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Vitamina D — Calciferol
Antirraquitica

La luz del sol, la vitamina D y la salud: Una historia llena de luz, Holick, 2008
www.dnva.no/geomed/solarpdf/Nr 12 Holick.pdf
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Videos del Mooc de la Universidad de Wageningen (Holanda)

Nutrition and Health: Micronutrients and Malnutrition
https://courses.edx.org/courses/course-vl:WageningenX+NUTR102x+2T2017/course/

Animation: Absorption and metabolism of (pro)vitamin D
https://youtu.be/iyLfKNuG8Q8
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Vitamina D. Un poco de historia

siglo Il aC - raquitismo
1650 - WHISTLER, GLISSON, De BOOT - descripciéon del raquitismo
siglo XIX - problema de salud publica (80-90% de los nifios) Revolucién industrial

RAQUITISMO Y EL NUTRIENTE WQUITISMO Y MEDIO AMBIENTE

PERCIVAL - aceite de higado de bacalao 1782
TROUSSEAU - raquitismo y osteomalacia /"1'8.65]
r1890] — PALM - papel protector del sol

St

MELLANBY - raquitismo experimental 1919]  HULDSCHINSKY - fototerapia curativa
carencia en la dieta = nutriente
I

McCOLLUM ' - Descubre la vitamina D

1918-19, Sir Edward Mellanby reproduce experimentalmente el raquitismo en perros por deficiencia nutricional
alimentandolos con avena (vivian recluidos en el interior y, por tanto, no estaban expuestos al sol). Posteriormente curé la
enfermedad afiadiendo aceite de higado de bacalao a la dieta. Establecid inequivocamente que el raquitismo estaba
causado por la deficiencia de un componente traza presente en la dieta. En 1921 escribié: "la accion de las grasas en el

raquitismo es debida a una vitamina u otro factor del ali pr idéntico a la vi ina soluble en grasa".

“no es nutriente”

History of the discovery of vitamin D and its active metabolites, 2014 - https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3899558/
Vitamin D and health - a historical overview, 2011 - http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=51681-150X2011000200007
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1650 - WHISTLER, GLISSON, De BOOT - descripciéon del raquitismo
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1925
alimentos irradiados ¢————— HESS y WEINSTOCK —— enddgena = no esencial

luz UV
PROVITAMINA (piel y alimentos) — 3 VITAMINA

WINDAUS 1930-seaisla

1959 — se sintetiza
ergosterol» ERGOCALCIFEROL -
D, (vegetal) [1936] - COLECALCIFEROL «— 7-dehidrocolesterol
D; (animal)

1964 - NORMAN - 3 metabolitos activos
1970 - HAUSSLER et al; FRASER y KODICEK - mecanismo de accién como hormona
1980 - receptores en numerosos 6rganos

2000s — se “redescubre”: deficiencia y papel en la enfermedad crénica
Resurrection of vitamin D deficiency and rickets, 2006; The renaissance of vitamin D, 2014
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mineralization of bone
i demineralization of bone

Knightsbridge, Westminster London 1870-1900
In 1890, Palm concluded that rickets was cause

sunlight, because even though children in Britain ¢ a = P

) . : Deformidades 6seas caracteristicas:
sanitary conditions, they were more susceptible to ) e
because children in the tropics got plenty of sunshine. In the 1800s and early | ~ Ensanchamiento de las epifisis de los huesos
1900s, children in smog-filled, crowded urban areas suffered from the ‘rickets’. largos y de las costillas (rosario raquitico costal)
>90% of children in larger European cities and - Curvatura de la columna, de huesos largos
~80% of children in Boston suffered from the disease. - Debilidad y falta de tono muscular en
http://viewfinder.english-heritage.org.uk .

extremidades

David A Bender 2002 Taylor & Francis Ltd
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FINDS NEW VITAMIN IS BONE PROTECTOR
Special 1o The New Yeek Times,

New Vork Times (1857 Correns fite): Jim 19, 1922

ProGuest Historical Newspipers The New Yok Tirmes (1831 - 2005)

FINDS NEW VITAMIN
15 BONE PROTECTOR

Johns Hopkins Biochemist An-
nounces Discovery in Search-
ing for Cause of Rickets.

RESULT OF 3 YEARS’ WORK

Dr.McCollum Says Experiments
Show Two Dietary Principles
Operate in Cod Liver Qil.

NYT, 19-jun-1922

Special to The New York Times.

BALTIMORE, Md., June I8.—After|
three years of patlent research, Dr. E.|
V. McColium, the famous biochemist
of the School of Hygiene and Public
Health of Johns Hopkins University, as-
sisted by Miss Nina Simmonds and Dr.
P. G. Shipley, has made another dis-
covery of great importance to the com-
paratively new science of dieteties.

The investigators have ‘‘ captured ™ a
hitherto unknown vitamin, which has
been labeled vitamin D, the specific
purpose of which is the protection of
bone growth and the prevention of the
disease known as rickets.

In discussing the matter today he sald
that during_the last twelve years In-
vestigators had come to an agreement
on the point.that there were at least
three vitaming, Which had become known

as vitamins A, B and C.
*These," he continued, * when lack-

growth,
The discovery was made in the course
f an investigation of the cause of
rlckets, = diseade charactepized by
faulty bone growth. This investigation
has becn in progress for about three
Vears. . Approximately 4,000 animals—
Fats—have been uscd as experimental
subjects in_this work.

“1t was found that the primary cause
of rickets Is a distrubance of the metab-
ol

quate and_the phosphorus abundant, or
su y nd

conditions the ANIMAIS UECUIIT utius it
in much the same manner as do chil-
dren who suffer from this disease.

“ Physiclans have long belleved that
cod liver ofl has a therapeutic value in
the treatment of rickets, and in the

occurrence. This fact was also noted by
o English investigator named -Mel-

lanby.

" Mellanby suggested that the protec-
tive action of certain fats in rickets was
probably due to the presence in them of
the vitamin A, which, &8 s een
stated, is concerned Wi can
e thaimia, an cye disease of dietary
origin.

