UNITED STATES DISTRICT COURT N
FOR THE SOUTHERN DISTRICT OF NEW YORK .= '~ 1 1t W7 {5 1

b

).
PAMLAB, LLC., )
METABOLITE LABORATORIES, INC., and )
BRECKENRIDGE PHARMACEUTICAL, )
INC.,

Plaintiffs, _ | )
. \ ) i}
v. ) JURY TRIAL DEMANDED
- )
SETON PHARMACEUTICALS, LL.C., )
)
)
Defendant. )
)

COMPLAINT

Plaintiffs Pamlab, L.L.C., Metabolite Laboratories, Inc., and Breckenridge
Pharmaceutical, Inc., by and through their attorneys, state as follows for their Complaint against
Defendant Seton Pharmaceuticals, L.L.C.:

| The Parties

1. Plaintiff Pamlab, L.L.C. (“Pamlab™) is a limited liability company existing under
the laws of the State of Louisiana, with its principal place of business at 4099 Highway 190,
Covington, Louisiana, 70433, |

2, Plaintiff Metabolite Laboratories, Inc. (“Metabolite™) is a corporation existing
under the laws of the State of Colorado, with its principal plﬁce of business at 301 Garfield

~ Street, Unit 2-West, Denver, Colorado, 80206.



3 Breckenridge Pharmaceutical, Inc. (“Breckenridge™) is a corpdration existing

under the laws of the State of Florida, with its principal place of business at 1141 South Rogers
Circle, Suite 3, Boca Raton, Florida, 33487.

4, Defendant Seton Pharmaceuticals, L.L.C. (“Seton™) is a New Jersey limited
liability company with its principal place of business at the Atlantic Corporate Center, 2317
Highway 34, Suite 1E, Manasquan, New Jersey, 08736.

5. This Court has original jﬁrisdiction over the subject matter of this lawsuit under
28 U.S.C. §8§ 1331 and 1338(a), because it arises under the patent laws of the United States, as
well as under 28 U.S.C. § 1331 and 15 U.S.C. § 1221(a), because it concerns violations of
section 43 of the Lanham Act, 15 U.S.C. § 1125. |

6. Venue is proper in this judicijal district pursuant to 28 U.S.C. §§ 1400 and 1391.
On information and belief, Seton is subject to personal jurisdiction in this district because it
markets and sells products to nationwide retail drug store chains, including those with locations
within this judicial district, as well as through nationwide distributors and databases that target
this judicial district.

STATEMENT OF FACTS
The Research Leading to the Patent in Suit and Pamlab’s Patent License

7. Homocysteine is an amino acid and a natural byproduct of the human body’s
conversion of methionine into cysteine. If a body lacks the enzyme necessary to complete that
conversion, or if the body lacks vitamins such as folic acid, B¢ and B3, the concentration of

homocysteine in the blood and urine increases.



8. In recent years, researchers have identified an increased homocysteine level in the
blood (hyperhomocysteinemia) as an additional and independent risk factor for arteriosclerosis
and coronary heart diseases. Similarly, hyperhomocysteinemia is linked with répeatedly
occurring venous thromboses and apoplexy strokes.

9. | Studies have shown that a combination of vitamins Bg, B12, and folic acid can
 lower homocysteine levels in most patients. Thus, doctors increasingly recor_nmend that their
patients with elevated homocysteine levels take supplements of vitamin Be, vitamin By, and
especially folic acid.

10.  Several years ago, Plaintiff Pamlab noted the medical interest in treating elevated
homocysteine le\fels with vitamin B, vitamin B, and folic acid (also known as folate), and
decided to formulate a product having these vitamins in suitable quantities. During the
development of this product, Pamlab discovered the groundbreaking work of two hematology
professors at the University of Colorado School of Medicine, Dr. Robert H. Alien and Dr. Sally
P. Stabler.

11.  Drs. Allen and Stabler have devoted their careers to studying vitamin B, vitamin
Bg, and folate. Their cliniéal work has been at the forefront of the research examining the.
relationship between those vitamins and homocysteine. Their studies have been widely cited and
published in prestigious scientific journals such as the New England Journal of Medicine, and
they have also been awarded a number of United States patents.

12. | Among these is United States Patent No. 6,528,496, entitled “Compositibns
| treating, preventing, or reducing elevated metabolic levels” (“the 496 Patent”), which was duly
and legally issued to Drs. Allen and Siabler on March 4, 2003. The '496 Patent is attached as

Exhibit A.



13.  Dr. Allen formed Plaintiff Metabolite under the University of Colorado’s
guidelines. The patents and applications leading to the 496 Patent, and later the "496 Patent
itself, were assigned to Metabo!ite, so that Metabolite is the owner of all right, title, and interest
in the "496 Patent, as well as the related patents.

14, Accordingly, Panﬂab approached Metabolite in 1999 and began djscussionsl

_concerning a patent licénse for certain products. Pamlab first launched the product at issue (as
discussed hereinafter) in the fall of 1999, while these discussions were in progress. Then on
January 11, 2000, Pamilab entered into a license agreement with Metabolite (the “Patent
License”), under which Metabolite granted Pamlab an exclusive license to certain formulations
under several related patents and applications (one of which, through a subsequent continuation
application, issued as the 496 Patent). Moreover, under the Patent License (as amended),
Pamlab has the right to enforce the '496 Patent.
Pamlab’s Licensed Product Foltx®

15. Pursuant to the Patent License, Pamlab manufactures and sells a product with the
trademarked name of “Foltx®.” Pamlab pays Metabolite a royalty based on the value of the sales
of Foltx®.

16.  Foltx® is marketed to licensed physicians and other healthcare professionals.

17.  Foltx® contains three active ingredients, namely vitamin By, vitamin B, and folic
acid. When Foltx® was first marketed by Pamlab in October, 1999, it OOntaiﬁed 1 mg. of vitamin
Biz, 25 mg. of vitamin Bs, and 2.5 mg. of folic acid (the “1 mg. Folix®”). Beginning in June,
2004, Pamlab introduced Foltx® containing 2 mg. of vitamin By, instead of 1 mg. (the “2 mg.

Foltx®"), and discontinued sales of the 1 mg. Foltx®.



18.  After Pamlab launched Foltx® in October, 1999, the market for this product grew
steadily as physicians increasingly recognized the relationship between elevated homocysteine
and vitamin B2, vitamin Be, and folate.

19.  Much of this recognition is attributable to the huge investment in educaﬁun that
Pamlab has undertaken. Pamlab has spent millions of dollars calling on tens of thousands of
physicians through Pamiab’s sales force, providing millions of product samples, publishjng
articles and advertisements in medical journals, and funding additional clinical studies.

