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Vitamin Chemical Active substances

A Retinol Retinol (Vitamin-A1-Alcohole)

Retinal (Vitamin-A1-Aldehyde)

Retinoic acid (Vitamin-A1-Acid)

Dehydroretinol (Vitamin A2)

Provitamin A: -Carotin, -Carotin,-Carotin, 

Chryptoxanthin

D Cholecalciferol Cholecalciferol (Vitamin D3)

Ergocalciferol (Vitamin D2)

1,25-Dihydroxy-Cholecalciferol

E -Tocopherol  -, -, -, -Tocopherol

 -, -, -, -Tocotrienol

K Phyllochinon Phyllochinon (Vitamin K1), Menachinon (Vitamin 

K2)

Menadion (Vitamin K3) Menadiol (Vitamin K4)

Fat soluble vitamins
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Vitamin A

• Several polyene alcohols with vitamin 

A activity

- Epithelial cells (epithelial protection 

vitamin)

- Expression of numerous genes and thus 

the protein synthesis (growth vitamin)

- Bone growth (maintenance of the 

osteoclast activity) 

- Visual process 

- Synthesis of mucopolysaccharides

www.spectrum.de
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Vitamin A

• Dogs

- In contrast to other animal species, vitamin A (retinol) 

predominantly occurs in the dog as retinyl esters

- Transported by lipoproteins

• Cats

- Cats are reported to transport retinyl ester in plasma as 

well

- More susceptible to chronic hypervitaminosis A 

- Dependent on preformed vitamin A in the diet

Cats have a very limited capacity to

make retinol from β-carotene
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Vitamin A

Nutritional maximum (Fediaf 2016):

33,333 IU/100 g DM in reproduction

40,000 IU/100 g DM adult and growing cats
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Vitamin A tolerance in dogs

• Dogs are known to have a high tolerance for dietary 

vitamin A 

• Safe upper limit for puppies has not been well derived from 

experimental data

- Fediaf (2016): 40,000 IU/100 g DM
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Hypothesis and objectives

• Hypothesis: 

- Puppies do not differ in vitamin A metabolism compared 

to adult dogs

• Objective: 

- to investigate the impact of a broad spectrum of dietary 

vitamin A intakes in puppies up to the age of 16 weeks
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Design

Labrador and Miniature Schnauzer bitches
fed control diet during lactation

2000 IU/
400 kcal

5000 IU/
400 kcal

30000 IU/
400 kcal

40000 IU/
400 kcal

6 weeks: fully weaned to control diet

8 weeks: 49 puppies randomised to 1 of 4 groups

16 weeks (… 1 year)

Blood & urine sampled every 14 days
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Diet

per 400 kcal
Proximates

Crude protein (g) 30
Crude fat (g) 17
Crude ash (g) 7
Crude Fibre (g) 2
Nitrogen free extract (g) 37
Minerals

Calcium (g) 1.3
Phosphorous (g) 0.9
Zinc (mg) 13.1
Vitamins

Vitamin A (IU) 1975
Vitamin D (IU) 161
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Traits

• Bone growth

• Urine (Free Catch)

- Retinol, Retinyl Esters

- Retinol Binding Protein

- Tamm-Horsfall Protein

• Blood

- Haematology

- Clinical Chemistry

- Retinol, Retinyl Esters

- Bone ALP (bone formation)

- Cross Laps 
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Vitamin A intakes

Group

A B C D

/ Vitamin A, IU

400 kcal 2093 4902 30547 40133

kg BW 736 1839 11312 15125

kg BW
0.75

1123 2776 17340 23402
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Serum retinol
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Serum retinyl esters
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Retinyl ester levels in urine
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Conclusions

• Vitamin A intakes induced significant differences in plasma 

retinyl ester levels

• The urinary excretion of vitamin A as retinol and retinyl 

esters seems very low in young dogs (“non existent”?)

