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The presence of carnilinc in animal Lissues has been known
for a long Lime (GuLEWITSCII and KmMBERG, 1905). The
studios of FnEKL el al. (1952) and also of LECLERCQ (1954)
have shown that it is a vitamin for the larvae of Tenebrio
molilor. Croton-betaine is obtained chemically by dehydration
of carniline; so far, ils occurencc has not been demonstraled
in vivo. But y-butyrobetaine is a precursor of carnitinc (BnEMER,
1962) and Lhc latter, at least in bacteria, can be parlially
degraded Lo glycine-betaine (LIDsTEDT and LINDSTEDT,
1962 a); the overall transformation is Lhe splitling or 2 C from
a subslitulcd falty acid and it is possible Lhat .croton-bctaine
mighl appear as an intcrmediatc. Present experiment,al
evidence on the hydroxylation of y-buLyrobeLaine to carnitine
does not point however in this direction (LIDSTEDT and
LINDSTEDT, 1962 b).
LIÉBECQ-HUTTEH (1960) has observed that crolon-bctaine

slimulates in vilro the growth and the periostic ossification of
tibias from chick embryos Laken after a 6 day incubation.
Carnitine lias not this effecl·. I-Iowcver MEI-ILMAN and WOLF
(1962) have observed an important increase of the amount of
carnitine in chick embryos between the 12th and the 16th
day of incubalion.

(1) Associé du Fonds National Belge de la Recherche Scienli[ique.
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The aclion of croton-bctainc on Lhc lay-down of collagcn in
chick bones might be explained if il were a precursor of a
rcquircd amino acid Lhc quanLity of which is Lhc limiLing
factor of Lhc biosynLhesis or the proLcin in the expr:rimental
condilions. Praline or hydroxyprolinc, very .abundant in
collagen, mighL be Lhis amino acicl. Il is possible to Lhink of
a rnclabolic pathway whcrcby the y-amino-crolonic acicl,
proclud of dcmcthylaf-ion of the croton-bctainc, mighf- be
reduclivcly carboxylatcd (wilh encrgy from sorne ATP-likr:
suuslancc) to an cc-kclo-acid ; this keto-acid, analogous I o
o:-kcto-11-amino-valcric acid which is a known intermcdiate in
proline biosynthesis in birds (BovLANGER and OSTEUX, 1955)
would close inlo a ,-pyrrolidine-2-carboxylic acid and Lhen
be reduced to Lhe A,-pyrroline derivalive. This latter comt­
pound rnight br: ciLhcr rcducecl Lo praline or hydroxylatcd into
hydroxyproline.
To cxplain why carnitinc is wiLhout action on the growLh

of Lhc chick bone, one might argue that the ring closure is
casier with a cis double bond (1) !.han with the B-hydrox
compound. On the olhcr hancl, thr: conversion of carnilinc
Lo crolon-bctainc sccrns to be very slight in vivo.

Experimental

l) Preparalion of dl-carniline and crolon-belaine labelled with
tritium olside the methuyl qroups. (VrrL el al., 1963).

300 mg of -hydroxy--amino-bulyric acid have been exposed
at room LempcraLure lo 21 curies of tritium hydrogen undcr
250 mm Ig pressure for 15 days. The labellcd compound was
freed from labile Lrilium atoms by repeatecl solution in water
followed by evaporation.
The lritiated ~-hydroxy-y-amino-bulyric acid, without any

puriflcal.ion I o remove the products of radiolysis, was dissolvcd
in I<OII solulion and Lrcalcd wilh an excess of mclhyl iodide in
methanol. The carniline formccl in Lhe rcaclion was exlracLed

(1) The exact steric configuration of the chemically prepared crotonbetaino is
unknown, but it is supposed to be predominantly cis.
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with phenol and, after addition of diethyl ether, back-extracted
in water; it was then purified by passing through a columm
of. Amberlite CG-45 (OH) (CARTER and BHATTACHARYYA, 1953).
The tritiated carnitine so obtained still contained numerous

radioactive impurities. These were removed by chromato­
graphy on Oowex-50 (I-I) using N HCl as the eluent (FRIEDMAN
el al., 1955), followed by continuous flow electrophoresis in
the Spinco Mode! CP apparatus (600 volts, 80 mA; solution
0f 8.75 ml of acetic acid and 2.5 ml of pyridine per liter of
water: pl 4). 82 mg of pure tritiatcd carnitine were obtaincd
with a speciflc radioactivity of 0.88 mC pcr millimole. The
radio-chemical purily was checked by paper electrophoresis
followed by a continuous recording of the radioaetivity along
the paper.
The dehydration of earnitinc Lo croton-betainP was per­

formed by Lreatment with concentrated sulphuric acid al 1300
for 4 hrs. The isolaLed croton-beLaine was purified by chroma­
tography on Dowcx-50 (H). The radio-chemical purity was
esLablishccl as before by paper electrophoresis followed by
recording of the radioacLiviLy. The overall yield was about
50 9, and the specific radioactivily 0.91 mC per millimole,
i.e. essentially the same as Lhal of earnitine.
This identit.y of the specific radioacl ivities of carnitine and

the derivecl croLon-betaine is interesting in the context of the
discussion on the localizaLion of Lhe sLable tritium atoms within
the molecules of [3-hyclroxy-y-amino-butyric acid after an
exchange with tritium hydrogen according Lo WILz1AcH's
method.

