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L. INTRODUCTION

The use of the alimentary route to supply essential
nutrients, either by mouth or nasogastric tube, is by far
the best. This route, however, requires an inbtact and func-

tioning gastrointestinal tract which may not be found in

certain chronic intestinal diseases, malignant tumors, and

cases of gastrointestinal obstruction. In these and cerbain

other clinical situabions, parenteral feeding is necessary

+o provide essential nutrients normally provided in the diet.

The intravenoug roubte of adminigtration is generally

recognized as the most effective means of systemlic administra-

tion., Yet, considering the other routes used clinically, it

is of relatively recent development. Parenteral therapy began
in 1616 with the discovery of the circulatory system by the
Fnglisgh physician William Harvey (1). In 1656, Sir Christopher
Wren successfully gave intravenous_injections t0 dogs (2). |
Later years saw experimentation with attempts at parenteral
therapy, especially blood transfusions, with little or no
success. LIt was not until the early nineteenth century that
Thomas Tatta, in Scotland, used saline with great succesg to
treat the inbractable dilarrhea of cholera. He is conéidered
to be the first man to use intravenous injection in terns of
rational therapy (2).

In the éearch for effective means of parenteral nutri-

tion, various ingredients were infused into animals and man.

[
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In 1873, Edward Hodder-succeésfully injected milk into man (3).
The intravenous injection of glucose for nutritional purposes
was first accomplishediby Kausch in 1911 (4). The most sig-
nificant discoﬁery-for pérenteral therapy was that of Francis
Siebert who in 1923 discovered the cause of pyrogens in dis-
tilled water (5). In 1937, Rose's (6) identification of the
amino acids essential for the growth of the rat was a signifi;

cant step for parenteral nutrition. This discovery led to the

£

avelopment of the first protein hydrolysates for intravenous
use in man. Meng and co~workers (7) studied parenteral nutri~
tion in dogs. They injected carbohydrates, fabt, protein,

minerals, and vitamins for as long as ten weeks at a time.

It was Dudrick (8) who made the major breakthrough for par-

enteral nubtrition in 1967. He demonstratbed, with the use of
six beagle puppies, that thé gsimultaneous adminigtration of
glucose and a nutritionally balanced mixture of amino acids
from a protein hydrolysate, with added minerals and vitaming,
would support an anabolicvstate, Muscular and skeletal growth
were normal, as was body chemistryo

The terms intravenous or parenteral hyperalimentation
are often used to describe this procedure because of the
hyperosmolarity of the solution,. More recently, total par-
enteral nubtrition (TPN) has been used by various authors.
Burke (9) has defined this method as the inbravenous adminis-
tration of proteing, calories, essential intracellular iong
and other nutrients sufficient to achieve tissue synthesis

and an anabolic state in patients where oral feeding is

e
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impossible or, alone, inadequate. Flack and co-workers (10)

- have defined it in slightly different terms., They describe

the process as the intravenous administration of gufficient

nutrients above the usual basal requirements to achieve tissue

synthesis, positive nitrogen balance, and anabolisn.
A variebty of protein hydrolysates which differ not

only the starting protein but also their mode of preparation

‘have been used. Geyer (21) has reported that, originally,

investigators conducted experiments on nyQTOLySdLeS of meat,

fibvrin, and milk. Casein or fibrin hydrolysates are exten~

sively used at the present, but those prepared from lactalbunin,

bovine gerum probein and human serum albumin have reportedly

been investigated as possible alternatives.

Ravin (13) bhas divided the clinical indications for
parenteral hyperalimentation into five general categories:

l. Patients who cannov eat:
Esophageal carcinoma
Gagtric carcinoma
Obstructive peptic ulcer
Paralytic ileus, etce.

2. Patients who should not eab:
Troaumatic or 1nL1ammabory entercutaneous
fistulas :
Regional enteritis
Granulomatous colitis
Pancreabitis
- Laryngeal incompetence, etc.

3., Pabtients who will not eat enough:
Pogtoperative geriatic patients
Anorexia nervosa, etce

4, Patients who cannot eat enough:
Multiple fractures
Major full-thickness burns
Ulcerative colitis
Short bowel syndrome
Malabsorption syndrome, ebc.
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5. JInfants who have congenital anomalies or

chronic diarrhea,”

In oral alimenbtation, essentially all dietary protein
is hydrolysed to the ffee~amino aclds. The digestive enzymes
of the gastrointestinal tract do contribute to his, but the
major end products of their adtion are small pep’cideso These
are resolved into free amino acids by peptidase presént in
the mucogal lining of the small intestiné; Therefore, if the

ietary source is restricted or insufficient in one or more

&

T the essential amino acids, tissue protein synthesis for
zolids will enter catabolic pathways leading to formation and
excretion of nitrogen, primarily in the form of urea (9). In
healthy individualg, a few days of reduced nutritional inbtake

is of little consequence, bubt when a patient is subject to major
trauna or disease, catabolisn occurs at a much faster rate (16).
For example, if a patient is under physiological stress due to
infec%ion or trauma, the caloric requirement increases to %,000

to 4,000 calories per day (22).

NUTRITIONAL REQUIREMENTS

Proteing and Amino Acids

There'are many nitrogen soﬁrces that have_been_uéed
(15); amino acids, probein hjrdrélysatesa albumin, plasma,
and whole blood. Albumin, plasma, and whole blood have been
guite useful in restoring and maintaining intravascular oncontic
pressure, bubt the protein provided in thig maaner must undergo

time and energy consuming conversions to amino acids for protein

I
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synthesiss Until fairly recently, crystalline amino acids

“have been too costly when adequately refined for intravenous

use., Therefore, protein hydrolysates from enzymatic hydrolysis
of casein or fibrin have been the major sources of intravenous
nitrogen (sée Table I)., These solutions provide about 60% of
the available nitrogen as amino acids and 40% as dipeptides
and tripeptides (15). The importance of maximum amino acid

content and minimum polypeptide content has been established.

However, no controlled clinical studies, comparing the efficacy

of protein hydrolysates and synthetic amino acids, can be found
b 5 5 y 9

in the literature. Asch, et _al. (%8), in five infants and two

found 1ittle difference with regard to nitrogen balance and
welght gain, However, the small number of patients preveunbs
any meaningful statigbtical inference.

Twenty-two amino acids (11) ére ordinarily required
for syﬁthesisﬂof tissue probteins, and the absence of any one
of them could preveﬁt the formation of a polypeptide. With
no intake of any essential amino acid, tissue synthesis will
not occur. The synbthesis increases in proportilon to the level
of the amino acids which is fed,‘up to an opbimal point (12).

The 7% Protein Hydrolysate Injection UaSQPgé'used in
this study is aﬁ aqueous solution of a pancreatic (porcine)

enzymatic digest of casein, It has been fortified by the

a ~ C.,P.H,, Cutter Laboratories, Berkeley, Ca.

e
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Solutions Available Commercially

For Parenteral Hyperalimentation

TABLE I

Basic Scolution

Total Nitrogen

Total Protein

Gm/L - Equivalient Gm/L

8.5% Crystalline Amino Acids® 500 ml 6.25 29,1

plus 50% Dextrose %o make 1000 ml
5% Fibrin Hydrolysate® 750 ml | 5.06 31.6

plus 50% Dextrose to make 1000 ml
7% Casein'Hydrolysateo 590 ml 6.10 28.1

plus 50% Dextrose to make 1000 ml
10% Casein Hydrolysate® 500 ml 6.80 12,5

plus 50% Dextrose to make 1000 ml

a - Freimine, McGaw Leboratories, Glendale, Ca.

b - Aminosol, Abvott Laboratories, North Chicago, I1l.

