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In ter ac tions be tween drugs and micro nut ri ents

Ab stract. In ter ac tions be tween drugs and 
micro nut ri ents have re ceived only lit tle or no
at ten tion in the med i cal and phar ma ceu ti cal
world in the past. Since more and more phar -
ma ceu tics are used for the treat ment of pa -
tients, this topic is in creas ingly rel e vant. As
such in ter ac tions – de pend ing on the du ra tion
of treat ment and the sta tus of micro nut ri -
ents – im pact the health of the pa tient and the
ac tion of the drugs, phy si cians and phar ma -
cists should pay more at ten tion to such in ter -
ac tions in the fu ture. In this con text, the phar -
ma cist, as a drug ex pert, as sumes a par tic u lar
role. Like no other pro fes sional in the health
care sec tor, he is par tic u larly pre des tined and
called up to re spond to this task. The fol low -
ing ar ti cle in tends to point out the rel e vance
of mu tual in ter ac tions between micro -
nutrients and drugs, without claiming to be
exhaustive.

Introduction

Thanks to mod ern health care and the im -

prove ment of life qual ity, the av er age life ex -

pec tancy of Eu ro pe ans has al most dou bled

over the past 100 years. It is es ti mated that by

2010 more than 20% of the Eu ro pean pop u la -

tion will be over 70 years of age. The in crease

in the mean age goes along with an in creas ing

num ber of multimorbid pa tients, who suf fer

from nu tri tion-as so ci ated dis eases and usu -

ally de pend on complex pharmacotherapy.

Multimorbidity in ev i ta bly leads to poly -

pharmacotherapy. Sur veys on the pre scrip -

tion hab its in Ger man clin ics re veal that a pa -

tient is given, on av er age, 3 – 6 dif fer ent drugs 

dur ing clin i cal treat ment. Each ad di tional

med i ca tion, how ever, in creases the risk of

side ef fects or in ter ac tions. The prob lem of

ad verse ef fects has been con firmed by the re -

sults of a meta-anal y sis car ried out by the

Jour nal of the Amer i can Med i cal As so ci a tion

in 1998, which in ves ti gated the in ci dence of

side-ef fects in clin i cal pa tients in the US. The

anal y sis of 39 pro spec tive stud ies showed

that se vere side-ef fects had oc curred in 6.7%

of pa tients, with a death rate of 0.32%. The

au thors es ti mated that in 1994 se vere side ef -

fects oc curred in 2,216,000 clin i cal pa tients

whereas 106,000 pa tients died from such ef -

fects. Al though the re sults of this anal y sis

should not be over rated given the het er o ge ne -

ity of the con ducted stud ies, it be comes clear

that ad verse med i cal ef fects are of high clini cal 

rel e vance and can take on crit i cal di men sions.

Interactions between drugs

and micronutrients

Micro nut ri ents and drugs use the same

trans port and me tab o lism path ways in the

body for their ab sorp tion, me tab o lism, and

elim i na tion. This means that when one or

more drugs are taken, there is al ways a po ten -

tial risk of in ter ac tions with the nu tri ent bal -

ance. As a con se quence of this, the ac tion of a

drug may be ad versely af fected by a micro -

nutrient (e. g. de crease in the ef fi cacy of tetra -

cyclines due to cal cium) and sim i larly the

phys i o log i cal func tion of a vi ta min or min eral 

may be im paired by a drug (e.g. an tag o nism

of fo lic acid by MTX). Dis rup tion of micro -

nutrient lev els can re sult in se ri ous met a bolic

dis tur bances, as there is hardly a sin gle phys i -

o log i cal pro cess in the body that is not me di -

ated by one or another of these biocatalysts.

Given the ever-in creas ing num ber of phar ma -

ceu ti cal prod ucts on the mar ket and the fre -

quency with which they are used, greater at -

ten tion must now be fo cused in par tic u lar on

the ad verse ef fects of drug ther apy on the

micronutrient bal ance (Figure 1) in or der to

min i mize the po ten tial risk to the health of pa -

tients.

Vi ta mins, min er als and trace el e ments

have a con sid er able pre ven tive med i cal and
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ther a peu tic po ten tial in the pre ven tion and

ther apy of nu tri tion-as so ci ated dis eases. A

dis tur bance of the micronutrient sta tus can re -

sult in se vere dis or ders of the me tab o lism, be -

cause al most ev ery phys i o log i cal pro cess in

the body in volves one of these bio cat a lysts.

In view of the fre quency and steadily in creas -

ing num ber of drugs, the ad verse ef fects of

pharmacotherapy on micro nut ri ents should

be given far more con sid er ation than in the

past in or der to min i mize the po ten tial risks

for pa tients.

