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P. ŠTERN, E. HASANAGIC AND R. IGIĆ

THE FUNCTION OF IRON IN THE FORMATION OF TREMOR*

Taylor et al sho\ved recently that a-a dipyrydil (D) \vhen injected
into rats inhibited tyrosine-hydroxylase (TH) in the suprarenal gland
and that it reduces noradrenaline in the brain (41). The same authors
noticed that rats vvhich received D developed tremor.

This result interested us for many reasons. We have sho\vn that
oxotremorine (OT) significantly reduces the concentration of total iron
(TFe) in the brain (17) and that the greatest reduction is in the corpus
striatum (CS). We have also sho\vn that the reduction of iron takes
place in the mitochondria of the CS.

In addition to this we proved that the total flavine (TF1) in the
complete brain of rats is reduced (20), as it is in the CS and the isolated
mitochondria of the CS (40)

As the inhibition of TH prevents the production of DOPA, i. e.
dopamine (46) and the function of this enzyme depends on iron (46, 26),
the question is vvhether the tremor described by Taylor et al is a good
model for Parkinson’s disease, because it is kno\vn that the reduction
of dopamine in the CS appears in the disease (25). Apart from that, b
could give us a better comprehension of the role of iron at the beginning
of Parkinson’s tremor. So the question is: is the reduction of iron the
cause or consequence of tremor.

It is known that TH is found in higher concentration in the nucleus
niger (6) (NN). Therefore it was necessary to determine the iron in NN
in tremor caused by D and OT. Apart from that, in this \vork \ve \vere
interested in the influence of D on the quantity of acetylcholine (Ach)
and dopamine in the brain of rat.

We also examined the influence of different drugs on tremor
caused by D. We gave D locally in the globus pallidus and NN by means
of steriotactic apparatus to see if the local reduction of iron in these
two regions leads to tremor. As \vell as TFe we determined TF1 and
copper in the brain of rat because \ve have sho\vn that tremorine redu­
ces copper too (18). We also examined the effect of D on temperature,
sense of pain and blood sugar.

* We express our thanks to the Federal Research Fund (Belgrade) for
financial support for this work (Nr. 3171).
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METHODS
Determination of iron in NN.
White rats of both sexes vvith a vveight of 200—250 g. vvere used

in the experiment. Oxotremorine (0,5 mg/kg) and D (25 mg/kg) vvere
injected intravenously. 30 minutes after the administration of oxotre-
morine or D the animals vvere killed by anaesthesis with ether. The
brain vvas vvashed out vvith normal saline in the following vvay: the
thorax vvas opened, the abdominal blood vessels tied and the aorta
ascendens in which a cannular vvas introduced for rinsing with normal
saline vvas cut through. After that the vena cava vvas also cut through
and the brain vvas rinsed until a clear fluid čame out.

The brain vvas then taken out and after the removal of the small
brain, it vvas cooled to —4°C. The cooled brain vvas isolated using the
method of Popov et al (31). The NN, vvhich is in region 8 (Tegmentum),
is clearly differentiated from the rest of the brain mass and by using a
magnifying glass vvith a fine occulistic scalple everything exoept the NN
in vvhich Fe vvas determined, vvas removed so that the tissue vvas homo
genous, and the iron was determined spectrometrically (7). TF1 and
copper in CNS vve determined by means of Bessey’s (3) method in
addion to Heilmeyer et al (21).

Statistica! analysis of the results vvas done by the method of
sequential analysis.

Dopamine vvas determined spectrofluometrically vvith Carlson and
Waldeck's method (5). Ach vvas extracted by Mclntosh and Perrys me­
thod (26) and the rectus abdominalis of frog vvas measured.

Of drugs vve gave atropine sulphate, caramiphen, ethyl benztropine,
penicillamine and alfa-methyl dopa, vvhich inhibit intentional tremor (38),
alfa-methyl-meta-tyrozine a depletor of dopamine (47), gamma-hydroxy-
butyrate vvhich increases dopamine in CNS (10), and DL-4-chloramphe-
tamine a depletor of serotonine (9). In addition vve determined the
activity of cholinesterase in vitro and in vdvo by Michelson’s method
(27), 30, 60, and 180 mins after giving D in the brain and erythrocites.

By means of steriotactic apparatus (4), using Groot’s atlas (14),
vve injected D in a dose of 1 or 10 gamma (in 2 mm) by means of »Agla«
syringe directly into the globus pallidus, nucleus caudatus and nucleus
niger and observed if tremor developed. The next day the animals vvere
killed, the brains fixed in formalin and microscopic control of the
position of the needle of the steriotactic apparatus vvas carried out.
We measured tremor in the occulus vvhich vvas observed alvvays by
the same technical assistant and tvvo assistents vvho did not knovv the
groups gave the estimation of tremor and compared it vvith that given
by the technical assistent.