20.  Pamlab markets Foltx® 1o physicians as a medical food product intcnded for the
specific dietary management of individuals under a physician’s treatment for
hyperhomocysteinemia, with particular emphasis on individuals with or at risk for atherosclerotic
vascular disease in the coronary, peripheral, or cerebral vessels, or individuals with vitamin By
deficiency. |

Breckenridge’s Patent Sublicense and Its Licensed Folic Acid Products

21.  In 2007, Breckenridge entered into a patent sublicense with Pamlab uﬁdcr a
number of the Metabolite patents, with the express consent of Metabolite.

22. | Under the patent sublicense, Breckenﬁdge now markets the only licensed generic
versions of both the 1 mg. Foltx® and the 2 mg. Foltx®. Breckenridge markets a product
containing 1 mg. of vitamin By, 25 mg. of vitamin Be, and 2.5 mg. of folic acid as “Folbee®”,
and a product containing 2 mg. of vitamin B, 25 mg. of vitamin Bg, and 2.5 mg. of folic acid as
“Folbic™”. |

23, Breckenridge pays a royalty to Pamlab pursuant to the sublicense, which in turn

pays a royalty to Metabolite.



Seton’s Folic Acid Product

24. Upon information and belief, Seton has had manufactured, for sale in thé United
Stétes, a product which Seton represents to contain 2 mg. of vitamin B)2, 25 mg. of . vitamin Be,
and 2.5 mg. folic acid (“Seton’s Fblic Acid Product”), the same active ingredients as 2 mg,
Foltx® and Folbic™. |

25. Upon information and belief, Seton has offered, or intends in the near future to
offer, Seton’s Folic Acid Product for sale in commerce in the Umited States.

26. Upon information and belief, in offering its Folic Acid Product for sale, Seton has
represented or will represent, explicitly or implicitly, that its Folic Acid Product is substitutable
- for Foltx® and/or Folbic™.

27.7 Upon information and belief, Seton has not scientifically determined whether its
Folic Acid Product is substitutable for Foltx® and/or Folbic™.

COUNT I
Patent Infringement

28. Plaintiffs incorporate the allegations of the preceding paragraphs as though fully
set forth herein.

29. By manufacturing, selling, and/or offering to sell its Folic Acid Product, Seton
has infringed and continues to infringe the *496 Patent under 35 U.8.C. section 271(a), and/or by
having its Folic Acid Product manufactured to contain the active ingredients as specified above,
with both kn'owledge and intent that its Folic Acid Product would infringe the "496 Patent, Seton
has induced infringement of and/or contributed to the infringement of the *496 Patent under 35
U.S.C. section 271 (b) and/or {c).

30.  Plaintiffs have been injured thereby, in an amount to be determined at trial.



31. Upon information and belief, the infringement of the *496 Patent by Seton is
willful,

32. Upon information and belief, Seton will continue its infringement of the 496
Patent unless its acts infringement are restrained and enjoined by this Court. Should Seton be
permitted to continue its acts of infringement of the *496 Patent, Plaintiffs Will suffer irreparable
injury for which they have no adequate remedy at law.

Yiolation Of The Lanham Act

33. Piaintiffs incorporate the allegations of the preceding paragraphs as though fully
set forth herein. |

34, In the alternative, if Seton’s Folic Acid Product does not infringe the 496 Patent,
then Seton has misrepresented, or intends to misrepresent, the active ingredients éontained in
this product, which constitutes false and/or misleading descriptions and representations of fact
that misrepresent the nature, characteristics, and/or qualities of Seton’s Folic Acid Product, and
otherwise constitutes false advertising under section 43(a) of the Lanham Act, 15 U.S.C.

§ 1125(a).

35.  In addition, upon information and belief, because Seton has not scientifically
determined whether Seton’s Folic Acid Product is substitutable for Foltx® and/or Folbic™, the
explicit or implied representations by Seton, in commerce, that its Folic Acid Product is
substitutable for Foltx® and/or Folbic™ are false and/or misleading descﬁptioﬁs and
representations of fact that misrepresent the nature, characteristics, and/or qualities of Seton’s
Folic Acid Product, and otherwise constitute false advertising in violation of section 43(a) of the

Lanham Act, 15 U.S.C. § 1125(a).



36.  Plaintiffs have been and/or will be injured thereby, in an amount to be determined
at trial.

37.  Upon information and belief, Seton will continue its violation of the Lanham Act
unless such violations thereof are restrained and enjoined by this Court. Should Seton be
permitted to continue its false and misleading descriptions and representations of fact and false
advertising, Plaintiffs will suffer irreparable injury for which they have no adequate remedy at

law.

WHEREFORE, Plaintiffs request that the Court:

(a)  Preliminarily and permanently enjoin Seton, its officers, directors, employees,
paftners, agents, licensees, servants, successors and assigns, and any and all persons acting in
privity or concett with_thexﬁ, from making, having made, using, offering to sell, or selling
Seton’s Folic Acid Product;

(b)  Enter judgment against Seton for compensatory damages by reason of its
infringement of the *496 Patent, as determined at trial, but not less than a reasonable royalty, in
an amount to be determined at trial;

{¢)  Determine that such infringement was willful, and award treble damages to
Plaintiffs by reason thereof;

(d) Declare this case to be “exceptionai” within the meaning of 35 U.S.C. § 285,
entitling Plaintiffs to an award of their reasonable attorneys fees, expenses and costs of this
action;

(e) Preliminarily and permanently enjoin Seton, its ofﬁoer_s, directors, employees,

partners, agents, licensees, servants, successors and assigns, and any and all persons acting in



privity or congert with them, from representing that Seton’s Folic Acid Product is substitutable
for Foltx® and/or Folbic™:
63 Eﬁter judgment against Seton for compensatory damages by reason of its
violation of the Lanham Act, as determined at trial, in an amount to be determined at trial; and
(g) Enter an Order granting Plaintiffs such other and additional relief against Seton

as may be just and proper in the circumstances.

DEMAND FOR TRIAL BY Y

Pursuant to Rule 38(b) of the Federal Rules of Civil Procedure, Plaintiffs demand a trial

by jury of all issues properly triable to a jury in this case.

Dated: October 7, 2010 % ; { é 5 .

