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o$ Cnli$ornin, Ilerbeleg, Cdi/ornin nnrl lhe Napa Stn& Ilo@.d, 

and Slnckkm State I l o a p W  o j  the CaIC$mnia Departmanl 
OJ dlenld  I f ~ k n e  

ABSTRACT 
The effect of long-term administrntion or betncynmine, n mixture of betaine 

nnd Kubnidoacetic mid, on the concentration of %rum lipoproteins wns studied 
in (I outpatients.  A similar controllrcl atudy wna mndc of thc effret of betaine 
on the ronmntrntion 01 srnim liptiprokina in 3 g r o u p  of inatitutionalisrtl 
chronic psychiatric patients. A definite hyperlipoprotcincmic and hyprr- 
cholcderolemic ellect of brtninc wnn dimovered, involving all low-denaity 
wrum Iipoprotrlna (cxacpt tlto $loO-rOO clnrs) nntl the mnjor Iiigh-drnsity 
wrntn liyoliriitrin rlam, lll)L3. Tlir Inrgrrt inrrrnsrs wrrc obscrvrtl in thr 
e 1 2  clam. Thc i n c r e d  levrls of lowdensity scrum lipoprotein resulted 
in eoncomihnt clavntiona in atherogenic index vnlurs. Farnnlc patients showed 
rignincnntlj grrntrr rlnvntions in thc ooncrntnrtions of R;O-I2 nncl 8712-20 
strum lipoproteins nntl totnl clrolrntrrol than did male psticnts. 'L'hc naaociation 
t i f  Irigli ntlirrogrnio intlrx vnliira with nn increasing incitlrnce of morbidity and 
mortality from cortiiiury nrtery disrmc contraindirntes the uae of hypcrlipo- 
protrinrmir agrnts such ns bctniiir in the trcntmrnt of patients with roronary 
nrtrry tlinrnse. lliorhrmienl mncliaiiiams by which betrine may producr ita 
hyperlipoprotcinrniic d e e t  are diseusaed. 

RPOllTS tlint I)et,siiie lowers the level of t.olal Rerum cholestmol (1) R I nn(1 t h t ,  it in Iniiefcinl in ~ I I C  trcntnicnt of Iiurnan coronary ntlieru- 
sclerwis iii iiim lcti to llic III'CSCII~ Rtritly of hlic cfTcTcct of Iictainc 011 hltc 
concentration of liumaii seiwn lipoproteins. 

CLINICAL MATERIAL AND METHODS 

Outpatien& (belacyamnine) 

Six pntienb (3 malea and 3 females) were seen on nn outpa t ien t  basis for period8 
rnnging from eleven to thirtysix months, during which time from 30 to 60 blood apeci- 
m ne wcre obtained on cnch. Table 1 contains s summary of the clinical data. All blood 
~ 
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sampler werennalysed for concentrntion of scrum lipoproteins and total serum cholesterol 
by methods previously reported (2, 3). 

The preparation administered waa bctacyaminr, a mixture of betaine and guanido- 
ncetic acid (glycorgnmine). Rlood samplca were obtained before treatment, during the 
course of treatmrnt,  and follow in^ ccmation of treatment. IJetacynmine was administered 
orally in grndually increasing down (incrementa of 6 Om. for betaine and of 1 Gm. for 
glycocyamine), until a totnl daily mnintcnanre dmc of 26 Gm of bctaine nnd 5 Gm. of 
glycocyamine waa reached. 

Ifospildized pdianlr (befains) 

l'hc rfToot 01 b t o i n o  without glycocyamine WM atuclid in 3 different groups of 
elironic nmbiilatary ~myrhirrtrir pntienb hwpitalirrtl in 2 atatc! mental inntittrtiona. 

