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we have previously showr oa numsrous occaslona that cernitice
is useful &es a theraspeutic agent 1o the case of hyperthyroidlsm.,
Medically, however, 1t has hardly ever been used outside the local
areae. Addicional uasful data from ohemical and sxperimesntgl studies
during tohe past five years have enocuraged us to again discuss the
problexm of hypertayroldism and carnitine. Of the many interasting
observations that have been mwade, in thils paper we will discuss
orly a few 0f the basic ones in order to familarize physlcians
with the problem and to interest them in the prevalent medlcal dis-
srder.

The study of the localized functions of carnitine in the cells
and tissues in the last few years has oveen pursuved extensively on an
internetional and ever-increasirg scale. The new knowledge obtalned
from such studies even more strongly than before supports the notion
that the carnitine level 1s capable of influencing specific processes
in ametabolism, From the olinical viewpoint, knowledge of the action
of a substance on the organism as a whole is also of great importanose.
Tissue-specific substances sometimes produce surprising effects in
the animsl body when they are administerd in large quantities over
a long period of time. Either an increasing physiologicel change
is noticeable or regulatory as well as compensating processes are
produced which have useful effects., Thus, when a substance is
cepable of producing numerous and graduated functional ohanges in
the animal body, as is assumed in the case cof carnltine, the quanti-
ty and kind of the level can exert & different action on the organism

or a speoicl one on a single organ. We had bagun these investigations
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alcng tnese lirss about eleven ysars ago. These extsensive studles
wera carried out in close cooperation with my pupil, Prof, Dr. W.
notzsci.

In the earllier investigations, we had found that carnitine ras
an "antegonistic effect™ on thyroxin. In this connection, we would
lixe to xnow whether it is & question of direct or indireot {nflu-
ences, e have already reported on our clinical results in the case
of nyperthyroidism in 1959 (1) and 1962 (2); 1 to 2 gm of carnitine
administered orally over several weeks reduced a number of the symp-
toxs associated with hyperthyroldism and noticeably improved the
general state of nealth of the patients, Frequently, their hedlth
improved to the poipt where they were fully capablé of working agaln,
The small number of illnesses and the L-carnitine used by us were
restricting factors., As a result, it could not always be shown that
treatment with carnitine had a decisive influence on the clinical
course of the disease., To be surs, DL-carnitine (1 g = 0,30 MDN)
is readily avallable and rather inexpensive. However, 1t is also
weaker. e have not yet obtained sufficient experience with a pro-
duct contalning 50 % of a tissue-foreign component., In the case
of cne of our patients, who was treated with DL-ocarnitine for only
a few days, the lllness became considerably worsened. Previously,
the symptoms had been relieved by treatment with L-carnitins. 1In
the czae of normel white rats, however, which were treated for
many conths with DL- or with D-carnitine, there was no vislible
detrimental effect on growth, Since it is the best lnterest or_
the patients and very important to us particularly to be able to
elucidate the physioclogical modes of action of carnitine in the

stil1l unknown correlations in the organism, we ¢ould use only
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the tissue-spenific L-carnitine to best advantage, We produced the
necessary quantities through synthesis (3) for which we would like
to thenX Dr. Irmgard lcrenz,

v

L (=) oarnitine, L-4-trimethylamino«3-bydroxy-butyric acid

betaine, can be obtained from natural scurces or it can be synthesized,

(e are grateful to VEB-Berlin-Chemle for supplying us with the
starting materials for the syntnesis). The pricc of the Le-isomer
would become reasonable 1t the demand for it in the clinics brought
about its commericial production, Also, the free carnltine beteaine

can be easily used in injectable preparaticns {(4), At this time as

‘in the past, the supply of L-carnitine is still the major factor

prohibiting the extensive treatment of hyperthiroidism with this-
compound, In order to better understand this unusual therapy with

a substance which can be synthegizei by the organism and which is
already found in the animal's food, we should confirm the "carnitine-
thiyroxin" complex which we have produced experimentally, Thne des-
cription of the clinical observations should be withheld for another
communication.

