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sis which has the same specificity towards
Bio.

Two recent reports suggest that the me-
thyl-malonyl-CoA—succinyl-CoA  conversion
in O. malhamensis is in the direction of suc-
cinyl-CoA formation(8,9). Thus if any com-
pound in this pathway is active in replacing
B2, one would expect succinate rather than
methyl-malonate to be active, but our unpub-
lished experiments exclude this possibility.
The importance of the B,,-dependent methyl-
malonyl CoA — succinyl CoA reaction in
O. malhamensis has been questioned. In
successive notes, the same authors suggested
first that succinate formation is not the reac-
tion by which Vit. B;2 controls growth(8)
and then that the major role of B;s may be
in the propionate — succinate pathway(9).
Our results favor the first interpretation.

Our growth experiments indicate that the
reactions responsible for the B;, growth re-
quirement in E. gracilis and O. malhamensis
are still to be identified. One possible area
for investigation is the series of reactions re-
sulting in the formation of lecithin. Lecithin
was strikingly effective in reversing benzimi-
dazole-caused growth inhibition in O. mal-
hamensis in a medium which contained By,
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plus all the compounds now recognized as
products of B,.-catalyzed reactions(6).

Summary. The following compounds do
not either replace or spare the growth require-
ment for Vit. By of either E. gracilis or O.
malhamensis:  DL-B-methyl-aspartate, L-
threo-3-methyl-aspartate,  ureido-8-methyl-
aspartate, N-acetyl-L-threo-8-methyl-aspar-
tate, and methyl-malonate. Inhibition of
growth of E. gracilis by benzimidazole is not
annulled by B-methyl-aspartate.
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Little is known concerning the physiologi-
cal or biochemical function of g-hydroxy, v-
betaine-butyric acid (carnitine)(1). Recent
reports have shown that carnitine can stimu-
late the oxidation of palmitic acid by tissue
preparations in vitro(2-5). It has been sug-
gested that its site of action is in early stages
of fatty acid metabolism where it enhances
transfer of long chain fatty acids to an en-
zyme complex(6). The purpose of this study
was to evaluate the action of carnitine on
fatty acid oxidation by intact mice and fatty
acid pattern or quantities of depot fat in non-

obese and obese mice respectively.

Materials and methods. Male albino mice
weighing 18-23 g, obtained from the Upjohn
colony (Rockland Farm Swiss mouse an-
cestry) were used. For respiratory studies
mice were fasted 15 hours (overnight) before
use.  DL-carnitine-hydrochloride* (DLC)
was dissolved in deionized water and either
injected intraperitoneally or given orally by
stomach tube, ¥4 or 1 hour, respectively, be-
fore C'* compounds were injected. The C'¢-

* International Minerals and Chemical Corpora-
tion, Skokie, Illinois.
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carboxyl labeled long chain fatty acids and
tripalmitin were incorporated into Lipomult
and injected into a tail vein. Each mouse re-
ceived 0.2 ml of the emulsion which contained
7.8 X 10* cpm CM™-1-tripalmitin (carboxyl
labeled). 1.7 X 107 cpm (C'¥-1-palmitic acid
or 1.7 3 10" ¢pm ('*-1-oleic acid. Other
mice were injected intraperitoneally with 0.5
ml aqueous solutions of 4.4 X 10° cpm C'-
I-sodium butyrate, 3.0 X 10° cpm C'-1.3-
glycerol, 5.5 X 10° cpm ('*-2-sodium ace-
tate, 1.7 X 10° cpm C"-glucose (uniformly
labeled), 1.7 X 10% cpm C'*-2-glycine. or
1.5 X 10° ¢cpm C'"-1-DL-leucine. Each group
(control or DLC treated) of 6 mice was
placed in a glass metabolic chamber from
which the respired C0. was collected and
then counted as BaC*04(7).

In another series, non-obese mice were in-
jected intraperitoneally with 100 mg/kg DLC
daily for 4 weeks (food and water ad libi-
tum). Mice were weighed. sacrificed, and 250
mg (wet weight) of epididymal fat taken
from each mouse for fatty acid analysis.
Samples were homogenized separately with
2.5 ml of deionized water and extracted
twice with 5 ml of Skelly Solve “B” to re-
cover lipids. Extracts were dried over
Na,SOy4 and concentrated to dryness using a
stream of nitrogen and partial vacuum. Resi-
dues were saponified and transesterified to
form methyl esters of the fatty acids(8).
which were used with conventional gas chro-
matographic technics for fatty acid determin-
ations. Obese mice were prepared by intra-
peritoneal injection of 1 mg/g body weight
of gold-thioglucose(9) as Solganalt, 3 months
prior to initiation of DLC treatment. At be-
ginning of the experiment. one group of obese
mice received 250 mg/kg of DLC orally by
stomach tube daily for 4 weeks. At this
time, however, the daily dose was increased
to 500 mg/kg given in divided doses twice a
day for an additional 4 weeks. These mice
were given a fluid diet (12.5 calories/5 ml)
daily (Table I) in cups so that food con-

t Upjohn trademark for intravenous cottonseed
oil emulsion.

