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Summary 

Total parenteral nutrition mixtures are complex multicomponent systems which have considerable potential for reaction 

between the various nutrients present. The article discusses the factors affecting the chemical stability of materials commonly 

added to total parenteral nutrition mixtures. This includes the stability of amino acids, vitamins, trace elements, and calcium 

phosphate compatibility. The stability of a range of the more common drug additives is also examined. This review complements an 

earlier article (Int. J. Pharm., 66 (1990) l-21) which discussed the physical emulsion stability of TPN mixtures. 

introduction 

Malnutrition is a common problem in hospi- 
tals. Indeed, one study has shown that as many as 
50% of patients in surgical wards are undernour- 
ished at some stage (Hill et al., 1977). These 
patients are more likely to suffer complications, 
are more susceptible to infections, have increased 
post-operative mortality and generally have a 
longer hospital stay. Therefore, methods of pro- 
viding nutritional support are important. Par- 
enteral nutrition is an accepted method for pre- 
vention or correction of malnutrition in patients 
whose gastro-intestinal tract is not functioning 
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aaequately to provide the body with the necessary 
nutrients. Total parenteral nutrition (TPN) pro- 
vides the body with all the nutrients -it needs, 
nitrogen, energy and micronutrients, as an intra- 
venous infusion. 

Nitrogen is derived from L-amino acids, and 
the amino acid solutions used in TPN generally 
contain all the essential and many non-essential 
amino acids used in protein synthesis. Non-pro- 
tein energy requirements from TPN come from 
two sources: carbohydrates and lipids. Carbohy- 
drates are normally administered in the form of 
glucose (dextrose) because it is inexpensive and 
easily monitored in the blood, and also because 
this is the form in which most dietary carbohy- 
drate reaches the body’s tissues. Fat emulsions, 
e.g. Intralipid, are the most common source of 
lipid calories and essential fatty acids in TPN, 
and are emulsions of soybean oil with egg yolk 



phospholipid emulsifiers. Micronutrients pro- 
vided by TPN include vitamins and trace ele- 
ments, and electrolytes are also included. 

TPN mixtures thus contain amino acids, glu- 
cose, fat, electrolytes, trace elements, vitamins 
and water. They are often given as an all-in-one 
admixture, in which everything is mixed together 
before administration. However, due to concern 
over the compatibility and stability of fat emul- 
sions in all-in-one admixtures (Washington, 19901, 
the lipid can also be separated from the other 
components and co-administered, so that mixing 
occurs on entry to the body. TPN preparations 
have a complex composition and this increases 
the potential for component incompatibilities. 
These incompatibilities can either cause chemical 
instability (i.e. that of the added nutrients) or 
physical instability (i.e. flocculation or coales- 
cence of the emulsion). 

Chemical instability involves the irreversible 
degradation of a component such that the chemi- 
cal integrity and potency of the active ingredient 
are no longer within the specified limits, while 
physical instability produces a change in appear- 
ance, palatability, uniformity, gas production, dis- 
solution or suspendibility of the lipid emulsion. 
This review will be concerned with the compati- 
bility problems in terms of chemical stability 
rather than physical, which has already been ex- 
tensively reviewed. Chemical instability is nor- 
mally due to chemical reactions among the TPN 
constituents, and these include hydrolysis, molec- 
ular complexation, oxidation, reduction, photoly- 
sis, and racemization. These reactions are af- 
fected by the surrounding conditions such as pH 
and temperature; for example, a 10°C rise in 
temperature increases the rate of many reactions 
several times. 

In general, a component of a TPN admixture 
is considered chemically stable over a given pe- 
riod if it decomposes by less than 10% under the 
specified conditions. The chemical stability of 
amino acids, vitamins, electrolytes, trace elements 
and glucose will each be examined in turn, and 
the effects that the surrounding conditions have 
on chemical stability will also be considered. The 
chemical stability of some widely used drugs will 
also be reviewed. 

Amino Acids 

Amino acids are an important component of 
TPN mixtures and are used by the body for 
synthesising proteins. A number of different 
amino acid solutions are available. All contain 
the eight essential amino acids (isoleucine, 
leucine, lysine, methionine, phenylalanine, threo- 
nine, tryptophan and valine), but differ in their 
content of non-essential amino acids. These in- 
clude histidine (essential in infants and uraemic 
patients), cysteine, taurine and tyrosine (which 
may be essential in premature infants), alanine, 
arginine, proline, serine, glycine, aspartic and glu- 
tamic acids, and glutamine. None of the solutions 
mentioned below contain taurine or glutamine, 
and only Vamin contains aspartic and glutamic 
acids. Each amino acid solution also differs in 
pH, electrolyte content and osmolarity. 

Mixed amino acid and dextrose solutions were 
found to be stable for 12 weeks at 4°C (Laegler et 
al., 1974). These workers used 4.25% FreAmine 
(which contains all the afore-mentioned amino 
acids except tyrosine) in 25% dextrose solution 
with sodium bisulphite as an antioxidant, and 
stored samples in evacuated sterile containers 
with no additives at temperatures of 4, 25 and 
37°C for 12 weeks. As the temperature increased, 
amino acid degradation was enhanced and only 
the samples stored at 4°C showed no deteriora- 
tion after 12 weeks. Decomposition occurred with 
time due to the Maillard reaction (which is an 
interaction between organonitrogenous agents 
and dextrose causing darkening of solutions and 
will be considered later). This group therefore 
concluded that amino acids retain their chemical 
integrity for at least 12 weeks under refrigeration. 
They also suggested that microbial contamination 
was probably a limiting factor in storage, and that 
solutions should be administered as soon as pos- 
sible after compounding, even if refrigerated. 

However, this study did not analyse the stabil- 
ity of cysteine, arginine or tryptophan (which is 
the most labile amino acid). These amino acids, if 
degraded by mechanisms other than the Maillard 
reaction, may further reduce the storage life. The 
stability of FreAmine over a 2 week period was 
also investigated by Jurgens et al. (1981), and all 



the amino acids were included in the analysis 
except for cysteine. They found that there was a 
small decrease in tryptophan concentration, which 
was more pronounced at room temperature than 
at 4°C (94.1 and 97.5% of the initial concentra- 
tion, respectively). The changes in other amino 
acid concentrations were within experimental 
variation. Hence, they concluded that amino acid 
solutions remained stable for up to 2 weeks at 
either room temperature or 4°C but that storage 
at 4°C was better for tryptophan stability and also 
retarded growth of micro-organisms introduced 
by accidental contamination. This supports work 
carried out by Rowlands et al. (1973). 

There are several reasons for tryptophan insta- 
bility. It has been shown to undergo a light-cata- 
lysed reaction to indigo carmine, which is coloured 
(Kleinman et al., 1973). Storage of solutions of 
essential amino acids in clear glass vials for 6 
months at room temperature resulted in solution 
darkening. Similar storage in amber vials resulted 
in retention of 96% of the original tryptophan 
concentration and prevented the solution darken- 
ing as in the clear vials. This led to the conclusion 
that tryptophan decays on exposure to light. The 
other essential amino acids were found to be 
unaffected by light. Thus, all manufacturers rec- 
ommend that their amino acid solutions be pro- 
tected from light prior to use (Kerner, 1983). 
Tryptophan also decomposes in the presence of 
sodium bisulphite, which is an anti-oxidant used 
in many amino acid solutions. A tryptophan re- 
duction of 20% was seen at a sodium bisulphite 
concentration of 0.1% (Kleinman et al., 1973). 
The products formed during the reaction were 
not identified. 

