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Vitamin A is necessary for normal epithelial maturation, 
vision, and immune function.21 Deliberately feeding rats 
vitamin-A–free diets typically results in weight loss and high 
mortality.2,10 Other reported signs of deficiency include corneal 
keratinization and ulceration, respiratory and skin infections, 
salivary gland enlargement, and urinary tract disease.2,4,19

Accidental feeding of vitamin-deficient diets can occur by 
using defective vitamin sources, adding insufficient vitamin to 
the diet, or by allowing vitamin degradation by incorrect stor-
age prior to feeding. Although vitamin A is well recognized to 
degrade if stored inappropriately,22 there are no recent reports 
of rats being accidentally fed diets deficient in vitamin A. In 
this case report, rats fed diets containing low levels of vitamin 
A showed a different clinical presentation than that previously 
reported to occur in rats fed vitamin A-free diets.2,19 The present 
report demonstrates the importance of strict quality control to 
ensure that the expected vitamin concentration is present within 
an experimental diet.

Case Report
As part of an investigation into diet and bone mineraliza-

tion, female Sprague–Dawley rats (n = 100; age, 3 wk; Massey 
University Small Animal Production Unit, Palmerston North, 
New Zealand) were fed 1 of 2 diets. Forty rats received diet 
containing 63% whole-milk powder and 29.5% starch (milk 
group), whereas the remaining 60 rats received a diet that con-
tained a balanced protein content with 24.7% albumin, 10.9% 
soya oil, and 51% starch (albumin group). The milk-powder 
diet contained 18.3 kJ/g, and the albumin diet contained 18.8 
kJ/g. Both diets were based on the AIN93G diet, and both 
contained 1% of a vitamin premix based on AIN93VX.18 This 

premix was purchased from an outside source and was stated 
to contain 250,000 IU/kg vitamin A to provide 2500 IU/kg 
within the formulated diet. Both diets also contained choline 
chloride. Animals were housed in accordance with the Guide for 
the Care and Use of Laboratory Animals,16 and all procedures were 
approved by the Massey University Animal Ethics Committee. 
Rats were housed individually in a room that was maintained 
at 22 °C on a 12:12-h light:dark cycle. Food was changed daily 
and provided ad libitum until week 20, when food was limited 
to 20 g per rat daily. Water was provided in water bottles that 
were changed weekly. The rats were from a colony that was free 
of internal and external parasites as well as rat coronavirus, rat 
parvovirus, Theiler murine encephalomyelitis virus, pneumo-
nia virus of mice, and Mycoplasma pulmonis as determined by 
serologic testing.

Animals were weighed weekly throughout the experiment, 
and differences between the groups were investigated using 
ANOVA models (SPSS version 16.0 for Windows, SPSS, Chicago 
IL). Initially the mean weight of rats in the albumin group (55.5 
g) was not significantly different from that of rats in the milk 
group (55.4 g). However, after 5 wk of receiving the experimental 
diets, rats in the albumin group (171.5 g) were significantly (P 
= 0.008) lighter than rats in the milk group (179.6 g). Rats in 
the milk group remained significantly heavier throughout the 
34-wk study.

After 19 wk of the experiment, a rat in the albumin group 
was observed to be depressed and anorexic; the rat was found 
dead 1 d later. Necropsy examination revealed that the rat 
was in moderate body condition with some adipose reserves 
remaining. The most significant findings were present in 
the urinary system. Here, 1 kidney was markedly enlarged, 
with a renal pelvis that was dilated by viscous white fluid 
that extended as radiating streaks into the renal cortex. Both 
ureters were distended by white floccular fluid, which also 
was present in the distended bladder (Figure 1). Histologic 
examination of both kidneys revealed renal pelvises expanded 
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did not reveal a cause of death, hypothermia was suspected. 
Two additional rats from the albumin group died 5 and 7 d 
after ovariohysterectomy. Necropsy examination of both rats 
revealed fibrin, neutrophils, and bacteria within the abdominal 
cavity. Peritonitis due to bacterial contamination during surgery 
was suspected. Because 3 rats had died of bacterial infections, 
all rats were treated with enrofloxacin (5 mg/kg SC every 12 
h; Baytril, Bayer AG, Leverkusen, Germany) for 6 d as a pre-
cautionary measure.

