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Summary. Prolactin as a factor in the etiology of chronic progressive nephropathy 
in rats has been studied by exogenous administration and by endogenous inhibition with 
bromocriptin. Exogenous prolactin caused a significant increase in frequency and severity 
of the lesions, with accompanying sodium retention. Conversely endogenous inhibition sig- 
nificantly decreased the frequency and severity of the lesions and increased urine volume, 
pH and sodium excretion. Thus prolactin is important in the etiology of this renal disease 
in rats. 

Key words: Prolactin Bromocriptin - -  Nephropathy. 

Chronic progressive n e p h r o p a t h y  of aging ra ts  is a well known disease, i ts  
f requency  and  sever i ty  va ry ing  wi th  s t ra in  and  level  of d i e t a ry  p ro te in  (Saxton  
and  Kimba l l ,  1941; Andrew and  Prue t t ,  1957; Snell,  1967). Thus i t  has been 
suggested t h a t  th is  condi t ion  is caused p r imar i l y  by  the obs t ruc t ion  of collecting 
ducts  wi th  casts formed from p rec ip i t a t ed  p ro te in  (Saxton  and  Kimba l l ,  1941). 
However  th is  does no t  exp la in  the  g rea t ly  increased f requency and  sever i ty  
of such lesions in ra t s  bear ing ad rena l  or pro lac t in-secre t ing  p i t u i t a r y  tumors  
(Gi l lman et  al., 1953; Snell  and  Stewar t ,  1959; F u r t h  et  al., 1956). As p ro lac t in  
has d i rec t  rena l  act ions  in ra t s  (Locket t  and  Nail ,  1965) i ts p robab le  re la t ion  
to th is  n e p h r o p a t h y  has been inves t iga ted .  

Materials  and Methods 

Both the effects of administering exogenous prolactin and those of inhibiting endogenous 
prolactin upon the frequency and severity of chronic progressive nephropathy have been 
studied. 

Male albino rats (OFA Sandoz SPF strain) aged 8 weeks, weights 220 300 g were caged 
separately in a controlled environment with water and a commercial food (NAFAG | 194, 
Nafag Ltd., Gossau, Switzerland) ad libitum. 

Once weekly for 10 weeks 20 rats received 40 i.u./kg ovine prolactin (Ferring Ltd., Diissel- 
dorf, W. Germany) given as a subcutaneous depot in 1 ml aluminium hydroxide adjuvant 
(Herbert 1970). Twenty controls received adjuvant only. TwentyJour h urine samples were 
collected from all rats immediately after injections one, six and ten. 

In the second study endogenous prolactin was inhibited in 10 rats by mixing the prolactin 
inhibitor bromocriptin| (Sandoz Ltd., Basle, Switzerland) in the food at a concentration 
which provided a mean daily intake of 5 mg/kg. At this dose level bromocriptin is known 
to act as a potent and specific prolactin inhibitor (Billeter and Fluckiger 1971 ; Fluckiger 1972; 
Besser et al., 1973). Ten control rats received unmedicated food. This study lasted 52 weeks 
and 24-h urine samples were collected from 5 treated and 5 control rats after 6, 13, 26 and 
52 weeks. 
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Specific gravity of urine samples was determined by refraetometer (American Optical 
Corporation, Buffalo, N.Y. USA), volmne calculated from weight and specific gravity, and 
pi t  measured with indicator paper (Merck Ltd., Darmstadt, W. Germany). Sodium and po- 
tassium were measured by flame photometer (Ingold Ltd., Ziirieh, Switzerland) and mean 
values for treated and control rats compared by Students' t-test. In the ease of the bromo- 
eriptin study, the mean of the 6- and 13-week values and that of the 26- and 52-week values 
were taken before statistically analyzing the data. 

Following exposure to COe animals were exsanguinated by renal phlebotomy, kidneys 
removed, freed of extraneous tissue, weighed and surface changes noted. Blocks of right 
kidneys were fixed in Bouin's fixative and those of left kidneys in 4% formol, embedded in 
paraffin, cut at 5 B and stained by hematoxylin and eosin, Van Gieson elastiea and PAS. 

Sections were examined without knowledge of origin; first to survey for lesions and second 
to estimate and record degrees of change. Changes were scored on the following scale 0 = none, 
1=mild ,  2--moderate, 3=severe. Tubular changes were considered primary, and glo- 
merular, interstitial and plevic changes secondary. Therefore values for tubular lesions were 
doubled in calculating scores. Mean scores for each rat were calculated for nephron, inter- 
stitial and pelvic changes by the formula: 

Sum of scores for each change 
Mean score = 

number of changes. 

Mean scores for control and treated animals were compared statistically. 