Bruce D. DeRenzi
bderenzi@crowell.com
CROWELL & MORING LLP
590 Madison Avenue

New York, NY 10022-2524
Tel.: (212) 223-4000

Fax: (212)223-4134

C. Randolph Ross

rross @bpirx.com

BRECKENRIDGE PHARMACEUTICAL, INC.
60 East 42nd Street Suite 5210

New York, NY 10165

Tel.: (646) 448-1303

Fax: (856) 494-1647

Attomeys for Plaintiffs

Pamlab, L.L.C.,

Metabolite Laboratories, Inc., and
Breckenridge Pharmaceutical, Inc.
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uxs 0.3-10 mg B,,, 0.1-0.4 mg folate, and 5-7% mg B,
»mmmmmmnzumgzomgnmmm
folab,tnd?SmgBﬁ.Ambﬂ”embodlm the present
invention uses & strength fornmlstion compris-
ing between 0.3-10.0 mg B,, and 0.4-1.0 mg folate, with
the preferred embodigwnt using 2 mg B, and 1.0 mg folate.
in a forther embodiment of the preseat imvention, a presaip-
tion streagth formulstion is nsed comprising 0.3~10mg B, ,,
0.4-1.0 mg lolaic, and 3-75 mg B,, with the prefervred
embodiment using 2 mg B, ,, 1.0 mg folate, and 25 mg B
The formwlstions of the pmem invention eliminate the
wnlyandm-mmmg of distinguishing between
vnmdnﬁmadesmadeﬁmencyufomdbym
moenl of seram metabolite ievels. The present invention is of
paticular beaefit 1o the populations at risk for tissue defi-
cicacies of B,,, folatc, and B,, such as people over the age
of 65, snd populations that have or mrc at risk for
mmmvmmmmmdm

BACKGROUND

\ﬁummbﬁﬂﬂe,aldB.mmqmdmbuOBm
meubohcpm-y:mlvmgmﬂhwmm.

- cystathionine, and cysteine. B,; in the form of

5 kobalamina is an essential cofactor in the
-'mmofmhymmnmﬂ-
(‘MﬂumﬁhyMofhmmyﬁnm(ﬂf’)mm
ine catslyzed by methionine synthase requires folate

]
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_(mm)dn,,mlhem&mﬂhyh-?

HCis condensed with scrine 10 fosm cystathionine
(ﬂ)mlmm by cysiathionine [-synthase
wlnehmm (mdm!phuqlmo) Cl'ish,dmlyml
in another B,-dependent reaction to cysteine and
Flketobutyrate.

It is impoviant o disgnose aad treat Bn,folne,andn, &5
deficiencics

becawse these deficiencics can lead 1o Sfe-
mwmwmmpmly

‘manifesting a wide varioty
aboorgalities

2.

reversibic treaiment. B,; deficie) mulizys-
o s i expemely viied. eyl prosenésion
which has been to occur in 0.4% of the poplation,
G&MIMWWEEMUMMW
of B, deficiency inclvde significant anemia, displa

< in decreased bematocrit (v.g., <25%) or hemogio-

bin {e.g.. S8 g %), with macyocytic red blood cells (ic.,

mmnvmmgnumymmmimn),mm
logic symptams of peripheral scuropathy sodior staxia. See,
for cxample, Babior and Bunn {1983) in Harison’s Prin-
ciples of Internal Medicine, (Pewcesdorf el al., ods.),
mw-ﬂmnmkmummmwwnm
in Tembook of Family hnctia, 3nd Ed. {Rahel, ed.),

reactions involved in DNA and RNA synttwsia and since the
form of folate i’ sernm (S-methyketrahydrofolate) must be
metabolized o ieakydrofolsie by (ke Bjo~depondent
enzyme methioaine synibase before it can be milized by the
mmmmmnmm“ﬂ

Beck (lgﬁ)mCmITMofm Y7tk Ed,
{Wyngaarden and Smith, cds.), W. B. Sallldel's.
Philadelphia, pp, 893-900; Bsbioe sad Baon (1987 in
Harrison’s Principles of Imternal Medicine, 11tk Ed,
(Braunwald et al., cds.) McGraw-Hill, New‘éark,pp
1498—1504;Wahm(1985)mM:Dimwafmﬂm
vaous Systers, %k Ed,, Oxford University Press, Oxford, UK.
'I'henemhmsymptomsoﬂinduﬁmmcymmdmd
to be latc manifestations of the disease ‘most typically
occurring Mier the onset of anemia o, if they oocurrad firsl,
were soon 0 be followed by the onset of anemia. Sec,
Woltmann (1919) Am. J. Med. Sm.lS‘J’M\ﬁehrand
Lear (1956) Am. J. Med. 20:896-911.
mumwmmmmm&
description of severe megaloblastic ancmia and combined
sys&ﬁmdnascchhemnm:mmm
tations. of B, at the present time {Stabler et al.
(1990) Blood 76:871-881; Carmcl (1988) Arch. Jat. Med.

- 148:1712-1714 Allen (1991) in Cecil Textbook of Medicine,

I%ELWMMﬂam).W B.
Saundeis, Plitadelphia, pp. 846-854.). Therefore, contrary
mmmmmwmmnu
mcupymayhnwmimﬂmnohmawhpcdimwhik
of acarologic aad psychiastric
(Lmdeﬂ:lumeul.(lgu)ﬂ Engt. J. Med.
318:1720-1728; Greenfield and O'Flynn (1933) Lancet
l%}m-pumcdulymﬂorpmhmuﬂskfor
B,; sach as the elderly (Peanypacker
utal.(1992)1 Am.GmamSoc,JD:(iapms).

unknown, but has boen thought to occer commonly in
individuals with vaxiows dogrees of alcobolism. The bema-
logic sboormalities seen with folate deficioncy, such as
macrocylic sncmia, are indistingoisheble from those scen -
wihBudaﬁmy Folaic is required: for 2 mumber of

cmzymatic rexctions involved in DNA and RNA

symhemmdupuﬁmhlywinnpﬂlydmﬁng‘_'

',oelhlhlhlenﬂnbonemm

"By is required for the flest miep in heime aynthesic and
suusn.agwmle mmmd-m-
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ischnde microcylic bypochromic anemia, charactoristic skin
wdmmmmmmm
mdav-mtyufmnpsmu

: epikptiform copimlsions,  depression -and
confusion ( -and Conner (1989) in Clinical Bio-
- chomistry of Domestic Animak, Academic Press, San
Diew.pp.'&ﬁ-s:m.

Vilamin delicicocies are genenally detérmined by mes-
surcawit of serum levels. Nosmal serem B,, lovels are
MMMMU&MM!@WMQM
to indicate climically sigaificint
supra) However, semam B, levels are 2 relatively insensitive
dwmauofnudaﬁﬂencymthﬂnaﬂym&m
with clinically confirmed B,,  have levels less
than 100 pg/ml, 40% are 160-200 pg/iml, and ai least 3-10%
hwcvahloshthemaﬂnpgfminmbimisfmhcr
mpheﬂdbyﬁeﬁuﬂmﬁiofmﬂmbm(ﬁm
000 peaple in the U.5.) have low seram B, levels (Alico
(1991)ﬂm},mlhﬂac;:muﬂ(l deficiency and are
unlikely 1o benefit ﬂm:pySchﬂhngctil.(im)
Clin. Chem. 29:582; Stabler (1990} sepra).