The stability of Travasol (which contains all 
amino acids except cysteine) in TPN mixtures 
containing hydrochloric acid (HCl) was investi- 
gated by Mirtallo et al. (1981). The concentration 
of proline and histidine had declined by 24 h 
after HCl addition, and this phenomenon was 
dependent on HCl concentration. There was no 
apparent reduction in concentration of other 
amino acids after 24 h except for tryptophan, 
whose levels decreased over time independently 
of HCl concentration. It has been shown that 
added acid is available from TPN solutions and 
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therefore could be used in treating severe 
metabolic acidosis of TPN patients. However, 
HCl addition reduces pH and therefore should be 
carried out with caution because pH can affect 
other amino acids, e.g. tyrosine may precipitate at 
pH below 3.0, and emulsion stability may be 
altered. 

No significant decreases in amino acid concen- 
trations in mixtures using Aminosyn (which lacks 
cysteine) were found after 30 days of storage 
under refrigeration (Parr et al., 198.5). TPN mix- 
tures stored at room temperature had a faster 
rate of amino acid degradation over 30 days, but 
only arginine and methionine showed significant 
reductions in concentration (8.2 and 10.2%, re- 
spectively). 

Synthamin, which does not contain serine, was 
found to be stable for 2 months in a TPN mixture 
stored at 4°C (Nordfjeld et al., 1983). After 6 
months, only tyrosine, lysine and histidine re- 
tained more than 90% of their original concen- 
trations. The greatest degradation was seen with 
alanine, proline, methionine, glycine, arginine 
(more than 20% loss) and threonine (more than 
25% loss). Tryptophan was one of the more sta- 
ble amino acids with a reduction of 13%, despite 
bisulphite being present. The authors considered 
three explanations for the degradation of the 
amino acids. The first was oxidation as the PVC 
bag was permeable to oxygen. However, trypto- 
phan is the most sensitive amino acid to oxygena- 
tion and was not degraded. The second, loss due 
to the Maillard reaction, was not feasible as this 
reaction does not occur to a great extent at 4°C. 
The third explanation was that an amino group 
was released. This would result in raised ammo- 
nia levels, which were not shown using their 
method. 

Jeppsson and Tengborn (1987) studied the 
amino acid solution Vamin (which contains all 
the essential amino acids) and no reduction in 
concentration of any amino acid was observed 
after 4 weeks of refrigeration followed by 24 h at 
room temperature to simulate hospital use. Cys- 
teine, however, was not analysed, as losses of 
33% were seen at time zero. Interestingly, trypto- 
phan levels increased by up to 34%, but this was 
not explained. 



4 

Cysteine is not often included in amino acid 
solutions for TPN because of its stability prob- 
lems (Bjelton and Fransson, 1990). The cysteine 
content of a solution decreases significantly in the 
presence of oxygen and/or glucose because it 
forms derivatives such as cystine and D-glucocy- 
steine. However, results suggest that cysteine is 
available for metabolic processes from these 
derivatives. An alternative to cysteine in TPN 
may be GTCA, a cysteine analogue, which is 
stable in solution and can be metabolised in the 
body to yield cysteine. It has also been proposed 
that the sulphydryl group of cysteine may react 
with copper to form a precipitate (Bates et al., 
1984) thus reducing stability, but data as to 
whether the presence of sodium bisulphite may 
prevent this reaction are not available. 

Glutamine is also unstable and so is not in- 
cluded in amino acid solutions. Recently, the 
importance of this amino acid has been recog- 
nized and new methods for its administration are 
being investigated. Two possibilities are to admin- 
ister it as a dipeptide or as acetylated glutamine, 
which are both chemically stable and biologically 
available (Clark, 1990). 

Photo-o~dation of amino acids, which could 
occur in neonates receiving phototherapy (which 
involves high-intensity light) to enhance bilirubin 
metabolism, has been recognised for some time. 
The most susceptible amino acids are cystine, 
histidine, methionine, tryptophan and tyrosine. In 
amino acid solutions containing vitamins and 10% 
dextrose, histidine, methionine and t~ptophan 
concentrations decreased by 22, 40 and 44%, 
respectively, after 24 h light exposure (Bhatia et 
al., 1980). Concentrations of tryptophan also de- 
creased when vitamins were not present. In a 
more recent investigation (Bhatia et al., 19831, 
the study was improved in that the conditions 
more closely simulated those occurring during 
neonatal therapy in terms of the length and type 
of tubing, solution containers, flow rates and in- 
tensity of photo-irradiation (unlike the initial 
study which had more intense radiation, short 
tubing and no flow). The results showed that 
photo-oxidation of glycine and leucine, but not 
that of tryptophan occurred to some extent in the 
absence of riboflavin over 24 h (although the 

decreases could be due partly or totally to ab- 
sorption by the tubing), but that riboflavin, when 
present, significantly enhanced decreases in con- 
centrations of methionine, proline, t~ptophan 
and tyrosine. Although the losses of amino acids 
are probably not nutritionally important, the 
photo-oxidation products are largely unknown 
and may be toxic. Further investigations are 
needed in order to identify these products formed 
in clinical situations and until then it may be 
sensible to protect amino acid solutions contain- 
ing vitamins from strong light. More recently, the 
use of oxygen-impermeable multilaminate bags 
appears to reduce amino-acid decomposition, and 
it is likely that many of the photochemical de- 
composition paths are oxygen dependent. 

Vitamins 

The major constraint on storage time of TPN 
solutions is the instability of certain vitamins. 
There are 13 vitamins in total, divided into six 
groups; A, B, C, D, E and K. To date, not all of 
these vitamins have been studied in great detail 
with respect to chemical stability, even though 
they are present in commercial vitamin prepara- 
tions. Vitamin stability may be affected by various 
factors of the TPN mixture itself, such as pH, 
electrolytes, trace elements and other vitamins; 
and environmental conditions including tempera- 
ture, storage time and light exposure. Some vita- 
mins may also be lost from the TPN mixture 
through adsorption and/or absorption by the 
plastic bag in which it is contained. 

As several vitamins are light sensitive, manu- 
facturers recommend that TPN solutions be pro- 
tected from light to retard their degradation. An 
ultraviolet light protective bag also prevents 
photo-oxidation of certain amino acids and the 
light catalysed destruction of tryptophan. It should 
be noted that the information available on vita- 
min stability is often convicting and in some 
cases, has been based on unsatisfactory experi- 
ments where large doses of vitamins were tested 
under various conditions over several weeks with- 
out suitable controls for comparison. 
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Vitamin A - retinol 

Vitamin A is rapidly degraded by UV light, 
whether it be high-intensity UV light (bilirubin 
light) used in phototherapy, or sunlight (Allwood 
and Plane, 1986; Allwood, 1990). Artificial light 
usually contains very little UV and so will not 
cause degradation. Kishi et al. (1981) found that 
after 3 h of direct sunlight only about half of the 
original vitamin A content remained. More re- 
cently, Allwood (1990) stated that more than 90% 
of the vitamin A content was likely to be lost 
after just l-2 h of exposure. However, in mix- 
tures containing Intralipid, vitamin A losses due 
to photo-degradation are greatly reduced (Smith 
et al., 1984, 1988a), probably due to the opacity of 
Intralipid admixtures. 

Vitamin A is not affected by sodium bisulphite 
at concentrations less than 3 mM. At a concen- 
tration of 3 mM in admixtures containing In- 
tralipid, a 50% loss of vitamin A occurred after 
48 h whereas in admixtures without Intralipid, 
the losses were smaller (Smith et al., 1988a). No 
satisfactory explanation was given. 