Two days later, 21 wk after the experiment started, 2 more 
rats from the albumin group were found dead. A further 2 rats 
from the albumin group died 3 wk later. Similar to that in the 
earliest rat, necropsy of all rats revealed bilateral pyelonephri-
tis and cystitis with prominent dilation of the renal pelvises, 
ureters, and bladder. Squamous metaplasia of the transitional 
epithelium was prominent within the renal pelvis, ureter, and 
bladder, with desquamated epithelial cells and keratin debris 
visible within the inflammatory exudate.

The development of urinary tract infection in 5 rats from the 
same dietary group suggested a predisposing cause. Vitamin 
A deficiency has previously been reported to cause squamous 
metaplasia of the urinary tract and bacterial infections of the 
bladder and kidney.4 To investigate possible deficiency of vita-
min A, the vitamin premix, albumin diet, a postmortem liver 
sample, and 2 plasma samples from rats within the albumin 
group were analyzed by high-performance liquid chromatog-
raphy by using standards with known vitamin A content.16 
Vitamin A could not be detected in either the vitamin premix or 
the diet. Analysis of the liver sample revealed 0.3 µg/g vitamin 
A compared with reported normal hepatic vitamin A concentra-
tions of 100 to 160 µg/g.9,24 Plasma vitamin A concentrations 
of 0.07 and 0.12 µmol/L (normal, 1.9 to 2.3 µmol/L)1,9 were 
obtained. These results confirmed that the rats were vitamin-
A–deficient due to inadequate vitamin A in the experimental 
diet. The vitamin premix had been formulated 1 mo prior to the 
start of the study and stored in a ‘walk-in’ refrigerator at 4 °C. 
The premix was contained in a clear plastic bag that allowed 
exposure to light when the refrigerator door was open and when 
the refrigerator light was turned on. The premix was added 
to new batches of diet that were made at approximately 1-mo 
intervals and then stored in sealed black bags at 4 °C prior to 
usage. Because vitamin A degrades when exposed to light,22 the 
failure to detect vitamin A in the premix or diet was considered 
due to poor storage of the premix throughout the first 25 wk 
of the experiment. Because the premix was purchased from an 
external source, little consideration was given to the premix not 
containing the expected quantity of vitamin A.

To correct the deficiency, a new vitamin premix was purchased 
from the same source, and new diets were made. However, 3 
d after the introduction of the new diet, 2 more rats from the 
albumin group died of bacterial pyelonephritis and cystitis. 
Again, squamous metaplasia of the transitional epithelium was 
a prominent histologic feature. Three weeks after the new diet 
was introduced, 2 more rats died with similar gross and histo-
logic lesions, and an additional rat died 2 wk later; in addition 
to pyelonephritis, this rat also had multiple uroliths. The study 
was concluded 6 wk later after a total of 34 wk. During the 34-wk 
experiment, 16 of the 60 rats fed the albumin diet died, compared 
with no deaths among the 40 rats in the milk group.

At the conclusion of the experiment, complete necropsies 
were performed on the remaining 44 rats in the albumin group 
as well as 6 rats from the milk group. Gross examination of rats 
in the albumin group revealed 12 (27%) had visible uroliths 
(Figure 3) and 2 (5%) had nephroliths (Figure 4). Histologic ex-

by neutrophilic inflammation that included cellular debris, ag-
gregates of keratinized squamous cells, and bacteria (Figure 2). 
The inflammation and necrosis extended into the surrounding 
medulla and cortex, and cavitation was prominent in 1 kidney. 
Neutrophilic inflammation containing aggregates of keratin 
debris also was present in both ureters and the bladder. The 
transitional epithelium throughout the urinary tract showed 
moderate squamous metaplasia. Pure growth of Escherichia coli 
was cultured from a sample of kidney. A diagnosis of ascending 
cystitis and pyelonephritis was made. At this time, the squa-
mous metaplasia was considered to have developed in response 
to the bacterial infection.