1 Schering Corp. trademark for suspension.of gold-
thioglucose in sesame oil.
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TABLE T. Low Carbohydrate Fluid Diet.

Con- Quantity Con- Quantity

stituent (g) stituent 2
Cellu flour 25 Casein 160
Salt mix, USP IV, #2 25 Starch 160
Dried liver powder 25 Dextrin 160
Skim milk ” 200 Soya bean oil 60
Brewer’s yeast 100 Methionine 3
Suerose 170 Water 1000

To the above mixture 10 mg vit, K (2-methyl-1,
+-naphthoquinone), 200 mg a-tocoplerol, 1 g ascor-
hie acid, and 3 ml Zymadrops (Upjohn trademark
for a complete vitamin mixture) were also added.
Pereent of total calories for protein, carbohydrate,
and fat was 21, 49, and 30, respectively. Each ml

contained 2.5 calories.

sumption could be easily determined. This
amount of food was previously found to be
slightly less than the mice would eat. Mice
were sacrificed by decapitation, liver and in-
testinal tracts removed, and the carcasses
analyzed for lipid, protein, and water content
(10).

Results and discussion. Respiration Stud-
ies. Cumulative C specific activities of
CO. collected during oxidation of labeled
compounds are either shown (Table II) or
mentioned (Table II, footnote). No changes
were observed in the total respiratory CO,
due to DLC administration in all experi-
ments, Fasted mice injected with DLC
oxidized both C-tripalmitin and C-pal-
mitic acid at an increased rate; peak
(0. specific activity increases were 25%
by the first hour and 50% by the second
hour, respectively. Carnitine did not appear
to affect the oxidation of Cl*-oleic acid, gly-
cerol, sodium butyrate or acetate, glucose,
glycine or DL-leucine. Recently, it was re-
ported(11) that DLC did not stimulate the
oxidation of short chain fatty acids in vitro,
which agrees with the negative results we ob-
tained using sodium butyrate and acetate.
On the other hand, a stimulation of oleic acid
oxidation was observed iz vitro while we did
not obtain this result in our iz vive studies.
The reason for this difference is not clear.
Carnitine given orally produced a marked
and sustained effect on C'-tripalmitin oxi-
dation; specific activity of C'*Q, increased as
much‘as 40 to 90% during the S-hour obser-
vation. " Increasing the oral dose from 250
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TABLE II. Effect of Injceted Carnitine on Oxidation of C*-Labeled Fatty Aecids, Sodiun
Butyrate, and Glycerol by Fasted Mice.*

Cumulative C** specifie activity att

Group 1% hr 1hr 2 hr 3 hr 5 hr
C"-1-tripalmitin
Control 9.1+ 1.1§ 9.6+ 9 101+ 14 29 + 14 9.7+ 1.8
Carnitine} 102+ 1.9 121 + 2.0 126 + 14 1.0+ 1.1 100+ 8
CH-1-palmitic acid
Control 110 =+ 26.1 84 +19.5 62 +18.2 51 +163 38 =+ 7.5
Jarnitine 158 =+ 13.8 118 - 18.8 96 =+ 94 80 =+ 9.4 57 + 13
C4-1-oleic acid
Control 78 +10.5 57 =+ 6.0 44 o+ 24 34 + 11 27 = 11
Carnitine 78 +15.7 63 + 7.9 47 + 6.9 37 =+ 3.8 28 =+ 24
C*-1-sodium butyrate
Control 353 531 255 =-37.2 174 =+353 130 +251 96 =+ 17.4
Carnitine 370 =+ 69.2 244 +35.1 156 =+ 36.7 118 =+ 34.1 90 =+19.2
C4-1,3-glycerol
Control 45 =+ 7.0 48 -+ 48 38 =+ 6.1 30 + 45 25 + 27
Carnitine 55 =+115 51 =+ 6.0 40 + 3.0 32 =+ 20 25 =+ 26

* Values obtained from 18 mice/group (control or carnitine-treated) in 3 separate runs of 6
mice/chamber. Carnitine did not alter the C" specific activity of CO, from the oxidation of
C"-2-sodium acetate, C4-UL-glucose, C*-2-glycine, or C*-1-DL-leucine (see Materials and Meth-
ods)., Amount of total exhaled CO, was unchanged by carnitine in all experiments.

t Counts/min./mg BaCOs,

1 100 mg/kg earnitine intraper.

§ Stand. error of mean,
mg/kg to 1 g/kg produced no significantly
greater stimulation (Table IIT).