Poor delivery of vitamin A as retinyl acetate 
has been repeatedly demonstrated from TPN 
mixtures (Chiou and Moorhatch, 1973). The vita- 
min A losses from glass bottles vary between 40 
and 80%, depending on storage conditions and 
the duration of infusion (Hartline and Zachman, 
1976; McKenna and Bieri, 1980; Shenai et al., 
1981). Protection from light had little effect and 
retinol was successfully and repeatedly extracted 
from the PVC tubing. No sorption to glass bottles 
was found and the conclusion was reached that 
adsorption to the PVC was the major source of 
vitamin A loss, and that vitamin A addition to 
TPN should be increased 3-4-fold to compensate 
for the losses. 

The effect of storage in PVC bags was studied 
by Gillis et al. (1983), who showed mean effluent 
recoveries of radiolabelled vitamin A from a sim- 
ulated TPN solution to be 31% after 24 h. The 
results demonstrated negligible vitamin A con- 
centrations in the effluent after l-l.5 h of infu- 
sion with concentrations reaching a steady state 
of delivery after 2-3 h. Moorhatch and Chiou 
(1974) also demonstrated a sustained reduction in 

unbound retinyl acetate over 24 h, with losses of 
up to 75% in PVC bags at room temperature and 
with light protection. Sorption was increased in 
the presence of dextrose, normal saline, in- 
creased temperature and time, by enhancing dif- 
fusion. This latter finding led to the conclusion 
that absorption rather than adsorption was the 
major cause for the vitamin A loss. 

Adsorption, where the solute interacts with 
the PVC surface, occurs rapidly so that equilib- 
rium would be quickly reached. Absorption into 
the PVC matrix results in a strong physicochemi- 
cal interaction such as Van der Waals or hydro- 
gen bonding (which is favoured by the chemical 
properties of vitamin A). It continues over time 
without reaching binding site saturation or equi- 
librium, and as a consequence larger amounts of 
vitamin can be removed, with the rate of diffu- 
sion from solution into the plastic matrix being 
the rate-limiting factor. 

More recent studies, however, have suggested 
that the sorption process may in fact be saturable 
(Riggle and Brandt, 1986; Henton and Merritt, 
19901. Henton and Merritt (1990) observed that 
as concentrations of vitamin A increased, less 
overall vitamin loss occurred. This led to the 
conclusion that the vitamin was binding to non- 
specific binding sites on the tubing which were 
saturable. In the study by Riggle and Brandt 
(19861, the vitamin A content in intravenous tub- 
ing was observed to be reduced by 88% over a 
period of 5 h, and this uptake by tubing binding 
sites was found to be saturable. Hence, in a 
clinical situation using both bag and iv. tubing, a 
reduction of only 26-67% of vitamin A occurred, 
provided the apparatus was kept in dim light to 
prevent loss by photo-oxidation. When not pro- 
tected from light, 77-98% of vitamin A was lost, 
and thisreduction occurred quickly inferring pho- 
todecomposition. The authors concluded that be- 
tween 20 and 70% of the vitamin A was lost due 
to adherence and absorption to both the adminis- 
tration set and tubing; this is unlikely due to the 
relative rates of these competing processes, which 
suggests that photodecomposition will always be 
more important. One interesting possibility is that 
the absorbed vitamin may be more photochemi- 
tally stable than that in solution, since the photo- 



6 

chemistry of most organic molecules is environ- 
ment-sensitive, and may be related to the diffu- 
sion rate of oxygen in the plastic. 

Vitamin A has been shown to have a greater 
availability from polyolefin than polyvinyl chlo- 
ride tubing under varying conditions of vitamin A 
concentration, temperature and flow rate (Hen- 
ton and Merritt, 1990). Vitamin A recovery after 
24 h ranged from 47 to 87% with polyolefin and 
from 19 to 74% with polyvinyl chloride, with the 
poorest recovery being at a temperature of 37°C. 

Intralipid has a protective action on vitamin A 
degradation. When kept in Intralipid, about 90% 
of the initial retinol content remained after 24 h 
compared to only 20% in a TPN mixture without 
lipid (Greene et al., 1987). This was attributed to 
the fact that lipid soluble vitamins are incorpo- 
rated into the oil phase of lipid emulsions and 
hence are protected against losses due to light or 
adherence to plastic infusion sets. Smith et al. 
(1988b) showed that vitamin A was stable in glass 
botties and admixtures containing Intralipid, but 
that levels were lower without Intralipid and in 
plastic bags, especially in mixtures without In- 
tralipid where reductions of 35 and 60% were 
seen after 48 h at 5 and 25°C respectively. They 
proposed that the protection of vitamin A by 
Intralipid was due either to the two competing 
for binding sites on the plastic or to the vitamin 
dissolving in the lipid droplets rendering them 
unable to bind to the plastic. 

Tests have been performed on a relatively re- 
cent multivitamin preparation, Berocca PN, which 
instead of retinyl acetate contains retinyl palmi- 
tate as a source of vitamin A. Gutcher et al. 
(1984) showed that retinyl palmitate was more 
stable than retinyl acetate and was not absorbed 
by PVC, and should therefore be used in multivi- 
tamin preparations. Dahl et al. (1986) also found 
that retinyl palmitate losses were negligible. In 
contrast, Martens (1988) discovered a 20% loss in 
retinyl palmitate after 24 h in a lipid-containing 
TPN mixture exposed to light. Further studies are 
therefore necessary before retinyl palmitate sta- 
bility can be proven. 

Significant losses of vitamin A may therefore 
occur during TPN delivery, the loss being related 
to storage time, temperature, infusion time and 

type of administration equipment used, and fur- 
ther vitamin destruction may occur if solutions 
are exposed to UV light (Niemiec and Walker, 
1983). Manufacturers already in&de an excess of 
25-30% vitamin A above the IabeIled content in 
their vitamin solutions. Nevertheless, vitamin A 
status should be monitored during long TPN 
courses and vitamin A-depleted patients could be 
supplemented by i.m. or oral routes instead. 

Vitamin B group 

Thiamine @I) 
Thiamine is partly degraded by direct sunlight 

(26% loss over 8 h), but not by indirect sunlight 
or fluorescent light (Chen et al., 1983). Pho- 
totherapy light also has no effect (Smith et al., 
1988a). 

Thiamine instability in the presence of reduc- 
ing agents, e.g. sodium bisulphite, has been 
recognised for a long time as they are thought to 
enhance hydrolytic cleavage. However, in com- 
plete TPN mixtures, any reducing agents present 
in amino acid solutions are highly dilute, so that 
this reaction is probably of little importance 
(Niemiec and Vanderveen, 1984; Allwood, 1990). 
Ascorbic acid will also act as a reducing agent, 
but there is no evidence to suggest that thiamine 
is degraded by this mechanism (Allwood, 1990). 

Scheiner et al. (1981) observed that the rate of 
thiamine degradation increased with increasing 
pH and increasing temperature (at pH 6.5 and 
room temperature, there was aImost complete 
loss after 24 h). The extent of loss also depended 
on storage time and the multivitamin preparation 
used. Thiamine loss was still substantial under 
refrigeration and normal conditions of adminis- 
tration However, the concentrations of sodium 
bisulphite used in this study were much higher 
than those found in normal TPN mixtures, as the 
vitamin source was mixed directly into the amino 
acid solutions. Therefore, the actual loss of thi- 
amine in standard TPN solutions may be smaller 
than that found by Scheiner et al, (1981). 

