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Abstract

Background and aims: Diabetes is one of the causes of end-stage renal disease, so that
about 70% of all diabetic patients have nephropathy. Prolactin is a hormone that is
affected by diabetes but the interaction between diabetes and prolactin has not been
understood properly. This study aimed to evaluate the relationship between changes in
serum prolactin levels in diabetic patients with renal failure. Material and methods: In
this study 223 individuals were participated and after assessment of inclusion/ exclusion
criteria 189 individuals were evaluated. Finally, the individuals were divided into three
groups: Control (C), Diabetic (D), and Diabetic Nephropathy (DN). Blood samples were
collected between 8.00 a.m. and 12.00 a.m. for measurement of prolactin levels and
biochemical analysis. Results: The results showed that sodium, potassium, urea,
creatinine and prolactin significantly increased in DN group compared to control
individuals (P< 0.001). The prolactin levels were significantly decreased in the group of
patients with diabetes (P< 0.001). Conclusion: The results of the current study indicated
that serum prolactin level decreased in diabetes while it increased in diabetic
nephropathy.
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Background and aims

Diabetes is one of the causes of end-stage
renal disease, so that about 70% of all diabetic
patients have nephropathy [1]. Diabetic
nephropathy is one of the most important factors
determining  the severity of  diabetes.

Physiopathology of diabetes is complex and not
fully identified. Evidence shows that endocrine
system is altered in diabetes. Previous studies
show that the overall performance of the
endocrine  system including hypothalamus,
pituitary, thyroid, adrenal, and parathyroid and
adipose tissue hormones impaired [2]. Prolactin
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(PRL) is a protein hormone that plays important
role in the production of milk. PRL is not only
important for lactation, but also involved in
reproduction, growth and development, and
plays a role in the regulation of osmolality and
metabolism [3]. Many studies have been done
about changes in PRL levels in diabetes but the
results are somewhat contradictory. Induced
diabetes in rats after delivery reduces the
secretion of PRL followed by decreased milk
production [4] and also reduces the secretion of
PRL in response to breastfeeding [5]. Human
studies have shown that in men with type one
and two diabetes, PRL levels are normal [6] or
increased [7] whereas the level is decreased in
women with type one diabetes (T1DM) [8]. In
some previous studies, there have not been
differences between serum PRL levels in type
one and two diabetes [7,9]. No correlations
between PRL levels were observed with duration
of diabetes and HbAlc level [9]. The results of
some studies on type 2 diabetes (T2DM) suggest
that PRL is effective on adipose tissue
development and growth of pancreatic beta cells,
insulin resistance and lipid metabolism [10,11].
Several studies have shown that PRL, regulates
the transfer of ions and water from the cell
membrane. Preliminary observations suggest
that PRL reduces the transfer of sodium and
increases potassium transport in epithelial cells
in mammals [12]. In addition, other studies have
shown that PRL regulates renal excretion of
sodium; however, the results are inconsistent
[13-15]. PRL receptors are present in many
tissues, including the kidneys [16,17]. Dopamine
plays an important role in the regulation of salt

homeostasis. The PRL tyrosine kinase classic
receptor carrying out regulatory effects of
dopamine [18,19].

Altogether the interaction between diabetes
and PRL, and the effect of renal failure in
diabetic patients on PRL levels have not been
understood properly. In this study, the
relationship between changes in serum PRL
levels in diabetic patients with renal failure has
been evaluated.

Material and Methods

Study population:

This study was approved by the Ethics
Committee of the Urmia university of medical
sciences. In this study, 223 individuals from
Mahabad city of west Azarbayjan province, a
region in northwest Iran, were enrolled; after
assessment of inclusion/ exclusion criteria 189
individuals were evaluated (66 men and 123
women, aged 19-87). Of the 223 baseline
participants, we excluded participants due to:
PRL not measured (n=15), pregnancy (n=4),
hormone therapy (n=2), thyroid and liver
disorders (n=6) and missing data (n=7).

After collecting precise information on
medical history, female menstruation status,
hormone replacement therapy (HRT), age and
sex, in the final study sample of 189 individuals
were divided to three groups: Control group (C),
Diabetic group (D) and Diabetic Nephropathy
group (DN). More information of the subjects in
each of the groups is illustrated in Table 1.

Table 1. Data regarding gender and age in studied groups.

Study Groups Total (M&F) Male Female Age (Mean Age (Lower-
+SE) Upper)

Control (C) 70 16 54 40.11+1.4 19-73

Diabetic (D) 74 21 53 54+1.1 21-74

Diabetic Nephropathy (DN) 45 29 16 64+1.9 33-87

Total 189 66 123 51.4+1 19-87
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Biochemical analysis. Serum BUN,
Creatinine, Na, K, Glucose and HbA1c
measurement:

The concentrations of plasma urea and
creatinine were measured using autoanalyzer
(Selectra- XL, Netherland). Serum sodium and
potassium were assessed by flame photometer
(Corning 480). Serum glucose concentration
was determined using the kit and autoanalyzer
(Selectra- XL). HbAlc was determined by assay
kit and the method of automated high-
performance liquid chromatography analyzer
chromatography (Eppendorf ECOM 6125,
Germany).