Starting in 1950, there were three groups of investigators who
were studying the action of carnitine on the animul body. The
American research group of Fraenkel and his co-workers suspected
a vitamin activity in the meal beetle and this opened up a new
direction of research concerning carnitine. The Belglan grcup
for the most part worked witia bicarnesin and DL-carnitine, OQur
Leipzig group carried out animal studies with the optiocal 1somerio
fora of carnitine {see references 5-11),

Especlally during our studies with rats, we found that dys-
trophle individuals reacted mcre clearly to large doses than did




~d-

normalr anlizalse Similar individuel reactions were seen by the
Jelglaen investigators., Szall animals weres cbserved also whioh
reacted to doses only slightly larger than the preceding dose
wilch could have been found in the ammual food. We suspect that
elther these individuals did not have a suffiocient supply of
carnitine or that specific influences distunbed the function

of carnitine in metabolism. 7%his carnitine supply inhibits the
faulty performance.

Thus, it is clear that weight-reducing hyperthyredsis reacts
to carnitine administration alone with a considcrable increase in
weight. A patient with hyperthyroidism, who was affected only
glightly by carnitine except with regard to diminished basal meta-
bolism and improved nRervcus manifestations, showed a weight in-
ocrsase of nearly 10 kg over a 2-month period when treated daily
with 2 gm of carnitine (Medical University Clinlc of Charity,
Berlin, Director, Dr. F.-H. Schulz},

We proved our hypotheslis concerning the contrasting influ-
ences of thyro-hormone and carnitine in vitro and in vivo. We
employed both warm-blooded and cold-blooded animals in our studies,
In these, a disruption ¢of the metabolism can be eazily produced
by the introduction of thyroxin. This was measured using two
well-known and unrelated crfteria, It was shown in a serles of
experiments that the addition of carnitine to the environmsntal
water of tadpoles on a regular basis ocompensated stroangly for the
reduction in growth due to thyroxin. However, the accelerated
metamorpaésis was not noticeably retarded. This dualistioc aotion
by carpitine may coccur as a result of the unfavorable nature of

the caraitine supply, Later, however, we found a similar behavior
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in the case of hypertryreoses, Tnose sumptoms which were the re-
sult of altered metabolic processes ioproved while toe symuptoms
based on the tissue matrix, such as struma and sxophthalmus, were
bardly affected, For that reason, we spoke confidently of the
caraitine as being a "partial antagonist" of the thyroid horgone.
Woether this limitation in the mode of actlicn actually exists,
larger clinical tralls with longer observation perlods could
daeterxine. We conoluded further that weak carnitine ocould mut-
ually regulate ths physiological metabolism of both substances
even in thelr functions and reduced the action of the thyroid
hormone. We certalnly had indications of the influence of carni-
tine in the observation that in a series or hyperthyrecses, the
exceetion of trimethylamine and trimethylamino oxide in the urine
was shifted from normal (1,2) thus indicating an increassed degra-
dation of quaternarf nitrogen compounds, Carnitine belongs to
this group of chemical compounds. This fact served as the start-
ing point for additional biochemical and bliological studies in
which we studied the benavior of both paramecers, thyroxin and
carnitine, together. One of these ztudies on the metabollism and
blood a3 well as thyroxin v _1 be mentioned briefly.

Our observations on animals were highly interesting since
carnitine influences the metabolism of m.tochondrla which are the
arees of oxidation where energy-producing and synthetic processes
occur, It is also known that thyroxin alters these in vitro,

robably, a large portion of the metabollic-related characteristics
observed in cases of hyperthyreocses have their origin there. Using

the method of Warburg, we were able to measured increase Op

&l
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consuzption of isclated zitochondria when carnitine was added (12),.
7ris c¢ould not be confirmed, hcwever, polargrephically using the
vibrating Pt-electirode. Trnis satisfied us when prerequisitzs for
the measurements were worked out {(l13). Memntime, Rremer (14)
curing studies in 1962 described for mitochcndria from almost all
tigsues increased Oy consumption as measured by the Wardburg method
uponL addition of carnitine or acetylcarnitine in vitro.

4lthough the effect can be regularly reproduced, 1t appears to
us tnat it is associasted with & physiological process which had
not yet been uncovered. We first held this to be the case when
we noted increased Oz consumption with mitochondrie from normal
rats which nad teen injected with ¢grnitine several hours before
{12)., By this time, we had confirmed the severa oétical speoifi-
gity for L-carnitine and {t8 acetyl derivative which oould only be
employed in pure form in the in vitro studies,

Although the effect can be regularly reproduced, 1t appears
to us that it was associated with 8 physiological process whioh
nad not yet been uncovered.