In a similar experiment, the direct addition of 
multivitamin solutions to Travasol 10% solution 
containing 0.1% bisulphite led to a thiamine loss 
of 40% after 22 h at 31°C (Bowman and Nguyen, 



1983). In contrast, when they added the multivita- 
mins to a TPN solution containing 4.25% amino 
acids, 25% dextrose and electrolytes, where the 
sulphite was diluted by the mixture volume to 
approx. 0.05% and the pH buffered, thiamine 
was found to be stable for 22 h. More recent 
studies agree with these findings. Smith et al. 
(1988b) observed that thiamine was stable in all 
TPN admixtures at 5°C independent of the amino 
acid solution used, and in all at 25°C except for 
that containing Freamine III when only 25% re- 
mained after 48 h. This was attributed to the fact 
that Freamine III had the highest bisulphite con- 
centration and also a pH of 6.4. Dahl et al. (1986) 
also found that no loss of thiamine occurred after 
24 h of simulated infusion, but the amino acid 
solution used did not contain bisulphite. 

Addition of Intralipid was not found to influ- 
ence thiamine degradation by sodium bisulphite 
(Smith et al., 1988a). Thiamine levels decreased 
as bisulphite concentration increased at pH 5.5, 
but at higher pH values, the levels remained 
unchanged. 

Until further studies are undertaken, it is ad- 
visable to monitor patients on TPN who are pre- 
disposed to thiamine deficiency and alternative 
methods for thiamine supplementation should be 
considered (Niemiec and Vanderveen, 1984). The 
problems associated with vitamin A and thiamine 
have been made more severe by the recent reduc- 
tion in concentration of these vitamins in multivi- 
tamin preparations as a result 
mended dietary allowances. 

of the new recom- 

Riboflavin (B2) 
Riboflavin is degraded by light. A study in 

1983 by Chen et al. showed that indirect and 
direct sunlight destroyed 47 and 100% of ri- 
boflavin, respectively, in 8 h, but that riboflavin 
was stable against fluorescent light. On exposure 
of TPN admixtures to phototherapy light, a loss 
of riboflavin was again seen (Smith et al., 1984, 
1988a). When Intralipid was included, so making 
the mixture opaque, there was less decomposi- 
tion. Both experiments also demonstrated that 
riboflavin was not affected by sodium bisulphite. 

Riboflavin has been found to decrease in con- 
centration by 40% after 8 h and 55% after 24 h 

when stored in 3 1 bags, and by a further 2% on 
passage through the administration set (Allwood, 
1984a). In contrast, riboflavin in TPN mixtures 
has been reported to be stable under varying 
conditions of temperature, light, storage time, 
storage container and amino acid solution (Dahl 
et al., 1986; Smith et al., 1988b). This could be 
due to the protective effect of the Intralipid in 
the TPN admixtures. 

Niacin (nicotinic acid) 
Niacin is known to be unstable in the presence 

of oxidising agents. It is reported to be stable for 
8 h under different conditions of light (Chen et 
al., 1983). Dahl et al. (1986) found niacin to be 
stable for 96 h in the dark at 2-8°C. Niacin was 
stable under all conditions tested in TPN solu- 
tions (Martens, 1988). 

Pyridoxine (B6) 
Although pyridoxine is light sensitive, it under- 

goes less degradation than vitamin A or riboflavin 
(Allwood, 1984a). In fact, pyridoxine is unaf- 
fected by all forms of light except for direct 
sunlight, where it is reduced by 86% after 8 h 
exposure (Chen et al., 1983). It has also been 
claimed to be incompatible with iron salts and 
oxidising agents (Phillips and Odgers, 1986). 

Cyanocobalamin (B12) 
Vitamin B12 undergoes rapid degradation by 

ascorbic acid (Schuetz and Ring, 1978). Thiamine 
also accelerates its degradation (DeRitter, 1982). 
Cyanocobalamin is reported to be unstable in the 
presence of light, although this has yet to be 
proven. However, it has been found to be stable 
in TPN mixtures for 96 h at 2-8°C with light 
protection (Dahl et al., 1986). 

Biotin 
Biotin is stable for 96 h at 2-8°C when light 

protected (Dahl et al., 1986). DeRitter (1982) also 
claimed that biotin was stable in typical TPN 
systems. 

Pantothenate 
Pantothenate was found to be stable for 96 h 

when refrigerated and protected from light. (Dahl 
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et al., 1986). It is stated to be most stable be- 
tween pH 6 and 7 (DeRitter, 1982). 

Folic acid 
There are conflicting data as to the stability of 

folic acid in TPN because it is difficult to analyse 
and possesses a limited and pH-dependent solu- 
bility. Folic acid is stable under fluorescent light, 
direct and indirect sunlight for 8 h (Chen et al., 
19831 and phototherapy light for 48 h (Smith et 
al., 1988a). However, it does undergo oxidative 
cleavage when exposed to light and this is signifi- 
cantly enhanced in the presence of riboflavin, 
more so at pH 4 than pH 6.5 (Scheindlin et al., 
1952). Folic acid is also stable in the presence of 
sodium bisulphite, at concentrations of O-10 mM 
(Smith et al., 1988a). In contrast, an earlier report 
by the same group found that folate concentra- 
tion decreased significantly at sodium bisulphite 
concentrations of 10 mM. Folic acid is decom- 
posed by ascorbic acid, but at pH 6.5, only 20% is 
lost in 4 weeks (Scheindlin and Griffith, 1951) 
and the significance of this in practice is uncer- 
tain. Folic acid is stated to lose less than 10% of 
its activity after 24 h in a dilute solution with 
vitamins B and C (Niemiec and Vanderveen, 
1984). Precipitation of folic acid may occur when 
high concentrations of calcium ions are present 
(Allwood, 1984a). 

Folic acid (or folate in its salt form) has been 
reported to be stable at 4 and 25°C in TPN 
solutions containing other vitamins for at least 1 
week when protected from light (Barker et al., 
1984). However, at pH below 5.0, folic acid pre- 
cipitated from solution, but, as most TPNs have a 
pH of between 5 and 6, this is unlikely to occur in 
practice. Caution should be taken when adding 
large amounts of dextrose, as this lowers pH, and 
the authors therefore recommended that dex- 
trose concentrations above 20% should not be 
included in TPNs used for folic acid delivery. 
Intralipid was found to cause an increase in fo- 
late concentration, but this was not satisfactorily 
explained, and may be related to assay difficul- 
ties. No adsorption of folate onto the plastic of 
the container or administration set was noted 
(Lee et al., 1980). Barker and co-workers (1984) 

concluded that provided the acidity of the TPN 
mixture stayed above pH 5, folic acid would re- 
main stable in solution at the concentrations usu- 
ally used for TPN and that all the folic acid 
would be delivered to the patient. However, the 
common dose of 0.2 mg daily was inadequate to 
meet the requirements of most patients. 

In contrast, Nordfjeld et al. (1984) claimed 
that folic acid degraded with a half-life of 2.7 h in 
a TPN mixture which was stored at room temper- 
ature and in daylight, of 5.4 h at 24°C and in the 
dark and 24 h when stored at 4°C and protected 
from light. They attributed the rapid loss of folic 
acid to the presence of trace elements, but the 
low pH of the solutions could equally have been 
responsible (Gupta et al., 1986). 

Folic acid was stable for 48 h at all concentra- 
tions between 0.25 and 1.0 mg/l whether kept at 
room or refrigeration temperatures, in the light 
or dark (Louie and Stennett, 1984). However, no 
electrolytes or trace elements were added to the 
admixtures (which contained dextrose, amino 
acids and multivitamin solution) as they were 
thought to complex the folic acid. Folacin stabil- 
ity was not affected by Intralipid, temperature, 
storage container, amino acid solution or storage 
time (Smith et al., 1988b). 