1 7*\We have destroyed the vitamin A by
oxidatlon, avd have made cod liver ofl

able of preventing the eye disease,
but without diminishing in a noticeable
{degree its value for the preveation or
cure of rickets, and have thus shown

ri 8308 O cs, the
*other concerned primarily with the reg-
apd  ph

are operating in_cod liver oil, rather
than one such substance which has two
regulatory functions in the body"’

Vitamins Discovered in Meats.

WASHINGTON, June 18.—Experi-
mental tests on rats and pigeons have
resulted in the discovery that vitamins
occur in animal tissues, such as beef,
veal, mutton, lamb and pork, according
o u statement issued today by the De-
partment of Agriculture. Heretofore it
s assumed by scientists that vitamins

tios
yitamins in meats should not lead to
oL eomeluston, the department sald, that
certain meats were of low. nutritive
because of deficlency In vitamins,

the pl up} a

the calclum abundant or excessive, the
disease is likely to develop. Under these
~anaitinns the animals become deformed

https://www.nytimes.com/2009/09/15/health/15first.html

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

Vitamina D. Un poco de historia

1890 — Theobald Adrian PALM (1848-1928) — Papel protector del sol.
Theobald Palm and his remarkable observation: how the sunshine vitamin came to be recognized.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3277100/

por deficiencia nutricional.

1919 - Sir Edward MELLANBY (1884-1955) reproduce experimentalmente el raquitismo en perros

https://www.annualreviews.org/doi/abs/10.1146/annurev.bi.25.070156.000245

https://royalsocietypublishing.org/doi/10.1098/rsbm.1955.0015

1922 — Elmer V. McCOLLUM (1879-1967) descubre la vitamina D.
http://www.nasonline.org/publications/biographical-memoirs/memoir-pdfs/mccollum-elmer.pdf

History of the discovery of vitamin D and its active metabolites
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3899558/

Brief history of rickets and of the discovery of vitamin D
https://www.ncbi.nlm.nih.gov/pubmed/17940496

http://repositorio.ul.pt/bitstream/10451/17693/1/Historia_Raquitismo.pdf

Vitamin D: part I; from plankton and calcified skeletons (500 million years ago) to rickets
https://www.ncbi.nlm.nih.gov/pubmed/29504055

Vitamin D: part Il; cod liver oil, ultraviolet radiation, and eradication of rickets
https://www.ncbi.nlm.nih.gov/pubmed/30627846
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Vitamin D: part I; from plankton and calcified skeletons (500 million years ago) to rickets
https://www.ncbi.nlm.nih.gov/pubmed/29504055

Vitamin D: part Il; cod liver oil, ultraviolet radiation, and eradication of rickets
https://www.ncbi.nlm.nih.gov/pubmed/30627846

Scorrs EMULSION

PURE 0OD LIVER OIL,
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i by
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NEW YORK.
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You bu
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7 1:AmJ Clin Nut‘ 2008 BJr;B?H):lOSOS-GS.

https://www.ncbi.nlm.nih.gov/pubmed/18400738

Vitamin D deficiency: a worldwide problem with health consequences.

Holick MF, Chen TC.

Department of Medicine, Boston University School of Medicine, 715 Albany Street, M-
1013, Boston, MA 02118, USA. mfholick@bu.edu

Vitamin D deficiency is now recognized as a pandemic. The major cause of

vitamin D deficiency is the lack of appreciation that sun exposure in moderation is
the major source of vitamin D for most humans. Very few foods naturally contain
vitamin D, and foods that are fortified with vitamin D are often inadequate to
satisfy either a child's or an adult's vitamin D requirement. Vitamin D deficieng
causes rickets in children and will precipitate and exacerbate osteopenia,
osteoporosis, and fractures in adults. Vitamin D deficiency has been asso
with increased risk of common cancers, autoimmune diseases, hyperte
infectious diseases. A circulating level of 25- hydroxywta min D of >75 n
30 ng/mL, is required to maximize vitamin
absence of adequate sun exposure, at lea
needed to achieve this in children and adults. Vita equally effective
for maintaining circulating concentrations of 25-hydroxyvitamin D when given in
physiologic concentrations.

1U1=0,025 pg
n, and | 800 - 1000 Ul = 20-25 pg

Vitamina D
*The influence of dietary intake and sunlight exposure on the vitamin D status in an elderly Spanish group, SENECA, 1992
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Atherosclerosis. 2009 Jul;205(1):255-60. doi: 10.1016/j.atherosclerosis.2008.10.033. Epub 2008 Nov 11.
25-Hydroxyvitamin D deficiency is independently associated with
cardiovascular disease in the Third National Health and Nutrition

Examination Survey

Jessica Kendrick?, Giovanni Targher”, Gerard Smits 25-H\[d rOXVVitamin D deficiency has

3 Diviston of Renal Diseases and Hypertension, University of Colorade Health Sciences Ce

¥ Soction of Endocrinology, Department of Biomedical and Surgical Sciences, Untversity o been |dent|f|ed as a pOte ntial nOVEl
ABSTRACT cardiovascular disease risk factor

Objective: Serum 25-hydroxyvitamin D [25(0H)D] levels are inversely as
vascular disease (CVD) risk factors. However, the association between 25
has not been extensively examined in the general population.

Methods: We performed a cross-sectional analysis of data from the Thir
Examination Survey (1988-1994)and examined the association between
lence of CVD in a representative population-based sample of 16,603 m¢
older. Prevalence of CVD was defined as a composite measure inclusive of :
infarction or stroke.

Results: In the whole population, there were 1308 (8%) subjects with self-
CVD had a greater frequency of 25(0H)D deficiency [defined as serum Z
those without (29.3% vs. 21.4%; p<0.0001). After adjustment for age, g
measurement, physical activity, body mass index, smoking status, hyper
density lipoprotein cholesterol, hypertriglyceridemia, low high-density .

Cardiovascular Disease (%)

<20 20-29 230
25-Hydroxyvitamin D Levels {ng/mL)

ig. 1. Age-adjusted prevalence of clinical cardiovascular disease by levels of 25

kidney disease and vitamin D use, participants with 25(0H)D deficiency b jyyoxpvitamin b

CVD (odds ratio 1.20 [95% confidence interval (C1) 1.01-1.36; p=0.03]).