Normal servrn folste levels are 2.5-20 ng/mi, with levels

less than 2.5 ng/ml indicating the-possibility of clinically
significant: deficiency. Like B,. scram levels, however,
mmfolmhveumamhﬁnlymmmm-
that only 50-75% of patients with folase deficiency hve
levels Jexs than 2.5% ng/ml, with most of the
25-50% being in the 2.5-5.0 ng/m! range (Allen (1991) in
Cecil Textbook of Medicine, 19th Ed, supra)

The development of scusitive seram metabolitc assays for
HC, CT, MMA, and 2-MCA has allowsd ibe relationship
beiween metabolite kvels and vitamin deficiencies o be
investigated (Stabler ot al. (1987) Anal. Biochem.
162:185-196; Stabler ot al (1986) 1. Clin. Invest.
771606—1612, Stabler ct 2l. (1988) J. Clin. Invest.
81:466—474). It has been found that elevated serm Jevels of
HC snd MMA are dinically useful tests of fanctional
intracelbular deficiencies of B, , and folate, with elevated HC

“levels seen with both B,; and folste deficiencies, and
clevated MMA kvels soen with a B, , deficioncy (Allen €t al.
(1990) Am. J. HemetoL 34:9098 Lindcabanm et al. (1990)
Am. J. Homatol. 34:99-107; Lindenbaum et al. (1988) N.
Engl. J. Med. 318:1720-1728; Beck (1991) in Neuropsy-
cluattic Comeguences of Cobalamin Deficiency, Mosby
Year Book 36:33-56 Moelby et al. (1996) 228:373-378;
Uctand anil Refsum (1989} ). Lab. Clin. Med. 114:473-501;
Peimypacker et al. (1992) supra). increased sermn kevels of
CT are seer in both deficiencies and 2-MCA is clevated in
B,zduﬁmmy(Alknﬂal.(iWI)ummdmpoﬁbelﬂ

piernational Congress on Vitamins sud Biofaciors in Life

Smm.Kobe(hpm);Alkn <t al. (1993) Metabolizm (in
press)y. HCadC’I‘mybeelwahdmpahmiswnh
intracclinlar deficicncy of By, but this has na been as well
documented (Park and Linkswiler (1970) 1. Nutr
100:110-116; Smolin and Beavange (1982) J. Nutr.
112:1264-1277).

Mmuubohekwkmm:nm.

ainhdHChvehhmbewdmwdhlhumuf
vascular discase. The homocysteine theory  of
atheroackzosis, formiilaied by McCaily and Witson (1975)
Athcroscierosis 22:215-227, sumﬂmh:ghkwkoﬂ!c
are- responsible for the vascular lesioms seen in
mmamdeﬁumadbyadsﬁmmym

the cuzyme cysiathiopine C}-synthase. The theory also
implies that moderate elevations of HC might be assocised

20

-that beterozygotes for

4

’ mmmhmmwmmm

mmmm-zsﬁ)mmhmmmm
has becn shown 10 be freguently | in cases of stroke
and 10 be independent of ather siroké risk faciors
(mmai(lmmlmmmpmy -

and experimental evidence demonstrates that
pmsmwhnue for

cystathionine C-synikase
deficiency liave a2 markesty increased incidence of vascular
disease and thrombosis. A mamber of stadics {see, Clarke ot
ol (1991) N. Engl J. MMIIﬂ-lﬂS)mlyw
of cystathionine
B-synthase also bave an mmd incidenos of vascular
discase and thrombosis and thet such
mmummynwofﬂpmmm
sirokes, heart aftacks, or periphent vascular disease noder
age 50. It is also fikely thal such heteporygotes are also at
creased risk for vascular discase and thrombosis afier age
50. Since the incidence of heterozygosity for cystathionine
f-synthase deficiency is estimated to be 1 in 60-70, this
means that there are approximaicly 4 willion beterozygotes
in the U.S. It is also possiblc that patients with vascular
dizease due Lo other causes, such as bypercholesterolemia,
would also benefik from a decresse in their soum HC levels
mnﬁhrmhchmubﬂghlyekvmdm
mnywnlnnthemmlnm :
Renal discase is another condition that gives rise 1o

. ckvated levels of serum metabolites. Approximately 75% of

35

pitionts with renal discase have elevard sesum concemira-
tions. of HC, CT, MMA, and Z-MCA. - Since ‘paticnts with
renal discasc have a significant incidence and marked acrel-
cmiion of vascular discase, it might be beneficial to lower
their serum metabolite lovels, esprciaily that of HC.

An increasing prevalence of low seram B, concenira-

" tios with advaocing age has been found by many bl not all

investigaiors (Bailey et al. (1980) J. Am. Geriatr. Soc.
78:276-278 Eishorg et al. (1976) Acta Med. Scand.
200:309-314; Niisson-Eblc ot ai. {1989) Dig. Dis. Sci.
34:716-723; Nocman (1985) 33:374; Hitzhmscn et al. (1986)
Am. J. Clin. Pathol. 85:3236), folat (Magaus ot al. (1982)

- Scan. J. Hacsatol. 28:360-366; Biwodell ot al. (1985) J.

45
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Clin. Pathol. 38:1179-1184 Elwood et al. {1971) Br. J.
Hacmatol. 21:557-363; Garry et al, (19843 J. Am. Geriatr.
Soc. 32:71926; Hanger of al. (1991) 1. Am. Geriatr. Soc.
39:1155-1159), and B, (Ruike e al {1960) 1. Gerontol.
15:41-44; Roac et al. (1976) Am. J. Clin. Nutr, 20:847-853;
Baker ct sl (1979) 1. Am. Geriakr- Soc. 27:444450).
Moreover, prevalonce estimates for these vitamin deficien-
cics vary widely depending on the population groups stad-
ied. Tt has been unclear whether this increased prevalence is
a nommal age related phenomena oc 2 tree reflection of tissue
vitimin deficiency apd wheiber the bow semm vitamin
concentrations are a relishle indicator of functions] intrac-
elinlar deficiency.
hhm.mmmm-mmghdm

;mdmvmmhwkmmmm:'

resuli, in order o desérmine ifnnﬂwhiehﬂmdeﬁqu

 inpevacnt, a paticat will be treated with ons vitamin af a time

and the respoase to that vitamin detormined by normaliza-
ton of serem vitaotia kvels and 1l corection of hemato-

mmmhmwwuaam mmmmmmwmm
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vmmwwmnboﬂnwmd
time In the presence of mmltiple deficiencies,

mcdnwofwumdn&nmsfnmquundmd'

give.risc © the
ciency will be tscated. For

y that only one defi-

abnornali-

m«mﬂby!h&,deﬁmmywmmbemdmd
may indoed by worseaed.