2) The aclion of the labelled compounds on the elongation
of tibias from chick cmbryo was tesLcd in uilro according to
L1ÉBECQ-l-luTTEH (1960). The tritiated croton-betaine induced
a stimulalion of bone growU1 similar Lo that observed prc­
viously for the unlabelled compound.

3) Experimenl willz lrilialed dl-caméline.

A small window was opened (HARKMARK and GRAHAM, 191)
just abovc the embryo, in the shell of hen eggs incubatcd for
5 days. 400 g of the tritiated dl-carnitine, dissolved in 0.1 ml



214 W. G. VERLY el a[.

of Tyrode solution, were inslilled onto the embryo area. Then
Lhe hole was masked with a siliconed coverslip sealed with paraflin
and Lhe incubation conlinued until the 9th day.

On Lhis day, the eggs were opened and 17 living embryos
collected forming a Lola! of 23 g. The aclivity injeclcd into
Lhe 17 eggs can easily be calculated Lo be 8.26 x 107 disintc­
grations per minute (d/min.).
The embryos were Lhoroughly ground with 50 ml of water

in a Virlis 45 homogenizer. In order Lo precipitale the proteins,
the homogenale was Lreated wilh an cqual volume of 1 %
picric acid ; Lhe mixlure was ground again in the Virlis before
centrifugation. To remove from Lhe sedimcnt a possible
contamination with free unmelabolized trilialed carnitine, it
was resuspended in 40 ml of 0.5 % picric acid solution containing
100 mg of unlabelled carnitine and Lhen cenl.rifugccl down
again ; Lhis operalion was performecl 3 Limes. The pellet was
finally washed 4 Limes with ethanol and Lwice with ether.
The proLeins of the cenlrifugate were hyclrolyzed in 10 ml

of 6 N HCI boiling uncler rellux for 20 hrs. Aller cvaporalion
Lo clryness under vacuum, Lhe lasl Lraces of 1-ICI were elimi­
naLed by 3 washings with water followed by evaporation.
To remove Lhe picric acid slill eonlainecl in this hydrolysale,
the residue, clissolvecl in water, was percolated Lhrough a column
of 6 ml of Dowex-2 in Lhe chloride form and the amino aci<ls
were eluted with 1 ml of 0.02 N HCI; the eluale was cvapo­
ralcd to clryness undcr vacuum. This lasL residue was dissolved
in 10 ml of waler.
The radioactivity of Lhe solution was assayed by liquid

scintillation counling in a Packard Tri-Carb spcclromcter.
To 0.1 ml were added 1 ml of 0.2 N hyamine hydroxide in
methanol and 11 ml of a scintillating solution (10 g PPO, 250 mg
POPOP and 100 g of naphthalene per liter of dioxane). To
oblain the yield of counting, a slandard of Lrilialecl naphthyl­
acetamide of lmown absolule radioactivil·y was dissolved in
a scinlillating mixlure prepared in an identical way. The
tolal radioactivîty of Lhe hydrolysale was 55.000 cl/min.
The remaining 9.8 ml of the amino-acid solution were poured

on a columm of Dowex-50 (H) (STEIN and Mo0nt, 1950) of
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61 cm in height and 2 cm diameter. The clution was carricd
ouL successively wiLh 1.5 N, 2.5 N and 4.0 N HCl and 5 ml
fractions wcre collected.
The chemical assay of the amino aeids was pcrformed with

ninlydrin (Moon and STEIN, 1954). But, as proline and
hydroxyproline were of special inLerest, the former was loca­
lizecl wiLh Lhe Chinarcl reagent (CmNARD, 1952) and the latter
with the reagent of NE'MAN and LOGAN (1950).
For Lite radioacLiviLy clcLcrminaLions, 2.5 ml of each fraction

was evaporated Lo dryness. To the residue were added 1 ml
of 0.2 N hyamine hydroxide in methanol and 1 l ml of a scin1il­
laLing soluLion (4 g PPO, 100 mg POPOP per liter of toluene).
SLanclardizalion and assay in Lhe Tri-Carb were made as usual.
The resulls are indicaLcd in Figure 1.