Conclusions: These results indicate a strong and independent relationship of 25(0H)D deficiency with

prevalent CVD in a large sample representative of the US adult population.

https://www.ncbi.nlm.nih.gov/pubmed/19091317
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Sintesis enddgena

= “no nutriente” en algunas personas/circunstancias

Esencial en la dieta si la exposicién al sol es limitada

o la capacidad de sintesis enddégena esta reducida.

Pro-hormona
Regula la expresion genética

~ 7

Necesidad de activacidn en higado y rifidn
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For most people, vitamin D is more correctly viewed as a hormone rather than a
vitamin because sufficient amounts of it can be produced by the body. Provitamin D
is synthesized in the skin from a derivative of cholesterol in a process that depends
on ultraviolet light. With adequate sun exposure, no dietary intake of vitamin D is
needed. The provitamin, whether produced in the skin or obtained from the diet, is
metabolized in the liver and kidneys to yield 1,25(0OH)2D (or calcitriol), the active
hormonal form of vitamin D. 1,25(0H)2D is important for calcium absorption from
the intestine and, with other hormones, it helps regulate bone metabolism. Vitamin
D is found in fish oils and fortified milk. Vitamin D can be very toxic when taken in
supplement form, especially in infancy, when an intake just three times or more
than the Adequate Intake can be toxic. Anyone who feels a need to use a vitamin D
supplement containing more than two times the Adequate Intake, such as an older
person, should consult a physician first.

http://highered.mheducation.com/sites/0072287845/student_view0/chapter9/chapter_summary.html

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

Vitamina D — Calciferol — vitdmeros activos

Vitamina D2-Ergocalciferol
(vegetal)
Actividad vitaminica (AV): 50

Vitamina D3-Colecalciferol
(sintesis cutdnea /animal)
(AV): 100

25(OH)D3-Calcidiol
(AV): 200-500

1,25(0OH),D3-Calcitritol
(AV): 500-1.000

24,25(0H),D3
(AV): 200-500

OHen 1,24, 25
Reconocimiento por receptores nucleares
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Fuentes de vitamina D

Exdgena Sintesis enddgena

D, (Ergocalciferol) ( ) Luz UV-B
e , (Ergocalciterol vegeta 290-320 nm
AI 1 mentos D, (Colecalciferol) (animal) L , -

: T ampara
Alimentos fortificados P
Suplementos X /

. . HC . . cH. i
Potencialmente t e vol Pl
Fortiicacion indiscriminada S L Ty THameeasionty

| |
HO g 7

P 60% epidermis
1930s 2 G \/J 40% dermis
[ <20%
oy

colecalciferol (D,)

Dieta: _ | Optimas condiciones
Fuente secundaria = 10% Fuente principal = 90%
Absorcién: 50-80% Alrededor de un 80-90% de los requerimientos de vit D

podrian ser cubiertos por la exposicion solar en paises
soleados (Holick, 1996)

Adecuada exposicion solar (x20 min/dia) 2 10 pg/dia

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

Fuentes dietéticas de vitamina D (ug/100 g)

aceite de higado de bacalao 250 - 750
pescados grasos 20-110

mcg de vitamina D/
100g parte comestible
huevo (yema) 1 -20 Superior 3 100 g
. e Anguilay angula 110
Alimentos fortificados: higado 0.2-2.5
) Entre 20 y 100 mcg
Leches, margarinas, mantequilla 0.3 - 2,5 Atin 25
. Arengue 225
zumos, batidos, cereales quesos 0.2 - 0.5 Congrio 22
Bonito 20
leche entera 0.01 - 0.12
, . . Entre 10 y 20 mcg
Pérdidas cocinado: < 20% Sardina [
Caballa [16
Inferior a 10 mcg
Anchoa 8.0
‘Yema de huevo 4.9
Bacalao fresco 13
| Queso emmental 11
Mantequilla 0.76
Cordera, piernay paletilla_|0.70
Moreiras O, Carbajal A, Cabrera L, Cuadrado C. | Queso manchego fresco 023
Tablas de composicién de alimentos. Guia de practicas | Yogurt natural entero 0.07
L L . " Leche entera de vaca 0.03
Ed. Pirdmide (Grupo Anaya, SA). 192 edicidn revisada y ampliada. 2018 Lomo de cerdo 0.0L
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Vitamina D
Dieta: Fuente secundaria

Para ingerir 10 pg vit D

Tendriamos que consumir

Consumo medio en Espaiia (1991)
76 g/dia pescado l
@ 292 g/dia de pescado
(ej. mezcla de
2.6 pg vit D 200 g sardinas y
Pescados: 72% de la ingesta total 100 g atdn)

Resto: huevos, lacteos, otros.

ESPANA (2000)
Ingesta: 3,6 ug/dia (36% de IR: 10 pg/dia)

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

V4 ré . ’
Exégena Sintesis enddgena
Luz UV-B
bfiees 290-320 nm
Fuente secundaria = 10% Lamparas
H-"C\ P e X 4_/—/— i
we] 7 gHCH 7-dehidrocolesterol piel
NN o 60% epidermis
,:E\C/EJJ 40% dermis
[ J | <20% 1
HO " 7
colecalciferol (D,)
Optimas condiciones — ——
Fuente principal = 90%
1pg=2.5nmol
lug=401U Adecuada exposicion solar
1ng/mL=2.5nmol/L (=20 min/dia)=> 10 pg/dia
Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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Sintesis cutanea

Tipo de luz

| ug \‘ ‘ !‘ 9 Infra Red
’/\/ 5% luz Uv-B (e = S e

,/\/ 290-315 nm .
\_ capa de ozono
M 1% luz UV-B

ANV NN
—~—— piel A

'/;//‘/ p— (croméforos) (

7-dehydrocholesterol )
Mz, g <
Sy

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

SOL ces15

Estructura s

3 HO
\J — <N
e’
\D'/ H,C Pre-vitamina D,
7-dehidrocolesterol
Pro-vitamina D, T"Jr
Piel
60% epidermis
40% dermis
1 Vitamina D,
L cH, .