Group 1 consis t4  of 13 male and 3 femnlc yutirnts ranging in age from 25 lu 63 
yearn, hoapitalired in institution A. The  men rrceived betaine daily lor a period of one 
month, the women for nixhen werks. All rccrivrd n totrrl daily ~ O E C  of 15 Gm. of betnine 
ndminiatcrcd in fruit'juice in t h m  lrnctional closrs o f 5  Gm. cach. I3lood samples were 
obbined after two and lour weeks of this mcdication in the men, and after two, four, 
seven, ten snd  twelve weeks io the womrn. Weight nnd blood pressure were recorded 
each time. Threr blood samples spnccd one wrrk apart  were obtained on all patientn 
b&rr administration of betaine, and 2 aamplrs were obtaincd a t  varying intervals 
following ceasstbn of bctnine therapy. Lipoprotein anti serum cholesterol determinntions 
warn m d e  on all blood apcrimens. 

( I rnr i l )  2 mnrmtrtl of 24 mnlr Imticwb rnnging in nRr frrim 20 t n  74 yrnrn, honpitalisnl 
in iontitiition 1) .  Or thtw, 5 (nitmi wr 53 yrnrn) w r w  Rtrrrlir*rl rrinrnrrrntly M rwntrnl 
aubjecb not rrcriviiiR nny nirtlir*ntiriii. Tlir rrriiriiiiiny( t 9 (incwi ngo 50 yrara) rrrrivrvl 
15 a m .  of Iwtninc. tinilg tlivirhl into two eclunl horn,  for n period of twenty Ncrks. 
I h o d  samples wrre obtaincrl wrinlly during thin 20-week period, as well an before nncl 
nl t r r  t rmtmrnt .  Srvrntrrn samplcn were obtained from each treated and control patient 
nvrr a period of foiirtcen months. 'Thus tlic dnta on Group 2 nrr bnscd on the annlysin 
of 408 (17x24) blood apecimena. 

The results in Groups I and 2 suggested thnt  fcmale patienta receiving betaine ahoN 
n greater inererae in the conrentration of senim lipoproteins than do male patients. To 
teat this i m p m i o n ,  17 frmalr clironic poychintric pntirnta rnnging in nge from 24 to 
(10 grnrn, horyitnlisrtl in inrtitation A, wrrr ntutlirrl for n pcriod of thirty-rinc wrckq. 
'I'hey were tlrsignotd Group 3, and includrtl 7 rontrola (mrnn nRc 44 yearn) nncl IO 
patients receiving betaine (mean age 44 years). The lormcr received no medication; 
the latter ingested 16 Gm. of betaine daily in two equal doses, for a period of sixteen 
wrrks. Ninrtren blood samplrn were obtained from each paticnt-4 during the four- 
week pre-treatment pcriod, 1 I during the sixtrrn weeks of trcatrnent, nnd 4 during t h  
ten-week pat-trcatment period. Thus the da t a  on Gmup  3 are  based on the nnalysis 
of 323 (17x19) blood specimens. 

RESULTS 

In  both the out-patient and in-patient studies it was found that ad- 
ministration of betaine produced an elevation in the concentration of cer- 
tain of the lowdensity serum lipoproteins and of total serum cholesterol. 
Statistical analyses of the data showed that the elevation in the levels of 
Sw12 and 5112-20 serum lipoproteins and of total serum cholesterol was 
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highly significant, that the elevation of the S;ZO-lOO lipoprotein level was 
less consistent, and that there was no significant change in the level of 
8~100-400 lipoproteins. 

Tables 1 and 2 contain summaries of the data (and their atatistical sig- 
iiificance) 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 patieiita of Group 3. 
A detailed discussion of the changes 
ol)servetl in each band of xerum *- 

110 lipoproteins follows. 

