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Background & Aim

Polycystic kidney disease (PKD) is a congenital 
fibrocystic disorder where cysts are forming within 
the kidney and liver, causing declined kidney 
function and can eventually lead to chronic kidney 
disease (CKD). Animal models with improved 
clinical translatability can optimally inform about 
potential clinical efficacy of novel drug candidates 
for PKD. The PCK rat is an established genetic 
model of PKD with natural history and renal 
histologic abnormalities resembling the human 
disease. 
Here, we characterized the effect of the  
vasopressin V2 receptor antagonist Tolvaptan, the 
only approved drug treatment for PKD, in 
combination with rapamycin, a compound known 
to slow cystogenesis in the PCK rat model.

Methods

Male PCK rats (PCK/CrljCrl-Pkhd1pck/Crl, 
Charles River Laboratories) arrived at 4 weeks of 
age. Male Sprague-Dawley rats served as healthy 
controls. PCK rats were randomized into groups 
based on body weight and urine albumin-to-
creatinine ratio (uACR). PCK rats daily received 
vehicle, or Tolvaptan (in diet, ad libitum) 
+ rapamycin (0.15 mg/kg, IP) every third day. 
Urine was collected in week 5 and 10 for uACR 
analysis. Upon termination, kidney and liver 
weight was obtained. Cyst counts and volume in 
the left whole-kidney were assessed quantitative 
3D light sheet imaging. Data is presented as 
mean + S.E.M. 
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Body weight, kidney and liver weight2

Tolvaptan + rapamycin reduces renal cyst formation4

Combined Tolvaptan and rapamycin treatment 

improves albuminuria and reduces cystogenesis 

in the PCK rat. These findings support 

nephroprotective effects of this drug combination 

in PKD and highlights the applicability of the PCK 

rat in preclinical drug development.

Conclusion

Figure 2.  Body weight, kidney and liver  weight. (A) Body weight. (B) Liver weight (C) Kidney weight. Dunnett’s 
test one-factor linear model. **p<0.01, ***p<0.001 compared to the PCK Vehicle group.
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Figure 3. Tolvaptan + Rapamycin treatment improves albuminuria in the PCK rat. (A) Urine weight. (B) Urine albumin 
excretion rate (1h hrs). (C) Log uACR. Data is presented as Mean + SEM. Dunnett’s test one-factor linear model. *p<0.05, 
**p<0.01, ***p<0.001 compared to the PCK Vehicle group. 
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Group Animal
Number of 

animals
Treatment

Administration 
route

Dosing 
Frequency 

Dosing 
volume

Dosing
concentration 

1 SD rat 8 Vehicle In diet + IP Q3D 5 ml/kg NA

2 PCK rat 9 PCK vehicle In diet + IP Q3D
5 ml/kg

NA

3 PCK rat 9
PCK - Tolvaptan + 

Rapamycin
In diet + IP

Ad 
libitum/Q3D 

5 ml/kg
0.01% diet + 0.15 

mg/kg

Tolvaptan + rapamycin improves albuminuria3

Figure 4. Tolvaptan + Rapamycin reduces renal cyst burden in the PCK rat. Quantitative 3D whole-kidney imaging analysis of (A) Control - Vehicle 
(B) PCK – Vehicle (C) PCK – Tolvaptan + Rapamycin. (D) Cyst volume. (E) Cyst count. (F) Cyst count vs. cyst size profile. (G) Representative 3D whole-
kidney image showing automated cyst annotation. *p<0.05, **p<0.01, ***p<0.001 compared to PCK Vehicle group. 
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Frequency
QD: Once daily
Q2D: Every second 
day

Route
PO: Oral
IP: Intraperitoneal

Measurements
BW: Body weight
uACR: Urinary albumin-to-creatinine ratio

Day -3
WEEK -2

Randomization

WEEK -1 DAY 1

First dose

WEEK 10

Acclimatization
Randomization

+ Baseline

Chronic repeated dosing (IP/PO, 
Q2D/QD)
BW (QD)

In vivo study period Assay/Histology

Termination
+Kidney weights
+Liver weight

Biomarkers
+uACR

3D imaging of left kidney
+Total kidney volume
+Cyst count
+Cyst volume

+BW
+uACR

Week 
5/10

+Metabolic cages 
sampling

+uACR, volume

Control diet
(all groups)

Tolvaptan diet
(gr 3)

0

200

400

600

800

Treatment week

Bo
dy

 w
ei

gh
t (

g)

0 1 2 3 4 5 6 7 8 9 10

**

Control - vehicle
PCK - Vehicle
PCK – Tolvaptan + rapamycin

0

10

20

30

40

Week 10

Li
ve

r w
ei

gh
t (

g)
 - 

Te
rm

in
at

io
n

Control - vehicle
PCK - Vehicle

PCK – Tolvaptan + rapamycin

**

*

0

2

4

6

8

Week 10

Ki
dn

ey
 w

ei
gh

t (
g)

 - 
Te

rm
in

at
io

n

Control - vehicle

PCK - Vehicle

PCK – Tolvaptan + rapamycin

**

5 10
0

5

10

15

20

25

Weeks

Ur
in

e 
w

ei
gh

t (
g)

Control - vehicle

PCK - Vehicle

PCK – Tolvaptan + rapamycin

** *

5 10
0

1

2

3

4

5

Weeks

Lo
g 

AC
R 

(µ
g/

m
g)

Control - vehicle

PCK - Vehicle

PCK – Tolvaptan + rapamycin

******

***
**

5 10
0

2000
4000
6000

20000
25000
30000
35000
40000

500000
600000
700000
800000

Weeks

Ur
in

e 
al

bu
m

in
 e

xc
re

tio
n 

(µ
g/

16
h)

Control - vehicle

PCK - Vehicle

PCK – Tolvaptan + rapamycin

***

***

****

B

0

100

200

300

400

Week 10

Cy
st

 v
ol

um
e 

[m
m

3 ]

***

Control - vehicle
PCK - Vehicle
PCK – Tolvaptan + rapamycin

G

Control - Vehicle PCK - Vehicle PCK – Tolvaptan + rapamycin

0

10

20

log(Cyst size) [µm3]

Cy
st

 co
un

t

Control - vehicle
PCK - Vehicle
PCK – Tolvaptan + rapamycin

15 17 18 19 20 21 22 23 24 25

*
***
***
***

***
**

***
***

***
***
***
***
**
** **

* ** **
****

*
*


	Default Section
	Slide 1


