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CHAPTER !

‘ INTRODUCTION

The environment of the active ingiredient in a parenteral

drug formulation is carefully controlled. By a manufacturer's

judiciouz use of antioxidants, stabilizers, buffers, and pire-

“

= fl

“servatives, a predictabie durartion of stabil ity canbe

expected for the active ingredient.

When this same drug formulation is difuted in & targe

volume of intravenous infusion solution, the controlled

environment is lost, and the duration of stabitity of the ‘}
' . . : . I
active Ingraedient can be altered markedly. The prasence oYV

other drug formulafions in admixiure couid further complicate

stability. Chemical! Interactions befTween The multiple com-

ponents of this mixture could result in a parfie!l or complete

inactivitation of the active drug entity.

ntravenous admixtures consisting of ore or more drug Lk

formulations, diluted in a large volume ot intravenous solu- i

i * IS E

are used extensively in current medical gractice,

Devealopment of reliable methods to predic® The compatibiliTy

5 a guide for toelr

P

Becauce the majority of The reports sublished, To date, -

have used & visible change -as The criterion for judging com-

patioility, it was the purpose of fhis study 7o gemonstrate



-
'

the use of spectrophotmetric analysis to detect The occurrencs
of chemical interactions between two components of an intra-

vencus admixture.

Incompatability Studies

Myers (1), in a papef reviewing the problems confronting
the physician and pharmacist in handling parenteral admixture,

emphasized the need for a comprehensive study of incompati-

biiities. He stated:
IT is generally acknowiedged that formulations

¢f manufactured products are complex and Their

compatibility characteristics are not the same as

those of the active components alone. Predictions

as To how these components will react when used as

2 combined form, have many times been deficient in

light of actual trial. Any changes in pH, particle

~size, light exposure, solvents, oxidation - reduction
conditions, can easily upset +the drug system, causing
loss of activity, inertness c¢r Toxicifty.

Surveys concerning the extent of muiticomponent admixtures
prescribed and administered In various American hospitals have
supported Myers's concern.

Meisler and Skolaut (2) reported that over 50% of the
intravenous solutions administered at the Ciinical Center of
the National Instiftute of Health at Bethesda, Maryland, con-
tained additives. Of their admixtures, 42% contained one or
more drugs. Francke (3) reported that, in a |4 day pericd at
the University of Illinois Hospital, over 60% of the 1.V,
soiutions contained additives. A considerably higher percent-
~age was reported by Patterson and Nordstrom (4), Thelir one

month survey at the Veterans' Administration Hospital in

Louisville, Kentucky, indicated that 86% of the |.V. solutions
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contained one or more additives. Holysho and Revin (5)
repoffed that an average of 2.1 additives were mixed ih each
1.V, soltution dispensed from The'cehfralized I.V. additive
service at St. Joseph's Hospital in Ann Arbor, Michigan.

To esmphasize the enormity of possible admixfuré combina-
fion, Piein (6) stated that, fof 500 given drugs, 124,735
differenT'mixTures éf two drugs are possjb!e. It these drugs

are mixed in combinations of more than two, ithen the number

of possibilities becomes astronomical. Conrsidering The wumber —

of mui*icomponenf admixtures administered yearly, the petentiai
for the occurrence of inCOmpaTibiliTy must be recognized.

Since 1955, humerous incompatibility sTudies have been
reported. In some of the studies, the authors héve dealtT with -
specific areas such as pH and stebility problems of drug addi-

tives. OCfther authors have attempted to determine the compati-

pord

bilitv of a specific drug or combinaticon of drugs in selescted
.V, fluidsg., Stili others have afttempted to incorpoeratse
information obtained from.various articies into a singie guide.
ot is'inferes?ing o noife that The meThod5§ogy'Qf sTudy, L

peciaily

3]

brand and concentration of the drug additives, and e
g

g

the criteria for determining Incompatibiiity have been varied.

SRR Y

As a result, there have been conflicting reports as 7o the
compatibility of certain admikfures.

The initial studies utilized observable visual changes
in the admixfure for incompatibility determination; such as
precipitation, evoluTioh of a gas, color change, 5r haze.

