, changes in pro-
lactin receptor expression in this organ are described 
previously [2,4].

MATERIALS AND METHODS

We used albino outbred female rats weighing 190-
250 g. The animals were kept under standard vivari-
um conditions at natural illumination regime and free 
access to water and food. Obstructive cholestasis was 
modeled by ligation of the common bile duct. The 
animals were taken in the experiment 14 days after 
surgery. Persistent hyperprolactinemia was simulated 
by the classical method of pituitary transplantation 
under the kidney capsule of a sex-matched recipient 
[12] simultaneously with bile duct ligation (herein-
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after called hyperprolactinemia) or two weeks before 
ligation (hereinafter called long-term hyperprolac-
tinemia). Prolactin was measured by ELISA using 
EIA-4493 kit (DRG). Measurements showed that 
obstructive cholestasis is accompanied by signifi -
cant (p<0.05) hyperprolactinemia, and pituitary trans-
plantation causes an additional signifi cant (p<0.05) 
2-3-fold increase in serum prolactin concentration 
in comparison with the corresponding group without 
pituitary transplantation.

Localization of prolactin receptor (PRLR) in the 
renal tissue was determined by indirect immunoper-
oxidase method using monoclonal antibodies against 
rat PRLR (clone 6D696, USBio). In each tissue 
sam ple, 2 experimental (in the presence of antibod-
ies against PRLR) and 2 control (without antibodies 
against PRLR) sections were examined. Immunoposi-
tive staining for PRLR was analyzed in the proximal 
and distal tubules of the cortex and in renal medullary 
tubules as well as in hepatocytes and cholangiocytes 
of the liver. PRLR expression was measured by semi-
quantitative computer image analysis of the above 
structures (50 cells or fragments of tubules of each 
type for each animal) using ImageJ 1.40 software after 
conversion of RAW fi les into TIFF. The intensity of 
PRLR expression was evaluated by the difference be-
tween color intensities in the experimental and control 
sections in the blue spectrum, which were proportional 
to the relative concentration of the labeled compounds 
with values ranged from 0 to 65 536 [13].

Statistical analysis of the data was carried out 
using Satistica 6.0 software (Statsoft Inc.). Pairwise 
group differences were detected. The significance 
of differences was evaluated using non-parametric 

MannWhitney test. Differences were considered sig-
nifi cant, if the signifi cance level did not exceed 0.05.

RESULTS

High intensity of PRLR expression signifi cantly ex-
ceeding that in liver cells of different types (p<0.05; 
Fig. 1) was revealed in all renal structures of intact 
female rats. PRLR expression in the proximal tubules 
was slightly lower than in the distal and medullary 
tubules (p<0.05). Specifi c immunostaining was mainly 
localized in the cytoplasm and plasma membranes of 
tubular cells, though nuclear immunoreactivity was 
observed in the medullary tubules (Fig. 2). This is 

Fig. 1. Effect of obstructive cholestasis on the extent of PRLR ex-
pression in proximal tubules (1), distal tubules (2), and medullary 
tubules (3) of the kidney (a); in hepatocytes (1) and cholangiocytes 
(2) in the liver (b) of female rats. Open bars, normal; dark bars, 
obstructive cholestasis. *p<0.05: in comparison with normal. The 
number of animals is shown in parentheses. 

TABLE 1. Effect of Hyperprolactinemia on PRLR Expression in Different Renal Structures under Normal Conditions and in 

Obstructive Cholestasis in Female Rats (M±SEM)

Experimental condition

PRLR expression, rel. units

without hyperprolactinemia hyperprolactinemia long-term hyperprolactinemia

Proximal tubules

Normal 4945±510 (n=6) 5548±1051 (n=3) 5432±1090 (n=3)

Obstructive cholestasis 5452±768 (n=5) 4320±408 (n=4) 5586±881 (n=5)

Distal tubules

Normal 6397±670 (n=6) 3325±805* (n=3) 6182±553 (n=3)

Obstructive cholestasis 3376±510+ (n=5) 3586±722 (n=4) 3977±702 (n=5)

Medullary tubules

Normal 6483±230 (n=5) 5003±545 (n=3) 8930±568* (n=3)

Obstructive cholestasis 4689±526+ (n=5) 5120±784 (n=4) 7621±124* (n=3)

Note. p<0.05 in comparison with: *corresponding group without hyperprolactinemia; +corresponding normal group.
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consistent with high levels of PRLR mRNA in human 
kidney inferior only to these in the uterus and mam-
mary gland [9].

Obstructive cholestasis markedly (2-fold) decre-
ased PRLR expression in distal tubules (p<0.05) and 
less markedly (1.3-fold) in the medullary tubules 
(p<0.05), but had no effect on the expression of this 
protein in the proximal tubules (Fig. 1). In contrast, 
the liver showed enhanced (4.5-fold) PRLR expression 
in cholangiocytes and moderate (1.8-fold) in hepato-
cytes (p<0.05; Fig. 1) under these conditions. Such 

reciprocal changes during cholestasis are known for 
some other liver and kidney proteins, in particular, 
those involved in regulation of the excretion of meta-
bolic wastes [15,6]. The subcellular localization of 
immunopositive staining did not vary signifi cantly in 
different parts of the kidney during obstructive cho-
lestasis.