’ Adecuada exposicién solar = 10 pg/dia

Hd

SANGRE osp

DBP-D,
Modificado de Holick y Adams, 1994
DBP: Vitamin D binding protein

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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Ultraviolet Transmission and
Vitamin-D Synthesis

In 1958 Beckemeier (4) reported that
1 square centimeter of white human
skin synthesized up to 18 LU. of
vitamin D in 3 hours. Using this figure,
we calculate that an antirachitic pre-
ventive dose of 400 LU. per day can
be synthesized by daily exposure of an
area of skin approximately equal to that
of the nearly transparent pink checks
of European infants (about 20 square
centimeters). Perhaps this explains why
mothers in northern climates customari-
ly put their infants out of doors for
“some fresh air and sunshine” even in
the middle of winter.

From this high rate of synthesis by
only a small area of thin unpigmented

Sintesis cutanea

skin, one can calculate the daily amount
of vitamin D that would be synthe-
sized at the equator by the skin of
adults who exposed almost all their
1%2 square meters (22,500 square centi-
meters) of body surface during the
whole of a tropical day. Such a cal-
culation shows that the skin of such
individuals would synthesize up to 800,-
000 LU. of vitamin D in a 6-hour
period if the stratum corneum con-
tained no pigment capable of filtering
out the intense solar ultraviolet radia-
tion.

Figure 1. An example of the wire cage fixed to the tenement
window, so that babies can benefit from sunshine and fresh air.
London, 1934 (Copywright 2014, reproduced with permission).

The renaissance of vitamin D, 2014

Loomis, W. F. Skin-pigment regulation of Vitamin-D biosynthesis in man. Science 1967;157, 501-506.
https://www.ncbi.nlm.nih.gov/pubmed/6028915
https://www.researchgate.net/publication/17157192 Loomis W_F Skin-pigment regulation of Vitamin-D biosynthesis in_man_Science 157 501-506.

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

% 7-DHC y subproductos

-

Sintesis cutanea

3 Lumisterol

-5— — — —& Taquisterol

horas

6 L}

Holick et al, 1981

Inactivo

Control de la sintesis endégena

El exceso de irradiacion solar incrementa
poco la eficacia de la activacion.

Sin embargo, se incrementa la foto-
produccion de formas biolégicamente
inactivas (ej. lumisterol, taquisterol, y 5,6-
trans-vitamina D3).

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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Factores que influyen en la sintesis
cutanea de vitamina D

e Ambientales:

— Estacion del afio (pico verano)

— Latitud (>paralelo 352 — no UVB en invierno, nov-feb)

— Momento del dia (60% se produce entre 10:00 y 14:00 h)
— Nubes, sombra, contaminacion, polvo, cristales, cortinas, ..

¢ Individuales:

— Edad:

o | almacenes ({ 25%) ({ sintesis: { 75%)

e | actividad fisica: menor exposicion al sol

o ({ hidroxilacién renal)

e ({ ingesta)
— Pigmentacién de la piel (melanina, raza negra, bronceado)
— Grosor de la capa cérnea
— Cremas protectoras (F8 reduce la sintesis un 97%)
Estilo de vida:

* No exposicion al sol (trabajo, inmovilizacion)

Indumentaria (piel cubierta)

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

25(0H)D, bz, }
ug“| ;@f

, |
]
33
31
29 ‘
27

~
 IEREE s e

»  Meses

T T T T T T
feb abril jun ago oct dic feb

D'aprés Tjellesen et Christiansen, 1983, cité dans Friedrich W.F., 1988, p. 161.

le Grusse y Watier, 1993

1990s Deficiente Marg-lnal Adec-uado Optimo

Hi
nmol/t

2015 Nuevo limite: deficiencia de vitamina D (<12 ng/mL o <30 nmol/L)
https://onlinelibrary.wiley.com/doi/full/10.1111/nbu.12108

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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Fig. 2. Distribution of human skin color before 1492. [Adapted from Brace and
Montague, Man's Evolution (Macmillan, New York, 1965), p. 272]

Loomis, W. F. Skin-pigment regulation of Vitamin-D biosynthesis in man. Science
1967;157, 501-506.

https://www.ncbi.nlm.nih.gov/pubmed/6028915
https://www.researchgate.net/publication/17157192_Loomis_W_F_Skin-

pigment_regulation_of Vitamin-D_biosynthesis_in_man_Science_157_501-506.

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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Edad
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En
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g =) o..-0 Personas de edad
e e »—a j6venes
3} 30
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e ©
o £
[
8
E

edad (anos) dias

MacLaughlin et al, 1985 Holick et al, 1989

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

Pigmentacion, melanina

Piel muy pigmentada: equivalente a

60 A un factor de proteccion de ~ 13,4
45
30
15 ) ) )
0 ¥ ﬁ_ Piel blanca ligeramente pigmentada

20 - B

10

30 -

20} C

10F

o Piel negra: reexposicion a una dosis de radiacion
0 2 4 6 8 10 12 14 21 UVB unas seis veces superior a la de B

Time after UVB exposure (days)

Serum Vitamin D,
(ng/mi)

En A, cambios en las concentraciones séricas de vitamina D por el efecto de la radiacién UVB en dos sujetos de piel
blanca ligeramente pigmentada. En B, tres sujetos de piel negra después de una exposicion del cuerpo total a una
radiacion UVB. En C, cambios sucesivos de la vitamina D circulante después de una reexposicion de un sujeto negro a
una dosis de radiacion UVB unas seis veces superior que en B (Holick, 2004).