A num ber of drugs, for ex am ple, in ter fere

with the phys i o log i cal ex cre tion of homo -
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Fig ure 1. Dis rup tion of micronutrient sta tus by drugs [2].

Ta ble 1. Drugs that may in crease the level of homocysteine (Hcy).

Drug Mech a nism

a) Drugs fre quently used for car dio vas cu lar dis eases

Cholestyramine

Fibrates (e.g. Fenofibrat) re duced

Di uret ics (e.g. thiazide)

HCT/Triamteren

Metformin

Nic o tinic acid

Im pair ment of fo lic acid and cobalamin ab sorp tion PPARa

ac ti va tion, in ter fer ence with re nal func tion, 

homo cysteine ex cre tion (al ter na tively: Gemfibrozil) 

re nal ex cre tion­ of fo lic acid, B12 and B6 re nal ex cre tion­

of fo lic acid/fo lic acid an tag o nism bind ing of cal cium, 

vi ta min B12 ab sorp tion¯, fo lic acid/ B12-plasma level ¯ 

vi ta min B6 an tag o nist, in hib its pyridoxal kinase

b) Fur ther drugs

Anti-ep i lep tic drugs (e.g. carbamazepine,

phenytoin, valproic acid)

Cyclosporin A

Levodopa

Isoniazid

Oral con tra cep tives

Lax a tives

L-Methionine

Methotrexate (MTX)

Omeprazole

Sulfasalazine

Theophylline

Trimethoprim

fo lic acid an tag o nism, en zyme in duc tion, 

in hibit folat ab sorp tion

re nal func tion¯, re nal ex cre tion¯ of homocysteine 

sub strate of SAM-de pend ent methylation 

vi ta min-B6 an tag o nist through com plex for ma tion 

in ter fer ence with fo lic acid 

fo lic acid ab sorp tion ¯

homocysteine pre cur sor

fo lic acid an tag o nism, in hib its dihydrofolate reductase

Im pair ment of vi ta min B12 ab sorp tion

fo lic acid ab sorp tion¯

vi ta min-B6 an tag o nist, in hib its pyridoxal kinase

in hi bi tion of dihydrofolate reductase



cysteine, an angiotoxic and neurotoxic amino

acid,

– act ing as di rect or in di rect an tag o nists of

co factors and en zymes

– by in ter fer ing with the ab sorp tion or

biotransformation of vi ta mins 

– and/or en zyme mod u la tion (e.g. cyto -

chrom- P450 en zyme in duc tion)

which leads to hyperhomocystinemia.

What this should make us think about is the

fact that the list con tains a num ber of drugs

(Table 1) which are reg u larly used to treat car -

dio vas cu lar dis eases (e.g. dyslipoproteine mia,

hyper tonia, di a be tes mellitus) with out the

aware ness that an in crease of the homo cysteine

plasma level (> 9 mmol/l) poses a high risk to

health.

Next to the nec es sary med i ca tion, mon i -

tor ing the homocysteine lev els and the sup -

ple ment of 5-Methyl-THF, vi ta min B12, B2

and B6, constitute fur ther im por tant el e ments

in the pharmacotherapy of car dio vas cu lar dis -

ease to de crease the in di vid ual car dio vas cu lar

and neuro-cognitive risk!

Consequences of latent

micronutrient deficiencies

In the clin i cal con text, it has to be as -

sumed that the dark fig ure of drug-in duced

im bal ances of micro nut ri ents is quite high, al -

though they only sel dom ap pear as man i fest

de fi ciency symp toms (Table 2). They rather

oc cur as un spe cific dis tur bances due to la tent

micronutrient de fi ciency, which ex presses

through lack of ap pe tite, gen eral weak ness,

learn ing and con cen tra tion dis tur bances,

head aches, ner vous ness and in creased li a bil -

ity to in fec tions or stress. In the med i cal and

phar ma ceu ti cal prac tice, such symp toms are

of ten dis re garded, or ac cepted as met a bolic

im bal ances due to age, en vi ron ment or ge net -

ics, al though they con sid er ably im pact the

health and well-be ing of the pa tients.

La tent de fi cien cies can rap idly give way

to clin i cally man i fest de fi cien cies, when the

or gan ism is ex posed to ma jor strains (e.g.

influenzal in fec tion, phys i cal or emo tional

stress, med i ca tion). Cur rent sur veys on con -

sump tion hab its and nu tri tion re ports di ag -

nose la tent nu tri ent de fi cien cies in al most all

groups of peo ple. School chil dren, work ing

women and men, ath letes, preg nant women

and el derly peo ple are par tic u larly af fected. If 

we take into ac count that the ac tiv ity of mag -

ne sium-de pend ent en zymes falls by 50%

when the sup ply of mag ne sium to the cells de -

creases by 25%, we can hardly imag ine the

im pact of long-last ing and latent micro -

nutrient deficiencies on our health.