Hyperprolactinemia most heavily and negatively 
infl uenced the extent of PRLR expression in renal distal 
tubules and liver cholangiocytes. Such an effect was ob-
served only under high initial level of receptor expres-

Fig. 2. Immunoperoxidase identification of PRLR in various renal structures of intact female rat. Control without first antibody (a); staining 
with monoclonal antibodies against rat PRLR (b, c, d). Arrows show proximal tubules (PT), distal tubules (DT), and medullary tubules (MT).
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sion, i.e. in normal distal tubules and cholangiocytes 
during obstructive cholestasis (Fig. 3). On the contrary, 
medullary tubules showed increased intensity of PRLR 
expression during long-tern hyperprolactinemia, both 
under normal conditions and in obstructive cholestasis. 
Neither in normal, nor in cholestasis hyperprolactinemia 
of different duration signifi cantly affected the level of 
PRLR in renal proximal tubules, (Table 1).

Thus, we have demonstrated differential levels of 
PRLR expression in different parts of the nephron and 
presented evidence that the possibility, type, and direc-
tion of regulation of PRLR expression during cholesta-
sis and hyperprolactinemia varied in different parts of 
the nephron. Proximal tubules showed stable levels 
of PRLR insensitive to the impact of both obstructive 
cholestasis and hyperprolactinemia. Distal tubules are 
most susceptible to the impact of both cholestasis and 
hyperprolactinemia (both produce a negative effects 
on PRLR expression). Obstructive cholestasis and hy-
perprolactinemia had less pronounced opposite effect 
on the medullary tubules decreasing and increasing 

expression of prolactin receptor, respectively. Of par-
ticular importance is the fact that PRLR expression in 
cells of the kidney and liver showed opposite reaction 
to cholestasis. This may indicate signifi cantly altered 
mechanisms of prolactin action under cholestasis. We 
revealed high, differentially regulated level of PRLR 
expression in non-reproductive organs, liver and kid-
ney [1,2,4] that provides insight into less researched 
effects of prolactin on homeostasis under normal and 
pathological conditions.

This work was supported by Russian Foundation 
for Basic Research (grant No. 11-04-00009).

REFERENCES

 1. A. N. Orlova, A. N. Smirnov, and O. V. Smirnova, Byull. Eksp. 
Biol. Med., 127, No. 5, 573-575 (1999).

 2. O. V. Smirnova and R. L. Bogorad, Ros. Fiziol. Zh., 92, No. 
2, 184-194 (2005).

 3. A. P. Betrosian, B. Agarwal, and E. E. Douzinas, World Gas-
troenterol., 13, No. 42, 5552-5559 (2007).

 4. R. L. Bogorad, T. Yu. Ostroukhova, A. N. Orlova, et al., J. 
Endocrinol., 188, No. 2, 345-354 (2006).

 5. C. Bole-Feysot, V. Goffi n, M. Edery, et al., Endocr. Rev., 19, 
No. 3, 225-268 (1998).

 6. G. U. Denk, C. J. Soroka, Y. Takeyama, et al., J. Hepatol., 40, 
No. 4, 585-591 (2004).

 7. V. Geenes, C. Williamson, Word J. Gastroenterol., 15, No. 17, 
2049-2066 (2009).

 8. D. Gerhold, A. Bagchi, M. Lu, et al., Genomics, 89, No. 6, 
731-744 (2007).

 9. S. Peirce and W. Y. Chen, J. Endocrinol., 171, No. 1, R1-R4 
(2001).

10. T. Puls and U. Beuers, Orph. J. Rare Dis., 2, 26-32 (2007).
11. Y. Sakai, Y. Hiraoka, M. Ogawa, et al., Kidney Int., 55, No. 3, 

833-840 (1999).
12. F. Sato, H. Aoki, K. Nakamura, et al., J. Androl., 18, No. 1, 

21-25 (1997).
13. A. Smolen, Methods in Neuroscience. Qualitative and Quan-

titative Microscopy, 3, 208-229 (1990).
14. H. Stanford, S. Oakes, and C. Ormandy, Ann. Med., 36, No. 6, 

414-425 (2004).
15. Y. Tanaka, Y. Kobayashi, E. C. Gabbazza, et al., Am. J. Physiol. 

Ga  srtointest. Liver Physiol., 282, No. 4, G656-G662 (2002).

Fig. 3. Effect of hyperprolactinemia on PRLR expression in renal 
distal tubules (a) and cholangiocytes in the liver (b) of normal 
female rats (light bars) and rats with obstructive cholestasis (dark 
bars). Shaded bars: corresponding group against the background 
of two-week hyperprolactinemia. *p<0.05 in comparison with the 
corresponding group without hyperprolactinemia. The number of 
animals is shown in parentheses.
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