¢ -~ Co.P.H., Cubter Laboratories, Berkeley, Ca..

o
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Hyprotigen, McGaw ILaboratories, Glendaie, Ca.
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addition of quantities of methionine, tryptophan, and

- phenylalanine. It is interesting that Wunner and coéworkers
(23) have reported that tryptophan causes a non-specific
increase in the rate of protein synthesils and net deposition
of protein associated with an increase in polyribosomes and

a decrease in monoribosomes in the liver. Conversely, feed-
ing a mixture deficient in other amino acidg, did not decrease
liver probein synthesis in the normal animal. Each 100 ml of
C.PoHo conbains 4.89 Gm protéin hydrolysate which containg all
the essential amino acids in the following approximate amountsgv
sxpressed in Gm/L:

Leucine 4,15 Arginine 1.5

Valine 3.0 Threonine 1.8
Lysgine %65 Methionine 2.2
Isoleucine 24 Higtadine 1.2
Phenylalanine 2.% Tryptophan 0.5

In addition, the following non-essential amino acids arve

present as a result of the enzymatic digestion of cagein:

glutamic acid, proline, serine, aspartic acid, cystine9 alanine,

tyrogine, and amincacetic acid. The pH has been adjusted with
lactic acid to about 5.3. Electrolybes are found in the formu-
1atidn in the following respective mEq/L ion concentrations:
sodium 25; potassium 11, calcium 4, chloridé 8, and phogphate 8.,
Estimatés have been made on the protein and amino acid
requirements of man (16,17). Based on these nitrogen balance'
studies, an intake of 0,45 Gm proteih per Kg body weight would

be needed by the average adult to cover urinary, fecal,

AL
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cﬁtaneous, and other minor routes of nitrogen excre‘bion_(lé%)e
DeMaeyef and Vanderbrought (19) haVe calculated that a child

of 3 to 5 years needs an average of 0.6 to 0,7 Gm of protein pér
Kg body weight. There are few relevant studies on the protein
requirements among the elderly. Xountz and co;workers (20)
suggest that théir requirements for nitrcgeﬁ equilibfium

averages 0,6 Gm per Kg body weight.

Carbohydrates

In addition to the protein/amino acid requireménts,
an additional source of calories is required. Preaston (14)
naz gtated that 25 to 30 cal/Kg are required dally for main;
tenence purposes alene. In a 70 Kg man, the bedy ugsnally
stores app“oximately 100 to 200 Gm of carbohydrates chiefly
in the form of glycogen which may be utilized in 24 hours or
iess (12). After exhaustion of these stores, breakdown of
body tissue occurs unless adequabe calories are supplied,
CThis reéults in muscle wasbting, delayed wound healing, Llowered
resistance to infection, and prolonged convalescence(lt). It
has been recommended that an exbra 13%3% of caloric requirement
be added for the hyperthermic pabient for each degree centi;
‘grade above normal body temperature (14). Congidering the
caloric content of each of the three energy sources, fat is
by far the best, ylelding 9 cal/Gm of fat which can be admin-
istered as an emulsion (soya bean o0il emulsified by egg phos~
- phatide made isotonic with glycerin). Carbohydrates and protein
each yield 4 cal/Gm (14). It appears to make little difference

whether the calories are administered ag fats, carbohydrates,

.
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or even alcohol, provided that at least 150 calories are

- supplied per Cm of nitrogen (protein or amino acid) infused

(15). Hypertonic dextrose offers the most inexpensive and

practical caloric source abt the present time,

Mineralgs

The mineral requirement can be divided into two major
classifications: major electrolytes and trace elements., The
major electrolybes would include sodium, chloride, bicarbonate,
potassium, calcium, magnesium, phosphate, and possibly sulfates
Prace elements include: i1ron, zinc, copper, iodide, fluoride,
ﬁﬁramiuma cobalt, manganese, molybdium, selenium, and vanadium
(28],

Sodium, potassium, and chloride ions are probably the
most creibtical of the electrolyte additives. It has been
reported (24) %hat their concentrations should be monitored
daily and sometimes more frequently in cases of serious elec-
trolyte and fluid imbalances. Therefore, no single value or
range can be followed, as the requirements will vary depending
on reﬁaly cardiovascular, and endocrine condition of the
patient. The following additive'leveis have been repofted
as average adults doses in hyperalimentation: sodium (as
chloride) 40-50 mfq/L, potassium (as chloride) 50;40 m¥q/ L,
and chloride 50 mEq/L (10,26),

Potagsium plays an essential role in the transportation

of glucose and amino acids across the cell membrane (27). Also,

if this ion is nobt administered, potassium from the bloodstream

will be used to accompany glucose and amino acids into the cell,
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creating a serum deficiency. Grant, et al. (27) report that

~as much as 160 to 200 mEq of potassium may be given with 4,000

calories for effective utilization of the carbohydrate, There-
fore, increased amounts of glucose and amino acids administra-
tion would seem to require increased amount of potassium in
order to be absorbed by the cell and to maintain the proper
electrolytbe balance.

There appears to be no hormonal mechanism for controlé
ling serum magnesium levels (24), Normally, serum levels must
be dependent primarily‘on intake and excretion through the

kidney. It is the second most plentiful cabion within cellu-

lar fluids (28). Guyton (29) states that magnesium is required

a8 a catalyst for many intracellular enzymatic reactions, par-
ticularly those relabing to carbohydrate metaboligm. The
recommended daiiy allowance for an adult on total parenteral
nutrition has been reported as 25 mEg/day (24) or, on the
liter basis, 8 mEq/L (26). It is usually admixed into the
solution asg the sulfate salt.

Calcium ion has been commonly added as the gluconate
or glucoheptonate salt. Calcium is reported to be normally

present in small gquantities in the extracellular fluid and to

a minor extent in the structure and cybtoplasm of cellg of soft -

tissue (28). Calcium ié also essential for muscle contraction,
nerve condition, and blood coagulation, Davidson’(BO) gbates
that the bulk of the body's calcium and phosphorus is located
in the bounes. This‘accounts for 99% of the total calcium and

80 to 85% of the total phosphorus, which is in combination

e
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with calcium, The remaining phosphorus (i.e., phosphate)
“exilsts as a major anion of intracellular fluid. The phos-
phate ion i1s generally admixed in the form of potassium acid
phosphate.

Casein hydrolysates are reported to have 100 to 125
mg/L of calecium, approximately six times that of fibrin hydrc;

lysates (24)., There are approximately 10 mg/L of phosphorus

&
0

inorganic phosphate in the fibrin, as compared to 200 ng

P
v

-

]

:
-
]

]

phosphorug as free inorganic phosphate in the casein hydro-

-d'

There have been two schools of thought concerning the
2ddition of calcium and phosphate to hyperalimentation solu-
tiong, Some anthorities believe that they should be added
routinely and others believe the serum levels should be

followed and the iouns added when indicated. The actual sig-

nificance of calcium administration has been questioned because

of the development of disuse osteoporosis in patients who are
bedridden for long periods of time (31,32). These conditions
result in increased urinary and fecal calcium levelss Some
aubhoritles also feel that adminisbtration of calcium is necesQ
sary when phogphate 1s given in ordér to.prevent hypocalcenia.
Allen and co-workers (33) have repéx%ed hypocalcemia in some
hypophosphatemic patienﬁs given phosphorus in doses of 4 to

8 mEq over eight hours. Inorganic phosphate ig requiied for
the production of‘high energj organic phosphates@ Lotz (34)
~and Lichtman (%5) have reported symptoms in hypophosphatenmia

such as malaise, muscle weakness, and menbtal depression,
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Kaminisgki (26) has expressed the approximate adult requirement
for calcium to be 10 mEq/L and phosphate to be 20 mEq/L.
Sulfur present ih methionine, cysteine, and taurine
(23) is apparently sufficient to form other sulfur containing
compounds provided the supply of these amino acids is sufficlent.
To supply the trace elements, some authorities (25)
feel the periodic infusion of plasma or blood is sufficient

for normal body needs. Dudrick, et al. (%36) and Doolas (37)

of treatment with total parenteral nutrition.

