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ABSTRACT

The effect of long-term administration of betacyamine, a mixture of betaine
and guknidoacetic acid, on the concentration of serum lipoproteins was studied
in 8 out-paticnts. A similar controlled study was made of the effect of betaine
on the concentration of scrum lipoproteins in 3 groups of inatitutionaliscd
chronic psychiatric paticnts. A definite hyperlipoproteinemic and hyper-
cholesterolemic effect of betaine was discovered, involving all low-density
scrum lipoproteing (execpt the SP100-400 class) and the major high-density
serwin lipoprotein class, 11DL-3. The largest inereases were observed in the
820-12 class. The increased levels of low-density scrum lipoprotein resulted
in concomitant clevations in atherogenic index values. Female patients showed
significantly greater clevations in the concentrations of 8{0-12 and §712-20
serum lipoproteins and total cholesterol than did male patients. 'I'he nssociation
of high atherogenic index valuea with an increasing incidenee of morbidity and
mortality from coronary artery discase contraindicates the use of hyperlipo-
proteinemic agents such as betaine in the treatment of patients with coronary
artery discase. Biochemical mechanisms by which betaine may produce its
hyperlipoproteinemic effect are discussed.

FPORTS that betaine lowers the level of total serum cholesterol (1)

, and that it ir heneficial in the treatment of human coronary athero-
sclerosis in man led to the present study of the effeet of belrine on the
concentration of human serum lipoproteins.

CLINICAL MATERIAL AND METHODS
Out-patients (belacyamine)
Six patients (3 males and 3 females) were seen on an out-patient basis for periods

ranging from eleven to thirty-six months, during which time from 30 to 60 blood speci-
m ns were obtained on each. Table 1 contains a summary of the clinical data. All blood

Received November 5, 1958.
¢ Supported by a grant-in-aid from International Mincrals and Chemicals Corpora-
tion.
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samples were analysed for concentration of scrum lipoproteina and total serum cholesterol
f by methods previously reported (2, 3).
' The preparation administered was betacyamine, a mixture of betaine and guanido-
acetic acid (glycocyamine). Blood samples were obtained before trcatment, during the
course of treatment, and following ccssation of treatinent. Betacyamine was administered
orally in gradually increasing doses (increments of 5 Gm. for betaine and of 1 Gm. for
glycocyamine), until a total daily maintcnance dose of 256 Gm. of betaine and 5 Gm. of
glycocyamine was reached.

IIOB, Snlived 25 ant (L‘ ;. )

P

The cffect of betaine without glycocyamine was studied in 3 different groups of
chronic ambulatory paychiatric patients hospitalized in 2 state mental inatitutions.
Group 1 consisted of 13 male and 3 female patienta ranging in age from 25 to 63
years, hospitalised in institution A, The men received betaine daily for a period of one
month, the women for rixteen weeks. All received a total daily dose of 15 Gm. of betaine
adminiatered in fruit juice in three fractional doscs of 5§ Gm. cach. Blood samples were '
obtained after two and four weeks of this medication in the men, and after two, four, !
seven, ten and twelve weeks in the women. Weight and blood pressure were recorded [
each time. Three blood samples spaccd one week apart were obtained on all patients t
i

belore administration of betaine, and 2 samples were obtained at varying intervals
i following cessation of betaine therapy. Lipoprotein and serum cholesterol determinations
i were made on all blood apecimens.

Group 2 eonninted of 24 male paticnts ranging in nge from 29 to 74 years, hospitalized
in inatitution B, Of these, 5 (moenn nge 53 years) were stucied concarrently as eontrol
subjccts not receiving any mediention. The remaining 19 (menn age 58 yeara) reecived
f 15 Gm. of betaine daily divided into two equal doses, for a period of twenty weeks.
| Blood samples were obtained serially during this 20-week period, as well as before and
| after treatment. Seventeen samples were obtained from each treated and control patient
l over a period of fourtcen months. Thus the data on Group 2 are bascd on the analysis
X of 408 (17X 24) blood specimens.

| _ The results in Groups 1 and 2 suggested that female patients receiving betaine show

| a greater increase in the concentration of serum lipoproteins than do male patients. To

: test this impression, 17 female chronic psychiatric patients ranging in age from 24 to

' GO years, hospitalised in inatitution A, were studied for o period of thirty-one wecks.

