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Active and Inactive Analogues

Vitamin B12 is a coenzyme: it is needed for enzymes to do their job of
changing one molecule into another.

As vitamins go, B12 is large. One part of its structure is known as the
corrin nucleus, which holds an atom of cobalt. The corrin resembles the
heme of hemoglobin which holds an atom of iron. Any molecule that
contains a corrin nucleus is considered a corrinoid.

The corrin plus other atoms make up the cobalamin part of B12. There are
many different cobalamins and they are named after their attachments.
For example, methylcobalamin is cobalamin with a methyl group (one
carbon and three hydrogens) attached.

Only two cobalamins are active as coenzymes in the human body:
adenosylcobalamin and methylcobalamin. The body has the ability to
convert at least some other cobalamins into one of these active forms.

AHanorm B12

3MmicT

AKTVBHI | HEAKTUBHI aHanoru

B12 B npoayKTax TBAPMHHOIO NOXOIKEHHS
HeakTuBHiI aHanoru: ripLie, HiXk NpOCTO HEKOPUCHI
BigciB HeakTMBHUX aHaNoriB
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AKTUBHI | HEaKTUBHI aHanoru

BitamiH B12 € kodoepmeHTOM: BiH HEOOXigHMI ANns Toro, Wob depMeHTH
MOITIN NePEeTBOPIOBATN OLHI MOMEKYNU B iHLLUI.

Bitamin B12 - ue Benuka monekyna. [1o 1i cknagy BXoauTb 94000 KOPUHY,
sIke MiCTUTb aToM KobaneTy. KopuH Haragye rem reMornobiHy, Skum
MICTUTb aToM 3ani3a. Monekyna, Wo MIiCTUTb AP0 KOPUHY, Ha3nBaTbLCS
KOpPUHOIZOM.

KopuH pa3om 3 iHwuMn atomamun cknagae kobanamiHoBy YactuHy B12.
IcHye GaraTo BmaiB kobanamiHiB, a Ha3Bw KobanamiHam garTbCs 3rigHO 3
4YaCTUHOIO, L0 A0 HMX NpuegHaHa.. Hanpuknag, metunkobanamid — ue
kobanamiH 3 NPUEAHAHOK METUIBHOIO rPYMNO0 (O4MH aTOM BYrfewuto i Tpu
BOLHIO).

Tinbkn aBa BMAM kobanamiHy 4itoTb B OpPraHiami noguHu B SIKOCTI
KodpepmeHTiB: ageHo3unkobanamin i metunkobanamid. OpraHiam moxe
nepeTBOpOBaTU AesKi iHWI BMAM KobanamiHy Ha OgHY i3 3a3Ha4YeHUX
aKTUBHUX (POPM.
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Cyanocobalamin (a cyanide molecule attached to a cobalamin) is the form
most often found in supplements and fortified foods because it is the most
stable form of B12. The cyanide in cyanocobalamin is in amounts small
enough not to be harmful to anyone except possibly those with cyanide
metabolism defects—see Safety of Cyanocobalamin. [link to old version
of article]

Most people readily convert cyanocobalamin into one of the B12
coenzymes [1].

Hydroxocobalamin is also common in foods and the body; it can be
converted into a B12 coenzyme.

All corrinoids (including all cobalamins) are considered B12 analogues.
Many corrinoids, and possibly even some cobalamins, are not usable by
human B12 enzymes. These are considered inactive B12 analogues.

Corrinoids

Cobalamins
Inactive B12

analogues

Active B12-
methvlcobalamin
adenosylcobalamin
cvanocobalamin
hydroxocobalamin

Inactive B12 {possibly others)

analogues

LliaHokoBanamiH (Monekyna uiaHigy, npukpinneHa ao kobanamidy) €
HanGiNbLL NOLWMPEHO POPMOIO, AKY BUKOPUCTOBYHOTL B A0OaBKaX i
36arayeHnx NnpoaykTax xap4yBaHHs, TOMY LLO Lie Hanbinbw ctabinbHa
dopma BiTamiHy B12. KinbkicTb UiaHigy B LiaHOKoGanamiHi OCUTb HU3bKA,
wo6 6yTn 6e3nevHol0, BUHATOK CTAHOBMATbL NI0AM 3 4eEKTOM
mMeTaboniamy uiaHigis (amB. besneka 4obaBok LiaHokobanaminy).
[nocunaHHA Ha cTapy Bepcito cTaTTi - npuM. pea.]