Fatty acid and carcass analysis. Non-
obese mice treated with DLC for 4 weeks did
not lose weight, nor did they appear to lose
depot fat (Table IV, footnote). No marked
differences were found in comparing per cent
composition of major fatty acids of epididy-
mal pads of control mice with that of treated
mice (Table IV).  Carnitine did not mark-
edly stimulate the utilization of carcass fat
in the obese mice (Table V). Treated mice
contained only slightly less lipid and slightly
more protein on a percentage basis than did
control mice. Treated mice weighed less,
however, at the end of experiment than did
control mice (Table V, footnote). The weight

decrease was probably due to loss of lipid
and loss of body water from 69.2 down to
65.8% as well as decreased food consumption
(Table V, footnote). ”

Summary. Administration of DL-carni-
tine hydrochloride (DLC) markedly in-
creased the oxidation of C-palmitic acid in-
jected as such or as the triglyceride, but did
not alter total CO. output of fasting mice.
Oxidation of C'-labeled oleic acid, glycerol,
sodium butyrate or acetate, glucose, glycine
or DL-leucine was not increased. Long term
administration of DLC neither altered the
per cent composition of the major fatty acids
in epididymal lipids of non-obese mice, nor
was it able appreciably to-decrease the car-
cass lipids of gold-thioglucose obese mice.

TABLE IIL. Effect of Oral Carnitine on Oxidation of C'*-1-Tripalmitin by Fasted Mice.*

Cumulative C* specifie activity att

Dose,

Group mg/kg Y% hr 1hr 2 hr 3 hr 5 hr
Controls — 8.6 + 2.6 9.0 + 14 86 +28 84 +1.5 8.1 =+ 2.1
Carnitine 250 12.8 + 1.6 14.0 +=2.6 15.0 + 1.6 16.0 + 1.8 148 +~ 14

” 1000 11.6 = .5 15.8 + 1.6 16.8 + 2.8 16.6 + 2.6 152 + 2.8

* Values obtained from 18 mice/group as per Table I. Carnitine did not alter total amount

of CO, exhaled.
t Counts/min./mg BaCO,,
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TABLE IV. Effeet of Carnitine on Fatty

Fce ProbucTiON

Acid Composition of Mouse Epididymal Fat.®

Fatty acid (mole %)t

Group Palmitie Oleie Linolenie Stearic  Palmitoleic. ~ Myristie
Controls (10) 291 = .46 389 + .6 238 4.1 1.6 + .1 7.2 +.6 1.8 + .2
Carnitine (10) 20,5 + 6 39.0 = .5 250 + .2 RRIEE ] 739 .6 1.8 + .8

# 100 mg/kg carnitine daily for 4 wk. Final total body and epididymal pad (wet) weights

for controls were: 30 =1 g and 241 = 20 myg:
18 mg, respectively,

for carunitine-treated mice: 29 = .8 g and 256 +

t Only trace amounts of laurie and linolenic acids were found in all samples.

TABLE V. Carcass Composition of Gold-Thioglu-
cose Obese Mice Given Carnitine.*

Carcass analysis at 8 wk

Lipids Protein
Groupt — Y% dry wt ——— Water, G
Controls (7) 70 = .9 13.7 + .2 69.2 + 1.1
Carnitine (6) 67 =13 161 +=.3 658 = 1.2

* 250 mg/kg/day oral carnitine for 4 wk, 500

mg/kg in divided doses for 4 additional wk.

t In 8 wk, control obese mice each increased in
mean wt from 46 +.9 to 63 = .8 g; carnitine
treated mice inereased from 46 + 1.1 to 58 =+ 1.6 g.
Food consumption decreased about 15% during the
last 10 days of experiment for mice given carnitine.

The authors are indebted to Dr. C. E. Mever for
help in preparing fat emulsions; to Dr. G. R. Um-
breit for gas chromatographic analysis of lipid
samples; and to Dr. W. E. Dulin, Mr. G. H. Lund,
and Mrs. R. L. Kupsis for carcass analyses.
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Several studies in rats and man have con-
clusively shown that 1-|p-(8-diethylamino-
ethoxy) - phenyl] - 1 - (p - tolyl) - 2 - (p-
chlorophenyl) ethanol (MER-29) causes a
depression in serum and tissue cholesterol by
inhibiting cholesterol synthesis(1,2), as a re-
sult of which 24-dehydrocholesterol (desmos-
terol) accumulates in serum and tissues(3-5).

* Supported by grants from Am. Heart Assn. and
Dallas Heart Assn.

MER-29 used in these experiments was a gift of
Wm. S. Merrell Co.

t Established Investigator of Am. Heart Assn.

Despite the regular depression of cholesterol
concentration, the effects on total sterol levels
vary: the tissue sterols are usually normal,
whereas blood sterol concentration may be
low(4).

Since the chicken egg may contain as much
as 0.25-0.3 g of cholesterol(6), the effect of
MER-29 on egg production and egg sterol
concentration has been studied in the chicken.
The experiments reported here demonstrate
that MER-29, when fed in large quantities,
results in an almost complete replacement of
egg cholesterol by desmosterol and that this