Later studies have demonstrated that the chemical interzction



which can affect the effectiveness of one or more of the

admixture components need not be manifest by a visual change

4

s

Changes in pH, oxygen concentration, drug additive concentra-

tion, light exposure, and storage fte emperature can induce

chemical interactions resulting in a decressed stability

o]

e

3

one or more admixture components. It has b suggested

' [
the lack of visible changes after a chemical interaction mtqh?

of

ih

be attributed to the solubility of the end product of the

at

¥
i

reaction (6).

One of the first compatibility charts published was

prepared by Bogash (7) in 1955, Admixtures consisting of

parenteratl drug formulavicns wers prepared and observed

i

for

WO

the appearance of particulate matter immediately after admix-

-

Ture and agsin after four hours. The criterion for incompati-

biltity was the presence of readily visible amounts of particu-~

late matter within a four hour period,

Kirktand and co-workers (8) conducted an incompatibilii
study by adding 137 parenteral drugs, either as single or
multiple components, *o &0 Abbo-Liter® parsntzral solutions

Maintaining -both drug additive concentration and the order

ot mixing constant, admixtures wers prepared and observed

for visible changes at defianite Time intervals of |, ©,

24 hours,

Admixtures which were clear after 24 hours were classi-

fied as compatible. Admixtures in which a haze or precivitats

a - Atboti Laboratories, North Chicago, lilincis,




occurred within one hour werc

visual chances oveuryen in less than s1x
~F

Ie)
el

admixtures

- i 3. ? . N -.. > Pr— 4 . N b L P S
hours hut in more Than one hour, The aut

nse be tempered with caution becuauce of obvicus hazards That

might exist, %
Affter an iniiial survey of .V, admixtures in Their i

hospital, Dupnworth and Wep {9y selschtad Y4 of The nost

commonly usad parentersl drug formglari an incompati-

bility study., Witn botd’ tion and Dr%&d remaining -

constant, two drug tives werae admixed in 2% Cextrose -

inlection

palrsg wer

reported an i ibi \
a Two-ecomponsnt systam, s E
U owmi. of sofution was withdrawn from each drug formulation
and added To vials contalniog 5 mi. of sterite digtiliod water o
andg the pH wes recordﬂd; fs, b omi. of

faren d.  The admixi :

solution from & dif

T

were observed for partic fately after admix-

ture and twe hours later. Admixtures contalining parficulave

matier were classified as incompaiible and



admixfures was determined. The author noted that the pH of
the incompatible admixture roughly paratlleied the average pH
of the twc combining drugs. |
Patel and Phillips (11) tabulated a TWo-componen+.
~incompatibility chart for parenteral drugs based on a still
aifferent method of sTudy.'APre!iminary work was done by
mixing a drop of each of the two different soiutions of fthe

drug additives on a slide, and examining the mixture under

-

&

D

; [
3

observed, —dit nt
difutions of the drugs weré prepared and observed. Finally,
two component admixtures of 'unstated concentraftion were pre-
pared and bbseryed for parTicuiaTe matter for a Z4 hour period.
The results of their work were presented as an incompatibility ;
chart., | E

Studlies demonstrating the occurrence of a chemical inter-

action betw

]

en one or more components of an |.V. admixture
have been reported. Although visible changes did nof occur in
The adm?xfureé'sfudied, the extent of chemical degradation
detected in the components was sufficient to classify the -L
admixtures aé incompatible. .

Dony=Crotteaux (12) reporied that tetracycline, oxytetracy-

cline, and chlortetracycline were found to lose biological
potency in the presence of vitamin B compliex. Riboflavin was

identified as the cause ot the inactivation of the antibiotics

through a photo~oxidation process. |f was asliso noted That =
fluorescein, eosin, and methylene blue can cause oxidative

degradation of the tetracyclines. An important factor



demonstrated in this early study was the absence of visual
¢hange in the solutions, even though Tefrécycline degradation
was sufficient to classify fthe admixture as incompatible.