Guyton (29) has defined a vitamin as an organic comé
pound needed in emall quanﬁities for operation of normal bodily
metabolism.and that cannot be manﬁfactured in the cells of the
body. Greene (39) stated that since they are intimately involved
in metabolism of carbohydrates, proteins, and fat, they are an
essential additive %o complete parenteral nutrition.

The use of an injectable mﬁltiple vitanin® consigting
of ascorbic acid, vitamin A, vitamin D, thiamine HCI, riboflavin,
pyridoxine HCl, niacinamde, dexpanthenol, and vitamin E has
resulted in vitamin A and D toxicity (40,41), To avoid this;'
it has been recommended that a change be made to a combinabion
of B complex with ascorbic acidb after about five days of total

parenteral nubtrition (42).

a - M.V.I., U.S.V, Pharmaceutical Corp., Tuckahoe, N. Y,

b -~ Solu~B Forte, The Upjohn Company, Kalamazoo, Mich.
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- Optional additives, which depend upon the'clinical
indications afe phytonadione, cyanocobalamin, and folic acid ?
(10,13). McGovern (22) has reporbed the addition of‘corti; »
costeroids in gome cagses of inflammatory enteritis.

Geyer (44) has stated that low doses of insulin were

given to aid sugar uptake by the tissues, thereby decreasing
urinary loss., Doolag stated (57) that exogenous insulin is
not usually required, gince endogenous insulin productioh is
“dextrose and mogt amino aclds. He further states
that in the early postbperative period, insulin may be neesded,
since postoperabtive patients develop a btransient elevation in
blood glucose. Diabetic patients, of course, will require
exogenous insulin. DeSchepper (45) has reported that insulin

enhances intracellular ubtilization of amino acids in protein e

synthesis, rather than increase the net upbtake of amino acids.

It has been reported (46) that the addition of insulin to inbra-
venous systems has resulbted in 23-28% adsorption of the drug
to glass and plastic (46). The reported levels of regular

1 insulin used range from 20 to 40 units per liter (42,27).

| COMPATTBILITY STUDLIES

There are very few scientific sbtudies on the compati-~

ITERIGE 2 1 ] 1

bility of hyperalimentation solutions reported in the litera-

ture. Because of this, there is little or no data on-which

to base decisions of cdmpatibility and/or stability of various -
adnixtures. Those studies that are available are either the

result of a'persbnal experience, without controls, ox conjéc~

ture on what would be expected.
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 Cluxton (44) has elaborated on the complexities of
making compatibility studies on’hyperalimenﬁation solubions.
He cites the variability of each formula as well as variation -
in concentration of eéch ingredient as a problem in experi;

mental design. He points out that it is dangerous to assume

that because there is no evidence of physical incompatibility,
that a solubtion is compatible.

Patel and Paillips (45) compiled a compatibiiity chart

and examining the slide under a microscope, Evaluation of

~

hysical compatibility was based on the clarity of the resulb-

[

.

olution. This study pointed out that order of mixing cen -

fond

g
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affect the compatibility. Chlortetracycline, nitrofurantoln, 8

novobiocing pentobarbital sodium, and thiopental godium were

found t0 be incompatible with protein hydrolysates.

Pelissier and Burgee (46), in a compilation of informs-

tion from published articles, manufacturers® intravenous com—
patibility charts, manufacturer's package inserts, and bro- 7
chures, report that albumin (human), aminophyllin, sodium

salts of barbiturates,Cedilanid-D, chlortetracycline, corti-

coﬁroPin, digitoxin, digoxin, diphenhydramine, EDTA, epinephrine,
ergonovine, erythromycin, fibrinolysin, hydralazine, mebaraminol,
nitrofurantoin, novobiocin, and protein (human) as incompatible.,
In a preliminary study (47), it found that corticotropin,
hydrocortisone sodium phosphate, and‘hydroooriisone sodium

succinate were physically compatible with protein hydrolysate,



sl i

15

but methylprednisolone sodium succinate was physically
incompatible.

Williams and Moravec (48,49) and Fowler (50) have
reporbed several drugs as incompatible with protein hydro-
lysates, based on the recommendation from the manufaéturer

hat no drugs be added to the solutions or that only certain
diluents be used. These studies list'only these drugs as
éompatible with protein hydrolysates: alcohol, aécorbic acid,
vitanin B complex, and thiamine. Among the drugs 1list as

incompatible, it is inberesting that these have been listed

a3 incompatible: corticotropin, calcium gluconate, cortisone

ecetate, heparin sodium, insulin (regular), megnesium sulfate,

hydrocortigone sodium succinate,; cyanocobhalamin, and phyhon-

Cohon (51) mentions that manufacturers recommend that
other drugs not be addedvtg protein hydrolysabtes. He cautions
that protein binding may Occur, particularly with antibiotiosm

_ A most comprehensive examination of electrolyte com-
patibility with 8.5% synthetic amino acid solution® has been
performed'by Collin, et al, (52). ‘Initiallyg they studled

the following electrolytes in these concentratnons~ magnesium

sulfate, 10-40 qu/u9 potassiun phosphate, EOmlOO mEq/I,

calcium gluce Dtateg 10-50 mEq/L, and sodium bilcarbonate, 20 100

nBq/I. The reproducible preoipxtatlon oo,ae:r-voc'l9 was ldentiflmd_

analyyloally and. opectroqooplcally as a calcium-phosphate

FreAmnine, McGaw Laboratories, Glendale, Ca,
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domplexo It was found that calcium (as gluceptate) and
phosphate (as po%assium acid) are compatible to some extent.
They found fhis compatibility problem can be avoided if cal;
cium and phosphate jons are added to the 50% dextrose and
BQB% amino acid solution, respectively, prior to their mixing.
The precipitation can also be avoided by insuring that calcium
ion ig the last electrolybe added to the final‘dextrose«amino

acid solution, At least 30 mEq/L of potassium phosphate were

found to be compatible with 15mEq/L of calcium gluceptate with
these two procedures,

Burke (58) has elaborated on ten commonly used addi-

1

o

ves, based solely on his own personal experience. Albumin,
vhich is normally listed asg incompatible, was found to be

stable and clinically effective for at least 24 hours. Calf
cium is reported to be incompatible with sodium bicarbonate,

as is magnesium sulfate. Burke also reports that cyanocobalawnin,
and folic acld are inactivated by ascorbic acid, with cyanoco-
balamin also being inactivated by high concenbtrations of dex-
trose. He does note thét one should conduct his own con-
trolled tests prior to admixing any drug in a hy_peac'ail,imemta;w
tion solublon.