Because a static tremor caused by OT causes analgesis (8) and
reduction of temperature (8) as vvell as an increase of blood sugar (16)
vve also examined analgesia by means of a clamp on the tail. Control
rats in 3—4 secs. tried to remove the clamp vvith their lips, became
agitated and revolved. In the analgezic effect, the trying to remove the
clamp developed later or not at ali, and the animals vvere more peaceful.
We also determined the rectal temperature and the blood sugar level
using the method of Gubler et al. (15) after giving D.
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RESULTS
First of ali we must emphasize that we noticed D (100 mg/kg i. p.)

causes static tremor as well as OT. This tremor only appears after
30—60 mins and lasts 6—7 hours and sometimes longer. Any way, much
longer than OT tremor.

Table I
THE EFFECT OF D (100 mg/kg i. p.) ON TFe, TF1 AND Cu In THE BRAIN

OF RAT IN r/g
(8 animals in each group)
EXPERIMENTS

Control 30' 60' 90' 120'
TFe 823 603 p< 0,005 70,7 p< 0,005 86,3 p<0,01 963 p< 0,005
TF1 2,430 2,513 n. s. 1,833 p<0,005 2,071 p<0,005 2,360 n. s.
Cu 4,30 2,00 p< 0,005 2,42 p< 0,005 3,51 p< 0,005 4,40 n. s.

Values are expressed as y/g tissue.
Subst.: a, a' — dipyridyl
Dose: 100 mg/kg i. p.
Tissue: brain

As we can see from table I, D leads to a significant, reduction of
the concentration TFe after 30, 60, 90, 120 mins., TF1 is significantly
reduced after 60 and 90 mins., and Cu after 30, 60 and 90 mins. D signi-

Table II
TFe IN SUBSTANTIA NIGRA OF RAT’S BRAIN TREATED PREVIOUSLY

WITH aa DIPYRIDYL*  AND OXOTREMORINE

Control D OT

96,95 66,86 p< 0,005
C Di p C:Di

88,07
d2

p< 0,005
p C:D2

* Dipyridyl 100 mg/kg i. p.; OT 0,25 mg/kg i
30 min. after application of drugs.

. v.; the animals vvere killed

Table III
THE EFFECT OF DIPYRIDYL (100 mg/kg i. p.) ON THE LEVEL OF TOTAL

ACETYLCHOLINE IN THE BRAIN OF RAT
Dipyridyl was given i. p. (100 mg/kg). The values are expressed as r/gr

fresh tissue.

N. S. is not significant.
Acetylcholine change in % of control values PN° of animals

Control 7 2,65 ±0,08 — —

Ih 4 3,13±0,18 + 18 <0,01
2h 6 3,30 ±0,09 +24 <0,001
3h 5 3,48±0,14 + 31 <0,001
4h 4 3,22±0,ll + 21 <0,01

12h 6 2,74 ±0,08 + 3 N. S.
24h 4 2,67±0,17 + 1 N. S.
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Table IV

SUBSTANCE
Time of appli­

cation of substance Dosis mg/kg Effect

Atropine sulfat 15 10 i. p. + +
15 20 i. p. —

Methylatropine nitrate 15 20 i. p. + +
Caramiphen 15 10 i. p. + +

15 10 i. p. —
Ethylbenztropine 15 1 i. p. —
Penicillamine 15 50 i. p. + + +
a-methyl-dopa 4h 100 i. p. + + 4
a-methyl-meta-tyrozin 4h 100 i. p. 4-4-
DL-4-chlor-amphetamin 4h 10 i. v. + 4-
y-hydroxybutirat 60' 500 i. v. + +
L-Dopa 60' 100 i. v. + 4-
5-hydroxytryptophane 60' 100 i. p. 4-4-
Control — + 4-

ficantly reduces TFe in the NN of rat (Table II). From table III \ve
see that D significantly increases ACh 2, 3 and 4 hours after application.
After 24 hours ACh returns to normal.

From table IV it can be seen that known cholinolytic-antiparkinso-
nitics (atropine, caramiphen, ethylbenztropine) removed static tremor
caused by D. Substances vvhich inhibit intentional tremor of Wilson’s
type (penicillamine, alfa-methyl-dopa) (38) even increase this tremor.
Alfa-methyl-meta-tyrozine, DL-4-chloramphetamine, gamma-hydroxybu-
tyrate, L-Dopa, and 5-hydroxytryptophane, are without effect.