Vitamin C - ascorbic acid 

Ascorbic acid is the least stable vitamin in 
TPN mixtures and is incompatible with many 
drugs, degrades and darkens on exposure to light 
of all kinds and is rapidly oxidised in air and 
alkaline media. The most important mechanism 
of degradation is that of oxidation to inactive 
products. The amount of ascorbic acid degraded 
depends on the dissolved oxygen content of the 
TPN mixture, the amount of residual air in the 
bag after filling, the permeability of the plastic to 
oxygen and storage time (Allwood, 1984b). Glass 
bottles are not permeable to oxygen and thus 
oxidation is reduced (Smith et al., 1988b). Degra- 
dation also occurs as the TPN solution passes 
through the administration set due to the pres- 
ence of air, and this can cause a further 20-30 
mg loss of ascorbic acid (Allwood, 1990). 



Trace elements catalyse the oxidation reaction, 
in particular copper, but also iron and zinc 
(manganese and magnesium have little effect). In 
the presence of copper, degradation of ascorbic 
acid occurs until dissolved oxygen is depleted, 
and 150-200 mg will be lost within 2-4 h. In the 
absence of copper, only 20-30 mg of ascorbic 
acid was found to be degraded within 24 h (All- 
wood, 1984b). Cysteine however, chelates heavy 
metals such as copper and so reduces the rate of 
ascorbate degradation. Hence, amino acid solu- 
tions containing cysteine help to minimise ascor- 
bic acid loss. 

Ascorbic acid degrades according to first-order 
kinetics and its half-life increases significantly 
when protected from light or stored at 4°C rather 
than at room temperature (Nordfjeld et al., 1984). 
These findings were supported by a study which 
showed that ascorbic acid was stable at 5°C but 
not at 25°C (Smith et al., 1988b) and by the 
investigation of Dahl et al. (19861 who found that, 
when stored in EVA plastic bags, vitamin C levels 
dropped to about 50% after 96 h of storage in the 
dark at 2-8°C or after 24 h of simulated infusion. 
However, protection did not significantly affect 
the rate of decomposition. 

Loss of vitamin C also increases with pH, and 
hence when mixed with amino acid solutions of 
high pH, such as Novamine, it degrades more 
rapidly. Interestingly, bisulphite at 3 mM seems 
to provide some protection from the time-related 
degradation at higher pH values (Smith et al., 
1988a). Intralipid has no effect on vitamin C 
stability (Smith et al., 1988a,b). 

The inclusion of large excesses of ascorbic acid 
in TPN to compensate for degradation losses may 
result in significant amounts of oxalic acid (a 
decomposition product of ascorbic acid) being 
formed, which is a cause for concern as it can 
react with calcium ions, forming calcium oxalate 
which then precipitates out of solution (Gupta et 
al., 1986) as well as itself being toxic. The forma- 
tion of a precipitate will depend on the amount 
of ascorbic acid in solution, its rate of degrada- 
tion, calcium concentration, pH and amino acid 
profile of the solution. It may therefore be advis- 
able to avoid coadministering vitamins and diva- 
lent ions by adding them to TPN mixtures on 

alternate days (Allwood, 1984b; Clark, 1990). In 
general, TPN mixtures containing vitamin C 
should be administered rapidly after preparation. 

Vitamin D - calciferol 

Vitamin D is light sensitive and decomposes in 
air. Total delivery of vitamin D over 24 h from a 
simulated TPN mixture was only 68% (Gillis et 
al., 1983) due to sorption to the PVC bag and 
tubing, although most loss occurred in the tubing. 
Due to the method used in this study, light degra- 
dation of vitamin D was prevented, and all the 
loss was attributed to sorption. 

Vitamin E - wtocopherol acetate 

This vitamin is stable in phototherapy light 
(Smith et al., 1988a) and fluorescent light (Mc- 
Gee et al., 19851, but sensitive to UV light (De- 
Ritter, 1982). Gillis et al. (1983) showed a vitamin 
E delivery of 64% from a TPN solution, implying 
that it, like the other fat-soluble vitamins, under- 
goes sorption to the plastic, particularly in the 
tubing. However, in a later study, no significant 
losses were found to occur on delivery to pa- 
tients, implying that no sorption to the PVC bag, 
administration set or filter took place (McGee et 
al., 19851. Several studies have shown vitamin E 
to be stable under a wide range of conditions 
(Kishi et al., 1981; McGee et al., 1985; Dahl et 
al., 1986; Martens, 1988; Smith et al., 1988b). 

Vitamin K - phytonadione 

There is a lack of published data concerning 
the stability of phytonadione in TPN solutions. It 
is thought to be light sensitive (Lange, 1974; 
DeRitter, 1982) and a lo-15% loss was shown to 
occur over 24 h on exposure to sunlight or fluo- 
rescent light (Niemiec and Vanderveen, 1984). 
Ascorbic acid may enhance degradation (Schuetz 
and Ring, 1978). 

The degradation of some vitamins can be re- 
duced by covering the TPN solution with a UV 
protective bag to protect it from light. Neverthe- 
less, manufacturers recommend administration of 
the TPN solution within 48 h of vitamin addition. 
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Vitamin B12, K and possibly folic acid are ad- 
vised to be administered by alternative routes 
such as i.m. to avoid potential interactions until 
further information is available. Long-term TPN 
patients should be monitored periodicahy for vi- 
tamin A, thiamine and ascorbic acid as they have 
poor availability from TPN solutions. 

EIectrolytes 

The body needs six major electrolytes; sodium, 
potassium, magnesium, calcium, phosphate and 
chIorine, and these therefore have to be provided 
by TPN. Monovalent inorganic ions such as 
sodium, potassium and chloride pose few prob- 
lems of stability, but divalent ions such as caI- 
cium, phosphate and magnesium have the poten- 
tial to form precipitates. 

On addition to TPN solutions, sodium bicar- 
bonate forms CO: and bicarbonate ions. This 
reaction is enhanced by the acidic pH of the 
solution and the buffering action of the amino 
acids. Insoluble carbonate salts may then form 
with the calcium and magnesium ions present in 
solution. To avoid this, salts of acetate (which is a 
physiological precursor to bicarbonate and is both 
soluble and stable in TPN solutions) can be used 
for pH adjustment. Care must be taken to avoid 
adding all cations as chloride salts as this may 
cause hyperchloraemic acidosis. A fraction are 
normally administered as acetate salts, and the 
acetate to chIorine ratio is adjusted to 1: 1. Ex- 
cess acetate salts may, however, cause hypochlo- 
raemic metabolic alkalosis. 

The most important compatability problem 
with TPN mixtures is the interaction between 
calcium and phosphate ions (Scheutz and King, 
1978; Mikrut, 1987). TPN mixtures for neonatal 
use are particularIy susceptibIe to this incompati- 
bility as they require large amounts of calcium 
and phosphate for bone mineralization, and the 
higher the concentration of these salts, the more 
likely is precipitate formation. Calcium phos- 
phate precipitates primariIy in the form of dibasic 
calcium phosphate (CaHPO,) which is less solu- 
ble than the monobasic form (Ca(H,PO,),) in 
aqueous media. 

The solubility of calcium and phosphate in 
TPN mixtures depends on pH; infusion time 
(since slightly supersaturated solutions may be 
metastable); temperature; calcium, phosphate and 
amino acid concentration; type of amino acid 
solution used; dextrose concentration; contact 
with i.v. fat emulsion; order of calcium and phos- 
phate addition and cysteine addition. The pres- 
ence of magnesium in solution may also affect the 
interaction of caIcium and phosphate by compet- 
ing with the calcium for phosphate and thus 
reducing precipitation (Arnold, 1990). Of these, 
pH is the most critical factor affecting solubility 
and therefore plays a major role in the stability of 
TPN infusions. 