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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Efecto de las cremas protectoras

s0 700 (F8 reduce la sintesis un 97%)

Vitamina D, (ng/ml)

51 @ === @ Con proteccion solar

@ === @ Sin proteccion solar

Matsuoka et al, 1987

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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FIG. |. Seasonal vanation in serum 25-OHD levels in three groups of subjects: Parks Department staff (outdoor
workers. mean age 41 yr). laboratory staff (indoor workers, mean age 32 yr), and elderly hospital inpatients (mean
age 80 yr). Results are presented as means with vertical bars rep g the SEM. The
of the environmental UVR in the range 290 to0 330 nm are also shown
Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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Raquitismo en el mundo

le Grusse y Watier, 1993

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

Vitamina D en personas de edad

SENECA: Survey in Europe on Nutrition and the Elderly, a Concerted Action
Estudio de cohortes longitudinal (>70 afios)
The influence of dietary intake and sunlight exposure on the vitamin D status in an elderly Spanish group, SENECA, 1992
https://www.ucm.es/data/cont/docs/458-2018-10-04-Moreiras-col-1992-Internat-J-Vit-Nutr-Res-62-303-307-vit-D.pdf

Ingesta media de vitamina D ;

@ hombres
2 a O mujeres
1] Pescados 6
a'cteos
0

vitamina D

/ Status en vitamina D (% ancianos) ‘ \

’ Niveles séricos de 25(0OH) D

nmol/L

30 4 @ hombres

p<0.05 O mujeres 62% 22% 5%

20 +

10 - ‘

04 Bdeficiente Omarginal DOadecuado @ éptimo

\ vitamina D <12.5 nmol/L 12.5-30 30-60 >60 nmol/L /

2015 Nuevo limite deficiencia vitamina D (<30 nmol/L 0 <12 ng/mL) ‘

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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Vitamina D en personas de edad

SENECA: Survey in Europe on Nutrition and the Elderly, a Concerted Action
Estudio de cohortes longitudinal (>70 afios)
The influence of dietary intake and sunlight exposure on the vitamin D status in an elderly Spanish group, SENECA, 1992
https://www.ucm.es/data/cont/docs/458-2018-10-04-Moreiras-col-1992-Internat-J-Vit-Nutr-Res-62-303-307-vit-D.pdf

‘ Niveles séricos de vitamina D [25(OH)D; nmol/L] ‘

35 1 _Actividad en el sol 35 1 _Exposicién al sol
30 7 30 p<0.05
Espafia péb.OOl
Betanzos 25 - 25 A
(La Corufia)
20 A 20
15 11 1 15
10 + 10 B—
54 ] 5 h—
0 0
sin actividad pasean evitan expuestos
(n=12) (n=43) (n=31) (n=21)

Adecuado: 30-60 nmol/L

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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Vitamina D en personas de edad

SENECA: Survey in Europe on Nutrition and the Elderly, a Concerted Action
Estudio de cohortes longitudinal (>70 afios)
The influence of dietary intake and sunlight exposure on the vitamin D status in an elderly Spanish group, SENECA, 1992
https://www.ucm.es/data/cont/docs/458-2018-10-04-Moreiras-col-1992-Internat-J-Vit-Nutr-Res-62-303-307-vit-D.pdf

Niveles séricos de vitamina D [25(OH)D; nmol/L] segun vestimenta

nmol/L O chaqueta

" > Carencia de vitamina D 1-2-%
Entre el 20% y el 41% de espaiio- 2 ‘
les de 29 a 39 afios presenta caren-

@ manga corta cias de vitamina D.Pscgt'm un estu-
~ dio realizado por médicos de Cor-

O bafiador doba y la Universidad de Lovai-
na. El déficit de la vitamina pro-
voca, segiin ¢l médico José Ma-
nuel Quesada, el riesgo de pade-
cer osteoporosis, fragilidad de los
huesos a cualquier edad e incluso
enfermedades de la piel y leuce-
mia. La vitamina D facilita la ab- ‘

@ blusa m/larga

sorcion del calcio de los atimen-
tos y su fuente principal es el sol.

(Quesada y col., 1999)

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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OPTIFORD. Ancianos espafioles

(Rodriguez-Sangrador y col, 2008)

Verano
O Deficiente
1 [ Insuficiente
W Adecuado
Invierno

0% 50% 100%

Fig. 2.—Distribucidn de la
*Las concentraciones séricas de 25-OHD por debajo de 25 nmol/l expresan un estatus deficiente y las con- poblacién segiin su estatus

centraciones inferiores a 50 nmol/l expresan un estado nutricional insuficiente en vitamina D. ?W(gb‘;}ﬂﬂl"f de vitamina D*
n(%)].

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

Table 1

Rusk factors for low 250HD concentrations

Risk factors that limit skin exposure to UVB rays
Latitudes above 40° north
Winter season
Exposure in early moming and evening (before 10 AM. afier 4 PM)
Cloud cover and atmospheric poliution
Limited time spent outdoors
Customary dress that conceals large portions of the body
Sunscreen use
Dark skin pigmentation
Older age
Risk factors that limit dietary exposure to vitamin D
Low dietary intake of oily fish and egg yolks
Vegetarian diets
Low/no dietary intake of vitamin D fortified foods
Exclusive breastfeeding in infants
N intake of vitamin D supplements
Other risk factors that alter vitamin D supply or metabolism
Vitamin D status of infant depends on vitamin D status of mother during pregnancy
Low dietary calcium intake
Obesity
Genetic factors that affect vitamin D physiology and requirements
Poor renal function

Liver disease and cholestasis Public Health Rev. 2017; 38: 19.

Chronc disease https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5809824/

Malabsorption (cocliac, inflammatory bowel disease, cystic fibrosis, etc.)

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid
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Ingestas recomendadas

Espana:
[adultos: 2,5 ug/dia (1980s) = 5 ug/dia (1995)]
10 - 15 pg/dia
60+ afios: 20 ug/dia

Holick, 2004
Personas que evitan el sol = 25 pg/dia

EUROPA. EFSA has set dietary reference values (DRVs) for the intake of vitamin D. EFSA provides this advice to risk managers in
European countries who use it for making recommendations to consumers.