Phy si cians of Har vard Uni ver sity re cently

eval u ated sci en tific stud ies stretch ing over a

pe riod from 1966 to 2002 and came to the con -

clu sion that a la tently ex ist ing under supply of

vi ta mins con sid er ably in creases the risk of

chronic dis eases. Re duced ab sorp tion of fo lic

acid, vi ta min B6 and B12 rep re sents a risk

fac tor for car dio vas cu lar dis eases, neu ral tube 

de fects as well as breast and co lon can cer.

Suboptimal sup ply with vi ta min D and K in -

creases the risk of os teo po ro sis. The risk of

con tract ing rad i cals-as so ci ated dis eases such

as ar te rio scle ro sis, macula de gen er a tion or

can cer is in creased by an in ad e quate sup ply

of anti-ox i da tive vi ta mins (e.g. vi ta min A, E,

C, lutein). As most peo ple do not have the op -

ti mum quan tity of all micro nut ri ents, the Har -

vard phy si cians rec om mend that adults

should daily take a food sup ple ment con tain -

ing mul ti vi ta mins and min eral nu tri ents to

pre vent po ten tial undersupply. Here they par -

tic u larly stress the im por tance of fo lic acid,

vi ta min B6, B12 and vi ta min D!

Factors influencing

drug-micronutrient

interactions

The use of me dic i nal prod ucts that af fect

the me tab o lism of vi ta mins and min er als does 

not au to mat i cally mean there is a risk of
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Ta ble 2. Symp toms of mar ginal micronutrient de fi cien cies (se lec tion) [3].

Micronutrient Symp toms

vi ta min B1

ni a cin

vi ta min B6

vi ta min B12

fo lic acid

vi ta min C

mag ne sium

iron

zinc

learn ing and con cen tra tion dis or ders

de pres sion, fa tigue, ner vous ness

head ache, fa tigue, ner vous ness

ap a thy, men tal def i cits, de men tia

ap a thy, men tal def i cits, de men tia

re duced phys i cal per for mance, ep i sodes of de pres sion,

li a bil ity to in fec tions

ten sion head ache, li a bil ity to stress, ner vous ness

pal lor, fa tigue, li a bil ity to in fec tions

li a bil ity to in fec tions, poor wound heal ing



drug- induced micronutrient def i cits. Of crit i -

cal im por tance here is the du ra tion of treat -

ment and the nu tri tional sta tus prior to the

start of treatment.

As a gen eral rule, the micronutrient sta tus

of a healthy per son with a bal anced diet is not

ad versely af fected by use of pharmaceuticals

for short pe ri ods. If in take of a micronutrient

is al ready in ad e quate, or if a drug has been

taken for a lengthy pe riod or along side other

drugs, then in ter ac tions be tween micro nut ri -

ents and drugs be come rel e vant and must con -

se quently be taken in creas ingly into ac count

in di ag nos tic and ther a peu tic con sid er ations.

Those at par tic u lar risk are the chron i cally ill

(long-term med i ca tion), the el derly (multi mor -

bidity, mul ti ple drug ther apy), and pa tients

who are self-med i cat ing with out seek ing the

ad vice of a doc tor or phar ma cist. The na ture

and in ten sity of the in ter ac tion be tween a

drug and a micronutrient de pend on a host of

in flu enc ing fac tors (Ta ble 3). Chief among

them are the phar ma co log i cal and tox i co log i -

cal ac tion pro file of the drug, the du ra tion of

med i ca tion, and the pa tient’s di etary hab its

and micronutrient sta tus at the start of drug

ther apy.

Interaction mechanisms

In ter ac tions man i fest when the ef fect

and/or side-ef fect of a sub stance is qual i ta -

tively or quan ti ta tively al tered by a sec ond

sub stance which ei ther im pacts ab sorp tion,

me tab o lism or elim i na tion, or causes a syn er -

gis tic or an tag o nis tic ef fect in a dif fer ent lo ca -

tion. Based on the un der ly ing mech a nisms,

in ter ac tions be tween rem e dies and nutrients

can be categorized into 

– pharmacodynamic and

– pharmacokinetic

in ter ac tions in anal ogy to the in ter ac tion

of rem e dies.