Ithnmbundmemdhﬁehhmlhﬂthe

HHMMM(IDQI)JAMAMM have
suggesied the treatmeni of pernicions anemia with an oral
pill containiog 300 to 1600 ug or more per day of B,,.
However, conleary to the present invention, Hathcock and
Troendle teach away from combising B,. therapy with
folate, since “if the oral cobalamin therapy should fail to
mamnmadupmleveh,foialennglnpmmm

&vdmudmawhﬂepmmdm

US. Pai. No. WSM,WMSI 1990 io- Jansen,
entitled: Safe Oral Folic-Acid-Contiining Vitamin
Pmpmhon.ducdbenmnlvnlmpmpmnmmmg
M«»Lﬂmgﬂ,._.mdm-lomgﬁoh:e&xmmmmo:
prevention of whbhsucmmu.msfmmlampm-
s¢ols a problent in the case of & B, , deficient patient, in that
the 0.5 g folate miy cotrect the hematologic ssormalities
prescat, but the 0.5 mg B,, dose may be insfficieat 1o

_ ooricct 3 By; deficiency due 1o inadeqmate inrinsic factor.

By conirast, the formulation of the present invention icaches

the use of the cowbination of By, and folate, and of B,
folate and B, sufficient 0 treat cither singie or ‘mltiple
deficiencies of B,,. folate, anid B,. The preseni invention
docs not rely on the deiermination of vitamin deficiencies by
the measarement of scmm vitamin levels, but wses the more
scnsitive messarement of elevated serum metsbolites of HC,
CT, MMA, and 2-MCA, shown to be related io the presénce
of B,, andfer folate and/or w0 B, deficiencies or to the
presence of the increased risk of neuropsychistric, vascular,

renal, and bemstologic diseascs.
1 is o be uadersiood that boik the forsgoing general
deacription snd the following deailed are exern-

: phq:mwmlyndmmmdm
. invention as clyimed, :

SIMARYOF'IHEIN\ENTKH

i

Mmmm-w&mw .

mmmmmmvﬁmnnm
.Mﬂmmnwmw%hthemmof
patients with clevated seram metabolites, such a5
methylmalonic acid, and

: cysiatlionine,
'Mﬁyﬁna&ﬂ,smﬂnmurﬂﬁtm

[ 4]

6
dnﬁcmmouamuofmevmmﬂmﬁdm,md

B or for tenropsychiatric, vascalar, semal, or hematologic
diseases.

Ommmdthepmmmm“mmr-
the-counter formmlation of betwesn 0.3--10 mg

comprised
- CN-cobalamin (B,,) and 0.1-0.4 mg folate. Another

cobodiment of the formmintion uses
0.3-10 mg B,., 0.1~0.4 mg folie, and 5-75 mg B,, Pre-
feired embodiments of the over-the-countor fornulation are
mmamznmgn,zmmmmmm

~ mg By, 0.4 mg folsic, snd 25 mg B, respectively.

Amthnanbodimoftbepmmmmma

prescription formulstion of between 0.3-10 ing
{N-cobalamin gz) al'ld 04—10.0 mg folate. Another
embodiment of the prescription formalation of the present

mm“wlﬂmgﬂw%mﬂmgm MS—'!S ‘
o sbont 20 mg B, mdlo folm,mdz.ﬂ Bﬂ,
tion vse m|g B,z mg mg
1.0 mg folate, and 25 mg By, respoctively.
BRIEFDESCRIFI‘!ONGFTI_—!_EDRAWNBS
FIG. lshws!hcﬁmﬁmofmnulﬂvebﬁm‘u-
population of elderly outpatients (ages 6599, nw152) and a
mﬂmﬂmfﬂmﬂ-ﬁ.ﬂnﬂm
FIG. 2 shows serum MMA levels for 2 population of
cldexly oui ‘with seeum B, , vatues<300 pg/ml (ages
65-99, n=35/152) aind 2 normal popwlation with serain B,
values<300 pg/ml (ages 17-65, aal(y100)
FIG: SShmssnmmI-lChvekfouppnlmdehuly
with serum B, valoes<300 pg/ml (ages 65-99,
p=38/152) mid » noraal popelition with strum B,, val-
1es<300 pg/ml (ages 17-65, n=10/100).
FIG. 4 shows serum MMA levels before and afier treat-
ment with parenteral cobalamin for a population of elderly
with elevated MMA vahxs and sermm B,
valucs<300 pg/mi (ages 65-99, ne15/38).
FIG. 5 shows serum HC levels before and after ireatment
with paremeral cobalamin for a population of elderly out-

‘patienis with clevated HC valves and serum B,, values

of<300 pp/ml (ages 65-99, pe1(/38)

FIG. & shows the distribution of serum B, ; levels for a
population of ekierly nursing home paticnts (ages 55-107,
0+212) and & normal popuiation (ages 17-65, n=100).

FIG. 7 shows serwm MMA icvels for a population of
ekierly nussing bome paticnts with. serum B;, values<300
pg/ml (ages 55-107, n=29/212) and a nommal popaistion
with seram B, values {ages 17-65, n=10/100).

F1G. 8 zhows serum HC levels for a population of olderly
nnm‘nghmcpumwnhmmnﬂvﬂmd&_)yyml
(ages 55-107, n=29/212) and 1 normal with

seram B, values<300 pg/ini {ages 17-65, ve10/100).

FIG. 9 shoves serum MMA Jevels before and afier reat-
mﬁnwnhpueﬁenlmhhmmﬁw:popuhmofeﬁuﬂy
aursing home wnhmmBuvayml
{ages 55107, n=14/29).

Iﬂ&lﬂﬁuwanChwhbeﬁ:uandmm
with parenteral cobalsmin for a population of elderly mrs-
ing bome paticnis with serum B, values<300 pg/ml (ages
55-107, n=14/29).