Results 

Urine 
Chronic admin i s t r a t ion  of pro lac t in  induced  no s ignif icant  change in specific 

gravi ty ,  pH,  volume or po tass ium content ,  a l though the  sodium concent ra t ion  
was s ignif icant ly  decreased in the  10-weeks sample  (control 29 • 4 mEq/1, pro- 
l ac t in  20 ~ 2 mEq/1, P < 0.05). 

The pro lac t in  inh ib i tor  b romocr ip t in  caused s ignif icant  increases in ur ine 
vo lume,  p t I  and  24-h sodium excret ion,  wi th  a s imi lar  t r e n d  in 24-h potass ium 
excre t ion  (Table 1). The effect on sodium and  po tass ium excre t ion  was not  mere ly  
a ref lect ion of increased ur ine volume as the  concent ra t ions  of these ions in  the  
ur ine was also sl ightly,  bu t  no t  s ignif icant ly,  increased.  

Kidney Weights 
Chronic admin i s t r a t ion  of pro lac t in  d id  no t  s ignif icant ly  change ei ther  the  

absolute  or re la t ive  k idney  weight.  On the  o ther  hand,  ra t s  wi th  the i r  endogenous 
p ro lac t in  chronica l ly  inh ib i ted  b y  b romocr ip t in  showed a s ignif icant  decrease 
in bo th  absolu te  and  re la t ive  k i d n e y  weight  (Absolute:  Controls 3.93 •  
t r e a t ed  3.33 =L 0.47, P < 0 . 0 5 :  Re la t ive  controls  0.87% •  t r e a t e d  0.65% 
•  P < 0 . 0 0 1 ) .  The re la t ive  k i d n e y  weights of ra t s  wi th  inh ib i t ed  endo- 
genous pro lae t in  were s imilar  to those of 6-month  old control  ra t s  of th is  s t ra in  
(0.68% -4-0.02). 

Macroscopic Lesions 
No macroscopic  change was seen in k idneys  of e i ther  control  or t r e a t e d  ra ts  

from the  s t u d y  where exogenous pro lac t in  was given. I n  the  b romocr ip t in  s t u d y  
four control  ra t s  had  enlarged  k idneys  wi th  uneven  cort ical  surfaces and  on the  
cut  surface m a n y  smal l  cysts as well as pale  bands  running  th rough  the  cortices 
were seen. Such lesions are typ ica l  of those commonly  encounte red  in un t r ea t ed  
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Table I. Effects of inhibiting endogenous prolaetin with bromoeriptin on composition o2 
rat urine 

Mean of weeks 6 and 13 ~: s.c. Mean ol weeks 26 and 52~ s.c. 

Controls Bromo- P Control Bromo- P 
eryptine cryptine 

24-hourvol(ml) 11.4• 1.1 17.1• 2.2 <0.05 9.5~ 1.1 11.7:~ 1.6 n.s. 
pH 5.9-~ 0.1 5.9-~ 0.1 n.s. 6.0• 0.1 6.3:c 0.0 <0.02 
24-hourNa +* 87.0=]- ~.7 128.2• <0.01 44.8~: 7.5 49.0~ 9.5 n.s. 
24=-hour K +* 254.0• 15.2 275.5• 21.6 n.s. 340.5~_ 53.4 333.1~ 53.0 n.s. 

s.c. = Standard error; n.s. -- not significant 
* Expressed as ~ Eq/100 g body weight/24 h 

rats of this age (Saxton and Kimball,  1941 ; Andrew and Pruett,  1957 ; Snell, 1967). 
Only one rat  t reated with bromocriptin had similar changes. 

Microscopic Lesions 

Changes in the nephrons of rats t reated with exogenous prolactin included 
thickening of the parietal layer of Bowman's  capsule, the presence of protein 
casts in dilated tubular lumina as well as desquamation and regeneration of 
tubular epithelium with hyperplasia, hyper t rophy and disorganization. Most 
kidneys had some degree of focal or diffuse chronic inf lammatory cell infiltration, 
with fibrosis of the interstit ium (Fig. 1). Occasionally some proliferation of the 
pelvis epithelium was also observed. 

In  the bromocriptin s tudy the described changes were more advanced. Protein. 
aceous material was present in glomerular spaces, there was shrinkage of glomeru- 
lar tufts, increased dilatation of tubuli, many  protein casts, lipofusein in epithelial 
and mesenehymal cells and focal tubular degeneration with replacement fibrosis 
(Fig. 2). Such lesions were more pronounced in control rats, the administration 
of bromoeriptin having clearly inhibited the development of nephron changes 
in particular. Less protein casts were present and there were fewer inflammatory 
and sclerotic changes than in kidneys from controls. 

Scoring the lesions showed that  prolaetin administration had produced a 
significantly increased severity of lesions involving the nephrons (P < 0.02 versus 
controls). Interstit ial  and pelvic changes showed similar trends. Conversely 
endogenous prolactin inhibition by bromocriptin resulted in a statistically sig- 
nificant decrease in the severity of nephron lesions ( P < 0 . 0 2  versus controls), 
with a similar but non-significant effect on interstitial changes. The development 
of pelvic changes was unaffected by medication (Fig. 3). 