Pharmacodynamic interactions

Pharmacodynamic in ter ac tions be tween

drugs and micro nut ri ents may oc cur when the 

in ter act ing sub stances have ei ther an

antagonistic or a syn er gis tic ef fect on a par tic -

u lar site of ac tion (e.g. en zyme) or in a closed

loop. Since many micro nut ri ents act as co-en -

zymes (e.g. fo lic acid) or co-fac tors (e.g.

mag ne sium), in ter ac tions man i fest es pe cially 

on the en zy matic level.

The in hi bi tion of micronutrient-spe cific

ef fects on a phys i o log i cal site of ac tion (Table 

4) is the ther a peu tic prin ci ple of spe cific

drugs, in clud ing an ti co ag u lants of the dicou -

marol-type, an ti bac te rial fo lic-acid an tag o -

nists or car diac glycosides.

Vitamin K and dicoumarol

derivates

There is a great anal ogy in struc ture be -

tween the vi ta min-K an tag o nist phenpro -
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Ta ble 3. Drug-micronutrient in ter ac tions and in flu enc ing fac tors [2].

Drug

– in di ca tion, dos age and du ra tion of med i ca tion 

– ab sorp tion, dis tri bu tion, biotransformation and elim i na tion (® pharmaco -

kinetics)

– phar ma co log i cal/tox i co log i cal ac tion pro file, site of ac tion, mech a nism of

ac tion and strength (® pharmacodynamics)

– phys i cal and chem i cal prop er ties (® ap pli ca tion, phar ma ceu ti cal form,

galenics)

– mono- or com bi na tion ther apy

– sub stance-sub stance in ter ac tions

Micronutrient

– bio chem i cal and phys i o log i cal func tions

– ab sorp tion, dis tri bu tion, biotransformation, stor age and ex cre tion

– physicochemical prop er ties (e.g. fat sol u ble, wa ter sol u ble, struc ture)

Pa tient

– age, sex, ill ness

– micronutrient sta tus

– med i ca tion (in clud ing un con trolled self-med i ca tion, sup ple ments of vi ta min

prep a ra tions)

– di etary hab its

– gas tro in tes ti nal in teg rity

– func tion of the liver and kid neys

– con sump tion of un healthy foods/sub stances (al co hol, smok ing, sweets)

Ta ble 4. Micronutrient an tag o nists (se lec tion).

Micronutrient An tag o nist En zyme (site of ac tion)

Fo lic acid Methotrexat, Tetroxoprim,

Trimethoprim, Triamteren,

Pyrimethamin

Dihydrofolat-reductase

Coenzyme Q10 Statins (e.g. lovastatin) HMG-CoA-Reductase

Vi ta min K Phenprocoumon, War fa rin Vi ta min-K epoxide- reductase

Cal cium Mag ne sium myo car dial cell (com pe ti tion

for mem brane cal cium chan -

nels and bind ings to Troponin)

Po tas sium car diac glycosides Mg-de pend ent Na+/K+-

 ATPase



coumon and the nat u ral vi ta min K. It in hib its

vi ta min K epoxide reductase in the so-called

vi ta min K cy cle, thereby sup press ing the

carboxylation of vi ta min-K-de pend ent clot -

ting fac tors and re duc ing blood coagulation.

Vi ta min K is not only es sen tial for co ag u -

la tion, but also for the g-carboxylation of

osteocalcin, a bone pro tein which mainly oc -

curs in the fast grow ing sec tions of the bones.

Osteocalcin (Oc) is a non-col la gen glyco -

protein that is pro duced in the os teo blasts and

stimulates the for ma tion of bones. When, be -

cause of a lack of vi ta min K or dur ing a ther apy 

with vi ta min K-an tag o nists, g-carboxyla tion is 

blocked, the frac tion of non- carboxylated

osteocalcin (ucOc) in the plasma in creases.

Un der-carboxylated osteocalcin is an im por -

tant in di ca tor for im pair ments in the bone me -

tab o lism. Thus it can not be ruled out that pa -

tients un der go ing a long-term ther apy with

an ti co ag u lants of the dicoumarol-type are not

put to a higher risk for os teo po ro sis. How ever,

as large quan ti ties of vi ta min K (e.g. vi ta min K

prep a ra tions, veg e ta bles) may di min ish the

ef fec tive ness of vi ta min K an tag o nists, the

dos age of vi ta min K should be de ter mined de -

pend ing on the Cumarine- anticoagulants-

 therapy, and the co ag u la tion pa ram e ters

should be closely con trolled [4].