• No clinical, haematological or biochemical signs of a 

detrimental effect of any dosage of vitamin A could be 

observed up to 40.000 IU/400 kcal 

No indications of health problems

FEDIAF (2016):

Dogs: 500 - 606 IU/100 g DM

Cats: 333 – 900 IU/100 g DM
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Vitamin D

• Various substances with 

vitamin D activity

• Cholecalciferol (vitamin D3) 

and ergocalciferol (vitamin 

D2)

• Ca and P absorption in the 

intestine

http://ajprenal.physiology.org/content/ajprenal/289/1/F8/F1.large.jpg
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Vitamin D

• Suboptimal vitamin D supply

- Inadequate mineralization of the skeleton – depending on Ca and P

- Chronic inflammatory bowel diseases can also affect the vitamin D 

status of dogs

• Excess

- Excessive Ca and P concentrations in the blood

- Calcification of vessels, organs

- In general, the vitamin D intake should not exceed 10 times the 

normal requirement (even with therapeutic measures)
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Vitamin D

• Rickets with diets with no supplemental vitamin D

• Normal growth rates and skeletal development in dogs fed 

diets containing compliant vitamin D levels (Tryfonidou et 

al, 2002)

• Impaired endochondral ossification in puppies fed a diet 

containing extremely high levels of vitamin D (Tryfonidou et 

al., 2003)
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Vitamin D

• Dietary 135-fold  

cholecalciferol

supplementation

severely disturbs the

endochondral

ossification in 

growing dogs

Tryfonidou et al. 2003
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Association of Vitamin D Metabolites in Dogs with Various 
Stages of Chronic Kidney Disease

Journal of Veterinary Internal Medicine
10 FEB 2017 DOI: 10.1111/jvim.14653
http://onlinelibrary.wiley.com/doi/10.1111/jvim.14653/full#jvim14653-fig-0002

Parker et al. 2017

http://onlinelibrary.wiley.com/doi/10.1111/jvim.14653/full#jvim14653-fig-0002


25

Vitamin D in dogs with PLE

Box and Whisker plots
representing 25(OH) D 
serum concentrations 
between PLE dogs in the 
poor outcome versus good 
outcome groups. (25(OH) D 
serum concentration in poor 
outcome group: median 
16.5 nmol/L, range 0–
66 nmol/L; good outcome 
group: median 37 nmol/L, 
range 6–81 nmol/L, 
p = 0.017)

Allenspach et al. 2017

Hypovitaminosis D is associated 
with negative outcome in dogs 
with protein losing enteropathy: 
a retrospective study of 43 cases
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Vitamin D

• Recommended allowances

- FEDIAF (2016) recommendation for dogs and cats: 

- 227 IU/100 g DM 

- Legal vs. nutritional maximum

- Cats seem to be more tolerant to high vitamin D diets
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Dietary antioxidants

• Vitamin E 

- Chemically closely 

related substances 

(tocopherols)

- α-tocopherol with 

the highest activity

- Difference to other 

tocopherols

Hussain et al. 2013
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Dietary antioxidants

• Vitamin E deficiency 

- Growth disorders

- Damage to the skeletal and cardiac muscle

- Central nervous system disorders

- Retinopathies

- Discoloration of body fat (yellow fat disease) 
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Dietary antioxidants

• Vitamin E 

- Preserves lipid-rich membranes from damage by 

peroxidation

- Importance for the respiratory chain as well as in the 

synthesis of long-chain fatty acids, vitamin C, or 

deoxyribonucleic acids



30

Dietary antioxidants

• Vitamin E 

- Tocopherols are stored to some extent in liver and body 

fat

- Recommended allowance (FEDIAF 2016): 

- 3.6-5 IU/100 g DM  dogs

- 3.8 IU/100 g DM cats



31

Oxidative stress

Sources: Nature
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Benefits vs. harm

• Free radicals

- Useful…

- when they are produced in the right amount, at the 

right place, at the right time 

- Detrimental… 

- when imbalanced, lipid peroxidation, cell death, 

genetic damage 

- Result of the extremely reactive nature of free radicals

Heaton et al. 2002 
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Dietary antioxidants

• Vitamins E, C, combination with dietary fish oil

- increased bactericidal activity
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Dietary antioxidants