As parenteral nutrition becomes more common in medical
practice, it becomes imperative that more information be made
available on possible admixture incompatibilitiese Thus, the
object of this study was to determine the c¢mpatibility of the
majority of common additives with a mixture of 590 ml 7%

Protein Hydrolysate Injection U.S.P, and 410 ml 50% Dextrose

i
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Injection U.S,P. A physical evaluation alone (il.e., observation
- for precipitation, color change, or evolution of gas) with pH
moniﬁoring was used in the preliminary study. Ultra-violet
spectroscopy and thin-layer chromatography were used to aid

in detecting alterations in the chemical structure of the pro-

tein hydrolysate. These albterations may be indicative of

ungeen chemical iuncompatibilitye.




II. EXPERIMENTAT METHOD

The purpose of this project was to study the_admixture
compatibility of common additives With a mikture comprised of

590 ml 7% Protein Hydrolysate Injecﬁion U.8,P, and 410 nl 50%

Dextrose Injection U.S.P. (PolynuteTM Pack)®. The experimental |

work was divided into two sections: physical compabibility

and chemlcal compatibility.

FEYSICAL COMPATIBILITY

o

The object of the physical compatibility study was to

determine the maximum concentration of electrolytes which may
be admixed with Polynute without physical evidence of incom-
patibility (precipitation, evolubtion of gas, or color change).
A maximum compatible concentration was evaluated with other
additives, suchfas gselected vitaming, insulin, and heparin.
Fach liter of Polynute was prepared by infusing 410 ml
of the 50% Dextrose Injection into 590 ml of the 7% Protein
Hydrolysate, utilizing ‘the transfer seb provided in the
Polynute pack. Thisg mixed solution was incorporated into
the physioal study within eight hoﬁrs as recommended by the
manufacturer's literature.
Each additive—hydrolysate'combination was pre?ared

in duplicate, utilizing 25 ml quantities in 50 ml erlenmeyer

a - Cutter Laboratories, Inc., Berkeley, Ca.
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flasks for each concentration-combination. The transfer of
additives was made with graduvated pipettes. The resulting o
solutions were stored at room temperabure (220 C) under normal

fluorescent room lighting. Physical evaluatlon was based on

visual examination and pH readlngs taken at intervals of one,

four, eight, and twenty-four hours after admixture. The pH
readings were made using a Gornlng pH meter, Model 72,
Calcium gluoonateb, magnesium sulfate® , and potassium

Tn 3+

ynogphate , were the electrolyte addltives selected for this

}

pz-«

m

tudy. These electrolytes were first evaluated individually

with Polynubte. Following this, combinations of the eléctro~
iytes were added to the Polynute solution, starting at a con-
centration of 4 mEq/T, then in increments of 10 mEg/L to a

1evel.5f 100 mBg/L or until physical evidence of incompabiQ> i

bhility was observed.

The following wvitaming were evaluated for physical
compatibility: vitamin B complex with ¢ (Solu B Forte®),

folic acid (Folvitef),-phytonadione (Aquallephyton®), v

a - Corning Scientific Instruments, Corning, N, Y.

b —~ Pasadena Research Laboratories, Pasadena, Ca,

¢ ~ Eli Iilly and Company, Indianapolis, fnda

d - McGaw Laboratories, Glendale, Ca.
The potassium phosphate used in this study contalnmd
potassium dihydrogen phosphate 0,9 Gm and potassium ,
monohydrogen phogsphate 4.7 Gm in each 30 ml. All fubure -
references to potassium phosphate will indicate this
information.

e - The Upjohn Company, Kalamazoo, Mich.
f ~ Lederle Laboratories, Pearl River, N. Y.

g ~ Merck Sharp and Dohme, West Point, N, Y.
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cyanocobalamin (Rubramin POa), and multiple vitamin infusion
(1.7.1.°). Fach vitamin was evaluated individually with each
of the eleétrolytes and in coﬁbination with the maximum éonm
centration of electrolytes found to be compatible.

Regular insulin (Iletiﬁc) and sodium heparind were also
evaluated in combination with maximum compatible concentrations
of electrolytes and vitamins.

Cluxton (44) has calculated the sample size required

_ > I | e T O K TR | PSR B P R | Y - T s R
LU0 ealCnn sanlple Lo . a wo-iadllew Slgidlllcange Level OL D Del~

cent t0 be approximately three. This is assuming that 10% of

the admixutres we prepare are incompatible. If we assume that

¢t

of R
% of

)1

size of wess'thaﬁ two. During this physical evaluation, a
sample size of two (i.e., duplinate) was used for each com-
bination; however, during the chemical analysis,'an was used.
Cluxton further suggests that the two following assumptions
be made: 1) if a high concentration of an ingredient is comQ
patible, a lesser concentration will also be stable and

2) order of addition is not important. The later assumption
is, of course, not valid, especially in light of the repoxt
of Collin, et al., bubt essential because of the magnitude

of the combinations that develop withAthe variation of the

order of mixing. A random order was selected and maintained

a - B. R. Squibb and Sons, New York, N. Y.
b ~ U.S,V, Pharmaceutical Corp., Tuckahoe, N, Y.

¢ - Eli Lilly and Company, Indianapolis, Ind.

oY
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Invenex ITaboratories, San Francisco, Ca,

he admixtures are incompatible, this results in a saumple
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during the study.

~

CHEMICAL COMPATIBILITY

Since pH change, clarity of solution, precipitation,
or color change often fails to detect alteration or ihacti;
vation of ingredients, ultra;violet spectroscopy (U@Vo) and
thin;layer chromatography (TLC) were employed to elucidate

possible chemical changes that may have taken place.

-, UV, Spectroscopy

U.V,. absorpbtion spectra were obtained utilizing the
Zzuch and Lomb Specbronic 600% double bean spectrophotometer,

A Liner/Log Varicord 45b recorder provided recordings of the

using a dueterium lawmp to provide the incident-beam wave;
length range of 220 to %20 nancmeters.

The same vitaming, calciuﬁ gluconate, and potassium
phosphate were examined spectrophobtometrically, Magnesium
sulfate did not exhibit any compatibility problems with other
electrolytes and, therefore, was not congidered. Because of
the number of additives present when insulin and heparin were
admixed, it was felt any spectrophotometric result would be
inconclusive. Therefore, these combinations were not examined

spectrophotometricallyo”

a -~ Bauch & Lomb Optieal-Company, RochesteryNo—Y.
b ~ Photovot Corporation, New York, N, Y.

¢ -~ Perkin-Elmer, Coleman Ingtrument Divigion, Maywood, Ill.
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Aqueous dilutions of the Polynute were made to
determine the concentrati on required to obtain abgorbance
valuegs of 0.3 to 0,9, This dilubtion was used as the standard
by which all subsequent spectra were compared. All admixture
combinations were examined at this dilution concentration
regardless whether the additive was spectrophotometrically
decipherable at that concenﬁratidna

It was decided to examine each vitamin individually

“against each selected electrolyte solely at therapeutic

concentrations and in combination (both calcium and phosphate)
therapeutic concentration and a maximum compatible con-

centratvion. Hach reference contained water, electrolyte and
h

o
fod

the vitamin while each tesht sample conta

S

ned Polymube, clec-
trolyte(s), and vitamin., This allows scanning for the Polynute
only. The references were prepared singly and the samples in
triplicate. The respective samplés were examined alb one, fﬂur;
eight, and twenty-four hours. This was facllitated by rewmoval
of 2.5 ml from each sample and its corresponding.reference

and dilubing with distilled waber to 50 ml. The results of
the spectrophotometric measurements of these admixtures were
compared with the standard spectra to detect any alteration

in the protein hydrolysateo If there were any alterations in
spectra, additional combinations were examined to determine
further which additive may have beén résponsible for the

spectral change.