By 1955, Friedman and Fraenkel (15} had found an acetyi-
transferring enzyme for carnitine. At the sams time Fritz (18)
nad found thaet the addition of carnitine-rich muscle extraots to
tissue homogenates increased fatty aclid conversion., These obser=-
vations represented the starting point for the reactions involving
carnitine as an acyl carrler in the mitochondrie which were studied
by these and other authors, Carnitiae can accept as esters of its
hydroxyl group fatty acids from coenzyme A and then donate theam
again. The energy requirements for this are avallable and the

necessary enzyme systems were isclated and oharacterizsd., The




‘are expressed bDy hltered reaction rates in the muscle, The muscle
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zusclies produce the principal guantity of calories la the bdody and
conseyuently determine essentially the basal ametabolism., Tze
muscles also contain a great deal of oernitine. Interruption of
its renge of actlon should fcr that reascn be masily detected hers,
Tue quaatlity of B-vitamins in nuscles was determined for normal and
thyroxin-treated animals, In the cuse of rats, thyroxin increased ‘
the B-oontent (17} while carnitine depressed it (18), Carnitine i
normalized again the vitemin B level which had been increassd by :
thyroxin., Since the B vitemins are ¢cosnzymes in the energy-related

processes, then the increases and deoreases in thej concentrations

from hyperthyreotic patients 13 likely to behave in a similar manner
as suspected by the increased basal metabolism asscclated with ocases
of thie disease. Thne decrease of the vitamin B level and the oon-
version by carnitine were then studied in those acyl carrier func-
tions whereby oxidation of fatty acids occurs in the mitochondria,
Under hyperthyreotic conditions, the catabolism was unbalanced but
was again correoted by carnitine.

The bsbavior of the P/0 quotients of the mitochondria pointﬁ
to the same conditions. Upon addition of carnitine ln vitro, the
quotient decreases as an expression of increased O2 consumption
without any appreciable change in the concomitant ATP production,
In the case of throxin administration, the P/o quotient ias de-
creased by a reduced ATP synthesis eventhougnh there 1s inoreased
Oz consumption. If one offers ocarnitine to thyroxin-incoxicated
mitochondrie, the Og cémsumption is not increased but the ATP
synthesis is improved and oconsequently the P/0 quotieat increases (12),.
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effects in either normal ccntrol subjects or in cases of byver-
toyreoses. Also, thege are scarcely to be expected under the
circumstances, as the acute toxicity of carnitine is quite low,
In the case of the mcuse, it amounts to 13,5 mg per gm of body
welght (20), and in the case of the rat, it 1s even lower, Oﬁf
doses for hyperthyreotic patients amounted to 1 to 3 gm of carni-
tine per day. 1Ip comparison to the mouse, this amount for only a
fraction of a percent of the acute toxic dnses, In addition, the
doses were administered orally end distributed cver the sntirs
day.

Vle have hitherto never seen chronic derangements or secondary
effects. Carnitine is only in the beginning of the treatment
accumulated in small portions in the body, probably through the
refiliing of physiolcgical depots, By secretion dnd destructiocn,
the body cen easily remcve any unwanted excesses, In comparison
to the presence of about 15 gms of carnitine in the human bdody,
the 3 gm dally doses sometimes appears relatively enormous. How=-
ever, the half-life of the carnitine is about £ to 3 months. The
carnitine in the body 13 quite stable and is altered only gradually
by the introduction of carnitine. It was found that when 0,5 ga
amounts of carnitine labeled with NP were administered daily
into a study patient, within three days, all of the le was again
to he found iun the patient's urine. It had passed through without
mixing noticeebly with the carnitine in the body. This suggests
ttat the physiological tissue carnitine is bound in some special
zanner and that there may be a very oharacteristic mechanisz of

synthesis present. In the cese of normal rats, a month-long
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agdministration of daily doses of carnitine containing 3 mg of
carnibine per grm of body welight caused essentially no changes,
Qnly core of the normal animals responded with a strong increase
in body welgnt,

Thyroxin and caraitine also have oontrasting effeots on
protein metcbolisnm. Thyroxin lncreases the N-turnover whereas
carnitine decreasss it.(10). This is particularly noticeabls
when treatmeat is f£irst initiated. The protein metebclism of rats,
which was increased by thyroxin, was again returnsd to normal
by the adzinistratlan of carnitine. This effect of proteins gives
18 some idee concerning the nature of the favorable influence of
carnitine on the gensitivity of hyperthyreoses toward fcod proteins,
Such an influence can also be used to explain the fundamsntal
observations of Fraenkel (6) and other authors, In the case of
meel bestles placed »n & cernitine~fres diet, it was observed that
ip the transition from the larval stage to the baebtle stage, only
a defective body couwlu be prvduced and that the insect wes incapa=
ble of survival. The proteins that are synthesized in the larvae
in the absence of the "protesctive actionm” of carnitine appear to
be unsuitable for the new 1lije cycle staege. Since protein synthesis
in thia animal population is rot sufficlently improved by carnitine,
1t is suggested that still other factors, like trace elements, ars

