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Short Communication

A possible critical dosing period of p-cumylphenol for development 
of cystic kidneys in rat neonates

Tomomi Nakazawa1*, Yuko Yamaguchi2, Yachiyo Fukunaga1, and Kazutoshi Tamura2

1 Pathology Division, Tsukuba Research Institute, Bozo Research Center Inc., 8 Okubo, Tsukuba-shi, Ibaraki 300-2611, Japan
2 Pathology Division, Gotemba Research Institute, Bozo Research Center Inc., 1284 Kamado, Gotemba, Shizuoka 412-0039, Japan

Abstract: In accordance with a previous report on cystic kidneys induced in rat neonates when dosed with p-cumylphenol (PCP) for 
18 days from postnatal day (PND) 4, 3 rat neonates were dosed with PCP once a day for 14 days, either from PND 14, 21, 28, 35, or 42 
as W2, W3, W4, W5, and W6 groups, respectively, to investigate whether dosing periods in different PNDs influenced the development 
of cystic renal tubules. The lesion was striking in the W2 group and at a lesser magnitude in the W3 group, whereas either kidney was 
unaffected when dosing was initiated beyond PND 28. These findings, together with the results from the previous study, suggested that 
PND 14-28 is a critical dosing period for PCP to develop cystic kidneys in rat neonates. The lining epithelium of the cystic tubules was 
immunohistochemically positive for AQP2. This finding and the anatomical location indicated that the cystic tubules were of collecting 
duct origin. Either obstruction, fluid accumulation, or reparative hyperplasia of the lining epithelium was unlikely to be involved in the 
formation of cystic tubules lined with a monolayer of cuboidal or columnar epithelium with a high nuclear density. Thus, the follow-up 
investigation on PCP suggested a critical dosing period of PND 14-28 in rat neonates for the development of cystic dilation of renal col-
lecting ducts. This study further supports that additive hyperplasia of the lining epithelium is a fundamental basis of this unique lesion. 
(DOI: 10.1293/tox.2021-0010; J Toxicol Pathol 2022; 35: 123–127)
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Cystic kidney diseases in humans encompass diverse 
conditions of cyst formation in glomeruli and tubules with 
a wide range of classifications based on genetic alterations1. 
Autosomal recessive polycystic kidney disease, autosomal 
dominant polycystic kidney disease, and autosomal domi-
nant tubulointerstitial kidney disease belong to the heredi-
tary group2, 3. Acquired cystic kidney diseases are known 
to occur in patients with chronic renal disease4. Chemically 
induced cystic kidneys, another type of cystic kidney dis-
ease, is found in animal species5, 6. They are associated with 
a wide spectrum of chemical groups, including p-cumyl-
phenol (PCP), a chemical used as lubricants, surfactants, 
insecticides and phenolic resins7. A previous investigation 
focused on morphologically characterizing cystic kidneys 
induced in rat neonates when dosed with PCP for 18 days 
from postnatal day (PND) 4 revealed that treatment with 
PCP resulted in the sequential formation of cystic tubules 
in rat neonates8. A follow-up investigation was carried out 

to determine the critical dosing period for PCP to develop 
cystic kidneys in rat neonates.

Eleven male and 11 female Crl:(CD)SD rats purchased 
from Charles River Laboratories Japan Inc. (Kanagawa, Ja-
pan) were mated, and 46 male neonates were obtained from 
the same birth date. The date of birth was defined as a PND 
of 0. On PND 7, all the neonates were separated from dams, 
and then selected 10 each were fostered by 4 dams, respec-
tively, to standardize body weights. Finally, 25 neonates 
were further selected and allocated to 5 groups of 5 each 
by stratified random sampling based on body weight. All 
neonates were weaned on PND 21.

In these 5 study groups, 3 animals each were orally 
dosed with 300 mg/kg/day of PCP (Sun Techno Chemical 
Inc., Tokyo, Japan) dissolved in olive oil and the remaining 
2 animals each with olive oil alone to serve as the vehicle 
controls at a dose volume of 10 mL/kg once a day for 14 
days, either from PND 14, 21, 28, 35, or 42. Thus, these 5 
test groups were designated as the W2, W3, W4, W5, and 
W6 groups, respectively (Fig. 1). The dose level and dosing 
schedule of PCP were designed in reference to the results 
obtained from the previous study where histopathological 
examinations on PND 8, 12, 19, and 22 revealed that the 
development of cystic kidneys was confined to PND 19 and 
thereafter following daily PCP dosing from PND 4 at 300 
mg/kg/day8. All the animals were housed in an environ-
mentally controlled room and were allowed free access to a 
sterilized basal diet (CRF-1, Oriental Yeast Co. Ltd., Tokyo, 
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Japan) and tap water. Clinical signs and body weight were 
checked periodically throughout the experimental period.