THIN-.LAYER CHROMATOGRAPHY

Bagic methods used in this TILC procedure were developed

LI
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by Frye (53) in his investigation of degradation products

" of the amino acids in foodstuffs derived from soybean meal.

Changes in the procedure were made to accommodate the Polynute.

Plates. FPre-coated glass TLC plates of cellulose
(without fluorescence indicator)® were used. The 20 x 20 cm

plates had a layer thickness of 0,10 mm,

Spotting Equipment, Drummond microcapillariesb of

25 microliter capacity were used. Application of approxi-

mately 0.5 microliter on the plate was facilitated by touch-
ing the capillary tip to surface of the plate in such a

manner that the spob size was never larger than 2.0 mm, A

Developing Tanks, DeSaga-Heidelberg tanks with

ground glass tops were used., To insure saturation, two
sheets of 20.5 cm filter paper” were used to line two sides
of the tank. A maximum of two TIC plates could be developed

in each solvent system at one time.

Visualization Equipment. An Fnsco~Calabd spraying

apparatug which utilized a positive pressure source was used

to coat the plates with the developing solution. A distance

a ~ B, Merck and Co., Darmstadt, Germany; marketed by EM
Laboratories, Elmsford, N. Y.

(o)
i

Kensington Scientific Corp., Emeryville, Ca.
¢ - Braun-~-Knecht-Hermann Co., San Francisco, Ca.

d ~ Metheson Scientific, Hayward, Ca.

5=
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of 20 to 25 cm was maintained between the plate and sprayer.

- Drying Oven. A Thelco Model 27a was uséd to dry the
TLC plates after devéloping in solvent system I and solvent
system II, A setting of 3.5 maintained the oveﬁ at constant
temperature of 100° ¢, Reducing the setting to 3.0 resulted
in a temperature of 80° ¢, This setting was used for the

drying of the plates after spraying.

Chemicals and Reagents. The solvents and chemicals

ugad were of'reagent grade or better. They were used directly

without further attempts at purification,

Stepwise Procedure

e

» Spot approximately 0.5 microliter on.the TLC
| plate approximately 1.5 cm from the bottom,
2 c¢m from the right edge. ©Since the spot
size shbuld be kept below 2 mm in diameter,

a hair dryer was used to dry the spot and
prevent its spread. |
2. The plate is carefully placed in the first
solvent systeﬁe The tank hasg previOusly been
filled and allowed to equilibratea Approxi--
mately 80 to 100 ml of solvent system I is
sufficient to £ill the developing tank.,

Develop for 8 hours.

a - Precision Scientific, Chicago, 111,

24
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Solvent System I:

1L
i

2-propancl . . &« s o o » o 00 parts
Bubanone ¢« o o o » e s o 15 parts
1 N Hydrochloric a01d « o 2D parts

I{L d}ul?},l!ﬁ

G
[l

3. Remove the plate from the solvent systém I and

SR 113
| |

|
|

"L

dry in the oven at least 5 minubtes at 1.00° ¢

I

‘I‘\ﬂ RO

HH

to insure removal of all traces of hydrochloric
acid.
» Allow the plate to cool, then repeat step 2 in
solvent gystem II, Develop for 6 hours.
Solvent System I1:

2-methyl~2~butanol 50 parts

Q;V L @ @
Butanone « o o« o o o » o o 20 parts :
Propanone « o o o o o » @lOpmﬁg o
Methanol ¢ ¢ & o 0 o .5 o = 5 Pafts 7
WG&UOT ° © e o :Lj };pvyr““

e o

Aqueous ammonla (27 %) 5 parts

2

5. Again dry the plate at 100° ¢ for five minutes

and allow to cool,.

6. Spray the plate in the hood with freshly pre-

pared cadmium acetate;ninhydrin spray reagent.
Prepare cadmium aéetate solvent by adding
0.5 Gm of reagent grade cadmium acebtate
to a nixture of 50 ml of water and 10 ml

glacial acetic acid. Add enough propanone

to prepare a final volume of 500 ml., For
use, enough solid ninhydrin was added to
proportions of_the above solutién t0 make
the final concentration of ninhydrin equal
to 0.2% w/v. It was Ffound that 100 ml was

a convenient quantity to prepare when



26

developing a small number of plates.
7. Dry the sprayed plate for fifteen minutes at
80° C to effect visualization. The plate

should be dried on their sides, not flat.

£
£
r

8. Document the chromatogram by recording the

spotting pattern with tracing paper.
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IIT. RESULTS

PHYSICAL COMPATIBILITY

The physical compatibility evaluation of selected

electrolytes and vitamins in Polynute was based on visual
exanination and pH readings. These were taken at intervals
of one, four, eight, and twenty;four hours following admix-
ture. All determinations were perfcrmed in duplicate. It
was observed that there was little variation in pH between
intervals, thervefore, all pH readings reported‘are averages
of the eight readings,.unless otherwise stated. Without
additives, Polynute had a pH of 5,22, If, during any of

these time examinations, physical compatibility was observed,

~ the combination was considered incompatible.

ELECTROLYTES

The electrolytes repressnted on the left margin of -
- Pables II to XI were admixed first with the Polynute.
Quantities of electrolytes shown in these tables are the

amounts added to the_Polynute and. do not include those amounts

already present. In these tables, the symbol "C" is used to
denote the absence of any visual change in the solution and,
therefore, denotes physical compaﬁibilitye The symboi tx
signifies the formation of a visible precipitate, thus
physically incompatible.

There appears to be no physical incompaﬁibility with
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the following combinations of electrolyﬁes: calcium
gluconate-magnesium gulfate (Table II) and potassium
phosphate-magnesium sulfate (Table IV). A maximum com-
patible concentration was.reached with the calcium gluconate-
potassium phosphate combination (Table VI). Reversing the
order of mixing did not appear to affect the physical com-
patibility except in the case of calcium gluconate and
potassium phosphate (Table VIII), The addition of magnesium
sulfate to the calcium-phosphate combinations did not appear
to alter.the appearance of the solutions (Pable X). As the
concentration of the additive increase, there wag a corre-
svonding change in the pH of the Polynute, reflecting the pH

of the additives,.
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Table II., Physical Compatibility of Calciunm
Gluconate and Magnesium Sulfate, Admixed in
. Polynute.
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Table 1V,
Phogphate

Polynute.

*Readings

Physical Compatibility of Pobtassiunm
and Magnesium Sulfate, Admixed in

taken at one and four hours only.
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Magnesium Sulfate (unEq/L)

Q. 4 6 8 10 20 30 40 50 100

T g T MR T T R T

0}5.22
EE b 15.35
& 6 : 5.46
G A :
0 8 5o47
& 10 5.55 -
&
a 20 . 16,03
& : = .
o 301 | 6.05 -
= ‘
440 6.13
u -
-§ 50 - 16,17 : T
M 100 IR 6,35 £

Table V. pH of Solutions Containing Pobassium
Phosphate and Magnesium Sulfate, Admixed in
. Polynute,

L

*Average of readings taken at one and four hours
only. - '
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Table VI.

*Readings taken at one and four hours only.