Serum PRL Measurement:

Blood samples were drawn from the cubital
vein between 8.00 a.m. and 12:00 a.m. and
centrifuged at 3000 g at 5 °C for 10 min to
separate sera then stored at 20 C until
biochemical analysis. Serum PRL was
determined from frozen sera of participants
using chemiluminescent Immunoassay on an
ELISA reader (Anthos 2020). Serum control was
used for low, normal and high hormone level
(Monobind, USA, Lot: MCA1A2, MCB1A2 and
MCC1A2, respectively). For determination the
deviation of the results before and after serum
storage and for stability verification of PRL

measurement, we randomly selected and
measured PRL concentrations in fresh serum
samples of some male and equal number of
female participants after serum extraction. We
retested PRL concentrations in the same
samples. The laboratory reference range of PRL
was 3.31-19.80 ng/mL for adult men and 5.4—
24.2 ng/mL for adult women.

Statistical analysis

Distribution of data was checked by
Kolmogorov—-Smirnov test. Since distribution of
data was normal, parametric test was used to
analyze the data. Group differences were
compared using a one-way analysis of variance
followed by Tukey’s test to
differences between groups.  Results were
expressed as the mean + S.E. of the mean.
Differences were considered statistically
significant at p<0.05.

determine

Results

Table 2 shows the results of serum Sodium,
Potassium, Urea and Creatinine. Sodium was
significantly increased in diabetic nephropathy
(DN) group compared with control subjects
(p<0.001).

Table 2. Serum levels of Sodium, Potassium, Urea and Creatinine in study groups.

Study Groups Na (mEq L™) K (mEq L") Urea (mg dL™) Cr (mg dL™)
Control (C) 136.7+0.39 4.30+0.03 24.52+0.86 0.84+0.01
Diabetic (D) 135.5+0.59 4.66+0.05* 29.36+0.95 0.92+0.01
Diabetic Nephropathy (DN) 139.9+0.80* 7 5.13+£0.1*7 85+22+6.30* 1 2.51+0.25*+

* and 1 show significance differences with Control and Diabetic groups respectively.

The results are in Mean +SE and p < 0.001

There was no significant difference on
sodium level between diabetic (D) and
control(C) group. Potassium was significantly
increased in diabetic nephropathy (DN) group

compared with control and diabetic groups
(p<0.001), and there was significant difference
on potassium level between diabetic and control
group (p<0.001).

Urea level was non-
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significantly higher in diabetic group compared
with  control subjects. Also, urea was
significantly higher in diabetic nephropathy
(DN) group compared with control and diabetic
groups (p<0.001). The changes of creatinine in
study groups were similar to urea changes. In
diabetic nephropathy (DN) group creatinine was
increased significantly in comparison with
control and diabetic groups (p<0.001).

The results of blood glucose, hemoglobin
Alc and PRL are presented in Table 3. Blood
glucose level in diabetic (D) and diabetic
nephropathy (DN) groups was significantly
higher than that of control (C) group (p<0.001).
Changes in hemoglobin Alc (HbAlc) in any

groups was similar and in line with changes in
glucose.

Table 3. Serum levels of Glucose and Hemoglobin Alc
in study groups.

Study Groups | Glucose Hemoglobi
(mgdL™) | nAlc (%)

Control (C) 83.72+1.11 | 5.09+0.03

Diabetic (D) 227.13+6.8 | 9.21+0.20*
8*

Diabetic 217.62+15. | 9.05+0.46*

Nephropathy | 53*

(DN)

* shows significance differences with Control

group

the results are in Mean +SE and p < 0.001

Table 4. Serum PRL concentration in study groups by individuals’ gender.

Study Groups Sex Individuals PRL(ng mL™?)
Control (C) Male 16 8.66+0.86
Female 54 12.62+1.09
Total 70 11.72+0.89
Diabetic (D) Male 21 7.12+1.43
Female 53 6.76+0.43
total 74 6.86+0.50*
Diabetic Nephropathy (DN) Male 29 13.31+£1.05
Female 16 18.09+3.23
total 45
15.01+£1.35*¢

* and 1 show significance differences between Control and Diabetic groups respectively.