The animals were euthanized by exsanguination under 
deep ether anesthesia on the day following the 14th daily 
administration. The kidneys were sampled, weighed, fixed 
in 10% neutrally buffered formalin, embedded in paraffin, 
sectioned, and stained with hematoxylin and eosin using a 
standard procedure for microscopic examination. The sec-
tions were also immunohistochemically stained for AQP2 
(LifeSpan BioSciences Inc., Seattle, WA, USA) to investi-
gate cytogenesis of the cystic tubules.

The experiment was approved by the Institutional Ani-
mal Care and Use Committee, BoZo Research Center Inc., 
and was carried out in full compliance with pertinent public 
laws and guidelines, as well as the institutional standard of 
Code of Conduct in Animal Experiment at BoZo Research 
Center Inc. to meet the concept of animal welfare.

All the animals survived to the scheduled necropsy. No 
abnormal clinical signs were observed in either the control 
or PCP-treated animals throughout the experimental period. 
Body weight gain was slightly suppressed in PCP-treated 
animals in the W2 and W3 groups. Absolute and relative 
kidney weights increased compared to the controls, and 
multiple cysts were found at necropsy in 1 of 3 PCP-treated 
animals in the W2 group.

The histopathological findings observed in the PCP-
treated animals are shown in Table 1 and Figs. 2 and 4.

In the W2 group dosed during PND 14–28, cystic dila-
tion was striking in a number of tubules primarily within 

the outer medulla, yielding a polycystic structure that re-
placed nearly the entire outer medulla (Fig. 2). Immunohis-
tochemical staining for AQP2 was positive in these cystic 
tubules (Fig. 2). This finding and the anatomical location 
within the kidneys indicated that the dilated tubules were 
of the collecting duct origin9, 10. The cystic ducts were lined 
with a monolayer of epithelia resting on the basement mem-
brane. Examinations of serial sections clarified that the cys-
tic ducts were connected to the non-cystic ducts (Fig. 3); 
therefore, they shared the lumen where findings suggestive 
of obstruction, cellular debris, or urinary casts were absent, 
as were in any other regions of the kidney. The cysts did 
not grow, compressing the surrounding non-cystic tubules 
(Fig. 3). A few single-cell necroses and mitosis were scat-
tered in the cystic epithelium. The nuclear density of the lin-
ing epithelium was far greater in the cystic ducts than in the 
non-cystic ducts (Fig. 3). Consistent with the high nuclear 
density, PCNA immunohistochemistry was strongly posi-
tive in the cystic epithelium as compared to the adjacent tu-
bules8. However, no polypoid or papillary proliferation was 
noted, and the hyperplastic lining epithelium remained in a 
cuboidal to columnar form within a simple monolayer. The 
other segments of the nephron were spared from cystic le-
sions.

In the W3 group dosed during PND 21-35, cystic col-
lecting ducts were also observed (Fig. 4). The ducts were 
decreased in number, lined in part by a flattened epithelial 
layer, and had a rounded contour compared to the W2 group. 
More significantly, these morphological features resembled 
kidney findings following 1 week cessation of dosing with 
PCP8. This suggested that the last 1 week during PND 21-35 
was consistent with a non-dosing period.

In the W4 and W5 groups, all the kidneys were mor-
phologically not remarkable, and cystic tubular changes ob-
served in the W2 and W3 groups were no longer observed. 
These results were in agreement with the concept that PCP 
dosing was ineffective during PND 28-35 (last 1 week) in 
the W3 group.

The W6 group was excluded from histopathological ex-
aminations because of the lack of cystic lesions in the W4 
and W5 groups.

Therefore, administration of PCP resulted in cystic 
dilation of the collecting ducts, leading to a polycystic ap-
pearance in the kidneys of rat neonates. This morphological 
alteration was most evident when dosed during PND 14-28 

Table 1. Severity of Histopathological Findings of the Kidney

Region Findings
Group

W2 W3 W4 W5 W6*
Outer medulla Cystic dilation, collecting duct, lined with hyperplastic epithelium 4 2 0 0 /

Single cell necrosis collecting duct 1 1 0 0 /
Mitosis, collecting duct 1 1 0 0 /

Inner medulla Dilation, collecting duct 1 0 0 0 /
Papilla Dilation, papillary duct 2 1 0 0 /

Grades: 0=No remarkable change, 1=minimal, 2=mild, 3=moderate, 4=severe.
*: W6 group was not examined because no remarkable change was observed in W4 and 5 groups.