BinbLwicTb ntogen nerko KOHBEPTYHOTb LiiaHOKO6anamMiH B 0OUH 3
kKodpepmeHTie B12 [1].

lapokcokobanamiH TakoX MNOLIMPEHNA B NPOAYKTaX Xap4yBaHHSA (LITYYHO
36arayeHux B12 - npum.pen.) i B opraHiami; BiH MOXXe nepeTBoproBaTuCA
Ha KodhepmeHT B12.

Yci kopuHoigu (Bknoyaroumn kobanamiHm) BBaxarTbCs aHanoramy B12.
Barato kopuHOIgiB i, MOXNNBO, HaBiTb AesiKi KoBanamiHW, He MOXYTb
BUKOPUCTOBYBaTUCb hepMmeHTamun B12 nogmHn. BoHn BBaxaroTbCA
“HeakTMBHMMK aHanoramm B12”.

KopuHoigu

KobanamiHu
HeaKTUBHI

aHanormn B12

AKTUBHWIA B12:
ageHo3MnkobanamiH,
LiaHokobanamiH,
rigpokcokobanamin

. (+ momnKMBO, iHLWI)
HeaKTuBHI

aHanoru B12
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About 1/3 of the corrinoids in the typical person are inactive analogues,
while the rest are active B12 [2].

B12 in Animal Foods

In animal foods, B12 is protein-bound and partially light-protected [4].

It is mostly in the form of adenosylcobalamin and hydroxocobalamin. In
cow’s milk it is mainly adenosylcobalamin, but in dried milk it is mostly
hydroxocobalamin with a trace of cyanocobalamin. Egg yolks and
sardines contain a substantial proportion of methylcobalamin [4].

Inactive Analogues: Worse than Useless

Carmel et al. [3] (1988, USA) examined the medical records of 364
patients with low B12 levels. Both R-protein and human intrinsic factor
were used to measure their B12 levels. Because active B12 analogues
would be detected using either method, any difference between the two
methods would indicate inactive B12 analogues.

Results were:

m Patients with primarily neurological problems had significantly
higher inactive B12 analogue levels (as shown by a difference

between assays), than did patients with primarily blood problems.

m 33 of the 76 patients with neurological symptoms had a normal
serum B12 when measured with R-protein. But when measured

Bnuabko 1/3 KopuHoigiB y cepegHbOCTAaTUCTUYHOI NMIOOUHU € HEeaKTUBHUMU
aHarnoramu, Togi SK iHWi € akTBHUMK B12 [2].

B uin cTaTtTi, 9KLWO He BKa3aHo iHWOro, Npu HanucaHHi "B12" maiTbca Ha
U. ) LL'I ’ p
yBasi akTUBHiI aHanorn B12.

B12 B npoaykTax TBAPUHHOIO NOXOOAXKEHHH

Y npogykTax TBapMHHOIo NoxXoakeHHA B12 € GinkoBo3B’A3aHNM |
4YaCTKOBO 3axuLLieHnn Bia ceitna [4].

B ocHoBHOMY B12 npeactaBneHun Tam y BUrnsAai ageHosunkobanaminy i
rigpokcokobanamiHy. Y KopoB'a4OoMy MOJIOLi B OCHOBHOMY MiCTUTbLCS
ageHosunkobanamin, ane B CyxoMy MOoLi YacTiwe npeacTaBneHunm
rigpokcokobanamiH 3i cnigamu uiaHokobanamiHy. Ae4Hui XKOBTOK i
CapAvHKU MICTATb 3HaYHy YacTKy meTunkobanaminy [4].

HeakTuBHI aHanoru: ripwe, HiXXK NPOCTO HEKOPUCHI

Kapmenb 1a iH. [3] (1988, CLUA) gocnigunu ictopito xBopobn 364
navieHTiB 3 HU3bKUM piBHeEM B12. [1na BumiptoBaHHSA piBHA B12
3acTocoByBanucs Asa Metoau: aHania R-6inka i aHanis BHYTPiLWHbLOIO
dakTopa (haktopa Kacna). 3 ornagy Ha Te Lo, akTUBHI aHanorn B12
060B's13k0BO Oynn 6 BUABNEHI 3a AonomMoroto Byab-aKoro 3 LuMx MeTogis,
pi3HMLUS MiX pesynbtaTtamun mana 6 BkasdyBaTu Ha HeakTUBHI aHanorn B12.