also involved.
In sddition, the transaminases were alsc implicated witn the
prctein metabollsm, In the ca°s of rat+ receiving thyroxin, they

were elevated in the tissues (23) and in the bdlood (¢4)., Carnitine
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decreased the elevated blocd levels (19)., The transaminases also
behave in a similar fashion in the case of hyperthyreoses. The
transaninases ¢f normal rats also respond to caranitine, The
transumizass aotivity is altered under a variety of experimsntal
conditions and is dependent in characteristic ways on the quantity
of carnitine administered and the time of administration, (19}.
Al certain levels of ceaernitine, the blood activity of the trans-
aminases rexsins for the most part unaffected. Probably in this
case, however, the carnitine exerts the same effective influence
as the normal reaction. Increasing amounts of oarnitine result:=:
in the production of a biphasic response curve, Rvidently, for
the c¢omplete activity of carnitine to be expressed, a relatively
large dose over many days is required.

Furthermore, we found in the case of rats that oarnitine in-
f.uences the creatine production and the level of ATP in the skele-
tal muscles., Single doses increase t! .  level of ATP and oreatine
phosphate (25)., In the case of hyperthyreoses, carnitine admini-
stration incres=scd the dimihished productivze power of muscles and
lessened the tendency towards fatique, Probably, these lmprove-
ments had as thelr basis the same metsabolic effeocts as had Dbeen
previously observed ia rats. Our observations indicate in this
respect that carnitine is capable of acting on metabolically=-
associated muscule allments, In fact, lnhibvition of awallowlng
a3 & result of atrophy of the esophagus muscles in hyperthyreotioc
patients is quickly reduced by carnitine (Medical Clini¢ of Carl
Marx Unlversity, Leipzig, Director: Dr. R, Emarich).
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Gther mstabolically dependent symptoms ln hyperthyreoses were
considerebly and regularly lmproved by ocarnitine administration.
Elevated body temperatures decreased to normal levels, and the
tendency to perspire subsided. Tachycardia was reduced and a normal
heart besl partiaily restored. Arrhythmia absoluta disappeared.

The role of cholesterol which is reduced in hyperthyreoses
increasses with carnitine administration. Also, this effect can be
explained by the carrier function of carnitine for fatty #cids.
Torough its derivative, acetylcarnitine, acetyl groups can Dbe
transferred which are esseantial for cholesterol synthesis, In a
similar manner, they can also influence the hormone levels of

the suprarenal capsule, This reslts in the favorable activity

of carnitine 1n hyperthyreoses, The lmprovemeat by carnitlne of

nervous symptoms, restlessness, and overexcitabllity in hyper-
thyreoses is less openly connected to metabolism. These are sasily %
influenced favorably at the beginnling of carnitine adminlstration,
pikewise in mice treated with carnitine, we oould detect s sup=-
pression of nervous reaction states (unpublished),
The total lodine level in the blood is elevated during hyper=-
thyrecses; carnitine administration ususlly reduces it (1,2},
We studied this effect using Iodine 131. '
Serum proteins in vitro bind carnitine strongly when it is
added., The alpha~ and pre-albumin fractions are involved. The
L-isomer is bound slightly better than is the D-isomer (26). In
the same region, thyroxin is also bound. It cannot be deteoted
in vitro, nhowever, that‘carnitine addition suppresses protein-

bound icdine., On the other hand, if one injects Iodine 131 into




rats after carnitine ¢  nistratiocon, inecrgenic iodire was inocreased
in the serum for many hours after wille the organic-bound iodine
was decreased (27). It was found that up to 20 hours after
Iodine 131 administration, in the lnter-alpha reglion of the rat
serum, ounly slight activity could be detected when the animals
were kept on carnitine treatment., In the case of rats receiving
D-carnitine, the levels were the same as those ip anihals whioh
had not received any carnitine (28). The shift in the iodine
fraction of the Serum indicates that carnitine hinders the forma-
tion of iocdine-hormone in the thyroid gland., We could detect
trhat Iodinelal uptake remains delayed if the rats previously re-
ceived repeated doses of L-carnitine at a level o} 1l mg per gm

of body welght. Up to about ten hours, the antivity of rats
previcusly treated with L-carnitine was about one-third less then
that of rats which did not receive carnitine, After about 40
hours, the effect of carnitine begins to decrease (27). These
observations sh~w that carnitine not only exerts an influence on
the activity of tayroid hormone in the peripheral tissues, but

also nan be acsive at the center of hormone function.

