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Vitamins A and E: 
what do we know for optimal use?



Vitamin A sources



Vitamin A synthesis



Vitamin A functions

Vision
Growth
Cellular differentiation
Morphogenesis
Immune function



Vitamin A minimum/deficiency 



Vitamin A maximum/excess



Vitamin A maximum/excess



Vitamin A maximum/excess



Vitamin A future directions/optimal use

• NRC AI 303 RA 379 SUL 3750 RE/1000kcal puppy/lactation
• NRC SUL 16000 RE/1000kcal adult
• NRC AI 200 RA 250 SUL 20000 RE/1000kcal kitten
• NRC AI 400 RA 500 SUL 25000 RE/1000kcal lactation
• NRC SUL 25000 RE/1000kcal adult

• FEDIAF 375–30000 RE per 1000kcal dog
• FEDIAF 250-33000 RE per 1000kcal cat



Vitamin A responsive dermatosis

• Other causes of seborrhea/hyperkeratosis should be ruled out first
• 10000 IU per day for 5 -8 weeks (per os)
• Continue with 400 IU per kg per day or
• Single injection of 6000 IU per kg every 2 months
• Severe systemic effects if given for wrong indication



Vitamin A in eyedrops / eye ointment

• Natural component of tear layer on the eyes
• Lubrication
• Prevention of water loss from the cornea because of fatty layer
• No systemic effects



Vitamin E sources



Vitamin E functions

Antioxidant
Protection of PUFAs in cellular membranes
Role in cell signalling
Needed for reproduction 
Immune function



Vitamin E minimum/deficiency 

• Muscle weakness / myopathy
• Steatitis
• Anorexia 
• Sterility
• Dermatosis
• Immune deficiency
• Ataxia (in people)



Vitamin E maximum/excess

• For fat soluble vitamin relatively nontoxic
• Interference with vitamin A, D and K absorption



Vitamin E future directions/optimal use

• NRC AI 6.0 RA 7.5 IU/1000kcal dog
• NRC AI 7.5 RA 9.4 kitten (7.8 lactation 9.8 adult) cat

• FEDIAF minimum12.5 dog
• FEDIAF minimum 9.5 cat



Vitamin E requirements

• Much still unknown
• Increased need when more fat and more PUFAs are in the 

diet, as well as with a higher degree of peroxidation
• Also dependent on selenium and other antioxidants
• Use in PUFA supplements to prevent oxidation



Vitamin E in steatitis in cats

• 25-75 IU every 12h or 50mg/kg SID PO 30-45 days
• Change diet
• Corticosteroids and symptomatic treatment if needed



Vitamin E in other diseases

• Dermatological disease
• Cardiac disease
• Osteoarthritis (400 IU per dog per day)
• Chronic kidney disease (5 IU per kg body weight per day)
• Hepatic disease (10-15IU per kg body weight per day)
• Immune disorders (225mg per kg diet)
• Cancer/frailty (15-20 IU per 100kcal)





Future directions:

Example of research project looking at SUL and 
nutrient interactions



Introduction

• Nutrition is about balance

• Currently deficiencies are rare

• Toxicities are more likely and often safe upper 
limits of nutrients are not determined



Introduction

• In cats, the safe upper limit for vitamin A is based 
on 1 study, which stated that 3/15 adult cats that 
were exposed to 306.000ug retinol per kg diet 
during 2 -3 years developed skeletal lesions of the 
cervical vertebrae (Freytag et al. 2003)

• The safe upper limit for adult was set at 
100.000ug retinol per kg diet which equals 
333.333IU per kg, which is 26.500IU per day for an 
average cat



Introduction



Introduction

• In rats and humans, hypervitaminosis A is 
associated with osteoporosis                                  
(Lind et al. 2012, Hu et al. 2010)

• In cats, hypervitaminosis A is associated with 
osteoporosis (Clark 1970, 1973), but also with 
hyperostosis / new bone formation         
(Franch et al. 2000)



Introduction

• The fusion of vertebrae, as well as massive new 
bone formations around joints are typical for 
hypervitaminosis A, as is reported in case reports 
(Polizopoulou et al. 2005)

• Most of the reported cases describe chronic 
consumption of liver

• Liver contains more vitamin A and more vitamin D 
compared to other foods (Becker 2013)



Introduction

• Paleopathologic evaluation of monks (on a diet 
predominantly consisting of salmon) of the St 
Servaas church in Maastricht revealed similar 
pathology (Waldron et al. 2008) 

• Case reports in humans associated with 
supplements or consumption of 
cod liver oil (Wendling et al. 2009)



Interactions between A and D

• Circulating retinol results in lower 1,25 -DHCC
(Ørnsrud et al. 2013)

• Vitamin A stimulates 24-hydroxylase
(Allegretto et al. 1995)

• 24,25-DHCC :
- Inhibition of 1-α-hydroxylase
- Inhibition of PTH
- Stimulation of synthesis and growth of cartilage
- Stimulation of mineralization of osteoid

(DeLuca 1982, Van Leeuwen et al. 2001)



Introduction

• Hypervitaminosis A is characterized by liver 
fibrosis in humans (Waldron et al. 2008) but not in 
cats (Freytag et al. 2003)