All data are in Mean +SE and p < 0.05

18
16

e el
o N D

Serum Prolactin (ng/ml)

o N b O

I |
Cc D DN

Study Groups

Figure 1. Mean of Serum Prolactin levels (Control = C, Diabetic = D and Diabetic Nephropathy =DN)
* and 1 shows a significant difference between C (P< 0.001) and D (p < 0.05) respectively.
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Evaluating the results of serum PRL levels
showed that PRL was significantly lower in
diabetic (D) group compared with control and
diabetic  nephropathy  groups  (p<0.001).
Elevation of PRL level in diabetic nephropathy
(DN) was significant compared with control and
diabetic groups (p=0.036 and p<0.001
respectively, Figurel & Table 4). In healthy
control group, serum PRL concentrations in
females were higher than those of males
(Table 4).

Discussions

The overall results of present study showed
that serum sodium, potassium, urea, creatinine,
blood glucose, hemoglobin Alc and PRL were
significantly increased in diabetic Nephropathy
(DN) patient. Also, the results show significant
decrease in serum PRL level in diabetic patient.

As mentioned before altogether the
interaction between diabetes and PRL, and the
effect of renal failure in diabetic patients on PRL
levels have not been understood properly. In
this study, the changes in serum PRL levels in
people with diabetes and diabetic nephropathy
were assessed. As expected, blood glucose
levels, glycosylated hemoglobin and potassium
were significantly higher in diabetic patients
than the control group. In the diabetic group
compared with the healthy control group and
diabetic nephropathy serum PRL significantly
reduced. This study confirms the results of
previous studies that have suggested plasma PRL
decreases in early diabetes [4,8]. The decline
may be due to pituitary damage and destruction
of lactotroph cells in early stages of diabetes
[20]. Tiange Wang et al have reported that a
high circulating PRL level was significantly
associated with a lower risk of prevalent diabetes
in men and postmenopausal women [21]. With
the assumption that PRL levels in normal
subjects are influenced by sex, previous studies
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and literature suggest that the average blood
PRL levels in females are slightly higher than
males [22,23]. In this study, we also observed
that a PRL level in healthy females was higher
than healthy males. In current study, serum PRL
level in patients with diabetic nephropathy was
significantly increased compared with diabetic
patients; this finding is a little more complicated.

In this study, we observed that blood levels
of urea, creatinine, potassium and sodium in
patients with diabetic nephropathy was
significantly higher than those in people with
diabetes and these findings suggest kidney
damage in individuals. Another finding that the
mean age of patients with diabetic nephropathy
was higher than that of diabetic patients without
nephropathy suggesting that diabetes has led to
nephropathy over the time. Assessment of
changes in PRL levels in patients with diabetic
neuropathy was the main objective of this study
and the results showed a significant increase of
serum PRL levels in diabetic nephropathy
compared with diabetic patients without
nephropathy. The main finding of this study is
that it increases blood PRL levels in diabetic
patients with nephropathy. According to the
influence of sex on PRL levels, PRL is normally
higher in healthy female subjects. Despite the
twice as much the number of females than males
in diabetic group, a significant decrease in serum
PRL was seen in this study, in turn, represents
the lack of influence of individual’s gender and
confirms that diabetes itself was PRL-lowering
condition. Moreover, in the diabetic nephropathy
group the number of females was far less than
males. So, high PRL levels in this group can not
only be affected by sex, but PRL has been
increased due to severe kidney damage or may
be another factor. Our results are similar to the
results of previous study that reported Cirrhosis
and chronic renal failure cause
hyperprolactinemia [24]. These abnormalities
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may be inducing an increased level of PRL
secretion and a decreased metabolic clearance
rate [25]. PRL is normally metabolized in the
kidneys and liver; and in case of diabetic
nephropathy, it is likely that excessive
accumulation of PRL in the blood cannot be
discharged effectively and consequently leads to
buildup of PRL in the blood.

Conclusions

The results of present study showed that
serum PRL levels increases in diabetic patients
with nephropathy. A probable mechanism can be
either over production of PRL from its natural
sources or low clearance of it in diabetes-

induced damaged Kkidneys. Further detailed
studies should be conducted to evaluate the
precise mechanisms of increase of PRL in these
patients.

Conflicts of interest. Authors have no
conflicts of interests regarding this paper.

Acknowledgment. This study was supported
by Urmia University of Medical Sciences
(UMSU) with grant number (grant No1808). The
authors also thank Nephrology and Kidney
Transplantation Research Center and
Neurophysiology Research Center of Urmia
University of Medical Sciences (UMSU)
experienced personnel.

REFERENCES

1. Ziyadeh FN, Sharma K. Overview: combating
diabetic nephropathy. J Am Soc Nephrol 14(5): 1355-7,
2003.

2. Alrefai H, Allababidi H, Levy S, Levy J. The
endocrine system in diabetes mellitus. Endocrine 18: 105-
19, 2002.

3. Freeman ME, Kanyicska B, Lerant A, Nagy G.
Prolactin: structure, function, and regulation of secretion.
Physiol Rev 80: 1523-631, 2000.