Two legs from differcnL ernbryos were flxecl in Carnoy solution
immedialely after removal from Lhe shells. Histoautoradio­
graphies were done on sliccs (4 µ Lhick) using Gevaert nuclear
emulsion Scientia 7.1 or stripping film Kodak AR-IO. They
wcre sLaineù by Ehrlich hernatoxylin afLer clcvelopmcnL by
D-19. Exposure ime varied from 7 to 14 days. No signiflcant
radioactivily could be detecled by comparison with con'rols
which receivecl an instillaLion of Tyrode solution only. Aclrni­
nisLration of HC-alanine in the same expcrimenLal conditions
has prcviously shown a high labelling of the periosteal grouncl
substance.

4) E:rperimenl wilh lrilialecl crolon-belaine.

The scheme of Lhis experiment is very similar to the prcceccling
one.
400 g of LriLiatecl croLon-betaine wcrc instillecl into cach

egg on the embryo arca afLcr 5 clays of incubation. The embryos
were removccl on the 9th day. 11 surviving cmbryos (10.2g)
(toLal adiviLy injectecl inLo the Il eggs = 6.19 X 107 d/min)
were homogenized.
0.5 ml of lhe homogenaLe was digeslcd in ml of N hyamine

hyclroxidc in methanol al 60° in darkncss for 48 hrs ; afterwards,
the volume was brought to 12 ml with dioxanc. The radio­
activity was deterrnincd aflcr adclilion of a scintillaling solution
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and internal calibration with a standard. The total activity
of the homogenate was 5.85 10% d/min which means that
about 10 % of the injected croton-betaine gained access to
the embryos.
The precipitation with picric acid was as indicated above,

except that the washings for the deconLamination of the preci­
pilale were performed with a solution of non-radioactive croton­
betaine insLead of carnitine. The hydrolysis of lhe proteins
of the sedirnenL has been clescribed and also the removal of
Lhe pic:ric acid adsorbed on it. As previously, the amino
acids were finally dissolved in 10 ml of water; the solution,
which had a total radioactivily of 73 000 d/min, was chroma­
Lographcd on Dowex-50 (1-1). The results are clrawn in Fig. 2.

HisLoauLoradiographies were made on legs fixecl in Carnoy
solution direcLly after the 9Lh day of incubation. No labelling
couic! be seen al'ter exposure Lime varying from 7 to 14 days.

Discussion

To Lest Lhc hypol hesis LhaL croLon-beLaine might be a pre­
cursor of praline or hydroxyproline in birds, it was necessary
1o label Lhe molecule ouLside the methyl groups becausc these
groups had Lo be removed before cyclisaLion could Lake place.
This condition was fulfilled by labelling [3-hydroxy-y-amino­
butyric acid by exchange with tritium hyclrogen before methy­
lation with ordinary methyl iodide and dehydration of the
Jabelled earniLine Lo croton beLaine.
As LIÉBECQ-HUTTER (1960) has observed the action of

croton-beLaine on the cleposition of collagen in bones from
chick embryo in vilro, similar, but in vivo, conditions were
uscd in the present work : the labelled compound was laid on
the cmbryo areas of hcn eggs after days of incubation. There
is a good resorption of the product administered in this way
as proved in the second experiment where about 10 % of the
given radioacliviLy was found in the embryos 4 days la ter;
the fact had also been established previously in a pilot experi­
ment with 14C-alanine.
The chemical synthesis having given Lritiated dl-carnitine

as well as Lritiated croton-betaine, both were tried experimen­
tally.
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It is obvious that the scdiment obLained by cent.rifugaLion
of Lhe cmbryo homogenates after addition of picric acid contains
many things besicles proleins even after the washings with
cthanol and cthyl eLher. The amino acids of Lhe hydrolysate
of Lhis scdimenl arc parlially purified by the Lreatment of
Dowex-2 which !caves an «amino acid fraction >> containing
about 1/1000 of the adminislered radioactivily in both experi­
mcnts. But the chromatography on Dowex-50 shows that this
radioacLiviLy is not bound to any amino acid and, in parLicular,
not to the praline or the hydroxyproline.
The conclusion is clear that neilher croton betainc nor carni­

Linc is an important prccursor of amino acid in the chick cmbryo,
aL lcasl through a relatively direct pathway that does not
Jabilize the tritium used as tracer. It docs seem that the
in vitro observation ol' LrÉBECQ-HUTTEn (1960) of a stimulatory
effecL of croton-betaine on bone growth, which has bcen confir­
med with the synthetic tritiated compound, must be justified
by anolhcr explanation.

Summary

dl-camilinc and crolon-bctainc were noL found Lo be amino
acid preeursors in the chick embryo.

The authors wish Lo lhank G. FILLET for his careful help in part of
Lhis work.
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