Physical Compatibility of Calcium Gluconate and
Potagsium Phosphate, Admixed in Polynute.
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Caleium Gluconate (mEq/L)

Potassium Phosphate (mEq/L)

0 Iy 6 8 10 15 20 25 20 . 35 40 . 50

0|5.22

B .35
6 5.49
8 | 5.55
10 5,84
i5 5,85 |
20 5,60 5,86 5.85 6,04 65,08 B.15
25 5,63 5.96 6.08
30| :  |s.62 |5.84 5.1 5,02
35 N 5.58|  [5.95| |
1o 5.70 15.76 | Bl
50 T 5.77 5,96 5.05 p.18

Table VIL, pH of Solutions Containing Calcium Gluconate and
- Potagsium Phogsphate, Admixed in Polynute,
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Calcium Gluconate (mEq/L)
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Table VIITI. Physical Compabtibility of Potassium
Phosphate and Calcium Gluconate, Admixed in Polynute.
(Note order of mixing reverse of Table VI,)

a - Precipitate not observed until 24th hour.

Calcium Gluconate (mEq/L)
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% 0 |5.22
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Table IX. pH of Solutions Containing Pobassium
Phosphate and Calcium Gluconate, Admixed in Polynube.
(Wote order of mixing reverse of Table VII.) ‘
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Table X. Physical Compatibility of Calciwm

Gluconate and Magnesium Sulfabte with the

addition of Pobass“um Ehosphato, Admixed in

Polynute.
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Potassium Phosphate (mEq/L)
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Table XI. pH of Solutioné-Containing Calcium
Gluconate and Magnesium Sulfate with addition
of Potassium Phogphate, Admixed in Polynube.
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VITAMINS

The vitamins were examined at two concentrations. An
order of mixing was chosen at random and maintained throughout
the procedure. The calcium gluconate was added first, then
potassium phosphate, magnesium sulfate, and the vitamin. As
with thevelectrolytes, as thg concentration of the vitamin
was increased, the pH of the solution reflected the pH of the

additive. The addition of the vitamin did not alter the con-~

centration at which each electrolyte was found to be compatible

(Table XII).

INSULIN AND HEPARIN

Regular insulin was added to the Polynute in increments

of 20 units to a level of 100 units/L. Insulin was admixed
last with the following additives already presént in the
Polynute: calcium, magnesiua, phosphate, phytonadioneb cyano;
cobalamin, and folic acid. One set was prepared with M.V.I.
and one with Solu B Forte, assuming that both vitamin supple-
ments wculd not be adﬁinistered simultaneously. These admix;

tures were prepared by adding the components to the Polynute

in the following sequence: calcium gluconate, potassium phos-~

phate, magnesium sulfate, M.V.IL. or Solu B Forte, folic acid,

cyanocobalamin, phytonadione, énd finally the insulin.
Heparin sodium was added to the Polynute in_similar

sequence and used with the insulin, adding the heparin as the

last additive. A concentration of 1000 mecg/L was used. The

addition of regular insulin or heparin sodium did not alter the

appearance of the solution (Table XIV, XV), There was also

little change in the pH of the solution.

.
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- Solu B Forte »
5 nl/L C C C C C C C C X
10 ml/L C " C C C C ¢ C G X
Folic Acid
: 0.5 ng/L C C C C C C C C X
5 mg/L | G ¢ ¢ ¢ C C c ¢ IX -
Czanocobalamin , 1 v | ‘
| 300 meg/L C C C C C C | C C X -
1000 meg/L | 6 |G G |G |G 1C | G 16 |x
Phytonadione : '
10 ng/L C C C c C C C C K
50mg/L | C | C | C |G |C |¢C _l¢c 1o ix .
M.V.T. | - . i
10 ml/L C ¢ 1 ¢C C C C ‘ C C X
20 m1/L | C ¢ |1¢ |c¢ C C C G X

Table XITI, Physical Compatibility of Selected
Vitaming in the Presence of Calcium, Magnesium,
and/or Phosphate, Admixed in Polynute.
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Solu B Forte

5 ml/L
10 ml/L
Polio -Acid
0.5 mg/L
5 mg/L

" {ranocobalamin
-
. 300 meg/L

1000 nmeg/L |

Fhytonadione.

10 mg/L

50 mg/L
M.V.T. -

10 mL/L

20 ml/I

10

o Q % g;
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f= £ 1 1 ﬁ(_jl N N é[j ~
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4,9815,08|4,98 |4.98 |5,30 6,50 | 5.85

4,85 |4,95|4.83 4,77 |5.10 |6.48 5.45 |5.35 5.65
5.2215,25|5.20 |5,05 |5.55 6. 50 16,00
5.2515.23 15,20 |5.05 |5. 58 |6 50 5.85 |5.70 |6.00
5,22(5.30|5.23 |5.10 |5.63 |6.52 | 5.05
5,2215.3015.2% |5.10 [5.63 16,52 5.85 |5.72 16,05
5030152355025 |5.15 |5.65 |6.60 5.85 [5.75 (6,15
5.25]5.35(5.25 15.15|5.65 16,60 6,15
5.28(5.%5|5.23 |5.22 |5.58 |6.55 5,82 [5.72 610
5.2515,32|5.20|5.10 |5.52 |6, 53 | 6.10

Table XI1I1T.

pH of Solutions Containing Selected

Vitaming in the Presence of Calcium, Magnesium,
and/or Phnosphate, Admixed in Polynute.
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Polynute with: g & £ F H o a® 3% 2
Polic Acid 5 mg/L, e g o ] o S 351 agi‘ 3
-B-12 1000 meg/L, g o = O B o wo &l
K-1 10 mg/bL, n oS e 3 0 0 sE T
plus: @ @ 0 & é .é SO dO
. O O = = ON_ O
M V.T. - '
i0 mi/L | C .G G C C C C C
pH |5.22]5.22|5.105.6216.50 [5.67 | = [5.67 (5,80 B
Solu B Fofte - - _
10 ml/L | C C C. C G G ' C C
pH 15.005.05|4,95 4,85 15,25 {6,40 15,32 5,42 | .

Table XIV, Physical Conpatlblllty and. pH of
Polynute, Admixed with all Selected Vitawming
in the Presence of Calcium, Ma@neSLum, and/or
Phosphate.
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Polynute with

Calcium 20 mEq/L ,

Phosphate 20 mEq/L

Folic Acid 5 mg/L L _ »

B-12 1000 mcg/L Regular ' Heparin

K-1 10 mg/L - Insulin units/L - Sodium units/L
plus: ' ’ ’
20 40 60 80 100 . 1000
M, V.I., ’
10 mi/% G G C C C C _
pH {5475 (5.75 |5.77-15.77 |5.77 | B.78 | -
Soiu B Forte ‘ .
0m/L ¢ |¢ |¢ ¢ |¢ _lc |
pH |5.44 15,42 15,42 [5,40 5,36 A5 ]

Table XV, Physical Compatibility and pH of
Polynute, Admixed with all Selected Vitamins
in the Presence of Calcium, Phosphate, and
Ingulin and Heparin,
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CHEMICAL COMPATIBILITY

U.V. Spectroscopy

Continuous U,V, absorption épectra were obtained for
triplicate additi?e—Polynute samples. An aliquot was removed
from the samples and diluted for scan at one, four, eight, and
twenty;four hours after admixture,

In preparation of the references for the calciqu
phosphate'series with the vitawmin additive89 it was found ﬁhat
concentrations of electrolytes compatible in the Polynute are

incompatible in aqueous solution. The problem was to combine

a7

of

o

hoge additives found in the additive-Polynute sample, in

-

n

(o
i

eference such that the spectrum read by the spectrophoto-
meber would be that of the Polynute only. UV, abgsorption was
- measured for (1) water‘aloné, (2) dextrose and water, and