Potassium and cardiac

glycosides

De pend ing on the con cen tra tion, car diac

glycosides bind mag ne sium-de pend ent Na+/

K+- ATPase of myo car dial cells and re duce

the ac tion of en zymes. This, in turn, leads to a

re duced leak age of so dium ions out of the cell

and in flux of po tas sium ions into the cell. In -

creased intracellular so dium con cen tra tion

leads to an in creased cal cium in flux into the

cell via plasma mem brane Na+/Ca2+-

exchanger, re sult ing in in creased myo car dial

con trac tion (positive inotropic effect).

One dis ad van tage of car diac glycosides is

their nar row ther a peu tic band width, which

be comes par tic u larly man i fest in po tas sium

im bal ances. Po tas sium de ple tion (e.g. caused

by thiazides or loop di uret ics, lax a tives) in -

creases the ef fects of car diac glycosides and

thus the risk for car diac dysrhythmia. Par -

enteral ap plied cal cium salts in crease tox ic ity

as well. For this rea son, in jec tions of cal -

cium-con tain ing so lu tions are best avoided

un der glycoside ther apy, whereas po tas sium

(e.g., min eral nu tri ent prep a ra tions) or po tas -

sium-spar ing di uret ics (e.g. spironolacton,

triamteren) reduce the therapeutic effect of

cardiac glycosides.

The glycoside tol er ance, how ever, can be

en hanced with mag ne sium, be cause it reg u -

lates the po tas sium bal ance and, in terms of

cal cium an tag o nist, pro tects the myo car dial

cells from over-load ing with cal cium ions. It

is there fore rec om mended to closely mon i tor

the level of po tas sium and mag ne sium un der

car diac glycoside ther apy and, if nec es sary,

use sub sti tutes to regulate the sys tem [5].

Folic acid and folic-acid

antagonists

The an ti bac te rial fo lic-acid an tag o nists

Trimethoprim and Tetroxoprim, which are of -

ten used in com bi na tion with sulfonamide

(sulfamethoxazol, sulfadiazin), in hibit the

dihydrofolate-reductase in bac te ria. Al though

the af fin ity to hu mane dihydrofolate- reduc -

tase is sev eral dec i mal lev els higher for the

bac te rial en zyme, pa tients treated with this

drug showed im paired hematopoesis (mega -

lo blastic ane mia) and homocysteine me tab o -

lism. The same in ter ac tions can oc cur un der

ther apy with the po tas sium-spar ing di uretic

Triamteren or with the Antiprotozoal drug

Pyrimethamine.

Statins and coenzyme Q10

Statin drugs pro duce a pro por tional de -

crease of ubiquinol-10 and ubiquinone-10

lev els as well as se rum cho les terol lev els.

Some of the ad verse re ac tions of statins (e.g.

myopathic symp toms) could be a di rect or in -

di rect re sult of coenzyme Q10 de fi ciency

con se quent to statin treat ment [6].

Pharmacokinetic interactions

Pharmacokinetic in ter ac tions be tween

drugs and micro nut ri ents man i fest, among

other things, as ab sorp tion, biotransformation 

or ex cre tion pro cesses. They usu ally lead to a

re duced bioavailability of a drug or micro -

In ter ac tions be tween drugs and micro nut ri ents 5



nutrient in the gas tro in tes ti nal tract, which is

most closely as so ci ated with pharmaco -

kinetic interactions.

Interactions with absorption

Minerals and antibiotics

(Tetracyclines, Gyrase inhibitors)

One of the most fre quent causes for ther a -

peu tic fail ure among antibacterials is the in -

take of tetracyclines (e.g. doxycycline) or

gyrase in hib i tors (e.g. ciprofloxacin) to gether 

with cal cium, mag ne sium, iron and/or zinc

(e.g. milk prod ucts, min eral nu tri ents). The

for ma tion of poorly absorbable mineral-

 drug- complexes re sults in a par tial or com -

plete loss of ef fi ciency of the an ti bi otic. For

this rea son, the sec ond drug should be taken

af ter a min i mum interval of 3 hours.

Fat-soluble vitamins and

colestyramine

The an ion-ex change res ins Colestyr ami -

ne and Colestipol – used to re duce high cho -

les terol lev els – pro mote, via the absorption

of bile ac ids the ex cre tion of bile ac ids and re -

duce of the hepatic bile acid pool. The new

syn the sis of bile ac ids from cho les terol leads

to a lower level of cho les terol in the blood.

Dis or ders in the ab sorp tion and di ges tion of

fats can re sult in a lack of fat sol u ble vi ta mins

(A, D, E, K, Pro-Vitamin A).

In re search stud ies car ried out with healthy

test people who re ceived 16 g colestyramine on

4 con sec u tive days, the vi ta min B12 ab sorp -

tion dropped by 55 – 90%. Colestyr amine be -

comes bound to the in trin sic fac tor (IF),

thereby af fect ing the ab sorp tion of vi ta min

B12.

