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, b - NS Bt epoy co0n tamin parenteral formulation (MVI-12). See legend of Figure 1 for
Fic. 4. Whole blood levels of thiamin in subjects on long-term  description of data presentation.

HTPN in the course of daily sdministration of aduli AMA-FDA

R tivitamin parenters] formulation (MVI1-12). See the legend of Fig- : St C
] 1 for description of dats preseniation. used in our original formula. It has the advantage of

providing all known vitamins in one preparation with
- X the exception of vitamin K and it provides appreciably
cluded with both formulations. At each sampling on  pore vitamin E than is svailable from MV] concentrate
MVI-12 the means for all four of these vitamins were (5 ml) given twice weekly, ‘
well within normal limits. It is apparent that 50 ug of 15 the original AMA publieation recommending this
B;: given once weekly in the original formulation was formulation, it was stated that this preparation was
adequate as was 5 ug given daily in MVI-12. There were  i1ianded s a daily maintenance dose for stable patients
some values for pantothenate and biotin which WET®  receiving TPN and that there may be patients who need
consistently above the upper limit of normal. These were  higher dosages.? In this study the vitamins were given
associated with patients with renal dysfunction. over an 8 to 16 hr period Fo i

i initially depleted of one or more vitamins or may have

Folate (Fig. 11) ""—g m%a requirements for some re?son while in Eospit;l.

The average daily amount of folate provided in both an.f -
fomulationsgwas close to 400 ug. However, in contrast Vw—wbﬁ"aﬁla rmit mc&_g‘f!‘fﬁe‘if‘“ﬁibso&t{fi

to its daily provision of 400 g with the AMA.FDA O Water-soluble vitaning rensl tubes i further
formula, the previous formulation provided 1.5 mg of "ﬁie;ﬁﬁ‘éﬁ‘ﬁ“‘b ol 34 possxTET:’ . Ry
folate twice weekly. With the latter formulation there , Measurements o vels o individual vitamins
were several patients with values at 8.7 to 3.9 ng/ml. §ive no information on their modification into their
With MV1-12 administration the values were st 5.0 ng/ . biclogically active forms. Neveﬂheless.‘ the finding of
s or all patients with the exceptionofasingle Bormal values in most of the determinations over a

3.9) i Vious valoes Period of many months—with the exception of ascorbic

: : acid—ip all but an occasional patient is reassuring. In
consisteritly in the range of 6.8 to 8.8 ng/ml. addition, all patients aers oo Tl vary e

’ DISCUSSION It bas been reported that appreciable amounts of vi-

tamin A added to TPN solutions may pot be

The AMA-FDA formula is now available from a num-  recoverable'™® and that vitamins D and E may similarly
ber of manufacturers. Its price has been reduced 5o that  be Jost.® Jt is spparent from our data that these three
it is only modestly higher than the multiple preparations  fat-soluble vitamins were sufficiently stable and non-
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F16. 10. Whole blood levels of pantothenate in subjecus on long-term
HTPN in the course of daily administration of the aduli AMA-FDA
multivitamin parenteral formulation (MVI-12). See Jegend of Figure 1
‘or deseription of data presentation.

adherent to the TPN container and tubing to provide
normal value and. in the instance of vitamin A, bigh
blood levels despite an average contact time of the vita-
mins with container and TPN solution of 30 hr (aver-
aging the 2-day batches). Exposure to sunlight and arti-
ficial light was quite limited since the infusions were
done at night and the prepared solutions kept in the
refrigerator until use.