D is without effect on the activity of cholinesterase in erythrocites
and brain of rat after 30, 60 and 180 mins.*

From table VI we see that the application of D leads to a reduction
of temperature as well as to analgesia and an increase of the blood
sugar.

Table VI
THE AMOUNT OF DOPAMINE ug/g IN FRESH TISSUE

OF RAT BRAIN TREATED PREVIOUSLY BY D

Substance ug DOPAMINE / g tissue

and dose Control 4h 24h

D 100 mg/kg i. p. 0,60 (±0,12—6) 0,60 (±0,12—6) 0,51 (0,11—12)
p<0,01

From table VI we see that dopamine is reduced after 24 hours.
The injection of D directly into speoific regions of the CNS led

to expressed static tremor only \vhen we gave 10 gamma and only in
the nucleus niger.

* Our thank a due too Dr. B. Bošković (ITMZ, Beograd) who measured
the activity of cholinesterase.
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DISCUSSION

As we see D causes static tremor surprisingly similar to tremor
caused by OT in its biochemical effects. There is an increase in ACh
in CNS as well as with OT (22, 30). This tremor can be inhibited with
known anti-parkinsonic agents, although slightly higher doses are needed
for this than in tremor caused by OT, except for ethyl-benztropine \vhich
is kno\vn to act entirely centrally (45). D as well as OT (22) does not
inhibit cholinesterase \vhich we think is very interesting, because it fol-
lows from this that the increase of ACh is produced because of some
other reasons or because of the activation of cholineacetylase, which \ve
have already found for OT (32). It is also interesting that D leads to a
reduction in TFe, TF1 and copper, which is known also for OT (39, 40, 20,
18). Tremor caused by D also reduced temperature and blood sugar, and
caused analgesia, the same as OT. We see that substances which reduce
or increase dopamine and serotonine in CNS are without effect on D
tremor, and we see a similarity of action of D and OT. We see that D
changes the quantity of dopamine in the brain of rat after 24 hours.

It is very interesting that injection of D only in the nucleus niger
leads to tremor. We emphasise this especially because it is kno\vn that
the region contains most TH (6). We have said that this enzyme is depen-
dant on iron (46, 26) and it is known that D combines with iron. In con-
nection with this it is interesting to mention that we sho\ved earlier that
tripyridine, which combines with iron too (29), also causes forced move-
ments in miče similar to chorea (37). We showed earlier that deferoxa-
mine, a substance vvhich quite specifically combines \vith iron (45), if
given intracranialy to mouse, also causes static tremor (45). Accordingly
the question is, what is the cause of static tremor if we compare D and
OT. We see that both substances lead to the same biochemical changes in
CNS (increase of ACh, fali of TFe, TFI, and action of cholinesterase
unchanged). On the other hand we shovved that a continuous infusion of
ACh in globus pallidus also causes static tremor (35).

We think that from ali this it is possible to say that the reduction
of iron is of primary importance in the formation of experimental
tremor with either OT or D. With this it is necessary to emphasise that
the globus pallidus and the nucleus niger are the richest regions in
iron in the CNS (44, 32). The decrease in iron in those regions leads to an
increase of ACh. We still do not know if it is because of the liberation
of ACh from some depot or because of the activation of cholinacetylase.
We also do not know the role of TFI.

In this observation it is significant that D as well as OT leads to
a reduction of iron, that they do not inhibit cholinesterase and that they
increase significantly ACh in CNS. However an infusion of ACh directly
into the globus pallidus also causes static tremor (35). In accordance
with ali of these findings it looks as if an increase of ACh in CNS, which
is the real cause of tremor,leads to a reduction of iron. That ACh is the
direct provocator of static tremor is see after the application of chemi-
choline-3 directly into the globus pallidus \vhich prevents static tremor
caused by OT (34, 36).
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We should emphasise that in patients with Parkinson’s disease,
thcre is an increasc of elimination of iron in the urine if they are given
an injection of dcferoxamine (2).

We found that Cu++ is reduced after giving D as after OT (18). Cu
is essential for the function of dopamine-beta-hydroxylase (11). Maybe
bccause of this a reduction of dopamine is not found in acute experi-
ments as on one hand TH increases its formation and the inactivation
of dopamine-[3-hydroxylase prevents its degradation.