- (%) watér containing the individuél eléctrolytes (i.e., calcium
gluconate andhpotassium phosphate), No. U,V, absorption was
observed in any of these thres solutions. This would indicate
that dextrose and these ions do not absorb U,V° light at those
concentrations required for scanning, Therefore, when calcium
and. phosphate were both present in a test admixture, they were
omitted from the aqueous reference solution. This was neces-
sitated Dby thé limited solubility of calcium phosphate in water.
This procedure permitted obtaining the absofption spéctra of
Polynute. The Beer's Law Plot for Polynute and U.V. absorp-
tion spectrum of Polynute are shown in Fig. 1 and 2, reépec~

tively.
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Phytonadione, Folic Acid, and Cyanocobalamin

The preliminary study was conducted in the following
manner. FBach vitamin was admixed with each electrolyte singly,
and in combination (calcium and phosphate) at a therapeutic
concentration and a maximum compatible concentration. These
combinations of references and samples were prepared{

I. Reference: water and phytonadione 10 mg/L

Sample: Polynute, phytonadione 10 mg/L,
calcium 20 nEq/L, and phosphate
20 mEq/L
II. Reference: wabter and folic acid 5 mg/L
Sample: Polynute, folic acid 5 mg/L,
calcium 20 mEqg/L, and phogphate
20 mEq/L
i III. Reference: wabter and cyanocobalamin 1000 mcg/L
Sample: Polynute, cyanocobalamin 1000 meg/L,
calcium 20 mEg/L, and phosphate
20 mEq/L

If there were no alterations in-spéctra, thén that additive
-was congiderad apparently compatible with the Polynute, This
was true with phytonadione (Fig. %), folic acid (Fig. 4), and
cyanocobalamin (Fig. 5).
These scang represent samples at inﬁervals.of one and..
}eight‘hours after admixture with potassium phosphate 20 nkq/L

and calcium gluconate 20 mEqg/L.
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M.V, L.
The following combinations of references and samples
were prepared for M.V.I., 10 ml/L:

'I. Reference: water and M,V,I.
Sample: Polynute, M.V.I., calcium 20 mEq/L
S and phosphate 20 mEq/L

II, Reference: water and M,V,I,
Sample: Polynute, M.,V.I., calcium 5 m&q/L
and phosphate 10 mEq/L .

III. Reference: water, M.V. Io, and phosphat
Sample: Polynute, M,V.I,, and phospha

~PCAML e . L4503 i ¥V e-e g CLANL 3

e

hat

IV, Reference: water, M.V.I,, and calcium 5 mEq/L
Sample: Polynute, M.V.I., and calcium 5 mEq/L

M.V.I. exhibited a hypsochromic shift from 278 nm to 267 nm

in the solution admixed with both calcium gluconate, 20 mEg/L,

and. potassium phosphate, 20 mEg/L (¥ig. 6,7). ULhe 10wefing
of the electrolyte concentrations did not alter the observed
effect (Fig, 8,9). With potassium phosphate, 10 mEq/L, a
second X max is detectable at 26l nm at the one hour interval

(Fig. 10,11). There appears to be a growth of this peak over

a time period, which apparently influences the observed shift.

This effect is also observable with calcium gluconate, 5 mEq/L

(Fig. 12,1%). In this set, the shift is more easily detect-

able at the four hour interval.
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Solu B Forte

The following combinations or references and samples
were prepared for Solu B Forte, 10 ml/L:
I. Reference: wabter and Solu B Forte
Sample: Polynute, Solu B Forte, ca101um 20 nEq/L,
and phosphate 20 mBq/L
IT. Reference: water and Solu B Forte
Sample: Polynute, Bolu B Forte, calcium 5 mE q/L
and phospnate 10 mEq/L

ITT. Reference: waber, Solu B Forte, and phosphate

, 10 mEq/L
Sample: Polynute, Solu B Forte, and. phosphate
10 mEq/L
IV. Reference: water, Solu B Forte, and calcium 5 mEq/L
Sample: Polynute, Solu B Forte, and calcium
5 miq/L

When Solu B Forte is added to Poiynute‘invthe presence of cal-
cium gluconate, 20 nEq/L, and potassium phosphate, 20 uBq/L
(Set I), é three-peaked spectrum is obtained (Figa 14,15),
There is little change from the one to the four hour interval,
but at the eight hour interval, a hypsochromic ghift is evident.
AL lower electrolyte concentrations, the 231 nm. peak is more
pronounced at the one hour interval (Fig. 16, l?)w The shift
to.shorter wavelengths is again evident. When in the presence
of potassium phosphate, 10 mEq/L, alone, there is a change of -
spectra (Fig. 18). This two peaked scan has no peak at the
251 nm observed in thoéé scans with both electrolytes. At the
four hour interval, the 251 nm peak becomes more evident, The

absorbance increases with time until it surpassed the 232 nm

peak at 24 hours (Fig. 19). This does not develop with calcium .

gluconate, 5 mEq/L, as its spectrum is very similar to those

with both electrolytes (Fig. 20,21).
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Thin-Layer Chromatography

Thin-Layer Chromatography (TIC) analysis was conducted

with duplicate samples, each prepared every eight hours to

facilitate running a sample and a control plate conbaining

Polynute only, simultaneously. Due to the two plate capacity

of the DeSaga-Heidelberg developing tanks, only one sample-

control set could be developed at each interval. The four

hour interval after admixbure was chosen as the sample time

P ]

for tne TLC analysis.

Of the combinations that exhibited Spectral'ohanges,

W

Io
IT,.
III,

IV,

Vi.

amples from the following mixtures were examined:

Poljnute when admlxed with calcium gluconate
5 mEq/L and Solu B Forte 10 ml/L

Polynute when admixed with calcium gluconate
5 mL{/L and M,V.I, 10 ml/L

Polynute when admixed with potassium phosphate
10 nEq/L and Selu B Forte 10 ml/L

Polynute when admixed with potassium phosphate
10 mBg/L and M.V.I., 10 ml/L

Polynute when admixed with calcium gluconate
20 mEq/L, potassium phosphate 20 nEkq/L, and
Solu B Forte 10 ml/L

Polynute when admixed with calecium gluconate
20 mEq/L, potassium phosphate 20 qu/L and
M, VoI, 10 ml/L

A

Single plates of the following mixtures were also analyzed:

VIT.

VIII.

Polynute when admixed with calcium 20 nEq/L,
phosphate 20 mEq/L, folic acid 5 mg/L, cyano-
cobalamin 1000 mog/L, phytonadione 10 mg/L, and
Solu B Forte 10 ml/L

Polynute when admixed with calcium 20 mEq/L,
phosphate 20 mEq/L, folic acid 5 mg/L, cyano-
cobalamin 1000 mcg/L phybonadione 10 mg/L,
and M,V.I, 10 ml/L

Fach additive~Polynute combination resulted in the same

HiH
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chromatographic pattern observed in Figure 22, The control
and sample chromatdgramsvcould not be differentiated visually. -
Examination of the TLC plates under ultraviolet light did not

reveal'any fluorescént products.
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Hig, 22. TLC plate spotted with 0.5 microliters of Polynute,
after development with 0.2% ninhydrin spray.