Fig. 1. Study design. PCP was administered at 300 mg/kg/day once a 
day for 14 days, either from postnatal week 2, 3, 4, 5, or 6 for 
the W2, W3, W4, W5, and W6 groups, respectively.
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and induced to a lesser extent during PND 21-35. In contrast, 
all the kidneys remained unaffected when dosing was initi-
ated beyond PND 28. These findings imply a critical dosing 
period for PCP to develop cystic kidneys in rat neonates. 
Taken together, the following results of the dosing period 

with PCP in relation to development of cystic kidneys, PND 
4-12 = no development8; PND 14-28 = most prominent; 
PND 21-35 = minor degree with similar morphology to the 
kidney at 1 week post-dosing period; and beyond PND 28 
= no development, the critical dosing period likely resides 
during PND 14-28 (Fig. 5).

The rat kidneys keep growing after birth, during which 
many renal events of anatomical and functional develop-
ment are known to occur. The kidneys continue to differ-
entiate into morphologically more mature kidneys up until 
PND 11-1511, while tubular differentiation still continues un-

Fig. 2. A PCP-treated kidney in the W2 group. Hematoxylin and 
eosin. Distinctive and striking cystic appearance. Inset 
(Lower left): Immunohistochemistry for AQP2. The lin-
ing epithelium of the cyst is positive for AQP2.

Fig. 3. A PCP-treated kidney in the W2 group. A junction of the 
cystic duct and non-cystic duct. Hematoxylin and eosin. 
Red arrow: the lining epithelium of a cystic duct with a high 
nuclear density. Blue arrow: the lining epithelium of a non-
cystic duct.

Fig. 4. A PCP-treated kidney in the W3 group. Hematoxylin and 
eosin. Scattered cyst formation.

Fig. 5. Schematic results of the previous and present studies. PCP 
was administered at 300 mg/kg/day once a day for 18 days 
from PND 4 in the previous study, and for 14 days from PND 
14, 21, 28, or 35, for the W2, W3, W4, and W5 groups, respec-
tively, in the present study. Cystic kidneys were most promi-
nent on PNDs 19 and 22 in the previous study, and on PND 28 
in the present study. In comparison, they were absent on PNDs 
8 and 12 in the previous study, or on PND 42 and thereafter in 
the present study.
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til the time of weaning on PND 21, yielding a well-defined 
structure of the inner and outer medullas11. Renal vascu-
logenesis is not completed until PND 17-1912. Renal blood 
flow reaches full maturation during PND 16-2412. The glo-
merular filtration rate and tubular secretion are also func-
tionally developed by PND 2113. These periods of postnatal 
nephrogenesis coincide with the critical dosing period for 
the development of cystic kidneys in rat neonates treated 
with PCP.

The lining epithelium of cystic ducts remained cuboi-
dal and columnar with a high nuclear density in the W2 
group, indicating that the cysts were unlikely to be formed 
due to fluid accumulation, leading to expansion of the ductal 
lumen. Variously sized polypoid hyperplasia preceded by 
cell proliferation of the tubular epithelium may obstruct the 
lumen, and the resultant increase in resistance to the outflow 
of tubular urine leads to cyst formation14. This process was 
unlikely in the PCP-induced cystic kidneys in rat neonates, 
since hyperplastic duct epithelia remained as a monolayer 
that never projected into the ductal lumen.

Acquired cystic kidney is associated with chronic 
nephropathy and end-stage renal disease in humans4, 15, 
where cell proliferation is an intriguing finding16. Epithe-
lial proliferation is a major element in the development of 
cystic kidneys17. Kidney development occurs as a unify-
ing process through interactions between the ureteric bud 
and metanephric mesenchyme, and epithelial growth fac-
tor (EGF) plays an integral role in maintaining collecting 
duct morphogenesis18. Estrogen receptors are expressed and 
contribute to the regulation of several physiological func-
tions in kidneys19. Crosstalk between estrogen receptors and 
EGF receptors may augment estrogen and growth factor ac-
tion20. Ciliopathy is implicated in the development of cystic 
kidneys, and aberrant cell proliferation is involved in cystic 
dilation of renal tubules21. All these facts and results show-
ing the cystic epithelium with a high nuclear density and 
positive PCNA immunohistochemistry8 support the notion 
that cell proliferation plays a critical role in the development 
of cystic kidneys in rat neonates treated with PCP. Repara-
tive cell proliferation is unlikely to be a major element since 
single-cell necrosis was of minor degree and no cell debris 
was found in any of the cystic lumen. Thus, the cell kinet-
ics of additive cell proliferation mediated by growth factors 
may be a target of investigation to elucidate the pathway of 
PCP-induced cystic kidneys in rat neonates.

In conclusion, the present study suggested that in rat 
neonates, the development of cystic kidneys associated with 
PCP dosing was closely linked to the critical dosing period 
of PND 14-28, and that the cystic tubules were of the col-
lecting duct origin, further strengthening the hypothesis 
that additive cell proliferation constitutes a fundamental ba-
sis for the development of this unique lesion.
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