More over, the for ma tion of poorly sol u ble 

com plexes with iron, cal cium or mag ne sium

sig nif i cantly low ers the bioavailability of

min eral nutrients.

Vitamin B12 and ulcus drugs 

(e.g. omeprazole, ranitidine)

Long-term ther a pies with pro ton pump in -

hib i tors (e.g. omeprazole) and H2-blockers

(e.g. ranitidine) can sig nif i cantly lower the vi -

ta min B12 se rum lev els due to re duced vi ta -

min B12 ab sorp tion. In our food, vi ta min B12 

is bound to pro teins and is to be re leased from

the bind ing in the stom ach de pend ent from

pH through hy dro chlo ric acid and pep sin.

Only then can it be come bound to the in trin sic 

fac tor in the up per part of the small in tes tine

and ab sorbed with the help of spe cific re cep -

tors (Figure 2). Up to 40% of el derly peo ple

(> 60) suf fer from a lack of vi ta min B12 as a

con se quence of atro phic gas tri tis. In re gard to 

a suf fi cient sup ply with vi ta min B12, such pa -

tients should be given pro ton pump in hib i tors

with ut most care. 

The in hi bi tion of the in trin sic fac tor

through H2-blockers is of lesser im por tance

for the bioavailability of vi ta min B12. What

is more im por tant is the risk of patho genic

bac te ria pop u lat ing the gas tric mu cosa (e.g.

Helicobacter pylori) as a con se quence of a re -

duced bac te ri cidal ef fect of the gas tric juice.

In ad di tion to vi ta min B12 ab sorp tion, ant ac -

ids also de crease the pH-gra di ent stim u lated

in tes ti nal ab sorp tion of folic acid and thus

bioavailability [7].

Biotransformation and

metabolism

Vitamin D and anti-epileptics

Anti-ep i lep tics such as phenobarbital,

pheny toin, primidone or carbamazepine in -

duce cytochrom-P450-con tain ing mono-oxy -

genases in the liver cat a lyze the deg ra da tion
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Fig ure 2. In hi bi tion of the ac tive ab sorp tion of vi ta -

min B12 by pro ton pump in hib i tors and metformin.



and me tab o lism of vi ta min D (Table 5). This

re sults in a sig nif i cant de crease of the

25-(OH)- and 1.25-(OH)2 vi ta min D3 level in 

the se rum and, due to hypocalcemia, to an in -

crease of the parathormone level (sec ond ary

hyperparathyroidism). The ex cre tion of

pyridinoline crosslinks rises as an in di ca tor

for in creased bone ab sorp tion. De creas ing

bone den sity (lum bar spine L2 – L4) and pro -

lif er a tion of osteocytes are as so ci ated with a

sig nif i cantly in creased risk of frac tures. Phar -

ma cists should there fore in form pa tients, who 

reg u larly take anticonvulsants, about the im -

por tance of vi ta min D and the in di vid ual risk

of os teo po ro sis caused by a lack of vi ta min D.

With out ad e quate sub sti tu tion of vi ta min

D, long-term med i ca tion with anti con -

vulsants fre quently leads to a lack of vi ta min

D. Teens who do lit tle phys i cal ex er cise as

well as mul ti ple mor bid pa tients with lit tle ex -

po sure to UV light are par tic u larly af fected.

More of ten than not ep i lep tic pa tients con -

sume lots of caf feine-con tain ing drinks (e.g.

cof fee) due to the side-ef fects (fa tigue) of the

drugs, which, how ever, con trib ute to a further 

loss of micronutrients.

Pa tients with long-term med i ca tion of

anticonvulsants should be ad vised to reg u -

larly visit their or tho pe dist to mea sure bone

den sity (DXA-mea sur ing method) and take

an ad e quate amount of bone-re lated micro -

nut ri ents such as vi ta min D (1,000 – 2,000

(4,000) i.u./d), cal cium and vi ta min K, es pe -

cially dur ing the win ter months. Hypo vita mi -

no sis D is in di cated by a 25-(OH)-vitamin-

 D3-(calcidiol) serum level of < 80 nmol/l [8].

Vitamin B6 and L-Dopa

The aim of Par kin son’s drug ther apy is to

sub sti tute the miss ing Do pa mine in the cen -

tral ner vous sys tem and mit i gate the

in creased cholinergic ac tiv ity. The most ef fi -

cient anti-Par kin son drug to-date is levodopa

(L-Dopa) which im proves all symp toms of

the Par kin son’s dis ease, in par tic u lar akine sia

and psy chic dis or ders. Since 90% of the

orally ap plied L-Dopa dose is de graded in the

pe riph ery so that only 10% is avail able for the 

CNS, L-Dopa is al most ex clu sively used in

com bi na tion with the de car box yl ase in hib i -

tors benserazide or carbidopa. Benserazide

and carbidopa in hibit the pe riph eral de carb -

oxylation of L-Dopa to dopamine and in -

crease the avail abil ity of dopamine in the

brain. Thanks to this com bi na tion, the dose of

L-Dopa can be con sid er ably lowered and the

peripheral vegetative side-effects reduced.