• Vitamin A is stored in hepatic stellate cells (HSCs) 
in both humans ( Shirakami et al. 2012) and cats 
(Seawright et al. 1967) 

• HSCs can be activated by vitamin A, and over-
accumulation can lead to leakage of vitamin A into 
liver parenchyma, both causing fibrosis (Shirakami
et al. 2012) 



Clinical study

• The aim of this study was to determine whether 
vitamin D supplementation influences the effects 
of high vitamin A intake on new bone formation in 
adult cats

• The second aim was to determine whether high 
vitamin A intake in cats causes liver pathology and, 
if so, whether the current SUL for the dietary 
intake of vitamin A for healthy adult cats is safe



Materials and methods

• 24 cats divided in 4 groups 

Intake from raw beef liver 33.796IU vitamin A and 98IU vitamin D per day

• After 0, 6, 12, 18 (and 24) months evaluation:
• Blood, Rx, FPA, Eye examination
• Liver biopsies at baseline and 18 months
• At end point euthanasia and pathology

Approved by ethical committee under number DEC 2011.III.01.008



Statistics

• Kolomogorov-Smirnov test: normal distribution

• Between groups t -test or Mann -Whitney U-test
• Between time points multivariate analysis 
• R-statistics software (R i386 3.0.1) 
• The best model fit was used 
• P<0.05 in univariate analysis 
• P<0.01 in multivariate analysis, to correct for multiple 

testing
• P<0.10 tendency in univariate analysis



Results

• 2 cats withdrawn due to DM (HAED) and due to 
primary lung tumor (HA)

• Supplements were accepted well

• No abnormalities at clinical examination during the 
18 month period in the other cats



Blood work

C 25OHD 121.5±33.7 121.5±45.7A 128.7±48.2A 135.8±50.0A

HA 168.7±30.5 162.5±63.6A 126.8±48.2A 135.0±53.9A

HAED 108.8±27.6 140.8±50.33A 175.2±31.9B 207.2±41.9B

HAHD 128.5±51.4 357±181.6B 626.8±136.8C 656.0±95.7C

C RE 1093±723 733±432 231±134 1102±310

HA 3190±1262 2113±1106 905±605 3101±1551

HAED 1825±566 1932±1144 1198±646 2969±608

HAHD 1507±1021 1682±1286 1139±404 4775±3966

C Retinol 562±83 645±145A 759±94A 762±124A

HA 736±59 1061±431B 1115±254B 1422±352B

HAED 697±216 1055±233B 1456±384B 1261±223B

HAHD 807±157 1106±216B 1252±213B 1593±317B

Ca, P, Albumin not significantly different
Case reports had values comparable with HAED group

0 6 12 18



Rx, FPA, Eye examination

• No severe abnormalities as was seen in case reports

• Some OA and vertebral 
exostosis developed

• Cats already suffering from OA had more severe OA 
during supplementation, but not in C group

• No abnormalities on FPA and eye examination



Liver biopsies

• HE for plain histology 

• Cytokeratin 19 for demonstrating active cells

• Ki67 protein as proliferation marker

• Picrosirius red staining for collagen 

• Alpha-smooth muscle actin as marker for 
differentiation of smooth muscle cells 



Liver biopsies



Liver biopsies



Liver biopsies

• HA group had most severe abnormalities, followed 
by HAHD group

• All supplemented groups had signs of liver fibrosis, 
which was not seen in the C group

• HAMD group had K19, Ki67 and SMA comparable to 
C group

K19



Discussion

-> Some extra vitamin D to hypervitaminosis A  
is protective for activation of hepatic stellate             
cells by vitamin A

-> Too much vitamin D is no longer protective



Discussion

• Mild skeletal pathology
• No abnormal gait (FPA)

• Early signs of liver fibrosis
• No signs of liver failure

• Dosage? Duration? 

• Other aspects of raw liver causing skeletal lesions?



Discussion

• Activation of bone metabolism by low Ca content of liver?

• Activation of bone metabolism in study of Freytag et al. 2003 
because of gestation/lactation?



Extension of the project

• Complete diet replaced by home -made  chicken-
based diet with low Ca-content

• After 6 months Blood, Rx, FPA, eye examination

• Pathology after the study



Extension of the project

• No differences, except slightly further aggravation of OA

• Of the 24 cats, 6 were previously euthanized due to 
clinical signs of renal failure                 
(3 in HAHD, 2 in HA, and 1 in HAED, none in C group)



More sclerosis
More inflammation

More inflammation

More sclerosis
ANOVA
Sclerosis p = 0,029
Inflammation p = 0,047



Histology of kidney hypervitaminosis A

• Chronic vitamin A supplementation evokes renal 
lesions in cats (i.e. inflammation and fibrosis) (Scoring 
according to McLeland et al. 2015)

• Similar effects of vitamin D supplementation on (early 
signs of) fibrosis



Conclusion

• Current maximum allowance is too high because of 
mild skeletal pathology, kidney pathology, and early 
signs of liver fibrosis

• No influence of calcium and vitamin D on skeletal 
pathology based on this study

• Extra vitamin D can be protective for liver and kidney 
pathology, however too much vitamin D is no longer 
protective
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