FIG. llahumlbed:ﬂtilmﬁmofmﬂuhwhﬁra
population of eldeily patients {ages 65-99, nw548) and a
m popllnm (ages 22-63, o=117) (Framingham

‘ DEW!BDDESCRE’I‘IDNDFM
INVENTION

Ra&umwmwwhmdendmﬂhﬁemmly
Memﬁhmmmﬁn_
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. wnhlhehﬁowngmh,mhaphnxhcmhs_

of the invention,

‘!‘hlmeﬂnnwmonlvuminﬁummm-
bmmgvhm]!n(nwmbuhmn)mdﬁ:ﬂcleid(ﬁﬂatc),
and vitamin B,,, folate and pyridoxine (B,). The formula.
tions of the present inveation are for se in the ircatment of
clevated serum levsla of one or more of 16 metabolites
homocysteine (HC), cystathionine (CT),

methyimslonic
acid (MMA), or 2-methyloitricacid (2-MCA). The use of the -

&rmhm«ilheprm ivention further include as a
method of scrum metabolite levels of one of more
of HC, CT, MMA, or 2-MCA, where these metabotite levels

are not elevated bt the patients are at risk for or have .

newopsychiatric, vascular, renal, or hematologic disenses.

One embodiment of the ‘present invention uss a nou-
prescription formulition comprised of between about 0.3-10
- mg CN-cobalamin (B,,): and 0.1-0.4 mg folate. Another
enﬁodmwofmmmmzmmm
formulation comprised of between about 03-10 mg B,,,
0.1-0.4 mg folaie, ind 5-75 mg B,,. Prefirred conbodiments
of the formmiation are coaprised of about

15

angnnuﬂ04m¢ﬁohw,md2.0mgﬁm0.4mgﬁ>lal¢, )

and 25 mg B,, respectively.

Amﬂmmudmmofihepmnmvmnnnnm
prised of a -formmlation comprised of berwean
abuuto.a-lﬂmgnumdﬂ.ti—lﬂﬂmgﬁnlnn,wnhlhe
pm&mdunbodmmmmpnudofabmltﬂmgn,g
10 mg idlae. Another embodiment of the ion
meqﬁfamnlﬂnnummdofabouo.?v—lﬂmglim
04-10.0 mg fohate, and 5-75. mg B, with a preferred
enabodmu:mmymedofabomz.DmgBml.Dmgﬁohu,
ad 5 mg B,

The fommlations of il present invention are for the
matmmnﬂpmvuﬁmnhlwnedmeuboh&em'ekmn
nskpopllahom,mchulheelderly,mdpwplelhuhweor
ans af risk for , vascular, renal and hema.
wmmmntmmmeMy
and fime consmming néed to differentiate ‘betwoen B,
folate, antt B, doficiencics.

Thelm:mohdu!ydumofﬂnvmnﬁnm
kmnfmmmmnmumbng-m

nommalization of serwm HC and other metabolites ihan prior -

ant formmistions, and eliminates the difficulty in differeati-
ating between deficiencizs of two or tlimes of the vitamins,
the difficulty in disgnosing wmitiple deficiencies of two or
three of the vitamins, and the expenss of doing s0. Farther,
theadminslrshmofmmﬂmmncinmmdbhle,
wxﬁnorwnhmtnﬁ.npm&mdmmuhrwec-
tions for patient convenience and casc of adminisiration. .
For example, the inchision of B,, will be useful as a
safeguard for paticnts misdiagnosed folate deficicnt, cven
thiough they are sctuaily B,, deficient, since treatmen with -
folate alone in such paticnts s extremely dangerous. The

.Sﬁsmmulm(m

dsnger arises from the fact that treating a B,, deficient 55

paticnt with folale alone may reverse of prevent the homa-
tologic aboormalitics secn in By, deficiency, but will not

correct the newopsychiatric. sbnormalities of a B,, defi-

. cnncyulmymnnymmmm Even in the
mmrlﬁaofaMmgw

oral dose of B;, is sbsorbed by diffasion. Thus, approxi-
mmwdnnmummmm
tions of the presont invention which would be more than
adiquate oven in paticnis with pernicions ancmis who have
lost their intrinsic factor-facilitated absorption mechasism
t«nm.lbmhuonofhhhwﬂlhnfmﬁldBan
deﬁmmym a amm:h:y mu:wﬂullr ﬁ:ﬂdeucyof

65

8
mmmbnofﬁdmwn,wmthobedbmﬁﬁt
in patients with mixed vitamin deficiencies.

Thcﬁumhmmnflhcmﬂimcminnmbcaﬁmn--
mduamhmbh:qﬁmormﬂy
use mxy be as a paich. Fornmulations for oral administration
l'mhtablj; the ﬂpmle is

vegetable: lubricants,
mmmdbndﬂsmyahobeewhpd.
Enmpkldwwhsﬂnmﬁhdsmdwmm
vitanmin and metsholits levels. 2 describes a new
study conducted with 412 subjects over the age of 68 with
amlyofmedmlmdmmhmhemndemof

capifiary gas chromatogra spectromelry
metbmhomel!el:l.{l%S)Anﬂ.Mnm. 150:58;
Suﬂuaah(lmmﬂﬂﬂﬂmﬁﬂ(mm 1
Hwemalnl “ s“:fmStsbh sl (1992) Bﬁ:

the method F ol

(ﬂbmne?).&nm acid was asayed by the
mﬁ'lhudofAlknctﬂ.(M)Mﬁdnhsmm

Statistical methods. Statistical weas done with the
‘Nonparamgtric data
for two 'or more groups were ested with the two samiplo
Wilcozon rask sam et (with Bonferroni’s correction for the
significance level o) and the Kianskall Wallis test. From the
mammmmmm
_ were calculated. Since the. distribution of the

Mmedwmrmalmmghg

tion. The sample prevalence p with 95% confidence istervals

of low serom vilamine B,,, folate, and B, concentrations

was calculated a5 (p£2 p (1-p)/nx100 wherein 1 is the toial

smm,pnmemothwsmnmn i

concenirations/n; low- scram concenirations are defined

as<mean -2 S.D. :
' EXAMPLBI

Imdmeofmwahdmmmmm
Lmkmlleﬂedmicl'bpuhliol .
The scrum concentrations of B, folsic, aad B, were
moasered in 412 subjects over the age of 65 (subgroups



TARLE 1

mm.smmmmnm

'lhemwaamnghcnmhmnwuhhwmmmmm
elevated metabolites, but many of the patients with elevated
metabolites had low normal o eormal vitamin levels. Cor-
relations between clinical abmixmalities within groups A, B,
amd C were not present. Patients were treated: will‘: wckly

injections of 3 multi=vitamin tion contxining 1
Bn,lll:gfolue,ands g mamﬁ
lowering or clmrmd lllelwelsm
-virtually every elderly paticnt. :

Theae data sopport the conclusions that there i an
mﬁmammkm%mm
in petiakzic ‘population, serum MMA.,
CA, HC and CT arc elevated in an even higher
mdmmmmmenfmm
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ouipatients as deterniined by both low serum B, levels and
elevations of MMA snd HC, and to determine ihe response
10 B,; treatment. Blood samples were obtsined on 152
consecuiive geriatric outpaticnts, sges 65-99. Control val-
uummdﬂumd&ml%nbpﬂs,wl?—ﬁ&&m