Pe3ynsratv BUALWKM TakKNMK:

e [lauieHTn 3 HeBpornoriYHMMK Npobrnemamm nepenycim Manm 3Ha4yHo
BULLMI piBEHb HEAKTUBHMX aHanoriB B12 (ak nokasana pisHUUA MixX
aHanizamm), Hixx nauieHTn, Wo manu npobnemu, nepeBaxHo
NoB’A3aHi 3 KPOB'I0;

e 33 3 76 nauieHTiB 3 HEBPOSOriYHMMIN CUMNTOMaMN Manu
HOopManbHU piBeHb B12 B cnpoBaTLi KpOBI 3rigHO 3 aHarnizom
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with intrinsic factor, many of these patients had much lower serum
B12 levels.

m The R-protein assay was a reliable indicator of B12 deficiency in
patients whose symptoms were primarily blood-related.

This study indicates that some B12 analogues may be harmful to the
nervous system or that some B12 analogues may have B12 activity in
bone marrow (which produces blood cells) but not in the nervous tissue.

Weeding Out Inactive Analogues

There are basically three B12 analogue transport proteins [5]:

m Intrinsic Factor — Facilitates uptake of B12 analogues into the
intestinal cells in the ileum. Has a low affinity for many inactive
analogues.

m Transcobalamin — Facilitates uptake of B12 analogues into all cells
in the body. Has a low affinity for many inactive analogues.

m Haptocorrin — Facilitates uptake of B12 analogues into the liver
cells. Has a high affinity for many inactive analogues.

Haptocorrin delivers B12 analogues to the liver where the inactive
analogues are excreted in the urine and feces [5]. Active B12 is released
back into the blood [5], where it is taken to cells by transcobalamin.
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R-6inka. Ane npu npoBeaeHHi aHanidy BHYTpPILUHbOro haktopa

GaraTo 3 HMX Mano 3Ha4YHO HUXYKUKM piBeHb B12 B cupoBaTLi KpoBi;
e AHani3 R-6inka KpoBi € HagiHUM iHOMKaATOPOM AediunTy BiTamiHy

B12 y naujienTiB, uMi cumntommn 6ynu nepeaycim nos'si3aHi 3 KPOB'H0.

Lle npocnigpxkeHHs BKasye Ha Te, Wo aeski aHanorn B12 MoxyTb ByTu
LWKIONMBMMKU ONA HEPBOBOI CUCTEMM abo WO Aedki aHanorn B12 moxyTb
NPOSIBMATN aKTUBHICTb B KICTKOBOMY MO3KY (SIKUA BUPOBMSE KIiTUHU
KPOBI), ane He B HEPBOBIN TKaHWHI.

BiaciB HeEakKTMBHUX aHanNoriB

®aKkTUYHO iCHYE TpM OCHOBHI BUAM TpaHCNOPTHUX BinkiB ans aHanoris B12

[5]:

e BHyTpiWwHin cbakTop — nonerwye 3acBOEHHs aHanoris B12 B
KNiTUHaX KULWKIBHWKA B KNy6oBin kuwui. Mae H13bKy adiHHICTb 40
BaraTbox HeaKTUBHUX aHarnoriB;

e TpaHckobanaMiH — nonerwye 3acBOeHHS aHanoris B12 y Bcix
KNiTMHax opraHiamy. Mae H13bKy agiHHiCTb A0 BaraTbox
HeaKTUBHWX aHarnoris;

e [anToKopuWH — nonerwye 3acBOEHHA aHanoriB B12 B kniTuHax
neyviHkn. Mae BMCOKy adpiHHICTb 3 6araTbMa HEaKTUBHUMMU
aHanoramu.

[[anTokopuH nocTaensie aHanorn B12 B neyiHKy, e HeaKTUBHI aHanoru

BUBOASATLCS i3 ceveto Ta Kanom [5]. AkTnBHuin B12 BUBINbHAETLCA Ha3ag B
KpoB [5], 3BiakM HaaxoouTb Y KNiTUHM 3 TpaHckobanamiHOM.
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