AftTer a survey éf the available data from chemjcat
incompatibility studies, Carlin and Perkins (!3) presented a
method for esfimafinglfhé reaction rates of different drug
additives., This method involved calculating the time required

for a 10% reduction in the potency. of the drug additive at

various pH ranges. The authors suggested that the same drug,
as‘an'admfxfure component in Thé same. pH range, would react

in a similar manner. Carlin and Perkins stated that this
methed could be used as a guide to pfedicT potential admixTQre
incmmpéfibilifies for Théxdrugs tested, e.g., the penicillins,
?e%tacyciines, B¥compiex vitamins, hydrocortisone, and |
aminophylline. |

Two factors relative to drug reacT%vffy were emphasized
in this study: =2) The acidic or basic character of a drug
can definitely influence its reactiviiy, and b) The majority
of reacfiéns take place by an apparent f{rsfvorder process,
$o THa# the time required for a given fraction of a drug to
react is independent of the original drug concentration.

In a detalled study invelving admixtures of specified
formulations of penicililins and tetracyclines in 5% Dextrose
injection, Im'and Latiolais (14) reported an inactivation of
potassium penicillin G by tetracycline hydrochloride. The
rdag?adafion of the peniciiiin was the result of its insfabili+y

in an acid medium. The acidic pH of the admixture was

S




atiributed to the tetracycline hydroch!oridé and to avgfeafer
extent to the ascorbic acid present in the formulation. The
mefhod used To detect drug degradation was based on a spec-
trophotometric assay éf the individual drug components., Affer
.the determination of the wavelength of maximum‘absérpiion; ihe
absorbance of each drug was determined before and after admix~
ture. The decrease in absorbance of the penicillin componenf‘

reflected a 69% loss of activity within a four hour period.

Stabiiity Studies for Parenteral Drugs

The stability of a pharmaceutical drug has been defined

as the period of fime from complietion of the preparation until

e N

I3
4
i

it no longer fulfills the specifications given in the compen" W
dia, or until +he potency has been reduced by not more than %
10% (i5). From this statement, it is eviéanf that knowladge y
of fThe factors which influence drug stability is of the utmos
importance if they are to be used properfy. To use a drug
beyond its stability period is danggrous, as Its ?hérapeuris
effectiveness wili have diminished and the expected patient
response may not be évidenced. Also The'decomposiffonbof s0me
drug formulations resuffs in the formulaition of chemical
by-products which may cause unTowérd or toxic manifestations
in the patient.

Whittet (186) reported several factors which producg a
chemical degradation w}ThouT altering the physical appearance
of a drug formulation. Changes in pH, oxygen concentration,

light exposure, storage temperaiure are included in the

tactars responslble for such degradation,




.in and Lackman (!7) have presented examples of the
effécT of photo-chemical degradaticn in parenteral drug formu-
Jations andvfheir influence on sfabi!f?y. Okygen in the
presehce of sunlight produce loss of stability in solutions
of sulfonamides, reserpine{ and sympathcomimetic amines such
as epinephrine.

Several stabllity studies for parenteral drug formula-

tions have been conducted, and in general, have concentrated

in three areas:

. .
(1) Stability of a drug after reconstitution, \\
| 0 c P ‘. s . , /
(2) Stability of a drug after dilution in a /
farge volume of infravenous infusion solu- /
i
tion. (single component admixture) %
(3) Stability of a drug after dilution in a {
%
: . ) . p
farge volume of intravenous solution in The §
Ay
. Y
presence of one or more other drug additives.
]
:
(multiple component admixtures) 4

Latiolais and co-workers (18) have compiled a tabufation
of over 300 drugvproduc+5 which require raconsTiTuTion prior
tfo administration. - The tabulation contains the recommended
di!den?, the QuanTiTy To be used and Thé resultant cqnceana—
tion of the drug in solution. The stability of the drhg after
diiu?ion with the diluent when kept under specified conditions
of storage is also given. One factor, readily apparent from
this sTudy,.was that different brands of the samé drug entity
may have different durations of stability. The manufacturer's

cholice of buffers, stabilizers, preservatives, and final

i oo i S

S

N T

i
i
{




product pH can alter the stability of parenteral drug
formulations.
Many parenteral produc%s have specific reconstitution

procedures which must be followed to assure their stability.