PH 

Phosphate exists mainly as monobasic and 
dibasic forms with the ratio between the two 
depending on pH. As the pH of the solution 
increases, there is more dibasic phosphate to bind 
with free calcium (Fitzgerald and MacKay, 1987). 
The pH of a TPN mixture is determined mainly 
by the concentration and titratable acidity of the 
amino acid product used. Titratable acidity is 
measured by the amount of sodium hydroxide 
needed to neutralise the buffering capacity of a 
solution to an endpoint pH. It is partly related to 
the amount of acetic acid used to adjust product 
pH and also to the buffering properties of the 
amino acids. Hence, the choice of amino acid 
product may affect the amount of calcium and 
phosphate that can be administered. This was 
highlighted in 1982 by Eggert et al., who showed 
that a solution of Aminosyn 2% and dextrose 
20% had a pH of 5.1 and could incorporate 40 
mM calcium and 15 mM phosphate without pre- 
cipitation. In contrast, Freamine III 2% and dex- 
trose 20% had a pH of 6.4 and produced a 
precipitate at the same concentrations of calcium 
and phosphate. Any addition that results in an 
increase in pH may reduce the solubility of cal- 
cium phosphate. It should be borne in mind that 
trace element preparations often have an acidic 
pH, although the amounts added are small. 
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Infusion time 

Precipitation may not necessarily occur imme- 
diately after electrolyte addition but can take 
place 12 h or more later in the container, tubing, 
filter or catheter. Precipitate formation increases 
with standing time or slow infusion rates (Henry 
et al., 1980; Eggert et al., 1982; Robinson and 

Wright, 1982). These effects are probably due to 
slow crystallization from supersaturated solu- 
tions; the low concentration of suspended partic- 
ulates in infusion solutions provides few nuclei 
for crystallization. 

Temperature 

As the temperature increases, the soluble cal- 
cium salt becomes more dissociated, rendering 
more calcium ions available to complex with 

phosphate (Eggert et al., 1982; Fitzgerald and 
MacKay, 1986). Similarly, calcium phosphate be- 
comes less soluble as temperature increases 
(Henry et al., 1980). This effect is essentially a 
problem with calcium gluconate use rather than 
chloride as the latter is fully ionised in solution, 
whilst gluconate is only partly dissociated (All- 
wood, 1987). An increase in precipitation due to 
a rise in temperature may be a particular cause of 
catheter obstruction. One study found that at 5°C 
and room temperature (26°C) there was no pre- 
cipitation, but at body temperature (37°C) crystals 
of calcium phosphate appeared (Robinson and 
Wright, 1982). Hence, the raised temperature 
where the catheter enters the body may cause 
precipitation which could either block the 
catheter or pass into the patient. Babies in incu- 
bators or neonatal units have an even greater risk 
of precipitation occurring due to the warm envi- 
ronmental temperatures. 

Amino acid concentration 

Increases in amino acid concentration cause a 
decrease in the pH of the solution, thus increas- 
ing calcium and phosphate solubility and there- 
fore stability. Also, since the amino acid product 
provides an intrinsic buffering system to the TPN 
mixture (Sturgeon et al., 1980), formulations with 

high concentrations of amino acids have a greater 
buffering capacity, so show less of an increase in 
pH when phosphate is added and therefore a 
higher tolerance for calcium addition (Lenz and 
Mikrut, 1988). TPN mixtures containing amino 
acid concentrations below 2.5% are especially 
prone to precipitation (Knight et al., 1980; Eggert 
et al., 1982) due to the reduced buffering capac- 
ity. Amino acids in solution at midrange pH exist 
as ionic species which form soluble complexes 
with calcium and phosphate, thus decreasing the 
free ions available for interaction and increasing 
stability. These complexes dissociate to varying 
degrees depending on the physiochemical nature 
of the complex formed (Henry et al., 19801. 

Salt form 

Greater concentrations of calcium gluconate 
can be mixed with sodium phosphate in TPN 
solutions before precipitation occurs than is pos- 
sible with calcium chloride (Henry et al., 1980; 
Allwood, 1987; Arnold, 1990). This is because 
calcium gluconate dissociates much less in water 
than calcium chloride. Calcium chloride is almost 
completely dissociated, so precipitation with 
phosphate occurs at lower salt concentrations 
than with calcium gluconate. Therefore, unless 
fluid intake is severely restricted, calcium glu- 
conate should be used rather than chloride. All- 
wood (1987) found that a phosphate buffer (Ad- 
diphos) which contains both sodium and potas- 
sium salts could accommodate greater quantities 
of both calcium and phosphate before precipita- 
tion than using potassium dihydrogen phosphate 
as a source of phosphate. Although the single salt 
prevented precipitation, the final pH was rela- 
tively low (4.8-5.0) and this could be irritant to 
the patient. Potassium dihydrogen phosphate 
(where HPO; is predominant) is in its turn bet- 
ter than mixed potassium phosphate solutions for 
providing calcium and phosphate stability. There- 
fore, a phosphate buffer should be used in pref- 
erence to a single salt (Addiphos is the only 
buffered product currently available). More re- 
cent information suggests that organic phos- 
phates, such as glucose phosphate, may be bene- 
ficial and reduce precipitation problems. 
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Dextrose concentration Cysteine addition 

As dextrose concentration increases, the solu- 
bility of calcium and phosphate becomes greater 
(Henry et al., 1980; Eggert et al., 1982; Lenz and 
Mikrut, 1988). This is probably due to the slight 
decrease in solution pH, however, the concentra- 
tion of ,dextrose itself seems unlikely to be a 
major factor in calcium and phosphate compati- 
bility. 

Fat emulsions 

In general, fat emulsion causes a rise in pH, 
which may allow calcium phosphate crystals to 
form and be infused or block the catheter. It was 
therefore proposed that lipid emulsion should not 
be infused in the same line as a TPN solution 
which has a calcium and phosphate content bor- 
dering on the precipitation curve for that solution 
(Eggert et al., 1987). Fat emulsions are often 
omitted from paediatric TPN solutions because 
of the high levels of divalent cations which desta- 
bilize the emulsion, even though the amino acids 
improve the stability by their effects on the inter- 
droplet potentials (Washington et al., 1991). 

Order of electrolyte addition 

It is fairly obvious that the calcium and phos- 
phate should be mixed into the TPN solution 
when most of the other components have already 
been added (Kaminski et al., 1974; Kobayashi 
and King, 1977). A recommended order is: glu- 
cose and amino acids first, then phosphates, mix 
well, and finally fat emulsion. Diluting the phos- 
phate in this manner thus avoids high local con- 
centrations of phosphate and immediate precipi- 
tation by calcium. 

Calcium and phosphate concentrations 

The higher the concentrations of calcium and 
phosphate salts added, the more likely precipita- 
tion is to occur. It has been found that small 
reductions in phosphate content can allow high 
calcium concentrations to be incorporated (All- 
wood, 1987). 

Cysteine hydrochloride, which is present in 
some amino acid preparations, has been found to 

influence calcium and phosphate solubility 
(Fitzgerald and MacKay, 1986; Lenz and Mikrut, 
1988). Addition of 40 mg of cysteine hydrochlo- 
ride per g of protein decreased solution pH, 
making calcium and phosphate more soluble and 
allowing greater incorporation of both salts into 
the solution. Whether the inclusion of cysteine in 
certain amino acid products plays a major role in 
reducing their pH has not yet been determined, 
and it is unclear whether the stabilizing effect is 
due to cysteine itself or just the pH change it 
causes. 