It is well known that thiamin is very sensitive to
sodium bisulphite (presentin the inosyn) which splits
the molecule in two.?’ The bisulphite, until very recently,
has been a component of all amino acid solutions and an
occasional electrolyte solution used in the United States.

was taken to avoid mixing the vitamin solution
with the undiluted amino acid solutions. Our data indi-
cate that no vels were attained. ;

Our dats sogers thir o ained  wability may be

is the case for

more of a problem than iamin. Our

indicate that, when

allowed 10 stand st _room temperature for 24 hr afier
“béing refrigerated for 46 hr, there is approximately 60%
__doss_of ascorbiz _acid-Hence~the—time~of contact-of
ascorbic acid with other constituents of the TPN solu-
tions should be kept to & minimum. Accordingly, since

the conclusion of this study, it has been the practice to
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Fic. 11 Plasma levels of folste in subjects on long-term HTPN in
the course of daily administration of the adult AMA-FDA wultivitamin
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scription of data presentation. ‘ :

hwﬁmmﬁ&mﬂ%
ing each TPN infusion. . :

The inclusion of biotin st 60 ug/day in the AMA-FDA
formulation was based on data indicating that this quan-
tity would maintain normal serum biotin levels for Jong
periods in TPN patients (Shils ME, unpublished data).
This amount given daily appesrs to have rapidly cleared
signs and symptoms of apparent biotin deficiency in @
gaﬁent who bad been on TPN without added biotin.*

urther research is needed to determine whether thi
level can be significantly reduced for maintenance pur
poses.

Despite a constant intake of the AMA-FDA formula
the observed ) es was very Fo:
pantothenic acid and for vitamins A and C, the rang:
was more than four times from the lowest to the highes
value; more than three times for B,;, folate, biotin, an
riboflavin and two times or less for thiamin, sscorbi
acid, B, and E. The rates of infusion, uptake, metaboli.

._utilization, and renal-excretion &ould be involved.
A Bumber of reports have been concerned with th

adequacy of various vitamin formulations added 1o th
TPN solutions. The patients observed have usually bee
in a postoperstive state or otherwise ill in relativel
short-term studies. Widely varying amounts of vitamir
were administered from study to study with differir

~Joo
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ntervals between the time of vitamin infusion and the used during this study. The results of anelysis of one

- time of blood sampling.®* There is little relevance of sample in Teble II indicate that the varistion between

such reports to our study in terms of patient types. analytic and label contents varjed greatly among qhe

duration of study, or vitamin formulstions used. How-  vitamins with the majority being at or within 5% of the

ever, it is of interest that in some of the reports the labe] gverages. Analyses of all batches used should
mounts administered of certain of the vitamins were performed at the'ﬁmr*ofv!ﬁ!mmmémﬁ

e eeen.

ather similer to those of the AMA-FDA formulstion. ~in _t.!__kes.ZWEﬂE‘J.hE‘ﬁh‘sTﬂb'Cdéﬁé?xﬁiihxs__§g§§§f‘h}rﬁﬁght
These findings suggest that, although patients may bengggsmthat‘thispn‘:&i&i&_s’,&igﬁle even thoughit is’
hypercatabolic, adequate-blood levels or relsted enzyme ° difficult to monitor in long-term studies on many our- -
activities may be attained at these infusion dosages and _patients. T

bypercstabolic states are not necessarily associated with The following statements appear warranted from thic
elevated requirements for specific vitamins. More defin- study with stable long-term HTPN patients infused with
itive studies on this point are needed in view of the the AMA-FDA adult vitamin formulation.

increasing hospital use of the AMA.FDA formula. (1) The formulation was eapable of maintaining

Data on vitamin levels in long-term stable TPN P2-  plasme and whole blood levels of its 11 constituent
tients are very limited. Jeejeebhoy et al™ reported on  vitamins and of the vitamin D metabolites over many
blood levels in six patients on TPN for at least 1 yr who months consistently above the lowey limits of normal in
were given & Canadian version of MVI (MVI 1000) and  al] but & few of the patients who bad low vitamins C ang
Soluzyme on alternate days. No information was given E.
on the time of blood sampling in relation to the time of (2) Because the mean values for vitamin A at each
the discontinuation of the TPN (but, besed on other sampling were near or above the upper limit of norma)
sampling times listed. was probably in the range of 2—4  (with 23 of §7 determinstions were more than 100 ug/
hr later) or the presence or absence of vitamins in the ). questions must be raised as to whether the concen.
TPN on the sampling day. Vitamin E was given almost  tration of this vitamin in the formulation js too high or
entirely as a naturg) constituent of Intralipid. The aver. whether the elevated levels are, in fact, without clinjca)
age dfag:) gnput was 2500 JU vitamin A, 250 TU Dy; 52,5 significance, Clinically, there P::l:e no.s; o :
mg ol L, 5.5 mg of pyridozine; 500 mg of C, 16.3 mg of __tive of vitamin A toxicity. iminary studies on the
thiamin, 7.5 mg of riboflavin: 150 mg of niscinamide, 2.5 _Telation of vitamin A Jevels 1o retinol-binding protein
mg of folate, 29 mg of pantothenate, and 12.5 g of B,,. and p vels were performe, two of
Niscin and thiamin were measured in whole blood: the uS THB aiid OFop the plasma of 15 of the original 16
others in plasma or serym, B¢ was slightly low in trio __Patients (obtained between December 1983 and Februan—
j in, ni 1984) who remaj TPN and who had recsjve.