Higher doses of vi ta min B6 (e.g. sup ple -

ments) can sig nif i cantly af fect the bio avail -

ability and the ef fec tive ness of L-Dopa. Vi ta -

min B6 in the form of pyridoxal-5’- phosphate

is a coenzyme of nu mer ous en zymes which

play a role pre dom i nantly in the amino-acid

me tab o lism. As the coenzyme of L-amino

acid decarboxylases, the vi ta min ac cel er ates

the pe riph eral decarboxylation of L-Dopa to

do pa mine. Con se quently, the dopaminergic

nerve end ings in the nigrostriatum have less

L- Dopa avail able, which can be decarb -

oxylated to the ac tive sub stance dopamine.

Par kin son symp toms such as rigor,

akinesia and tremor in ten sify. More over, the

un-phys i o log i cally high dopamine lev els in

the pe riph ery lead to gas tro in tes ti nal and car -

dio vas cu lar dis or ders. Al though the com bi na -

tion of L-Dopa with a decarboxylase in hib i tor

(e.g. carbidopa) mit i gates the prob lem atic in -

ter ac tion, pa tients should not take vi ta min B6

in high phar ma co log i cal doses (> 10 – 20 mg/

day, p.o.) with out con sult ing their phy si cian

first!

Excretion

Di uretic ther apy will in prin ci ple cause a

mul ti ple loss of micro nut ri ents, es pe cially of

the wa ter-sol u ble vi ta mins and min er als, due

to re nal hyper-excretion.

Magnesium, potassium and diuretics

A ma jor side ef fect of the thiazide and the

high ceil ing di uret ics is a re nal loss of mag ne -
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Ta ble 5. Bone me tab o lism dis or ders caused by anticonvulsants – mech a -

nisms.

– ac ti va tion (in duc tion) of Cytochrom-P-450 con tain ing mono-oxygenases in

the liver that cat a lyze me tab o lism and deg ra da tion of vi ta min D

– in creased biliary vi ta min D ex cre tion (ex cre tion with bile ac ids)

– re duced in tes ti nal and re nal Cal cium ab sorp tion (e.g. Phenytoin)

– in creased re lease of Parathormones due to drop of cal cium and 25- hy -

droxy vi ta min D3 lev els in the se rum (sec ond ary hyperparathyroidism)

– hypophosphatemia

– in creased bone isoenzyme of al ka line phosphatase (bone AP) in the se rum

– di rect toxic ef fects (e.g. Carbamazepine, Phenytoin) on os teo blasts

– in hi bi tion of Calcitonine se cre tion (es pe cially Phenytoin)



sium and po tas sium (Figure 3). Mag ne sium

de fi ciency is a grave prob lem be cause mag -

ne sium plays a key role in intracellular po tas -

sium reg u la tion, and hypomagnesemia can

cause cel lu lar po tas sium de ple tion. At the

same time, mag ne sium de fi ciency can cause

intracellular so dium and cal cium concen tra -

tions to rise.

A newly re leased study on the in flu ence of 

antihypertensives on mag ne sium me tab o lism

showed that hy per ten sion pa tients be ing

treated with anti-hypertensives (for ex am ple

di uret ics, ACE in hib i tors or b-blockers) were

more likely to have a mag ne sium de fi ciency

than con trol per sons. The com pen sa tion of a

mag ne sium de fi ciency with mag ne sium sup -

ple ments led both to a highly sig nif i cant in -

crease in mag ne sium blood se rum lev els and

to an av er age drop in sys tolic blood pres sure

by 15 – 20 mm Hg and an av er age drop in di a -

stolic pres sure of 5 – 9 mm Hg. Ac cord ing to

re ports by pa tients in this study, the fre quency 

of typ i cal symp toms such as car diac ar rhyth -

mia, an gina pectoris sleep ing prob lems and

ner vous ness sank with oral magnesium sup -

plementation (320 mg/d, p.o.).