All rats were ovariohysterectomized after 20 wk of feeding. 
Two days after surgery, 2 rats from the albumin group were 
found dead. A malfunction of the heating system had resulted 
in a brief drop in temperature and, when necropsy examination 

Figure 1. Urinary tract from a rat that died after a brief clinical illness. 
Note the multiple pale foci within the renal cortex (arrowheads). These 
pale areas were confirmed to represent pyelonephritis histologically. 
Marked dilation of both ureters and the bladder (arrow) is visible.

Figure 2. Kidney from the rat pictured in Figure 1. Note expansion of 
the renal pelvis by large numbers of degenerate neutrophils and fibrin. 
Large colonies of bacteria are visible within the exudate (arrow). The 
transitional epithelium lining the pelvis shows mild squamous meta-
plasia. Inflammatory cells are also visible within surrounding tubules 
confirming the presence of a pyelonephritis. Hematoxylin and eosin 
stain; bar, 200 μm.
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Because changing to diets made with new vitamin premix 
had not prevented further rat deaths or resolved the squamous 
metaplasia of the transitional epithelium, the replacement vita-
min premix, which had been frozen and stored in the dark, was 
analyzed as before. It contained 70,000 IU/g vitamin A rather 
than the expected 250,000 IU/g. As the premix constituted 1% 
of the experimental diets, this would have resulted in a final 
vitamin A concentration of 700 IU/kg—well below the 1100 to 
2500 IU/kg required to prevent deficiency.19 The low concentra-
tion of vitamin A within both premixes suggests either an error 
in the formulation of the premixes or that the vitamin A in the 
premix had degraded prior to delivery.

Discussion
Vitamin A regulates epithelial cell growth and differen-

tiation, enables production of visual pigment, is necessary for 
normal function of the immune system, and influences skeletal 
development.21,24 When rats are fed diets that contain no vitamin 
A the most commonly reported clinical signs of deficiency are 
weight loss, corneal keratinization and ulceration, respiratory 
or skin disease, and salivary gland enlargement.2,10,19 An 80% 
mortality rate due to inanition or bacterial infection of the skin 
or respiratory tract is expected after 15 wk.2,19 In the present 
case report, the first observed sign of vitamin A deficiency 
was reduced growth rate. Although failure to gain weight is a 
consistent sign of vitamin A deficiency in rats, the mechanism 
of this effect is uncertain.7,19

Two vitamin premixes were used during this experiment. No 
vitamin A was detected in the original premix, but it had been 
stored at 4 °C and regularly exposed to light rather than being 
frozen and kept in the dark as recommended. Therefore, any 
vitamin A initially present within the original premix might 
have degraded prior to analysis. The replacement vitamin 
premix contained 70,000 IU/kg vitamin A rather than the stated 
250,000 IU/kg. Because the same company formulated both 
the original and replacement premixes, both likely initially 
contained a similar concentration of vitamin A. This scenario 
suggests that rats in the albumin group received small amounts 
of vitamin A throughout most of the experiment. This hypoth-
esis is supported by the detection of vitamin A, albeit at low 
concentrations, within samples of plasma and liver taken after 
25 wk of feeding the deficient diet. In addition, unlike rats fed 
diets that contain no vitamin A,2 rats in the present case report 
continued to gain weight slowly throughout the experiment, 
and the majority survived 34 wk of deficiency.

In contrast to studies of rats fed vitamin A-free diets, the 
predominant cause of mortality in the present case report was 
urinary tract infection. Urinary tract disease as the predomi-
nant sign of vitamin A deficiency appears to be rare in rats, but 
it has been reported previously.4 Rats in the previous study 
were repeatedly supplemented with low doses of vitamin A 
to prevent death due to inanition.4 After 22 wk of deficiency, 
25% of the rats had died of urinary tract infection accompanied 
by marked squamous metaplasia of the urinary tract.4 In the 
present case report, all vitamin A-deficient rats had squamous 
metaplasia that was confined to the transitional epithelium. 
The restriction of the squamous metaplasia to the transitional 
epithelium suggests that this epithelial type is the most suscep-
tible to vitamin A deficiency in rats. Squamous metaplasia can 
predispose animals to bacterial infection.13 The development 
of squamous metaplasia only in the transitional epithelium is 
the likely reason that bacterial infections were only observed 
within the urinary tract in the presently described rats. Evidence 
from the previous study4 and this case report suggests that less 