Recently Bapta et al shovced that D does not lead to inhibition
of tyrosine-hydroxylase (1). According to them dopamine and serotonine
do not change and the transformation of radioactive tyrosine in dopa­
mine and trvptophan in serotonine develops normallv if animals receive
D (1). Our results are not quite the same because \ve found that dopami­
ne was significantly reduccd in the brain of rat, 24 hours after D was
given. Besides this Bapta et al (1) could not remove rest tremor produ-
ced by D, with atropine, but \ve succeeded not only with atropine but
with other antiparkinsonics too. On examining our findings, Taylor et al.
(42), and those of Bapta et al. (1), it looks as if the reduction of iron is
of essential importance, because \ve got the same results with an injection
of deferoxamine in the globus pallidus (37). According to this, ali that
rcduces iron in the CNS leads to static tremor \vhich can be inhibited
with antiparkinsonic substances. We did not measure the activity of
tyrosine hydroxylase, and we cannot say if Taylor et al (42) or Bapta et
al (1) is right. The fact is that the activity of tyrosine hydroxylase after
D can be reactivated with the addition of Fe ?+ (42) According to our las-
test experiments, an intracerebral injection of deferoxamine increased
ACh in CNS too, which is also how oxotremorine and D \vork. Because
of this it looks as if the reduction of iron leads to increased activity of
cholineacetylase, which is already proved for tremorine (33) and recently
als for OT (23). We cannot say mow if there is a reduction of tyrosine
hydroxylase at the strme time, but it seems that it is not essential as oxo-
tremorine causes rest tremor but dopamine is certainly not reduced. It is
difficult to say if the reduction of iron because of D, is important for
the eventual inactivation of dopamine- beta-hydroxylase in vivo, because
we found that copper decreases after D is given. It is already known
that in vitro D reduces the activity of dopamine-beta-hydroxylase (12, 13).

Finally we would like to say that Voroshilovskaya and Reitses (48)
found that adrenelectomy increased iron in CNS. We could indeed
show that in adrenelectomised rats, tremor caused by oxotremorine
and D either does not develop or is exceptionally \veak in comparison
\vith Controls.

We should like to quote experiments with deoxyfrenolicine. This
antibiotic inhibits TH in vitro and in vivo (43) Hovvever the inhibition
cannot be removed with Fe++ in comparison to D. Direct injection of
deoxyfrenolicine into the NN (10 gamma) did not cause tremor. We
think that this also speaks for our hypothesis that a reduction of Fe
in CNS is clear in certain regions, and is essential for the development
of Parkinsonic tremor.
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CONCLUSION

a-a-dipyridyl as well as oxotremorine, causes static tremor which
can be removed by means of anticholinergics. This substance as well
as oxotremorine usually causes biochemical changes, reduction of total
iron and total flavines, and increases acetylcholine in the brain of rat.
Further it reduces temperature, acts analgetically and increases the
blood-sugar in the same way as oxotremorine. Taylor et al found that
a-a-dipyridyl inhibits tyrosine hydroxylase while Bapta et al could not
prove this.

On the basis of our own experiments it is concluded that for the
existence of tremor caused by a-a-dipyridyl, oxotremorine or deferoxa-
mine, the reduction of iron in the CNS is essential but the inhibition
of tyrosine hydroxylase is not.

P. ŠTERN, E. HASANAGIĆ I R. IGIĆ

ULOGA ŽELJEZA U IZAZIVANJU TREMORA
KRATAK SADRŽAJ

Budući da tirosin-hidroksilaza može vršiti svoju aktivnost samo u
prisutnosti željeza, a ona je jedan od faktora u stvaranju dopamina,
autori su ispitivali djelovanje alfa-alfa-dipiridila, jedne supstance koja
veže na sebe željezo u odnosu na statički tremor. Pokazalo se je da
alfa-alfa-dipiridil izaziva statički tremor istog tipa kao i oxotremorin,
s istim biokemijskim promjenama i drugim manifestacijama koje su
vezane uz djelovanje oxotremorina. Tako npr. alfa-alfa-dipiridil također
snizuje ne samo željezo, nego i bakar i ukupne flavine u mozgu štakora.
Ova supstanca dovodi i do pada temperature, zatim smanjuje osjet bola
kao i oxotremorin. Budući da injekcija ove supstance u nucleus niger
dovodi do statičkog tremora, a to isto uzrokuje i injekcija deferoxamina,
zaključuje se da je željezo bitno za postanak tremora i da njegov pad
uzrokuje porast acetilholina u mozgu. Sve ove vrste tremora imaju i tu
zajedničku karakteristiku da se mogu inhibirati antiholinergicima.
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