" By foiate, MMA HC, CT, and 2-MCA kevels were obtained

By _ 2MCA -BC CT
A 8% R% . % 3% M% 5% %
B 6%  19% 5% 4™ W% 2% 6%
C 3% e 5% A% &5% B% %
B % 6% 7% 26% 2% 8% M%
B 2% . 1% 1% M % 2% B D

40

for each patient, shown in Table 2. The significance of the
results marked as “**7 in Tablc 2 aic a8 foliows: B, kvels -
of<200 pg/ml; folsle<dS ng/m} homocysicine>16.2 WM;
MMA>271 iM; CT>342 nM; ‘and 2-MCA>228 oM. Semun
MMA, HC, CT, and 2-MCA level were moasurd as

: . described in Example 1. Serum B, and folake weae mea-
.sured as described in Example 1 using a Cormning

Immophsse kit (CIBA-Corning, Modfield, Mass.) with the
oomial range defined 2s 200-800.pg/ml for By, md 38 .
ng/mi for folate. Afier evaluation, patients received weekly
pacenicral cymocobalamin injections (1,000 ug IM) for 8
woeks, followed by monihily injections. Repeat Jaboratory
anddiniu]w'umadmmdnsmmd
at & months,

Results show that 25%.of the subjects had  scrum B,
kevel 3300 pg/mt and 8.5% bed a low lovel of<200 pg/uil.
FIG. 1 sliows the shift soen in cklerly subject owards Jower
serum B, lavels. More than balf of the subjects with low or
low-pommal servm B,, levels had clevations of MMA (FIG.
2) and/or HC (FIG. 3} greater than 3 8.D, above the means
mmmbandmuﬁofﬂn toulsmened
population.

l’ammawﬂhluwmdhwfmalmnt,zbnbwm_
treated with weekly injections of 1.0mg B, Prrentersl B,
administration caased elevated metabolite lovels to fall 1o or
mmmdaﬁnmmmmm
B, Illppensﬂmthemmumnf

Budeﬁcuucymhnddedypopﬂamnmstm

14.5%.

Itmbemﬁomﬂwdmmmmzm
Bnkwhmmmmfnrm:gllndeﬁmn
cies since similar’ numbers of patients with low normal
serum B, levels of 201-300 pg/mi compared with patients
with low B,; levels (5200 pg/mi) had markedly slevated
metsholites which fell with B, treatment. Purthes, this sludy -
shows that clderly patients bave a iigh incidence. (at kast
14:5%) of unrecogaized B,; deficiency, detectable by mea-
swrement of serum HCmdMMAkvelshpaﬁenmwnh
serum B, Jeveis<300 pg/ml.

Afnﬂh«ﬂndmgmt&umdyommcwedmmt

" elevated metabolite levels with a combination of vilamin

- ‘one or more of the metabolites HC, CT, MMA, oc 2-MCA ¥

m:m«mm::fm of
the vitamins B, ., folate snd B, Itmcpouﬂ’kmtgl:?tehwt

Dﬂumhonofﬁumﬂ Fohh,MMA,
crmz-mmmi’m He,
Population

A conducted with 152 elderly ouipaticnt sab-
Mm&emwmothancymm

55

B,; and folate with or without B, Some of the patients
exhibiting elevated metsbolite feveladid not falty respond 10

‘B, westment. This may indicate a concomitant deficicacy

of folste andfor B, The hok of reaponss 10 B, treatawnt:
mldmhﬁumadcﬁmmyufm.apmotallﬂne_
vilamnins. However, it woukd be expensive and lime-
mmmgmmmhdkﬁwhhmbevhm

Annﬂm,aadpmucmnpomm,ﬁndhgm&u'
siudy is the Isege namber of paticots with servm B, -»300
pg/mi who heve elevated vatues for one or more metabolites
ax indicated by 1 %**** pext o the individial valucs, As can
readily be scen i Table 2, there sre many cxamples of -
ekund valm Enl' mﬂAnﬂw 2-MCA at all kmlsof

W{WMMMMMM@W
mmmmhmthmmm
In some paticots the servm folaiz s bow, indicating that

: mlmdaﬂuemymybembmmmymmnu
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and folate levels arc. pormal. B, levels were pot pesformed

in this stndy, bat B, deficiency would not be expected 1o

cxusc clovations of MMA or 2-MCA. Thus ia many paticnts

it is not clear which vitamin, or pair of vitamins, or whether
afl three vitiming is or sde deficient. One could pick a single
vitmmin, often ai raadom, with which o treat 2 patient for
several weeks or months, and then repeat incasurement of
- esetabolitt kovels io determine if a partial or full correction
bad occureed. If there was po response,, one crald try another
vitankin, or if there was 4 partial response one coukd add a
sccond vitamin, xnd then repeat metabolile messurement
after soversi woeks or months, If there was siill no response,
ooc could try the third vitamin, or if them was a partial
response, one could try a different pair of vitamins. Even-
Mymmﬂmwheﬂnrmmdwih-lvma
particular pair of vitaming, or all fhrec vilamins were
memummmymmmm
levels, but i would ofien require months or even a year o
‘make this delermination. Such » defermination would be
_;ﬂq:ﬁvelnddﬂnu,lpa?whowamuuwd
a single vitaunin or pair of vitemins might subsequently
“develop a deficiency of one or even bwn of ihe other vitamins
as evidenced by a ré-elevation: or increase in the levels of
onc o more métabolites. Therapentic testing conld be reini:
tisted and contigued a5 described above, although this would
also be time-consuming and expensive.
kuqnw!ashmmdwbmmmh
elevated metabolite levels with 2 combination of vitamin
B, and folate, or a combination of vitamin B,,, folate and
vitamin B,. The utility of the approach of the presem
-invention is approcisted only afief it is langht, for the flrst
time in the prescm disclosure, thet a deficiency of one or
more of the three vitsmins ocouss commenty in the elderdy

population a3 cvidenced by clevation of oae or more

MM|3,MMA2-MF.A,HPapd(T
o EXAMPLE 4

DﬁammﬁmofSme,,Fohm,MMA,anﬂ
HC Lovels in a Geriatric Numing Home Population

A study was conducted with 212 ekderly mursing home
patients to determine serum B,.,, folate, MMA, and HC
levels (Tabk 3), The significance of the results shown in
- Tible 3 marked with “*** arc a3 described for Table 2