Trace Elements 

Trace elements are important components of 
TPN solutions. 15 elements are known to have 
major physiological roles; however, eight trace 
elements are generally accepted as essential di- 
etary components because they have deficiency 
states associated with them (Shenkin et al., 1987). 
These are zinc, copper, selenium, chromium, iron, 
manganese, molybdenum and iodine. The stabil- 
ity of multiple trace element solutions containing 
zinc, copper, manganese and chromium has been 
demonstrated several times. These elements were 
found to be stable in TPN for at least 24 h at 4°C 
(for admixtures containing amino acids and vita- 
mins), and for 48 h at 25°C for those without 
amino acids and vitamins, whether as individual 
or multiple trace element solutions (Boddapati et 
al., 1981). Allwood (1983) supported these find- 
ings when he showed that these four elements in 
the form of MTE-4 were soluble and stable in 
TPN for at least 1 month. Zinc concentrations 
were approx. 6% lower than expected, but were 
still within acceptable range and no interaction 
between the elements was noted. Similar studies 
showed that zinc and chromium were stable for 
60 days under refrigeration (Tsallas, 1984) and 
trace elements remained stable for 6 months when 
kept in a TPN mixture at 4°C (Nordfjeld et al., 
1983). No sorption of trace elements to glass or 
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plastic containers, tubing or filters has been de- 
tected during infusions (Shearer and Bozian, 1977; 
Boddapati et al., 1981; Tsallas, 1982). Chelating 
agents such as EDTA, which are present as stabi- 
lizers in some calcium gluconate injections, 
chelate heavy metals and so may bind or precipi- 
tate trace elements out of solution (Tsallas, 1982). 
Calcium and phosphate concentration and solu- 
bility are also important as precipitation of these 
two electrolytes can cause coprecipitation of 
manganese (Schaible and Bandemer, 1942; Leach, 
1984). 

Iron can be precipitated as iron phosphate in 
admixtures containing Synthamin (Allwood, 
1984a). Alternative ways in which iron can be 
added to TPN mixtures are as iron dextran or 
ferrous citrate. Iron dextran is stable in mixtures 
after 18 h at room temperature (Wan and Tsallas, 
1980) but no information is available on the ef- 
fects of temperature, pH, light and storage time. 

Selenium is not always used in TPN and, 
therefore, is added as a single entity when needed. 
When given as sodium selenite (a salt of sele- 
nious acid) in TPN mixtures containing trace 
elements and multivitamins (MVI), it was re- 

duced to elemental selenium, which being insolu- 
ble precipitated out of solution over 24 h. This 
was attributed to MVI and the presence of cop- 
per ions which accelerate the reduction. MVI-12 
(a different vitamin solution) induced little pre- 
cipitation. Ascorbic acid at concentrations above 
1000 mg/l can also induce significant losses of 
selenium (Shils and Levander, 1982). However, 
the reduction was pH dependent and in buffered 
solutions of pH 5 or more, ascorbic acid did not 
reduce selenite. A later report found that in 
complete TPN formulae (with Berocca PN as the 
vitamin source>, little or no reduction of selenite 
to selenium by ascorbic acid occurred after 24 h 
at 25°C (Ganther and Kraus, 1989), and it was 
therefore concluded that the amino acids in the 
TPN were preventing the reduction by their 
buffering effects, and so reduction to selenium 
was not a likely problem in TPN solutions near 
neutral pH. A recent study suggested that amino 
acids can form complexes with selenium com- 
pounds and thus prevent reduction (Postaire and 
Anglade, 1990). Selenium as selenious acid was 

found to be stable at room temperature when 
exposed to fluorescent light for 24 h and for 10 
weeks when kept under refrigeration. No signifi- 
cant losses to the PVC bag, administration set or 
filter were found (McGee et al., 1985). Sodium 
selenate and selenomethionine are both chemi- 
cally stable in TPN solutions (Levander, 1984). 

Trace element stability is also affected by 
amino acids. Several amino acids chelate with 
trace elements which may then precipitate or 
react with glucose to form Maillard products more 
rapidly than with amino acids alone (Phillips and 
Odgers, 1986). Until this has been verified, it is 
therefore recommended to add trace elements 
just prior to administration of the TPN mixture. 

Glucose 

Glucose is the second largest component after 
water of a TPN solution. There is only one major 
problem associated with glucose in that glucose 
and amino acid solution combinations cannot be 
stored for long periods of time due to the Mail- 
lard reaction. This results in a darkening or 
‘caramelisation’ of the mixture which occurs 
slowly at room temperature and increases as the 
temperature rises. The reaction begins when the 
reducing sugar reacts with an amino group of a 
free amino acid and ends with the formation of 
complex polymers (Phillips and Odgers, 1986). 
Glucose remained stable with no loss in concen- 
tration for 4 weeks (Jeppsson and Tengborn, 1987) 
and 6 months (Nordfjeld et al., 1983) when kept 
under refrigeration. It should also be noted that 
glucose breaks down on autoclaving, with a con- 
siderable reduction in pH. 

Drug Stability 

Drug administration in TPN solutions is par- 
ticularly useful in patients with limited venous 
access or fluid restriction. Nevertheless, addition 
of drugs should be undertaken with caution un- 
less data are available to show chemical stability 
and compatibility with TPN mixtures. As the 
range of drugs available is so large, this review 
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only covers the most commonly administered 
drugs. 

insulin 

Insulin adsorbs to PVC bags and administra- 
tion sets causing a lo-55% loss (Hirsch et al., 
1977). It is also adsorbed to polyolefin bottles, 
although to a lesser extent, and this adsorption 
can reach saturation at high levels of insulin 
(Hirsch et al., 1981). Hence, the concentration of 
insulin affects the amount of loss. Adsorption to 
filters is another problem (Butler et al., 1980; 
Wingert and Levin, 1981). Weber et al. (1977) 
found that dextrose/amino acid mixtures failed 
to deliver more than about 45% of added insulin 
and that this loss was reduced on the addition of 
albumin or electrolytes and vitamins. More re- 
cently, Marcuard et al. (1990) showed that insulin 
availability could be higher than previously sug- 
gested, with as much as 90-95% delivery. They 
stated that insulin recovery may be affected by 
the amino acid solution used, but was indepen- 
dent of lipid addition. Very little binding to ethyl- 
ene vinyl acetate bags was found. 

amino acid concentrations (Perry et al., 19871, but 
reduced by more than 25% after the same time 
period in another study (Fox et al., 1988). Peni- 
cillin G is stable for 24 h in TPN admixtures 
(Reed et al., 1979; Fox et al., 1988). 

Aminoglycosides 
Gentamicin, tobramycin and clindamycin are 

stable in TPN mixtures at room temperature for 
24 h (Feigin et al., 1973; Reed et al., 1979; Fox et 
al., 1988). Clindamycin has been shown to remain 
stable for 1 month at 4°C in the dark and 8 weeks 
at - 10°C in both glass and PVC containers 
(Porter et al., 1983). Kanamycin was found to 
decrease in amount by 36-52% after 24 h (Feigin 
et al., 1973). 

Cephalosporins 
Fox et al. (1988) studied a range of 

cephalosporins, and found all to be stable for 24 
h. 

Mixing antibiotics, even those that are stable, 
should be performed with care as results have 
shown a loss of stability (greater than 10%) for all 
‘stable’ antibiotics when gentamycin, for example, 
is also added to the admixture (Fox et al., 1988). 

Antibiotics 
H2 antagonists 

None of the major antibiotics are sorbed to 
PVC (Kowaluk et al., 1981, 1982, 1983). All an- 
tibiotics studied appear to be stable in TPN solu- 
tions at 4°C for 24 h (Feigin et al., 1973; Reed et 
al., 1979). The following results are regarding 
stability at room temperature. 