The Panel on Dietetic Products, Nutrition and Allergies (NDA) defined an adequate intake (Al) of 15 pg per day for healthy
individuals over one year of age. This includes pregnant and lactating women. The DRVs for infants aged 7-11 months have been

set at 10 pg per day.
Dietary reference values for vitamin D | Vitamin D: EFSA sets dietary reference values - EFSA Journal 2016;14(10):4547
https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2016.4547 - https://www.efsa.europa.eu/en/press/news/161028

The influence of dietary intake and sunlight exposure on the vitamin D status in an elderly Spanish group, SENECA, 1992

https://www.ucm.es/data/cont/docs/458-2018-10-04-Moreiras-col-1992-Internat-J-Vit-Nutr-Res-62-303-307-vit-D.pdf

Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

ENDOGENA

DIETA
PIEL Almacenes (4-5 meses):
Tejido adiposo / musculo (Higado de
pescados

INTESTINO
b4
y / |
- ,’ LINFA |—————————» SANGRE
. ¢
25(OH)D, Calcidiol (Biomarcador)

1,25(0H),D, Calcitriol

EI‘\‘
i QF'[- l
2425(08),0,

Hews
‘ Células diana: hueso, intestino,
’ Mecanismo de accidn gendmico y no gendémico

Metabolismo de la vitamina D
SINTESIS

i
14
F
g - -
by
o,
7

Modificado de Le Grusse y Watier, 1993
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Dietary reference values for vitamin D - EFSA Journal 2016;14(10):4547
https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2016.4547 - https://www.efsa.europa.eu/en/press/news/161028
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Mecanismo de accion

a no gen a

Non-Genomic Effect W

\—‘ Los efectos se producen en segundos o minutos

r« Via genémica

Genomic Effect
Protein Transcription

La mayor parte de las funciones

Potential action of Vitamin D on cells VDR: Vitamin D Receptor

Asian J Sports Med. 2011 December; 2(4): 211-219.
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Mecanismo de accion

Via no gendmica
A través del receptor de membrana, VDRm por mecanismos que se denominan transcaltaquia, 1,25(0H),D
estimula el paso de calcio a través de los canales de Ca2*de la membrana.

El transporte de calcio en la célula ocurre contra gradiente por lo que precisa energia y es llevado a cabo por
proteinas ligadoras de calcio llamadas calbindinas.

Este mecanismo de accidn por via no gendmica se ha observado en intestino, higado, musculo, células
paratiroides, rifidn, .... Los efectos se producen en segundos o minutos.

Via genédmica
A través del receptor nuclear, VDRn. Este es el mecanismo mas importante.

Receptores en practicamente en todos los tejidos: cerebro, pancreas, hueso, musculo esquelético, rifidn,
intestino, piel, paratiroides, hipofisis, mama, linfocitos y monocitos.

La mayor parte de las funciones del calcitriol -homeostasis del calcio, diferenciacion y proliferacion celular- se
producen por la interaccion con este receptor y se desarrollan en minutos, horas e incluso dias.

1,25(0OH)2D, al igual que las hormonas esteroideas, se une a receptores nucleares (VDR) y se heterodimeriza
principalmente con receptores retinoides (RXR).

Modificado de Rodriguez-Sangrador, Tesis Doctoral, UCM, 2006 - http://eprints.ucm.es/7430/1/T29549.pdf
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‘ Primer ejemplo de nutrientes que modulan la expresion génica

Célula diana

Nutril omic?

~
(CITOPLASM
R
o
oA
+ )Rl ’ > > 30 tejidos con VDR (intestino,
ARNm rifién, hueso, corazén, musculo, piel, ...)
— >50 geneslregu'lados por vit. D
receptor P Regula la sintesis de:
RXR! -
() CaBP : (ALB/NDINA
Fibronectina
Osteocalcina
PROTEINAS | c-fos
I J c-fms

-Interferén

z s EFECTOS aN-GsF
DBP
BIOLOGICOS - .
oF Proteinas relacionadas con:

- Homeostasis calcio/fésforo
- Respuesta inmune
- Diferenciacion/proliferacién celular

l Interleuquina-2

Vitamin D receptor (VDR)
Polimorfismos (nutrigenética)
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Ultraviolet
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e At the intestine, active vitamin D
increases the absorption of calcium

iy

Fradiamino] gy Vitamin DW#zS(OH)D#&

S :
m ives '3 Kidney

— Prostate Gland, '
e Breast,Colon,Lung 1,25(0H),D
Milk E a Immune Cells '
Orange ' . .
Juice Salmon alcium, Muscle
Diet @ 1,25(0H),D Bone Health

et
Supplemey ’ a
Regulation of

Blood Pressure

Regulation of Regulation of = .

Cell Growth Immune Function Insulin Production

(cancer prevention) || (diabetes type 1“'!"‘5- RA (heart disease and
isease

prevention) diabetes prevention)

and phosphorus from the diet; at Active vitamin D
the bone, itincreases bone
breakdown, releasing calcium
and phosphorus into the
blood; and at the kidneys, /3 2 {
active vitamin D = ’ """"V“ ( B intastie
stimulates calcium " Bone
retention, reducing
the amount of Calcium retention
calcium excreted
in the urine. Calclum and
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and phosphorus calcium and
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Visualizing Nutrition: Everyday Choices
Mary B. Grosvenor, Lori A. Smolin

Figure 1. Once vitamin D is made in the skin or ingested from the
diet, it travels to the liver where it is converted to 25-hydroxyvitamin
D [25(OH)D]. This major circulating form of vitamin D is then
converted in the kidneys to its active form 1,25-dihydroxyvitamin D
[1,25(0H),D]. The renal production of 1, 25(0OH),D is for regulating
calcium and phosphorus metabolism. 25(0OH)D is also converted in
many tissues including prostate, colon, breast, lung, immune cells
including monocytes and macrophages to 1, 25(0OH),D. The local
production of 1, 25(0OH),D is to regulate cell growth, control immune
function as well as affect up to 200 different genes responsible for
health. Holick, Mol Aspects Med. 2008 December; 29(6): 361-368.
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Funciones de 1,25(0H),-D
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- Homeostasis de Ca y P » Osteomalacia
Osteoporosis
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PTH
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Vitamina D y economia del Ca

| -
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Holick y Adams, 1994
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e

FIGURE 1. The pathophysiologic pathways from vitamin D deficiency to osteoporosis, osteomalacia, falls, and fracture.
Lips and van Schoor (2011). - https://www.bprcem.com/article/S1521-690X(11)00041-8/fulltext
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(Brandi, 2010) Vitamin D Status and Calcium Economy
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3213838/