Changes b r  &'0-19 amurn l ipoprc~ 
lcin levels 

In the out-patient study with 
betacyamine, 3 of the 6 patients 
(B.H., M.F. and M.J.) shoived pro- 
nounced elevations (significant a t  
the 0.1 per cent level) in the con- 
centration of S;O-12 lipoproteins, 
and 2 (G.11. and L.H.) showed 
somewltat smaller iwreasecr (nignifi- 

w-- !- mitt nt (.lie 5 nrid 2 per ( w i t  level, 
respectively). I t  i R  of interest that 

O E T M  :D the latter 2 patienk initially had 
the abnormally elevated S;20-100 
lipoprotein levels characteristic of 
xanthoma tuherosum (4,5).No def- Ro. 1. Curvra of the conccntretiona of 

irriim lipoprotrinn sntl total t-liolrokrnl 
(,,,#. ,,,, ,,,I.) in rrlntion to timc of iriite xtatenient can be made ahout 
tliernpg (wrrks) in 10 fcmnlr pntirnts re- the s;0-12 values in the x.X 11 pa- 
crivinz 15 Om. of betnine dnily. tient (1S.M.)  I)ecau.;eof tlieextreme- 

ly elevated initial levels associated 
with xanthoma tendinosum (4,5) which did not permit accurate partition 
I)etween the S;0-12 and S32-20 bands. Therefore the effect of betacya- 
mine had to be evaluated on the combined hands of S w 2 0 ,  which showed 
n pronounced elevation, significant a t  the 0.1 per cent level. Thio finding 
R L I R R C X ~ ~  t1i:rt ati extreincly high initial concent rntioii of S P 1 2  lipopro- 
teins per se does not obviate the eNect of betacyarnine in raising the level 
of S+20 lipoproteins. 

A statistically highly significant and fairly large increase in S s 1 2  serum 
lipoprotein concentration was observed in all 3 groups of institutionalized 
patienta (Table 2). Thus 15 of 16 treated patients in Group 1, 15 of 19 
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treated patients in Group 2, and all 10 treated patients in Group 3 showed 
iacreanea in the serum level of this clam of lipoproteins. 

In T a l h  3 tlic ititlivitlunl rliniigrs in tlic In Ircntccl pdicr ik  of Group 2 
are listed. It may be seen tliat i l l  $1 of tlic 10 there \\err statistically sigiiifi- 
rant  increases in tlie Sw12 lipoprotein level and in only 1 was there a sig- 
nificant decrraac. This patient ( l l . l L )  iiiitinlly lint1 abnormally elevatctl 
levels of S 7 . 1 0 0  aiicl S;l0&400 seriitii lipoproteins. It is of interest that i n  
the only other patient (Group 1) wit11 a decreme in S p 1 2  lipoprotein con- 
centration there waa also a marked elevation in tlie initial levels of S;ZO-lOO 
and S~locWOO lipoproteins. Lack of sufficient information concerning 
factora regulnting iitdividual Reruin lipoprotein classes in individual sub- 
jects prevents interpretation of the peculiar reaction to betaine in these 2 
pstienta. 

Chungcs in gf 9-90 lipoprotein kveh 
In the out-patient group of 6 ml,jcch, the pattern of the S32-20 serum 

IipoprotciriR reflerted qiiit4e rlosely t l i n t  of the 88-12 lipoprolciris. l'liiis t h e  
smaller clevatioiis of SPla-zo occurred in tlie 2 patienb with xanthoma 
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tuberosum; in G.lt. they were significant a t  the 2 per cent level, and in 
L.11. they were not &atistically significatrt. Three of the reniaining 4 pa- 
tietita (B.H., M.F. and M.J.) showed marked elevations in &12-20 con- 
centration, significant a t  tlie 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.J has already been mentioned. 

In the hospitalized patienb, there was a small though statistically sig- 
nificant increase in the menn level of 532-20 lipoproteins, with the women 
(Group 3) showing by far the largwt mean increase (Table 2). In Tnble 3 it 
may be seen that  for the individual male patients of Group 2 there were 
about equal numbera of plus and minus signs for tlie 932-20 value, though 
for 3 men (F.R., F.U. and F.L.) there wm a statistically significant in- 
crease in A values, and no significantly negative A valuen were noted. In 12 
of 13 male patienta in Group 1 there were positive A values for Si12-20; 
the single negative A value was not significant. 