4. Lau C, Sullivan MK, Hazelwood RL. Effects of
diabetes mellitus on lactation in the rat. Proc Soc Exp Biol
Med 204: 81-89, 1993.

5. lkawa H, Irahara M, Matsuzaki T, Saito S,
Sano T, Aono T. Impaired induction of prolactin secretion
from the anterior pituitary by suckling in streptozotocin-
induced diabetic rat. Acta Endocrinol (Copenh) 126: 167-
172, 1992.

6. Sharp PS, Mohan V, Vitelli F, Maneschi F,
Kohner EM. Changes in insulin resistance with long-term
insulin therapy. Diabetes Care 10: 56-61, 1987.

7. Lester E, Woodroffe FJ, Smith RL. Prolactin
and impotence in diabetes mellitus. Ann Clin Biochem
18(Pt 1): 6-8, 1981.

8. Nyholm H, Djursing H, Hagen C, Agner T,
Bennett P, Sevenstrup B. Androgens and estrogens in
postmenopausal insulin-treated diabetic women. J Clin
Endocrinol Metab 69: 946-949, 1989.

184

9. Mooradian AD, Morley JE, Billington CJ, Slag
MF, Elson MK, Shafer RB. Hyperprolactinaemia in male
diabetics. Postgrad Med J 61: 11-14, 1985.

10. Brelje TC, Stout LE, Bhagroo NV, Sorenson
RL. Distinctive roles for prolactin and growth hormone in
the activation of signal transducer and activator of
transcription 5 in pancreatic islets of langerhans.
Endocrinology 145: 4162-4175, 2004.

11. Ben-Jonathan N, Hugo ER, Brandebourg TD,
LaPensee CR. Focus on prolactin as a metabolic
hormone. Trends Endocrinol Metab 17: 110-116, 2006.

12. Falconer IR, Rowe JM. Possible mechanism for
action of prolactin on mammary cell sodium transport.
Nature 256(5515): 327-328, 1975.

13. Mills DE, Buckman MT, Peake GT.
Mineralocorticoid modulation of prolactin effect on renal
solute excretion in the rat. Endocrinology 112: 823-828,
1983.

14. Morrissey SE, Newth T, Rees R, Barr A, Shora
F, Laycock JF. Renal effects of recombinant prolactin in
anaesthetized rats. Eur J Endocrinol 145: 65-71, 2001.

15. Adler RA, Herzberg VL, Brinck-Johnsen T,
Sokol ~ HW.  Increased  water  excretion in
hyperprolactinemic rats. Endocrinology 118: 1519-1524,
1986.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / VVol. 24 / no. 3/ 2017




16. Mountjoy K, Cowden EA, Dobbie JW,
Ratcliffe JG. Prolactin receptors in the rat kidney. J
Endocrinol 87: 47-54, 1980.

17. Stier CT, Jr., Cowden EA, Friesen HG, Allison
ME. Prolactin and the rat kidney: a clearance and
micropuncture study. Endocrinology 115: 362-367, 1984.

18. Crambert S, Sjoberg A, Eklof AC, Ibarra F,
Holtback U. Prolactin and dopamine 1-like receptor
interaction in renal proximal tubular cells. Am J Physiol
Renal Physiol 299: F49-5F4, 2010.

19. lbarra F, Crambert S, Eklof AC, Lundquist A,
Hansell P, Holtback U. Prolactin, a natriuretic hormone,
interacting with the renal dopamine system. Kidney Int 68:
1700-1707, 2005.

20. Arroba Al, Lechuga-Sancho AM, Frago LM,
Argente J Chowen JA. Increased apoptosis of lactotrophs
in streptozotocin-induced diabetic rats is followed by
increased proliferation. J Endocrinol 191: 55-63, 2006.

21. Wang T, Lu J, Xu Y, et al. Circulating prolactin
associates with diabetes and impaired glucose regulation: a
population-based study. Diabetes Care 36: 1974-1980,
2013.

22. Gholami M, Saboory E, Roshan-Milani S.
Proconvulsant effects of tramadol and morphine on
pentylenetetrazol-induced seizures in adult rats using
different routes of administration. Epilepsy Behav 36: 90-
96, 2014.

23. Saboory E, Ebrahimi L, Roshan-Milani S,
Hashemi P. Interaction of prenatal stress and morphine
alters prolactin and seizure in rat pups. Physiol Behav 149:
181-186, 2015.

24. Kaye TB.  Hyperprolactinemia.  Causes,
consequences, and treatment options. Postgrad Med 99:
265-268, 1996.

25. Mah PM, Webster J. Hyperprolactinemia:
etiology, diagnosis, and management. Semin Reprod Med
20: 365-374, 2002.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 24 / no. 3/ 2017 185