DISCUSSION AND CONCLUSIONS

17 one examines closely the prevalling effects of carn tine
treatment in the case of hyperthyreotic illnesses and thszn con-
siders the possibilities offered by treatment with carnitine or
one &f its de.ivatives, then one is completsly justified in con-
sidering it to be useful and productive for this purpose. Yarni-
tine can be tsken orelly with zood results. The body can easily
eliminate an excess of carnitine, DBecuase of an unusually slight

toxicity, heavy doses of carnitine do not poge a problem.
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Moreover, it is within the power of the physician to alter the

time and degres of activity. In the case of the introduction of
carnitine, one avolds violent interferences in the lablle functions
of the diseased organism in contrast to many other means of treat-
ment,

with reference to the derangements in metabolism brought adout
by the elevated release of thyrold hormone, oarnitine will serve
as a material with an antagonistio effect, Its physiological site
of action for the most part is the mitochondria of the cells, This
is alsoc the case with the thyroid hormone, Ig this respect, the
ideul priaciple of thearpy can be reelized, that is, to counter-
balance the malfunction by means of a physiological partner,
Ukts._.ivocal statements, however, can be made only after the under=
lying modes of actions of both substances at the physiological
site have been elucidated more délearly than is now the case., Also,
in the case of carnitine. the activity is, a8 in the casd of
thyroxin, stroagly dependent on the size of the dose and the duration
of treatment.

Tne limitations encountered in applying the experimental re-
sulted obtalned from animal studies to human thyreoses are true
alsc in the case of the trensport process in blood and for the
behavior of the thyrold gland during carnitine administratiocn,

For the mcst part, these have been studied in rats, Our studies
bave shown us only that also here systematic actions on the

thyrold hormone are deteoted, These are influences in charaoteris-

tic and predictable ways.
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Tre optizal c¢conditions for therapy with carnitine are still
unknown, One doces not xnow yet whether or not a permanant oure
using carnitine i{s possible and i{f 80, in order to aghleve lasting
results, if it would be necessary to continue administration of
carnitine. The sultable doses are s3till unknown and it is still
unciear as to which types of hyperthyreocses will respond to carni-
tine treatment, In this casmse, the physiclan will be the final
suthority.

The interesting question concerning combined treatment was
only recently ralised. In the case of severe hyperthyreoses, the
corrective operation can often present even a greater danger to
the patient {(Markkleeberg Hospital, Director: Dr. R. Dreehsler),
Often after a few weeks of treatment with ocarnitine, the symptoms
of the disease have been reduced enough 80 that the c¢peration can
be carried out without complications. Earlier, wo had already
demcnstrated that pregnant study animals and thelr offspring are
not damaged by carnitine treatment (ll). An hyperthyrsotic pa=-
tient, who was experiencéng increasing pain as pregnanoy pro=-
gressed and who was not responsive to other methods of treat-
ment, was agaln capable of work after carnitine treatment. She
gave birth to a healthy ohild end remained improved in health
for a considerable period of time thereafter. Good results
have also been achieved with a number of children treated with
carnitine. Their state of health remained improved for some
time after treatzent was stopped.

In several cases, where other forms of therapy hal failed,
carnitine significantly reduced the symptoms of the disezss, We

have not yet found & complete fallure among the patients that have

T~ FIRETEY




E——r Y —
© e e W ——

-16-

been tested and examined., On = number of accaslons the results
were not as good as desired. This could be the result of a
dosage which was not optimal for the oconditions, Esach ocase that
is ensountered appzars to be somewhat different. Loang=standing
oases respond aost poorly. The different responses to carnitine
oan be used to assist in differentiating betwesn the various
stages of the dissase and for determining the best therapeutio
dose. In this way, the patient can be quickly made well again
and capable of work, The expense of aobieving this goal 1is

unimportant.

SUMMARY
The author furnishes a survey for the basexz for the thera-
peutic effects of L-carnitine in oases of hyperthyreosss., 1 to
3 gm daily taken orally improve many of the pathological symptoms,
particularly thosy which are the results of derangements in the

metabolic processes.
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