• α-tocopherol acetate, β-carotene, lutein in sled dogs

Less oxidation 

products

Baskin et al. 2000
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Behaviour

• α-tocopherol, L-

carnitine, α-lipoic acid, 

ascorbic acid, spinach 

flakes, tomato 

pomace, grape 

pomace, carrot 

granules, and citrus 

pulp

Snigdha et al. 2012
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Cancer

• Cancer patients

- Antioxidants are among the most commonly used 

supplements

- Potential benefits for cancer patients

- They also may have detrimental effects

Freeman 2009



37

Other applications

• Potential for antioxidants

- Inflammatory or degenerative diseases

- Cardiovascular diseases

- Cataracts

- Mycotoxins
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Vitamin K1 –Phylloquinone (PK)-

• Green leafy plants and several vegetable oils

• PK consists of a naphthoquinone ring with a methyl group 

attached at the 2nd position and a phytyl group at the 3rd 

position 

• 2-methyl-3-phytyl-1,4-naphthoquinone

H

O

O

3H

O

O

3
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Vitamin K2 –Menaquinone (MK)-

• Produced by the intestinal microbiota of mammals and 

birds 

• 2-methyl-3-multiprenyl-1,4-napthoquinone

• Isoprenoid side chain of variable length at the 3rd position

• MK-n  n representing the number of isoprenoids

Hn

O

O

Hn

O

O
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MK-4 MK-5 MK-6 MK-7 MK-8 MK-9 MK-10 MK-11

Bacteroides spp. X (X) X X X X

Enterobacteria
(X) X

Veillonella spp.
(X) X (X)

Eubacterium lentum X

Wolinella spp. X

Vitamin K2 –Menaquinone (MK)-

 Menaquinones produced by intestinal bacteria
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Vitamin K3 –Menadione-

• Synthetic origin 

• 2-methyl-1,4-naphthoquinone

• Four authorized compounds in Europe

O

O

O

O
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Vitamin K –Biological functions-

• Co-substrate for carboxylation of  the vitamin K-

dependent proteins

• Vitamin K-gamma glutamyl carboxylase  modifying 

enzyme

Glutamate 

residues

Gamma carboxyl 

glutamate

Gamma glutamyl carboxylase

Higher Ca-binding capacity 

 Higher activity of vitamin K-dependent proteins
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Vitamin K –Biological functions-

• Vitamin K-dependent proteins

- Coagulation proteins: clotting factors II, VII, IX and 

X, protein C, protein S

- Protein Z (unknown function)

- Bone-related proteins: osteocalcin, matrix Gla 

protein

- Growth arrest-specific gene 6

- Plaque Gla protein, nephrocalcin, prolin-rich Gla 

proteins 1 and 2 (unknown function)
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Vitamin K –Hypovitaminosis-

• Primary deficiency 

- Not described in dogs

• Secondary deficiency

- Intake of vitamin K antagonists :

cumarin, phenylindandion, other anticoagulant 

rodenticides, antibiotics (with thiotetrazole side chain)

- Modification of the intestinal microflora (intake of 

antibiotics)

- Intestinal disorders 
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Vitamin K –Toxicity-

• PK and MK

- No toxic symptoms or adverse effects after 

ingestion of high amounts

• Menadione

- High intake (> 1000-fold the recommendations) 

induced formation of Heinz bodies

 haemolytic anaemia
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Results –Digesta-

• Highest concentration of MK in colon and caecum

• Predominant were MK-10 and -6, followed by MK-9 and 

MK-4
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Conclusion

 Production of MK takes place in the intestinal tract of 

dogs

 Amount of intestinal MK might contribute to the 

requirements of vitamin K

 Further investigations about the mechanism of absorption 

and the biological activity are needed 

10 µg/100 g DM in cat food
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Conclusion

• Vitamins have lots of benefits for the health of dogs and 

cats

• It is important to watch the vitamin supply in the light of 

new feeding practices

• Probably, oversupply is more important than deficiencies, 

but changing dietary habits (…in Europe) 