were markedly elevated in all. Vitamin E was in the AMA:@A!Q@BIA&QDMX.&:J onal_periods_ex-

-+ ~nge of 0.48 t0 0.92 mg/dl with the lower normal limit tending from 28 months to 41% months&il\i_e;g._genu
range

3g 0.8. Vitamins A, C, B, and folate were at normal __fhnanu‘m‘in'l\_ i'eli“uithfhé"hqrm_g:f,., 2584 ug/
els as was 25.0H4 vitamin D. No data on riboflavin d)) and three bad Jevels of 123,132, and 132, respectively.
were given. Biotin was not administered and its serum  These three Fad g significantly _elevated RBP (9.8, 15.3.
vels were far below the normae! range. and 10.3 wg/dl: normal renge 3-6). AnQLh_ef.’P!iLeﬂt with
Howard et a2 studied six stable patients who bad an RBP of 9.¢ had a vitamin A level of 65 sg/dl but this
been on HTPN for 0.5 10 7 yr. Three ingested significant patient bad been taking the MVI-17 651y thiree times per
amounts of food orally. All infused vitamins twice week for the previous 14 months. These four patients
weekly. The vitamin preparations consisting of MV] ~hsd-yemd— i atinine
concentrate, folate, B,,, and biotin with &n average daily “T.781 'mg/dl): o fifth patient with mild rena) failure
take (according 1o label) of ascorbic acid of 140, niacin (mmdﬁ.hi@*@muﬁél& 8 vitamin A
28.6 mg, pyridoxine HCJ 4.3 mg, and folic acid 1.4 mg.  leve] of 61. Thus the high vitamin levels were associated
The average daily ascorbic acid intake (by label) was -withelev A clion confirtiatory—
40% bigher, niacin was spproximately 25% less, and to o Previous report™ The two lowest vitamin A Jevels
Pyridoxine was gt about the same labe] amount as the (25 and 31) were associsted with RBP levels of 2.8 and
AMA-FDA formula. Bjood sampling occurred approxi- 19, respectively. The prealbumin levels were normal (10-
mately 14 hr after the vitamin infusion was completed. 40 mg/dl) in 18 of the 15 patients with two being slightly
The levels of these vitamins were well maintained in low (8 and imi

‘thse patients. the eircumstances of this study, the intake of the vitam;
Y5-an-esse

. We are aware that it is common manufacturing prac- pla levels.
tice to lqld more vitamins st the time of preparation of d biotin levels were also
the solutions than i¢ on the label. At least one pbarma- " associated with the presence of & icant renal dys- »

ceutical company routinely adds overages of 25 to 50% function. The ndens -

depending on the vitamin, The stated reason is an ex-HKigh normal range in the presence of kidnev disease.
pected decline in storage prior to the expiration date. " Elevation of blood levels of centain B comples-vitamins
Hence, the amounts of vitamins given at any time to 87 in patients with renial failure bas been reporiad @~
patient will depend on the storage conditions and the '\‘(4)“Viumin“Elevels‘tcnded“t.o“'betlusteredr-betweeﬂ
interval since production. Many batches of MVI were 0.5 and 0.95 (normal range 0.5-1.6 mg/dl). A direct

P
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relationship between vitamiy, E Jevels and those of serum

- lipids-has-been-noted“-Ourpatieris tended to have low
serum cholesterol levels (% 117.2 mg/dl. range 69-168

with only two being above 145 mo/dl) as well as Jow

‘glycerides (3 65.5 mg/d] range 39-108 with only 3

"ng above B8 mg/dl). The Jow circulating lipids may

¢ tended o decrease the greyiating E levels.