Discussion 

Weekly subcutaneous depot injections of 40 i.u./kg ovine prolaetin to male 
rats for 10 weeks resulted in a significantly increased severity of progressive 
nephropathy compared with controls. Prolactin administration especially ac- 
celerated the development of nephron lesions, whereby protein casts in the lumen 
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Fig. 1. Mild changes if chronic progressive nephropathy in a control 18-week-old rat. 
a thickening of the parietal layer of Bowman's capsule; b protein casts in the tubular lumina; 
c desquamation of tubular epithelium; d hyperplasia and disorganization of regenerating 
tubular epithelium; e interstitial chronic inflammatory eelI infiltration; f interstitial fibrosis. 

(tIematoxylin and eosin • 300) 

and desquamation as well as regeneration of tubular epithelium appeared more 
commonly than in controls. Thickening of the parietal layer of Bowman's capsule 
also occurred more commonly, but is considered secondary in nature as it was 
only seen accompanying tubular lesions, whilst the converse was not the case. 

Furth ct al. (1956) have observed greatly enlarged kidneys with nephropathy 
in both rats and mice bearing prolaetin-sccreting pituitary adenomas. The meeha- 
nisms of developlnent of the nephropathy was not clear at that  time, but our 
results strongly suggest that  they were attributable to increased prolaetin levels. 

In  contrast to the foregoing, chronic oral administration of the specific pro- 
lactin inhibitor bromoeriptin significantly reduced the incidence and severity 
of renal lesions as compared with the control group. The reduction in lesions 
involving the nephrons was particularly striking. These findings were accom- 
panied by an inhibition of the usual age-related increase in relative kidney 
weights and there was a prolaetin inhibition-related increase in urine volume, 
pH and sodimn excretion opposite to the effects reported after exogenous pro- 
lactin administration to rats (Loekett and Nail, 1965). 

As bromocriptin is a specific and potent prolactin inhibitor possessing little 
other pharmacological activity, the beneficial effects of medication on the devel- 
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Figs. 2A and B. Moderately advanced chronic progressive nephropathy in a control 60-week- 
old rat.  Similar changes are present to those in Fig. 1. In  addit ion: a shrinkage of glomerular 
tuf t ;  b increased dilatat ion of tubul i ;  c replacement fibrosis. (2 A t tematoxyl in  and eosin • 110. 

2B Van Gieson elastica • 110) 
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Comparison between severity of renal lesions occurring in control rats and that present 
chronically treated with either ovine prolactin or bromocriptin. Vertical bars indicate 

the s tandard error of the mean 
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opment  of chronic progressive nephropa thy  were probably  at t r ibutable  to chronic 
reduct ion in serum prolactin levels. Changes in ur inary ion content  and volume 
clearly indicated tha t  bromocript in was having such an effect. I t  is also possible 
to speculate as to how chronic pro]actin inhibit ion resulted in such a relatively 
low incidence of renal lesions. I n  t rea ted  rats there was significantly increased 
urine volume and pH. As protein is more soluble at  high alkalinity, the initial 
blockage of the collecting ducts with such casts might  be at  least part ial ly inhi- 
bited. The additionM flushing action of increased urine volume would act  syner- 
gistically. Saxton and Kimball  (1941) have suggested tha t  the early obstruction 
of collecting ducts with protein casts is important ,  if not  essential, for the devel- 
opment  of the typical  lesions of progressive nephropa thy  in rats. The findings 
from the present s tudy  support  this, as a reduct ion in the number  of protein 
casts in rats with inhibited prolactin was reflected by  a similar reduct ion in 
secondary inf lammatory  and sclerotic changes. 

Our results thus suggest t ha t  prolactin is a very  impor tant  etiological com- 
ponent  in the development  of chronic progressive nephropa thy  in rats. The hor- 
mone seems to facilitate the formation of protein casts in the collecting ducts 
by  lowering ur inary  pH and decreasing urine volume, thereby making the high 
amounts  of protein usually present in rats '  urine insoluble. 

The relevance of these results to the etiology of renal disease in man  is not  
clear. However,  in man  as in rats, prolactin produces renal retention of water, 
sodium and potassium (Horrobin et al., 1971). i n  addition, serum prolactin levels 
are great ly elevated in some patients with renal failure (Turkington 1972; Nagel 
et al., 1973) and Mbuminuria associated with degenerative glomerular lesions 
are common complications encountered in the third  t imester of pregnancy 
(British Medical Journal ,  1970) at  a t ime when serum prolactin levels are elevated 
(Nokin et al., 1972). Thus in man prolactin m ay  also have significant renal action. 
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