Penicillins 
Early studies showed ampiciIlin to be unstable 

(Gallelli et al., 1969; Feigin et al., 1973) and 
sensitive to electrolyte addition (Schuetz and 
King, 1978). Feigin et al. (1973) also found that 
the addition of heparin or hydrocortisone im- 
proved ampicillin stability. Results of a later study 
suggested that no ampicillin loss occurred over 24 
h (Fox et al., 1988). There are convicting data as 
to the stability of carbenicillin and methicillin and 
also to that of ticarcillin, mezlocillin and 
piperacillin. These last three have been found to 
be stable for 24 h and unaffected by dextrose or 

Cimetidine is stable over a wide range of con- 
ditions and mixtures. All concentrations studied 
were stable for 24 h at room temperature (Tsallas 
and Allen, 1982; Baptista et al., 1985). Cano et al. 
(1987) observed that cimetidine was stable for at 
least 72 h in TPN mixtures and Yuhas et al. 
(1981) found it to be stable for at least 7 days at 
room temperature. Walker et al. (1981) showed 
the stability of cimetidine to be maintained for 30 
days when frozen and at least 8 days following 
thawing at 4°C. This procedure is not recom- 
mended for mixtures containing fat emulsions. 

Ranitidine is less stable than cimetidine in 
TPN mixtures. It has been found to be stable at 
room temperature for 12 h (Can0 et al., 19881, 24 
h (Bullock et al., 1985) and up to 48 h (Walker 
and Bayliff, 1985). The latter two studies found 
reductions of about 10% at 48 h whereas Cano et 
al. found more than 20% loss after 24 h. McElroy 



15 

et al. (1989) showed ranitidine to be stable for 72 
h if refrigerated. 

Famotidine is considered as stable as cimeti- 
dine with studies showing stability in TPN admix- 
tures at room temperature for 48 h (BuIlock et 
al., 1989) and up to 72 h (Montoro et al., 1989). 
Bullock et al. (1989) also demonstrated that re- 
frigerated famotidine remained stable for 7 days 
and that amino acid concentrations were not af- 
fected by famotidine addition. 

Cytotoxics 

Some sorption of cytarabine to filters occurs 
(Ennis et al., 1983) but none to glass or PVC over 
24 h (Benvenuto et al., 1981). At a concentration 
of 50 pg/ml, cytarabine is stable for at least 48 h 
at 8 and 25°C in commonly used paediatric TPN 
solutions (Quack and Sakai, 1985). 

5-Fluorouracil is not sorbed to PVC (Driessen 
et al., 1978; Kowaluk et al., 1981, 19821, but is 
adsorbed to glass (Driessen et al., 1978; Ben- 
venuto et al., 1981). The latter study found a 
decrease of 10% after 7 h. In a TPN mixture, 
5fluorouracil suffered no loss in concentration 
after 48 h at room temperature and in ambient 
light whether in glass or plastic containers (Hardin 
et ai., 1982). 

Methotrexate is sorbed neither to glass nor 
PVC in 24 h (Benvenuto et al., 1981), but does 
undergo photodegradation in dilute solutions 
(Chatterji and Gailelfi, 1978; Bosanquet, 1989). 
This degradation is catalysed by sodium bicarbon- 
ate. In short-term exposure to light, e.g. 4 h, no 
significant loss is seen (Dyvik et al., 1986). No 
data in TPN admixtures are available. 

Heparin sodium is not adsorbed to glass con- 
tainers (Joy et al., 1979) or to in-line filters (Bu- 
tler et al., 1980). Heparin activity was retained for 
24 h at 25°C in TPN solutions but decreased 
significantly after that (Matthews, 1982). More 
recent work (Johnson et al., 1990) has demon- 
strated that heparin contributes to destabilization 
of fat emulsions, and so should be included in 
TPN mixtures only with the greatest caution. 

Warfarin sodium absorbs to PVC (Moorhatch 
and Chiou, 1974; Kowaluk et al., 1981; Illum and 
Bundgaard, 1982) and sorption increases in the 
presence of dextrose. Unionized warfarin is ab- 
sorbed more readily than the ionized form, and 
hence a low pH increases sorption. No sorption 
to polypropylene bags occurs (Illum and 
Bundgaard, 1982). Information regarding TPN 
stability of warfarin is not available. 

Aminophylline 
Aminophylhne is not sorbed to PVC bags, 

administration sets (Kowaluk et al., 1981, 1982) 
or filters (Boddapati et al., 1982). It is stable in 
TPN mixtures for at least 24 h at both 25 and 4°C 
(Kirk and Sprake, 1982; Niemiec et al., 1983). 
However, aminophyliine addition has caused pre- 
cipitation of calcium and phosphate in some TPNs 
(Kirkpatrick et al., 1989). 

No significant sorption of morphine to PVC 
occurred after 1 week (Kowaluk et al., 1981, 
1982; Macias et al., 1985). Macias et al. (1985) 
also showed that morphine was stable in TPN for 
36 h at 21.5”C without light protection. 

Diazepam 
Diazepam is absorbed into PVC containers 

(Kowaluk et al., 1981, 1982; Illum and Bundgaard, 
1982) in its unionized state. This sorption can be 
reduced by lowering temperature or storage time 
or increasing flow rate or surface-area-to-volume 
ratio (Kowaluk et al., 1983). Alternatively, poly- 
olefin or glass bottles and polyolefin tubing can 
be used to avoid sorption altogether. 

~igoxin 
Digoxin is not retained by in-line filters 

(Rusmin et al., 1977; Stiles and Allen, 1979). It 
has been shown to be available from TPN solu- 
tions (Fagerman and Dean, 1981) and stable in 
TPN for up to 96 h when stored at 4°C in plastic 
bags (Blackstone et al, 1980). 

Metoclopramide 
Metoclopramide is stable for 72 h at 25°C at 5 

and 20 mg doses in TPN admixtures containing 
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dextrose, amino acids and electrolytes (Pesko et 
al., 1988). Jn the absence of electrolytes, only the 
20 mg addition suffered no Ioss in 72 h, whereas 
the 5 mg dose decreased by 10% after 48 h. 

New Materials 

A number of new materials are being investi- 
gated as possible nutritional supplements, and 
may find wider use in the coming decade. Materi- 
als such as dipeptide nitrogen sources, carnitine, 
and glucose phosphates are under extensive study, 
but little is known about their stability in many 
cases. Probably the most extensively investigated 
material is glucose l-phosphate, which has been 
shown to be compatible with higher concentra- 
tions of calcium (as chloride or gluconate) than 
inorganic phosphates, and the pH of these regi- 
mens is closer to neutrality. Hence, high Ievels of 
calcium and phosphate can be incorporated into 
TPNs with or without lipid (Hardy and Davies, 
1987; Hardy and Jimenez Torres, 1987). 

Conclusions 

Problems can be encountered with the chemi- 
cal stability of many of the components making 
up TPN mixtures. Many TPN admixtures used in 
the studies considered do not include fat emul- 
sion and many do not contain vitamins. Some 
mixtures merely consisted of amino acids and 
dextrose. This causes problems in anaiysing the 
material, and relating findings to TPN solutions 
used clinically. More studies are therefore needed 
to verify the results already obtained from re- 
search. Further investigations into all-in-one mix- 
tures including lipid are required as little is known 
about chemical stability of electrolytes, vitamins 
and trace elements in these systems. Additionally, 
the conflicting findings of many workers suggest 
that stability is dependent on minor variations in 
mixture composition, and, therefore, that it may 
not be straightforward to extrapolate from older 
studies to current practise. 

Until further research is performed, it is advis- 
able to administer the TPN mixture as soon as 

possible after formulation (preferably within the 
first 24 h), if many of the problems due to chemi- 
cal instability are to be minimised. In particuIar, 
vitamin and drug addition to TPN mixtures should 
always be undertaken with care unless chemical 
stability and compatibility have been proven. 
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