) : They were designated Group 3, and included 7 controls {mean age 44 years) and 10

patients receiving betaine (mean age 44 years). The former received no medication;

| the Intter ingested 15 Gm. of betaine daily in two equal doses, for a period of sixteen

e ' weeks. Nincteen blood samples were obtained from cach patient—4 during the four-

1 week pre-treatment period, 11 during the sixteen wecks of treatment, and 4 during the

ten-week post-treatment period. Thus the data on Group 3 are based on the analysis
of 323 (17 X19) blood specimens.

-

1 , RESULTS
. . .
i | In both the out-patient and in-patient studies it was found that ad- ¥
d ministration of betaine produced an elevation in the concentration of cer-
tain of the low-density serum lipoproteins and of total serum cholesterol.
‘a- Statistical analyses of the data showed that the elevation in the levels of

870-12 and S8{12-20 serum lipoproteins and of total serum cholesterol was
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! 772 EDWARD H. STRISOWER ET AL. Volume 19
highly significant, that the elevation of the S;20-100 lipoprotein level was
less consistent, and that there was no significant change in the level of
Sr100-400 lipoproteins.

Tables 1 and 2 contain summaries of the data (and their statistical sig-
nificance) obtained in the out-patient and in-patient study, respectively.
Figure 1 shows mean serum lipoprotein concentrations charted in terms of
weeks of betaine therapy in the 10 '
treated female patients of Group 3.
A detailed discussion of the changes
observed in each band of serum
030 lipoproteins follows.

330

T T T T TTTT

Changes in S{0-12 serum lipopro- !
tein levels ]

In the out-patient study with
betacyamine, 3 of the 6 patients
(B.H., M.T. and M.J.) showed pro-
nounced elevations (significant at
the 0.1 per cent level) in the con-
centration of S;0-12 lipoproteins,
and 2 (G.R. and L.H.) showed
somewhat smaller increases (signifi-
cant at the 5 and 2 per cent level,
9 respectively). It is of interest that
] the latter 2 patients initially had
*  the abnormally elevated S;20-100
lipoprotein levels characteristic of

sjon

s
H
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st e-20

37 100-400

F1a. 1. Curves of the concentrations of

serum lipoproteing and total eholesterol
{mg. per 100 ml.) in relation to time of
therapy (weeks) in 10 female patients re-
eeiving 15 Gm. of betaine dailyv.

xanthoma tuberosum (4, 5). No def-
inite statement can be made about
the 8§0-12 values in the s'x’ h pa-
tient (I5.M.) becauseof theextreme-

ly elevated initial levels associated
with xanthoma tendinosum (4, 5) which did not permit accurate partition
hetween the S{0-12 and S{12-20 bands. Therefore the effect of betacysa-
mine had to be evaluated on the combined bands of Sf0-20, which showed
a pronounced elevation, significant at the 0.1 per cent level. This finding
suggests that an extremely high initial concentration of Sf0-12 lipopro-
teins per se does not obviate the effect of betacyamine in raising the level
of 8;0-20 lipoproteins.
A statistically highly significant and fairly large increase in S{0-12 serum
lipoprotein concentration was observed in all 3 groups of institutionalized
patients (Table 2). Thus 15 of 16 treated patients in Group 1, 15 of 19
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TABLE 3. SUMMARY OF DATA ONTAINED IN INDIVIDUAL PATIENTS IN GROUP 2 (19 MALES
RECKIVING BETAINE FOR 20 WEEKS)