S} Thiamin and ascordi§ g¢id Jevels also tended to be
clustered toward the lowey hy1f of the normal range. As
indicated earlier, ascorbic ¢jd was found to be unstable
on standing in TPN soluligns in the presence of cupric
ion and this may have b"h s contributory factor. Addi-
tion of the vitamin solutisn ¢5 the TPN should be made
just before starting the igkyion

(6) There is now a defijt, move to the elimination of
bisulfite from amino 84 mirtures for TPN and this
change may result in beige, svailability of thiamin.

(7) In any event, the gneciion must be raised as to
whetber patients with thir vitamin levels in the lower
range of normal are 814 mergbolic disadvantage as
compared to those with higher values. Approximately
one-half of pormal infyiduale below the mean are

(8) Taking into accalie gl] of the factors reviewed

above, it is concluded ghe ¢he present AMA-FDA for-

re2sQgbly satisfactory for the grest
majority of stable patisg of the types studied who are
on long-term HTPN. Heg er, if further studies indicate
that patients with rommg kidney function consistently
bave low normal Vits%§F thismin, and ascorbic acid
levels, these Vitaminsge. need to be increased. The

ue of elevated vitamgy jovels requires further study.
Lvaﬁen“ with traume afgensis requires documentation.
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1.  Imtroduction

THEg YLASMA binding of drugs can have important
pharmacokinetic implications, eapecially when the drugs
are highly bound having a binding constant larger than
approximately 10° M~! and when their apparent volume
of distribution is small (61, 136, 186, 266, 270, 307, 318,
347, 383, 391, 406, 446, 493, 497-499, 527, 537, 538, 5173,
587).

Humsn serum albumin (HHSA)! and alpha-1-acid gly-
coprotein (AGP) are the important drug binding proteins
in plasma. HSA is the most abundant protein (4 g/100
ml of plasma), whereus the normal AGP level varies
between about 50 and 100 mg/100 ml of plasma. The
AGDP level can vary considerably as a result of certain
diseases, the use of drugs, and pregnancy. Values of up
to 300 mg/100 ml of plasma have been found (396, 4U6,
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426, 513, 538; see alao table 6). HSA is largely responsible
for the plasma binding of acidic drugs, whereas AGP
binds mainly basic and neutral drugs. Although HSA has
a greater binding capacity than AGP, aspecially for basic
and neutral drugs, AGP can be the most important
determinant in plusma binding, due to itz greater drug
affinity (44, 55, 75, 82, 83, 136, 194, 261, 358, 376, 385,
306, 450, 540, 544; see also table 8).

Drug monitoring is of increasing importance in clinical
practice, especially in the case of drugs with a small
therapeutic index. If such drugs are highly bound in the
plagma and have a small volume of digtribution, the free
concentration of the drug in plasma will be a more
reliable parameter for representing the intenaity of the
pharmacological effect than the total plasma concentra-
tion (3, 49, 73, 72, 79, 88, 188, 192, 202, 270, 271, 278,
308, 410, 321, 347, 395, 408, 408, 445, 518, 528, 538, 546,
556). If variations in the plasma levels of AGP ocecur,
thenp the free plasma level of the drugs in question can
vary considerably, whereas the total drug concentration
of the drug in plasma will be only slightly affected (49,
108, 192, 210, 277, 278, 847).

A thorough review of the studies on the binding of
drugs with AGP, both in vitro and in vivo, has been
made in order to obtain a Better understanding of the
different factors which can affect the free plasma level
of such drugs. These factors include the effects of exog-