amination revealed bilateral pyelonephritis in 19 (43%) rats and 
unilateral pyelonephritis in 11 (25%) rats. The pyelonephritis 
was characterized by large numbers of neutrophils, degenerate 
cells, and keratin debris present within the renal pelvis. Large 
colonies of bacteria were visible admixed with inflammatory 
exudate in the kidneys from 7 (16%) rats. All rats with urinary 
calculi also had pyelonephritis. Microscopic foci of tubular 
mineralization were visible within the renal medullae of 10 
(23%) rats, including the 4 rats with visible urinary calculi. The 
ureters from 20 (45%) rats contained squamous metaplasia, 
neutrophils, lymphocytes, and plasma cells (Figure 5). Cystitis 
was detected histologically in 29 (66%) rats. Mild to marked 
squamous metaplasia of the transitional epithelium was visible 
within all rats from the albumin group. As has previously been 
reported to occur in mice,15 variation in the severity of squamous 
metaplasia throughout the transitional epithelium in individual 
rats. Epithelial changes were not visible within sections of cor-
nea, lacrimal gland, salivary gland, stomach, lingual papillae, 
or vagina from any of the rats examined. Necropsy examination 
of 6 rats from the milk group did not reveal significant lesions.

Figure 3. Urinary bladder from a vitamin-A–deficient rat that did not 
show clinical evidence of disease. Note the presence of multiple large 
calculi within the bladder.

Figure 4. Kidney from a vitamin-A–deficient rat that did not show 
clinical evidence of disease. Note the dilation of the renal pelvis and 
cavitation visible within the renal cortex. The pelvis contains multiple 
nephroliths, and foci of mineralization are scattered throughout the 
renal parenchyma.
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components of the immune system.20,23,24 Therefore, although 
surgical contamination was the likely source of the bacteria, 
perhaps an otherwise insignificant bacterial contamination 
resulted in fatal peritonitis due to an impaired immune system. 
However, only 2 rats developed peritonitis, and it could be a 
coincidence that both were vitamin A-deficient. Likewise, the 
extent to which immune function impairment predisposed the 
deficient rats to urinary tract infections is unknown.

Although the clinical signs and histologic lesions in the rats 
in this case report were consistent with vitamin A deficiency, 
definitive diagnosis required analysis of samples from the af-
fected rats. Analysis of the diet and vitamin premixes allowed 
the cause of the deficiency to be determined. However, although 
vitamin A deficiency can be confirmed, the possibility that the 
rats had multiple additional vitamin or mineral deficiencies 
cannot be definitively excluded.

This case report illustrates the need for stringent quality 
controls on the formulation and storage of vitamin premixes. 
A faulty vitamin premix can, as in this case, result in a diet 
that fails to meet the requirements of the animal, causing a 
deficiency syndrome. However, faulty vitamin premixes can 
also compromise experimental results. In the present report, 
the incorrect vitamin A content of the premix was detected 
because there was no additional source of vitamin A within the 
albumin-based diet. If both diets had contained an additional 
source of vitamin A, deficiency would not have developed, but 
the low vitamin A within the premix could have influenced the 
experimental results.

In conclusion, the vitamin A deficiency in the described 
rats presented clinically as failure to gain weight followed by 
increased urinary tract infections. Histologic examination re-
vealed squamous metaplasia that was confined to the urinary 
tract. In these rats, the amount of vitamin A in the diet appeared 
sufficient to prevent more well-recognized symptoms of defi-
ciency such as inanition, ocular lesions, and respiratory tract 
infection.19 Therefore, vitamin A deficiency should be consid-
ered even in the absence of these changes. Analysis of diet and 
tissue samples is required for definitive diagnosis of vitamin 
A deficiency. This case highlights the importance of rigorous 
standards in the production and storage of vitamin premixes 
and formulated diets.
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