Biomarkers 25-(OH)D
normal
«Plasma/serum concentration of 25(0H)D frnhned
* Free serum 25(0OH)D concentration 1 1
Plasma/serum 1,25(OH)2D concentration v
*Serum parathyroid hormone (PTH) concentration 25-(OH)D
The Panel considers that serum PTH concentration is not a biomarker of deficlent El 'W“C*ﬂ
vitamin D intake, as serum PTH is also influenced by, e.g. serum calcium }  URINARY EXCRETION

. . 0.83 Gr
and phosphate concentrations and other factors. The Panel also considers —

that serum PTH concentration in healthy subjects is not a useful

biomarker for vitamin D status as assessed by serum 25(0OH)D

concentration. Historical evolution of the classification scheme
for Vitamin D-related bone disease

The Panel considers that serum 25(OH)D concentration can be used as a
biomarker of vitamin D intake in a population with low exposure to UV-B
irradiation (from sunlight, Section 2.3.1), and of vitamin D status at | STAGE3 |
population level. The Panel notes that, due to the high variability in
25(0OH)D measurements obtained with different analytical methods

RICKETS| |
(Section 2.4.1), comparison of results from different studies as well as to OSTEOMALACIA it HOBMAL
reference range values has to be done with caution.
EFSA Journal 2016;14(10):4547 “m—m—

https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2016.4547 MIN
DEFICIENCY VITAMIN D INADEQUACY VITAMIN D SUFFICIENCY
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Funciones (2) Wpﬂ

* Glandula mamaria: Regulacién del Ca de la leche
* Transporte de Ca a través de la placenta
* Regulacidn del Ca en musculo

iabetes,
c lﬁﬁ

= Diferenciacién y crecimiento celular (piel) g&es,
= |nhibicion de la proliferacidn celular (cél. tumorales) ic Fatigue, SAD,*
!"‘V

= Regulacién de la funcién inmune georpssigipericed

= Secrecidn de insulina (pancreas) Beiadhoros

= Sintesis y secrecién de hormonas de tiroides y paratiroides : 3

= Regulacién de la presion arterial

= |nhibicién de la produccién de interleucinas e
inmunoglobulinas por linfocitos activados

= Diferenciacién de células precursoras de monocitos
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Atherosclerosis. 2009 Jul;205(1):255-60. doi: 10.1016/j.atherosclerosis.2008.10.033. Epub 2008 Nov 11.
25-Hydroxyvitamin D deficiency is independently associated with

cardiovascular disease in the Third National Health and Nutrition

Examination Survey

Jessica Kendrick®, Giovanni Targher®, Gerard Smits 2 5- Hyd rOX\[Vita min D d efl cien cy h as
3 Diviston of Renal Diseases and Hypertension, University of Colorade Health Sciences Ce

¥ Sectlon of Endocrinology, Department of Blomedical and Surgical Sclences, University o been |dent|f|ed as a pOtentiaI nQ\Iel
ABSTRACT cardiovascular disease risk factor

Objective: Serum 25-hydroxyvitamin D [25(0H)D] levels are inversely as 12
vascular disease (CVD) risk factors. However, the association between 25
has not been extensively examined in the general population.

Methods: We performed a cross-sectional analysis of data from the Thir
Examination Survey (1988-1994)and examined the association between
lence of CVD in a representative population-based sample of 16,603 m¢
older. Prevalence of CVD was defined as a composite measure inclusive of :
infarction or stroke.

Results: In the whole population, there were 1308 (8%) subjects with self-
CVD had a greater frequency of 25(0H)D deficiency [defined as serum Z
those without (29.3% vs. 21.4%; p<0.0001). After adjustment for age, g <0 2029 230
measurement, physical activity, body mass index, smoking status, hyper 25-Hydroxyvitamin D Levels (ng/mL)

density lipoprotein cholesterol, hypertriglyceridemia, low high-density .
kidnet;dispeapse and vitamin D use,ﬁrticigayms with 25(0OH)D deﬂcienc;yh mi,.I,;::f.i.]‘,‘:,"‘,';;m P o UG ardomsCuar s by el o 25
CVD (odds ratio 1.20 [95% confidence interval (C1) 1.01-1.36; p=0.03]).

Conclusions: These results indicate a strong and independent relationship of 25(0H)D deficiency with

prevalent CVD in a large sample representative of the US adult population.

Cardiovascular Disease (%)
-

https://www.ncbi.nlm.nih.gov/pubmed/19091317
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Grupos de poblacion en riesgo

- Personas mayores

- de paises poco soleados

- con alta melanizacion

- que permanecen en interiores

- que usan protectores solares

- de raza negra que viven en zonas templadas

- obesas (“secuestracion” en tej. adiposo)

- con alteraciones gastrointestinales (malabsorcion), hepdticas, renales
- Farmacos (glucocorticoides, anticonvulsivantes, ..)
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Fig. 1. Mean serum 25(OH)D levels in Europe. The data come from different studies.# 15 16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28 A\
rectangle around the number indicates that it is a population-based study.