(Example 3). The control: group coosisted of 100 subjects
between the ages of 17-65 years. As in the study described
in'Example 3, the ¢ierly population exhibited a shifk 1o
Jower senim By, Jovels (FIG. #), clevated serum MMA(FIG.
7) and HC {FIG. 8) levels. Paremieral administration of B;,
1 mg per week for 8 weeks to those with serom' B, ;<300

Asmmemdymwdmﬂmp!e&nmﬁn&ng
in this stady emphasizes the need 10 treat elevated metsha-
} hhhv:hwﬂhammndvhmnnmdﬁﬂm,

with or witheat B, Some of ibe patients clevated
_ metzbolite levels did not fully respond 10 By, treatuent. This

sy indicsic a concomitant deficiency of folase and/or B,
“The Iack of response &0 B, tresment could resuli from a
: dtﬁcimzofm,npm,aaﬂlhuvﬂmﬂowmn

- Again, w important finding in this stedy is the lage

oumber of paticals with serem B,~300 pg/m] who have
clevated valucs for one or more metabolies as indicated by
a“”mb‘hhﬁvﬂuﬂvnb&ﬁabmm'l‘ubh3,

bl

5

F

12
‘there are many cxamples of elevaied values for MMA at all
kvels of seum B, including the mii-normal (300-600

pg/ml), the high-normal (600-800 pg/ml), and cvea the
clevased (»800 pg/mi) ranges. The same is tme for clova-

" tons of HC. In some patients the serum folate is low,

indicating that folate deficicacy may bo prosent, bat in many.
cases both B;, and folate levels are normal, B, levels were
not performed in this stady, but B, deficiency would oot be
cxpecied to-cause elevations-of MMA. Thus, again it is pot
clear which vitamin, or pair of vitantins, or whether all throe:
viiamins is or are deficient. One could pick a single vitensin
wilh which to treat a patient for several weeks o mouths,
and then repeat measarement of metabolite levels to deler-
mine if a partial or full comection had occurred. i there was
00 response, oo could iry another vitmin, or if there was
2 partial responise o coukd-add 3 second vitamin, and then
repeat metabolite measurement after several wocks or
mnﬂmmaﬂlmmmmﬁwﬁm
vilamin, or if thée was a partisl resposse, ooe could 1y a
diffcrent pair of vitimins. Eventaadly ooe conld determine
whetber an individual vitamin, a particular pair of vitamins,
of all thwee vilamins were required to normalize or maxi-
mally reduce the metabolite levels, but it would often require
months o even 3 year ic make this delermination, Sach a
determinatica would be expensive. In addition, s patient
who was optimally treated with a single vitamin or peir of
vitamins might suhsequently develop a deficiency of ooc or
even two of the ofher vilamins as cvidenced by a
u-elwamutmmmﬂnkwbofmmmm
HLies. could be reinitiated and continned
a8 described above, although this would also be ume
consuming and expensive.
Ilmmmleuweaadwmmmm
clevated metabolite kvels with 2 combination of vitsmin
Hnmdmlm'mamnimmnufwmnma,,,ﬁmem
vilamin B, The utility of the appwoach of the present
mvmmmammudmlymnummhth:ﬁm
time in the prescnt disclosure, that 3 deficiency of one or
mose of the threc vitamios occurs commoaly in the ekerly
population 1s cvidenced by elovation of ope or more

mctabolites, is., MMA, ZMCA, HC and CT.

EXAMPLE 5
Determination of Scoum B, Folate, MMA, aud HC
hv'china(iwinﬁc]'opuhﬁon
Astudy was conducted with 346 cldesdy subjects from the
Framingham study between the ages of 65-99 to desermine -
WE,MMMHCMMQ.N

of the rewalts shown io Tuble 4 (marked with

“‘*ﬂmu%ﬂhﬁh?(&m&!}

Asin mmmmwsmthm

exhibited 2 shift 10 lower serum B, , levels {FIG.

11}, and ¢levated seram MMA and HC loveh. The clderly
population also cxhibiicd 3 high incidonce (9.5%) of low
serom folate levels (Table 4). As i the studics reporied in
Examples 2, 3 and 4, the incidence of tissue or intraceilular
witagrin deficiencics based oo clivated motabolite levels was -
higher than that prodictéd from mcm of serum
vitamin levels.

Asmmsanummmmm

'.mlmedtbﬁndmgmmﬂnmahpmnf

patiests with scrvm B,,>300 pg/ml who have clevated
vilues for ooe or more metsbolibed s indicaied by a “***
nexl 1o the individual valnes. Ag is seen in Tabls 4, there are.

many examples of clevated MMA values at all levels of
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13
mmBmMndmglhennd-mal(m@opgm),ﬂw
igh-normal (600-800 pg/mi), and even the clevated (>800
pe/mi) ranges. The same is true for elovations of HC. In

soc patients the scrum folaie is low, indicating that folate :

deficicricy may be prescat, bet in many cases both B, and
folate levels are normal. B, levels were not performed in this
. Study, but B, deficiency would not be expecied o case

5

clevations of MMA. Thus, again it is not clear which '.
vitamin, or pair of vitamins, or whetbier all thros vitamins is

or are deficiend. One could pick 4 single vitamin with which

m‘m;mm-mmmmmnﬁn

repoat measaremcnt of melabolite kevels o detarmine if a
mﬂ or full comection bid occurred. I there was no
m,memldhyaﬂermmm,mflhmma
partial response one coukd add a second vitamin, and then
 ropeat metabolite measurement after several weeks or

mnﬁslﬂhmmﬂlmrespm,mmlduymmnd
mamm,unflhmawua

or all three vitamins were required to pormalize or maxi-
mlllymdnwﬂlcmﬂlbohlehvﬂs,hnnwmddofwnmqnw
months or ¢ven a yoar to make ihis delermination. Such 2
determination would be expensive. In addition,  patient
who was optimally treated with a single vitamin or pair of
vitanins might subsequently develop a deficiency of oue of
cven two of the other vitamtins as evidenced by a
re-clevation or increase in the levels of one or more metsbo-
lites. Therapeutic testing could be teinitisted and contimed
asduaﬂaedabwa,nl:hougblhuwouldahobctnm-
comsuning and expensive. .

It requiires less time and ﬁouutpauentswnb
clevated metabolilc levels with a combination of vilamin
B,,mdﬁohte,mnmmhmmnofvnmnwﬁolmmd
_ vitamin B,. Th:mihtyofﬂnappmuhafmem
invention is apprecisted only afier it is' taught, for the firnt

tinge in the present disclosire, that a deficiency of one or -

more of the Huee vitantins occurs commonly in the slderly

10

25

population as cvidenced by elevation of oné or more 4

metabolites, i.e., MMA, 2-MCA, HC and CT.
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