Changea an S;5?0-100 l ipprokin levels 
Only 2 of the 0 out-patienta showed significant elevations in the serum 

concentration of SjSLo-100 lipoproteins, namely, Patient E.M. with 
x a n t b  tendinosum, and Patient M.J. with hypertension and a history 
of a ceml)rovtwculsr accitlent. No significant chniiges could be demon- 
strated in the remaining 4 sulijecta. 

Among the institutionalized patien t R ,  stntistically significant increase8 
(about 20-30 mg. per 100 nil.) were observed in the mean S;20-100 levels 
in the 2 male g r o u p  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~O-lOO lipoproteins, G of which were 
statistically significant. 

Changes i n  Sjf W 4 0 0  aerum lipoprotein levels 
Only 2 of the G out-patients showed aignificatit clisngea in this lipopro- 

tein hand -- Patient M.J. in wlioni there was nil increase significant 
st the 0.1 per cent level, niitl I’ntierit U.R. with xniitlionia tuberosum, in 
whom there was a decrease. This was the only decrease in any serum 
lip2protein band observed in the out-patient group. 

No significant changee in the concentratioii 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 4.5 hetaine-treated patients in Groups 1-3 
were large increase8 noted in the values for this class of lipoproteins. I t  is 
of interest that these 2 patienta initially had high levels of S;*LO-100 lipo- 
proteins and were also miquo in renpontling to betaine with a decrease in 
the concentration of $0-12 lipoproteins. 
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Inspection of the iiidividual responses of tlie patients in Group 2 (Table 
3) sliows A fairly eveti tIiRtril)ut,ioii of plus aiitl niinitrr Rigtia, atid oiily 2 s i p  
tiificniit A vrrlim for S;loO-100 lipoproteins, I)olli posilivc. 

Changes in the atherogenic index (A . I . )  and in lob1 serum cholesterol levels 
111 4 of the 0 out-patienta, A.I. values were significantly elevated, but re- 

mained unchanged in tlie 2 patienta 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 liorspitaliced patienb, marked elevations in A.I. values 
and in serum cholesterol levels were observed, significant a t  the 1 and 0.1 
per cent level, respectively. 

Chanqea 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. 

DIBCUBSION 

The data show that betaine has a definite eaect on serum lipoprotein 
Concentrations, producing increases in all except the S;lOo-lOO low-density 
claclses. The largest and most consistent elevations occurred in the S3-12 
clsee. Statistically significant increases were also observed in the HDL-3 
clam, tlie major higli-density lipoprotein component. As expected, along 
with these increases in serum lipoprotein concentrations, there were dis- 
tinct elevations in the level of total serum cholesterol and in the attiero- 
genic 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 tlie levels of S w 1 2  and S32-20 lipoproteins and total cho- 
lesterol in the female group. The levels of S20-100 and S;100-400 lipopro- 
teins were increased less in the female than in the male patients on the 
nvernge, hut tliese differences were riot stntiRtically signifrant. The r~ason  
for this sex difrerence in response to betaine is unknown. 

Analysis of all the data failed to demonstrate any relationship between 
the initial level of serum lipoproteiii 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 
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ont-pnticiila, I)ctairie protlriced the same eNect as did betacyamine. Our 
fiiitliiigs are in distinct c*oiitmst to Llio~e of Morrison ( I ) ,  wlio rcportcd tlrnt 
betaine produced a marked lowering of total serum cliolesterol concentra- 
tioii in R group of paticritR with coronary atherosclero.sia. IIowever, direct 
and detailed comparison of the 2 stuclica is difficult Iwcau8e Morrison’s pn- 
tielits were maintained with a low-fat, low-cholesterol diet and also had 
received previous treatment with choline and incmitol. 