sy 12 12 2 “120 100 K100 40 Choleatorot
Pati No No N
M et | are | B | e | | aee | ot | gee Do | e | signt.
ment® ofa ment* ofa ment® of &
B.A. 328 16 | nat -8 81 4 [ Ns 4 203 -2 | wa
C.A. 348 88 | P<o0.01 3 76 10} we -3 228 2% | ons
C.H. 326 38 | P<co.ns 1 04 19 | P<0.08 -85 230 20 | P<O.1
D.E. 300 -1 P~0.02 13 185 o4 P<0.01 1zt 218 8 na.
ES. 207 -1 na, -3 83 18 LE N -1 24 2 LEN
F.R. 388 ” P<o.M 288 ! 103 bl P<o.02 -18 214 47 P<0.01
F.U. 378 T4 P <0.m 208 | 03 42 P02 38 230 54 P<o.m
1.0. 336 4 ( na, [ ] 1 | mn -31 199 6 | nn
J.OS8, 182 — 4 | Ne. -7 ] 15 | *m 1 235 8 !N
K.R. a4 O | wn -2 81 7 LES 2 228 -4 N4,
M.E. 22 & Pan.01 -10 70 21 LN 26 162 at P <0.02
PA. 08 3] LEN -8 82 8 P<n.0s 10 212 17 N,
P.I 812 kel P<o.01 ~11 o4 a LEY -1 328 13 P~0.2
8.C. 332 81 P<n.o2 1 88 12 L&Y 8 208 kLS " <0.01
. RN 401 50 r<o.or 13 10 L] NN, -17 218 26 P~0.02
T.L 330 8 ng| 48 | P<o.0t k44 208 26 |
WA 303 88 P<o0.08 -1 o7 19 | wa. [ ] 228 58 P <0.M
w.L =0 2 | 4 58 19 | e -1 184 8 | N,
W.LL. 32 8 [ wn -2 24 -5 | ma o 104 9 { w8
* The mean of all pre- and post t valoen (7-8 ien per
*% Nifferenas betwern the mean of the valites diring [t e per i and the mean of the vahies
betore And after trentiment,
1 Mot nigwifiennt.
38 signifieant ek (1P=0.08 to I'=0.01),
Nete: R0-13, B]12-20, B{20~100 and #{100- 400 lipoprotein and chok i values are expressed in mg./100 ml. of
serum.

treated patients in Group 2, and all 10 treated patients in Group 3 showed
increases in the serum level of this class of lipoproteins.

In Table 3 the individual ehanges in the 19 treated patients of Group 2
are liated. It may be seen that in 9 of the 19 there were statistically signifi-
cant increases in the S;f0-12 lipoprotein level and in only 1 was there a sig-
nificant deerease. This patient (DD.I5.) initially had abnormally elevated
levels of $;20-100 and S;100—400 serum lipoproteins. 1t is of interest that in
the only other patient (Group 1) with a decrease in S{0-12 lipoprotein con-
centration there was also a marked elevation in the initial levels of S720-100
and S7{100400 lipoproteins. Lack of sufficient information concerning
factors regulating individual serum lipoprotein classes in individual sub-
jects prevents interpretation of the peculiar reaction to betaine in these 2
patients.

Changes in S;12-20 lipoprotein levels

In the out-patient group of 6 subjects, the pattern of the S712-20 serum
lipoproteina reflected quite closely that of the 8{0-12 lipoproteins. Thus the
smaller elevations of $712-20 occurred in the 2 patients with xanthoma
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tuberosum; in G.R. they were significant at the 2 per cent level, and in
L.I1. they were not statistically significant. Three of the remaining 4 pa-
tients (B.H., M.F. and M.J.) showed marked elevations in S{12-20 con-
centration, significant at the 0.1, 1 and 0.1 per cent level, respectively. The
high level of S{0-20 lipoproteins in the patient with xanthoma tendinosum
(E.M.) has already been mentioned.

In the hospitalized patients, there was a small though statistically sig-
nificant increase in the mean level of S{12-20 lipoproteins, with the women
(Group 3) showing by far the largest mean increase (Table 2). In Table 3 it
may be seen that for the individual male patients of Group 2 there were
about equal numbers of plus and minus signs for the Sf12-20 value, though
for 3 men (F.IX., .U. and F.L.) there was a statistically significant in-
crease in A values, and no significantly negative A values were noted. In 12
of 13 male patients in Group 1 there were positive A values for S{12-20;
the single negative A value was not significant.

Changes in S;20-100 h'poprc.ltein levels

Only 2 of the 6 out-patients showed significant elevations in the serum
concentration of 8;20-100 lipoproteins, namely, Patient E.M. with
xanthema tendinosum, and Patient M.J. with hypertension and a history
of a cerebrovascular accident. No significant changes could be demon-
strated in the remaining 4 subjects.

Among the institutionalized patients, statistically significant increases
(about 20-30 mg. per 100 ml.) were observed in the mean $;20-100 levels
in the 2 male groups but not in the female group. Inspection of the indi-
vidual responses of patients in Group 2 (Table 3) shows that 18 of 19 pa-
tients had posilive A values for S{f20-100 lipoproteins, 6 of which were
statistically significant.