Mag ne sium and po tas sium de fi ciency are

of great clin i cal sig nif i cance dur ing long-

 term treat ment with di uret ics, be cause hypo -

magnesemia and/or hypokalemia can en cour -

age car dio vas cu lar com pli ca tions (e.g. arrhyth -

mias) and di uretic-as so ci ated dis tur bances of

glu cose tol er ance and lipid me tab o lism. For

this rea son, the cor rec tion of ex ist ing mag ne -

sium and po tas sium de fi cien cies should be

the first step in ev ery hy per ten sion ther apy

be fore antihypertensives are ad min is tered.

Mag ne sium supplementation can ac tu ally re -

duce the need for antihypertensives and im -

prove car diac and vas cu lar func tion in

hy per ten sion pa tients [9].

Vitamin B1 and furosemide

Long-term furosemide ther apy for pa tients

suf fer ing from chronic heart fail ure re sulted in

thi a mine de ple tion as a con se quence of ex -

traor di narily high re nal thi a mine ex cre tion.

Ac cord ing to its phys i o log i cal im por tance for

en ergy me tab o lism, ab sorp tion in the gas tro in -

tes ti nal tract vi ta min B1 is quickly dis trib uted

to the or gans and tis sues de pend ing on their

in di vid ual met a bolic rate. At 3 – 8 µg/g the

myocardium holds the high est pro por tion of

vi ta min B1. Thi a mine de ple tion may fur ther

de te ri o rate the car diac pump func tion that is

al ready af fected by car diac in suf fi ciency. The 

thi a mine sta tus should be reg u larly con trolled 

un der furosemide ther apy (pa ram e ter: thi a -

mine level in the blood, transketolase ac tiv -

ity) and com pen sated through sub sti tu tion

with highly bio available thi a mine deri vates

(e.g. benfoti amin).

L-Carnitine and Valproic acid

The kid neys play a key role in the ho meo -

sta sis of the carnitine me tab o lism. Over 95%

of the ul tra-fil tered carnitine are re ab sorbed.

The re nal clear ance of Acylcarnitine is sig nif -

i cantly higher (> 3 times) than of free

carnitine. Valproic acid binds L-carnitine

(valproyl-carnitine) and may re sult in iat ro -

genic Carnitine de ple tion due to in creased ex -

cre tion of valporyl-L-carnitine es ters. The

b-ox i da tion of fatty ac ids, i.e. fat burn ing and

en ergy gain in the form of ATP, is thus dis -

turbed, be cause fatty ac ids can only be trans -

ported in the form of carnitine es ters (Acyl -

carnitine) through the in ner mi to chon drial

mem brane. Valproic ac ids also af fect the cel lu -

lar carnitine up take by in hib it ing the ac tiv ity of 

mem brane carnitine trans port ers, such as

carnitine-acylcarnitine trans locase (CAT).

Long-term ther apy with valproic acid

showed that adults, and chil dren in par tic u lar,

suf fer from a lower L-carnitine plasma level,

el e vated acyl-carnitine: to tal carnitine ra tio in 

the urine as well as from re duced tu bu lar re -

ab sorp tion of free L-carnitine in the kid neys.

Fac tors con trib ut ing to valproic- acid-

 induced carnitine de ple tion are, be sides
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Fig ure 3. Loop di uret ics and thiazides – mech a -

nism of ac tion.



long-term med i ca tion, also com bi na tion ther -

a pies with other anti-ep i lep tics (phenobar bi -

tal, phenytoine). Pa tients, who are treated

with the anti-ep i lep tic valproic acid over a

long pe riod, may ben e fit from carnitine

supplements (500 bis 1,000 mg/d, p.o.) [10]. 

L-Carnitine and cisplatin

The carnitine sys tem un der goes sev eral

mod i fi ca tions in tu mor dis eases and in ex per -

i men tal tu mor mod els. No ta bly, some anti -

neo plastic drugs, pro duce ad verse ef fect of

der o gat ing this sys tem. This is the case with

cisplatin, ifosfamide and adriamycin. Cis pla -

tin in creases the re nal ex cre tion of carnitine

by the fac tor 10, prob a bly due to tu bu lar dam -

age and in hi bi tion of carnitine Re ab sorp tion.

Pa tients re ceiv ing cisplatin need a re place -

ment ther apy with L-carnitine (e.g. 1,000 mg

L-carnitine/d, p.o.) and mag ne sium to avoid

or min i mize mag ne sium and carnitine de fi -

ciency and met a bolic dis tur bances. A me tab o -

lite of ifosfamide, chloro actealdehyde, pro -

motes carnitine de fi ciency and seems to be

re spon si ble for side ef fects of this anti neo -

plastic drug. Supplementation with carnitine

could be ben e fi cial to pa tients treated with

ifosfamide, due to the role of carnitine in the

de tox i fi ca tion of chloro acetaldehyd [1, 11].
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