The practical clinical application of our findings derives directly from 
the statistical relationRhip of the atherogenic index to mortality and mor- 
I)idity froni cororiary artery disease (6, 7). The definite increase iii the 
atherogenic index produced by betaine implicates betaine as a potentially 
dangerous euhtance for use in the treatment of patients with coronary 
artery disease. Furthermore, it would seem wise to  reconsider the free and 

effects on serum lipoprotein levels are known. 
The mechanism by which betaine increases the concentration of serum 

SW20 lipoproteins and total cholesterol is by no means clear. The bio- 
cliemirnl prrthways of betaine metabolistn are known in some detail and 
linve liccri rrvicwnl h y  Mnc.kcrixic (8). T I i v  kiiowri iiict,aOoli(* products of 
btaiiic aiT ii-cliiiictl~yl~lyriric, tt-irictl)ylKlyc.iiic, glyc.irrr, nn active. oiic- 

carbon intermediate of the oxidation state of formaldehyde plus small and 
variable quantities of Sormaldeliyde, and serine formed by conderisation 
of glycine with the one-carbon intermediate. Betaine is also a methyl donor 
in tlie transmethylation reaction forming methionine from homocysteine. 
In the absence of clinical evidence for the accumulation of formaldcliyde, 
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- 
I)olic pattiways of hetaine. The role of choline RS a lipotropic ageill has been 
reviewed in detail (9). I t  seems unlikely that the effect of hetaine oil serum 
lipoproteins can be explained on tlie basis of “lipotropic action” in pa- 
tients who maintain their wcight while receiving a diet presumahly ade- 
quate in protein aiid lipotropic agents. Mobilization of depot fat by he- 
taine or choline a l ~  ~ O C R  not oNcr nn nclcqnate explanation, for tlie same 
reasons. I t  has been sliown that choline accelerates synthesis of hepatic 
phospholipid (10) but the possible relationship of this finding to an in- 
cream in the concentration of lowdensity serum lipoproteins is not clear, 
even though a relationship between uerum phospholipid and serum choles- 
terol levels hea been suggested recently (11). 

Desiccated thyroid (12-14), thyroxine (15) and triiodothyronine (16) 
each cause a marked lowering of the S+20 serum lipoprotein level, and 
vitamin Blr has been shown to prevent weight loss and sometimes death 

l 
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I 

’ 

t indiscriminate use of other “lipotropic” agents (e.g., choline) until their 
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due to tliyrotoxicwk iii youri~ r n h  (17- l!)); (Itc nuKwat.ioii litis nlao \)ccii 
made that thyrotoxicosis is primarily a tleficiciicy of vitntnin Ill* (20). A 
vitamin Bit deficiency has b e e r r  postulated to explain the decreased rate of 
methylation of nicotinamide ol)scrved i i i  Iiypertliyroitl rat.s (21), and the 
requirement of vitaiiiiii Ills for tlic sgiitlicnix of Inethyl groups i.s cvell 
known, though tranainethylntioti rcnct,ions pro1)nl)ly do not rcqriirc this 
vitamin (22, 23). 

Furthermore, in rats, a deficiency of diet.ary betaine produced by inges- 
tion of ethanolnmine may be compeiisnted for by n n  iiic!rcn.se in  methyl 
sytillicais followiiig atliniiiistralioii of vitnniiii lJtr (24). I m v  pl:isnin JjtZ 
levels have been reported in strict vegetarians (2fj), and low serum cho- 
lesterol and S3l-20 lipoprotein levels have been repeatedly ohserved iri 

human subjects end aniinnls receiviiig low animal-fat or vcgctarian dictn 
(20-29). These diveme ol)Rervntioii.s nre roiiRisbii t with t.lie Iiypof hesis that 
low levels of vitamiii Lla are in some way ielakcd to low levels of S;P20 
serum lipoproteins, and high levels of vit.amin B,, to  Iiigli levels of S:0-20 
serum lipopr.okins and cholesterol. 

An effect of txtaiiie on the absorption of Fah or of sornc nutdrierit in- 
volvecl in 1110 rqqulnt.ioii of ftrt iiict,nltolixiii r(:piwi!itt~ titio~.lti!r mwlt i i i i is i i i  
by wliicli Istniiie IiiigIt1 (:I~IINC the olincrvctl i!IttiiiKcn i i i  scrtiiii lipoprolciii 
concentration. However, the absence of a significant weight loss inakcs a 
defect in fat absorption an unlikely explanation. 
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