Changes in S;100-400 serum lipoprotein levels
Only 2 of the 6 out-patients showed significant changes in this lipopro-

_ tein band —— Patient M.J. in whom there was an increase significant

at the 0.1 per cent level, and Patient G.R. with xanthoma tuberosum, in
whom there was a decrease. This was the only decrease in any serum
lipoprotein band observed in the out-patient group.

No significant changes in the concentration of S{100-400 lipoproteins oc-
curred in the 3 groups of hospitalized patients. In only 2 (D.E., Group 2;
E.F., Group 1) of a total of 45 hetaine-treated patients in Groups 1-3
were large increases noted in the values for this class of lipoproteins. It is
of intereat that these 2 patients initially had high levels of S{20-100 lipo-
proteins and were also unique in responding to betaine with a decrease in
the concentration of S;0-~12 lipoproteins.

3004925
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Inspection of the individual responses of the patients in Group 2 (Table
3) shows a fairly even distribution of plus and minus signs, and only 2 sig-
nificant A values for Sf100-400 lipoproteing, hoth positive.

Changes in the atherogenic index (A.1.) and in tolal serum cholesterol levels

In 4 of the 6 out-patients, A.I. values were significantly elevated, but re-
mained unchanged in the 2 patients with xanthoma tuberosum. The level
of total serum cholesterol rose markedly in the same 4 patients; however,
in the 2 patients with xanthoma tuberosum, it remained unchanged in one
(L.H.) and was only moderately elevated in the other (G.R.).

In the 3 groups of hospitalized patients, marked elevations in A.1. values
and in serum cholesterol levels were observed, significant at the 1 and 0.1
per cent level, respectively.

Changea in body weight

Body weight remained fairly stable in the 3 groups of hospitalized pa-
tients. An effect of betaine on body weight is clearly excluded by the
weight data summarized in Table 2.

DISCUBSION

The data show that hetaine has a definite effect on serum lipoprotein
concentrations, producing increases in all except the Sf100-400 low-density
classes. The largest and most consistent elevations occurred in the S{0-12
class. Statistically significant increases were also observed in the HDL-3
class, the major high-density lipoprotein component. As expected, along
with these increases in serum lipoprotein concentrations, there were dis-
tinet elevations in the level of total serum cholesterol and in the athero-
genie index.

Some quantitative differences in the response to betaine were noted be-
tween the male and female hospitalized patients. These differences are
summarized in Table 4. It may be seen that there were significantly greater
increases in the levels of S{0-12 and S712-20 lipoproteins and total cho-
lesterol in the female group. The levels of Sf20-100 and S§100-400 lipopro-
teins were increased less in the female than in the male patients on the
average, but these dilferences were not statistically significant. The reason
for this sex difference in response to betaine is unknown.

Analysis of all the data failed to demonstrate any relationship between
the initial level of serum lipoprotein and the subsequent change produced
by betaine.

That betaine rather than glycocyamine is the effective agent in beta-
cyamine is shown by 1) the results of the in-patient study in which only
betaine was used, and 2) the fact that in 3 (G.R., L.H. and M.J.) of the 6




Velume 19

1IN IR YD

01

a5 UL

EDWARD H. STRISOWER ET AL

Notes
Found By
Dates

778

S3n W1 PRAsdXd SIU CINTEA XOPUL raaBusx]le IIUNIDE JO [ 001, 73w Bi P

a1t KINTEA §

[ dnoag) jo Hwanyed S{eWI) £ wf)
~4mOUIIGAI] 40J6q SINTEA 3 JO UWW &) PUT JusTneen

[ 7hh00¢

dodt] 00H-001'S PUT 001-0T'S '01-31IS ‘T1-0lg (e

suwoyrust 10N §

icnngc!auﬁlzﬁio.a»

Suunp WOeA s J0 TYNE gy Eeenteq euAldpI] 4

ureieq M 1EoWIERT FULIND SOTEA J0 T oo

~sonpea urwRG-ead Jo TR «
rex Wwo>a oto>d | 20°0>d 00> d , snfes
, v % WoeRg o Wunynly
T - ¥+ Y- n L4 (F-d) "Tes weewyeq souaagi(]
1+ (144 o | 6¢ 1w+ aL 8+ oo+ 1. 4 18 . (eay) susned speut £1
i+ 0+ o |z L+ 26 sz "t "y 108 | (o= 81 gmuened ofews) g1
v v yen < "yeen) v w PR Sdasid
ON. oN ﬁo °N
xapu; of L 001-0'8 oz-zi's T-o's