Worldwide vitamin D status. Natasja M. van Schoor, Paul Lips. Best Practice & Research Clinical Endocrinology & Metabolism. Volume 25, Issue 4,
Pages 671-680 (August 2011) DOI: 10.1016/j.beem.2011.06.007 - https://www.bprcem.com/article/S1521-690X(11)00071-6/fulltext
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Tabla 2. Ingestas diarias d giay parala espaiiola ‘
En: Moreiras O, Carbajal A, Cabrera L, Cuadrado C. Tablas de composicidn de alimentos. Ediciones Pirdmide (Grupo Anaya, SA). 182 edicidn. 2016. REVISADAS 2015
, EEEREEEEFERE
e | B Halal o ||| =] B} !; I O i
we | e W | @ |em L) ” " )
bl ¢ | m | me [ve| me [me | me | me | v mg | mg | me | me e w | m | w w | m |
Wifios y nifas
0-6 meses 650 14 400 7 s 3 &0 800 | 300 10 03 04 4 03 40 03 S0 450 10 & 2
7-12 meses 350 20 | s | 7 [a5] s 85 | 700 | 250 15 04 06 & 05 60 03 50 450 10 6 25
1-3 afos 1250 3 600 7 55 10 125 | 800 | 400 20 05 08 L] 07 100 05 55 300 15 6 30
4-5 ahos. 1700 30 700 9 70 10 200 |1100| 500 20 0,7 1 11 11 200 15 55 300 15 7 55
6-9 anos. 2,000 36 800 S 50 10 250 | 2.000| 700 30 08 12 13 14 200 15 55 400 15 8 55
Hombres
1012 2450 | 43 |10 22 [us] 15 [3s0 [aa00[1200] 40 1 15 [26 [ a6 [ 300 [ 2 [e0 [ 1000 | 15 10 | &
1315 2750 | 54 [130] 15 15| 15 [400[3100[1200] w0 | 11 [ 17 [ 18 [ 21 [ 40 | 2 | e [ 1000 [ 15 u |
1619 3000 | s6 |1300] 15 |14s| 15 | 400 |3s00[1200] so 12 | 18 | 20 | 21 | a0 | 2 | e | 1000 | 15 12 | 10
20-39 3000 54 1000 10 | 140 15 350 | 3500 70 12 18 20 18 400 2 &0 1.000 15 12 120
4049 2850 54 1000 | 10 | 140 15 350 | 3.500 70 11 17 19 18 400 2 60 1.000 15 12 120
50-59 2.700 54 1000 | 10 |140 15 350 | 3500 70 11 16 18 18 400 2 &0 1.000 15 12 120
60 y mas 2.400 54 1200 | 10 | 140 15 350 | 3.500 70 1 14 16 18 400 2 60 1.000 20 12 120
Mujeres.
10-12 2300 41 1300 | 18 |us 15 300 |3.100 | 1.200 45 09 14 15 16 300 2 60 200 15 10 60
13-15 2500 45 1300 | 18 [115 15 330 |3100| 1200 a5 1 15 17 21 400 2 &0 800 15 11 75
16-19 2.300 43 1300 | 18 1S 15 330 |3.500 | 1.200 50 09 14 15 17 400 2 &0 800 15 12 0
2039 2300 | 41 [1o000] 28 [a0] 35 [a%0(aseo[ 700 | ss | 05 | 14 | 35 | 16 | a0 [ 2 | 60 | eo0 15 12 | %
4049 2185 | 41 |1000] 18 |10 15 | 330 [3s00 700 [ s5 05 | 13 | 18 |16 | 0 | 2 | s | s 15 12 | %
5059 2075 | 41 [1200] 20 [a0] 35 [a00(asoo[ 700 | ss | o8 | 12 | 14 | 16 | s0 [ 2 | 60 | e 15 12 | %
60y mds 1875 41 1200 | 10 |10 15 300 |3.500| 700 55 08 11 12 16 400 2 80 200 20 12 50
Gestacidn (2 mitad) | 4250 | +15 | 1300| 18 |+25| 20 |+120|3500| 700 | €5 w01 | 02 | 2 19 | o0 | 22 | s0 800 15 3 %0
Lactancia +500 +25 |1300| 18 [+4s| 25 |+120|3s00| 700 75 +02 | +03 +3 2 500 26 3 1300 15 +5 50
* Primera y segunda mitad de 3 gesacion
https://www.ucm.es/data/cont/docs/458-2018-01-26-IR-Tablas-Moreiras-col-2016-web.pdf
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itami m3 d idad
L]
Vitaminas: margenes de segurida
Ingesta Maxima Tolerable [Tolerable Upper Intake Levels
(uL)]
Mas A 10 veces IR Nutriente UL/dia
. Al Vitamina A 3000
riesgo b} || Carotenos - poco téxicos i He
a2 q Carotenoides -
(+) (coloracién de la piel) —
Vitamina D 50 pg (2000 UI)
Cuidado con megadosis Vitamina E (a) (b) 1000 mg
Vitamina K -
L) fra— —
B6 .~.,..vm.- g Vitamina B1
«-rw,, ° i i -
Niacina | 50 veces IR | “wer == Vitarina B2
Nt Vitamina B6 100 mg
Niacina (a) 35mg
Folato de alimentos -
K 50-100 veces IR Ac. félico sintético (a) 1000 pg
B9 K, - poco toxica Vitamina B12 -
K, - mds téxica Biotina -
Colina 35g
Acido pantoténico -
Menos E > 100 veces IR yr—— 2000 Mg
- — No hay informacién suficiente para establecer de momento UL para
( ) Bl’ BZ’ B5’ Bs’ B12 estos nutrientes. En estos casos, la ingesta de cantidades superiores a las
C recomendadas debe hacerse con mayor precaucion.
(a)UL para vitamina E, niacina y folato se aplica a las formas sintéticas
idas a partir de i fortificados 0 a ambos.
(b)Como alfa-tocoferol: se aplica a cualquier suplemento de alfa-
tocoferol.
Angeles Carbajal Azcona. Departamento de Nutricién y Ciencia de los Alimentos. Facultad de Farmacia. Universidad Complutense de Madrid

Toxicidad de vitamina D

¢ No toxicidad a partir del sol
e Riesgo con suplementos y alimentos fortificados

e Hipercalcemia
e Calcificacion de tejidos blandos (rifién, corazén, vasos sanguineos, pulmones, ..)
e Riesgo de muerte
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MORBO PUERTLI,
TRACTATUS,
Opera primo ac Potiffimum
Fraxcisci Gussonu Dotoris,
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Nifio negro con raquitismo. 1938, Wadesboro, Carolina del Norte, USA.
Fotografia de M. Wolcott, Farm Security Administration. The Library of Congress, USA

http://milksci.unizar.es/bioquimica/temas/vitamins/vitaminad.html
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Curiosidades

Hobbit villains hobbled by "vitamin D deficiency (Los villanos de "El Hobbit" (Tolkien, 1937) cojeando
por "la deficiencia de vitamina D")

http://www3.imperial.ac.uk/newsandeventspggrp/imperialcollege/newssummary/news 13-12-2013-

16-45-46

199 (11): 805-806.

The hobbit — an unexpected deficiency. Joseph A Hopkinson, Nicholas S Hopkinson. Med J Aust 2013;

https://www.mja.com.au/journal/2013/199/11/hobbit-unexpected-deficiency
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