IV, DISCUSSION

It has been noted that the pH of the parenteral
solution ig an important factor in the coﬁpatibility'of
admixing essentlal additives. The pH of the additive, iﬁs
concentration, aﬂd the pH of the basic parenteral nutrition
solution all contribute to the final pH. The presence of a
physical incompatibility can also alter the pH of the solu-
tion (47) waich could also affect other additives present.
Certainly, the stability of various common additives at the
pH{5,3) of Polynute must always be considered.

The compatibility of calcium gluconabte and potassium
phosphate in protein hydrolysate ié affected by the order of
mixing. This effect can be seen in the maximum compatible
concentration obtained with eacﬁ sequence., Although a com;'
plete study was not performed on the effect of order of mix-
ing on these two lons, a trend could be distinguished.
Collin and co-workers (52) have studied the compatibility
of calciuﬁ gluceptate and potassium phosphate in 8% amino
acid solution (FreAminea)'and have made specific recommendé—
tions. They report the calcium and phosphate ions ghould be
added to the 50% dextrose}and Frelmine units 1’3(—3spec’cive.ly‘3

prior to their mixing, or that calcium ilon be added as the

a -~ McGaw Laboratories, Glendale, Ca,

==
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last‘electrolyte to the FréAmine;dektroge solution,
| Certain drug previously reported as incompatible
with protein hydrolysates (48,49,50) were found to be
physically compatible in this study. Among these were
heparin sodium, regular insulin, magnesium sulfate, cyano;'
cobalamin, and phytonadione.
The electrolyte concentrations ;lready present in

the protein hydrolysate should always be congidered when
preparing a parehteral nutrition solution in the clinical
setting. Iﬁ addition to the concentratidns added in this
study, Polynute contains.the following concentrations of ‘
the selected electrolytes: calcium 4 mEq/I, magnesium

1 mEq/L, and phosphate 8 mEq/L.

‘ "=%he;evalua%ion of %he ﬁev: speb%fa wa; based on altera-
fion in thé scan, which is apparently due to a chemical inter-
action., =A decrease or increase at the absorption meximum

(A mox), shift of Amax, or absence or presence of a secondary
.peak(s) were nobed in the results. A decrease or increase at
}xmax would be indicative of a decrease or increase, respec-
tively, of concentration. A shift of Amax and absence or
presence of secondary peaks would be indicative of a change

in molecular or electron configuration of the formulatiOna
Because of the experimental design employed, when both caleium
and phosphate were required for the reference, the results
obtained may‘aotually be a composite of both Polynute and the
two electrolybes. However, both calcium and phosphate alone

do not absorb U.V. light at the concenfrations used in the
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scans.
Blackburn (55) reports that the majority of amino
acids show no absorption over the range 250 to 320 nm, and
’phenylalanine, tyrosine, and. tryptophan togethef are

responsible for the U.V, absdrption of the protein solution,

Since tyrosine and tryptophan absorb to such a great degree,

it hag been reported that absorption due to phenylalanine

can be neglected. Rao.(57) reports that the absorption of

these aminé acids occurs at‘about 260 to 280 nmo"Goodwiﬁ

and Morton (54) pointed out that protein hydrolysates can E
be treabted as two-component systems for analysis by spectro-
photometry. They assume that neither the presence of the
other amino acids nor the mode of the linkagés significantly

distorts:or displaces the tyrosinemtryptophan absorption.

Coulter'and co~workers (56) concluded that there is no dig~

placement due to the peptide linkage. However, Rao (57)

reports some absorption from 200 o 240 mm. .
The optimum concentration reQuired for continuous

U.V. absorption spectra for folic acid, cyahocobalaming and

phybtonadione was btoo high to be considered therapeutic and,

T

therefore, was not examined. However, at therapeutic con~

T T

centrations, there was no apparent effect on the Polynubte
spectra.

Due to the limitations of the spectrophotometer, dilu-
tions of the admixed solutions were required to obtain %he
U.V. scans. If a chemical interaction were to be concentra-

tion dependent, then this may have affected its detection.
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One must also consider the peossibility of such concentration
dependent interaction as being reversible or irreversible,

Those additive-Polynute combinations that exhibited

apparent changes in the U,V, analysis were prepared again

and spotted on TIC plates, four hours after admixture. This

was. done to determihe 1f the altered spectra were due to a
demongtrable chemical inbteraction or change. The TLC tech-
nique employed provides information on 17 of the amino acids
and peptides present in the protein hydrolysate. Nothing caﬁ
be said aboﬁt the chemical integrity of the other addibtives, “
the remaihing amino;acids? and/or the peptides.

Solu B Forte and_MeVeie were admixed with potassium e s
phosphate and calcium gluconate at a concentration of 20 mEy/L

each. There was no visible change in the chromatogram or Rf o

values. Both vitamin additives were added to the electrolybes

individually and this resulbted in no change. The addition of
all the additives in concentrations used in the physical study
(Table 17) did not alter the results. o | :
 On the basis bf the dabta presented here, it appears
‘that the major compatibility problem‘in protein hydrolysate-

l dextrose solutions will be that of high concentrations of

R S RN «niT 113 O

! calcium and phosphate ion. The compatible éoncentration ranges
for these electrolytes has been mapped in Table VI. If a |
precipitation of'caléium phosphate is to occur, it will be
manifested almost immediately after admixture of the .components.
It has been demonstrated that greater concentrations of these

ions will be tolerated by Polynute if the calcium component
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is added last (see Table VIIL), The reason for this
- phenomenon remains unclear. The maximum compatible con-
centrations does not seem to be affected by the addition
of the other drugs included in this wdrk. Common additives
such asvvitamins, ingulin, heparin, and magnesium have not
been shown to produce physical incompatibilities, in usual
therapeutic concentrations.

Although alterations in U.V. absorption spectra of
Polynute were seen when in the presence of MQVQI“‘(see
Fig. 6 to 13) and Solu B Forte (see Fig. 14 to 21), theie

was no confirmation of this chemical interaction by TLC,.
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V. SUMMARY AND CONCLUSION

In total patient care, there is a definite
relationship betweenvprOPer nutirition and maintenance
of health. Certainly the role of proteins, calories,'vita—

ming, and minerals have been well documented. Their impor-

Parenteral nutrition has developed into a practical method

feeding patients unable to take an adequate dieto Yet,

o
Fy

5

f in an attempt to provide all these essential nutrients

=]

parenterally, there is some physico-chemical interaction
which destroys the biological effectiveness of an ingredient,
then another method of administration must be initiated.

The study.of the electrolyte aﬁditives.indicates
that admixbure of calcium gluéonate and. pbtassium‘phosphate
in combination does reach a maximum compatible concentration
at about_ao mBq/L of each ion. As a rule, the addition of
caleium ién‘last in the preparation of a hyperalimentaﬁion
solution should prevent problemsy providiﬁg concentrations
do not exceed‘those nofmally considéred therapeutic. The
addition of calcium gluconate last has resulted in an increase
of the maximum compatible concentration to 40 mEq/L of each
ion.

The alteration of U.V. spectra indicated that vitamin

B complex with C (Solu B Forte) and multiple vitamin infusion

=




77

(M.V.I.) may be chemically incompatible with Polynute. Thig

conclusion was not substantiated by thin~layer chromatography.

Additional studies will have to be performed to elucidate

 this point further. Under the conditions set forth in this

study, it appears that folic acid, phytonadione, cyanocobalamin,

‘vitamin B complex with C, and multiple vitamin infusion are

compatible with a mixture of 590 ml 7% Protein Hydrolysate

and 410 ml 50% Dextrose (Polynute) in the presence of limited

concentrations of calcium and phosphate.
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