ANIVLIE 0L FENOJSAH THL NI SINTILVd TTYNAL ANV X

VN NTEMLIIE SIONIVILANT ¥ 31aV],




Celume 10

3004928

July, 1959 EFFECT ON BETAINE ON SERUM LIPOPROTEINS 770

out-patients, betaine produced the same effect as did betacyamine. Our
findings are in distinet contrast to those of Morrison (1), who reported that
betaine produced & marked lowering of total serum cholesterol concentra-
tion in n group of patients with coronary atherosclerosia. ITowever, direct
and detailed comparison of the 2 studies is difficult because Morrison’s pa-
tients were maintained with a low-fat, low-cholesterol diet and also had
received previous treatment with choline and inositol.

The practical clinical application of our findings derives directly from
the statistical relationship of the atherogenic index to mortality and mor-
hidity from coronary artery disease (6, 7). The definite increase in the
atherogenic index produced by betaine implicates betaine as a potentially
dangerous substance for use in the treatment of patients with coronary
artery disease. Furthermore, it would seem wise to reconsider the free and
indiscriminate use of other "lipotropic” agents (e.g., choline) until their
effects on serum lipoprotein levels are known.

The mechanism by which betaine increases the concentration of serum

-870-20 lipoproteins and total cholesterol is by no means clear. The bio-

chemical pathways of betaine metaholism are known in some detail and
have boen reviewed hy Mackenzie (8). The known metabolic products of
betaine are n-dimcthylglyeine, n-methylglycine, glyeine, an active one-
carbon intermediate of the oxidation state of formaldehyde plus small and
variable quantities of formaldehyde, and serine formed by condensation
of glycine with the one-carbon intermediate. Betaine is also a methyl donor
in the transmethylation reaction forming methionine from homocysteine.
In the absence of clinical evidence for the accumulation of formaldehyde,
the only potentially toxic and unphysiologic compound in the foregoing se-
quence, it appears unlikely that the effect of betaine on serum lipoproteins
is mediated via any of the remaining metabolites along the known meta-
bolic pathways of betaine. The role of choline as a lipotropic agent has been
reviewed in detail (9). It seems unlikely that the effect of betaine on serum
lipoproteins can be explained on the basis of “lipotropic action” in pa-
tients who maintain their weight while receiving a diet presumably ade-
quate in protein and lipotropic agents. Mobilization of depot fat by he-
taine or choline also does not offer an adequate explanation, for the same
reasons. It has been shown that choline accelerates synthesis of hepatic
phospholipid (10) but the possible relationship of this finding to an in-
crease in the concentration of low-density serum lipoproteins is not clear,
even though a relationship between serum phospholipid and serum choles-
terol levels has been suggested recently (11).

Desiccated thyroid (12-14), thyroxine (15) and triiodothyronine (16)
each cause a marked lowering of the S{0-20 serum lipoprotein level, and
vitamin By has been shown to prevent weight loss and sometimes death
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due to thyrotoxicosis in young rats (17-19); the suggestion las also been
made that thyrotoxicosis is primarily a deficiency of vitamin B, (20). A
vitamin B,, deficiency has heen postulated to explain the decreased rate of
methylation of nicotinamide observed in hyperthyroid rats (21), and the
requirement of vitamin I3,y for the synthesix of methyl groups iz well
known, though transmethylation reactions probably do not require this
vitamin (22, 23).

Furthermore, in rats, a deficiency of dietary betaine produced by inges-
tion of ethanolamine may be compensated for hy an increase in methyl
synthesis following administration of vitamin By, (24). Low plasma 13,
levels have been reported in strict vegetarians (25), and low serum cho-
lesterol and S{0-20 lipoprotein levels have heen repeatedly ohserved in
human subjects and animals receiving low animal-fat or vegetarian dicts
(26-29). These diverse ohservations are consistent with the hypothesis that
low levels of vitamin B,; are in some way related to low levels of Sf0-20
serum lipoproteins, and high levels of vitamin By, to high levels of S{0-20
serum lipoproteins and cholesterol.

An effect of betaine on the absorption of fats or of some nutrient in-
volved in the regulntion of fat metabolism represents another mechanism
by which betaine might cause the observed changes in serum lipoprotein
concentration. However, the absence of a significant weight loss mmakes a
defect in fat absorption an unlikely explanation.
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