Shoup (19) has given examples of parenteral drug formulations

in which stability can be altered if one or more of several
factors are not confrolifed. These factors include the {

diluent used, its temperature and pH, the presence of bac-

- teriostats, exposure fU”TTgHTj”ahd“ﬁhewmeTer*ofvmﬁxingn~—~4~~m—~
He also reported that stability after reconstitution of
certain anfibioTics could be prolonged by'sTorage in tha
frozen state. After reconstitution, potassium penicillin G
is stable for only seven.days under refrigeration. However, i
when kept frozen beloﬁ ~-18°%'in a concentration of‘one million
units per ml., The sTabf!iTy is incréased fo at least |2 weeks.

Reconstituted cephateothin scdium s stable for 48 hours under

refrigeration. Storage at -20°% at a concentration of 230 mg./
mli. will increase stability fo six weeks.

Bair and Carew (20) invesffga{ed the stability of anii-
biotics affer‘single comeneTT admixture. Ten anTibiéTiés

in their usual fherapeutic concentrations, were diluted in

four different parenteral solutions. The 24 hour stabiltity
of'These admixtures was tested by physical and microbiological
assay. |t was reported that six of The antibiotic admixtures
were‘sfablg, i.e., less than 10% loss of the initial potency, | =
in all four of the |.V. infusion solutions. Certain admixtures

containing erythromycin, nafcillin sodium, novobiocin sodium,



Ny

oxacilliin scdium and oxytetracycline hydrochloride were found

T0 have lost greater than !O% of their Initial potency over a
24 hour éeriod and were classified as subpotent. Because They
demonstrated that the sTébiliTy of certain antibiotics after
admixture could be redﬁced markedly, it is suggested that all
antibiotic admixtures be administered as soon as possible after
admixture.

Galleili (21) conducted studies on the stability and

of activity of six drugs of different pharmaco

duration

fogical—-
categorises after reconstitution énd dilution in 1.V. infusion
solufions@ The drugs incliuded were prednisolone sodium succi=-"
nate, merﬁapfopurine sod%um, cycltophosphamide, methicillin
sodium, ampicillin sodium, and amphotericin~B. The study was ‘§ E
fimited to single component admixtures of the drug at thera-

peutic concenlration affer ditution in both Sodium Chleoride

I'mjection and S%IDefoose injection. Sample solutions were
inspected visually for particulate matter, assayed either
specfrbphofoméfrica!iy or microbiologically, and The pH
recorded over a period of one fo four weeks,.'During this .

period, the duplicate admixtures were stored at 25° (room

v

’

temperature) and at £° (refrigeration). The results were

then compared tc official statements concerning the administia-
tion and stabitity of The drugs in I.V. soluticns. It wés
shown that the stability of drugs in 2 single component admix~
ture could be quite different from the stability of reconsti-

tuted soluticns reported in the official statements and in

pharmaceutical manufacture's brochures. He suggesied that



drug stability after dilution was a function of the change
in concentration, change in pH, storage temperature, and
tight exposure,

in a continuation of his earlier work, Gallelli and
co~-workers (22) evaluated the stability of |6 parenteral
formulations of antibiotics. The specific purpose of the
study was to determine the duration that thg selected anti-

biotics would retain their antimicrobial potency after single

e L

component admixtures. Tﬂ@”ﬁTugS”ﬂSGﬁﬂTﬂhfné”Sﬂ””“

admixed aT(Therapeu+ic concentration in both Sodium Chioride
Injection and 5% Dextrose Injection. Each of the sample
solutions was inspected visually for physical compaTibiliTy,_
the pH recorded, and assayed microbioiogically. This was
done af speéified intervals up To two months. The admixtures
were stored in darkness at constant temperatures of 25° and
5°,

All antibiotics tested, excepT ampicillin sodium, retained
their initial antimicrobial potency for a minfmum of one month
at 5° in both deium Chloride Injection and 5% Dextrose Injec-
tion. The antimicrobial acTivify of five antibiotics (ampi-
cillin sodium, penicillin G potassium, buffered, cephalothin
sodium, nafciliin sodium, and tetracycline hydrochloride) at
_255 varied considerably depending upon which vehicle was used.

Three conclusions were reached, based on tThe experience
of this sfgdy:

(I). The sftorage Temperature after admixfure can

have a marked influence on the duration of

[ERE] y —were————— -~ -




stability of the anTibioTic; sforago urider
refrigeration (5°) is preferred to room
~temperature storage (25°%).
(2) -Physical changes (color changes) which may
occur were .not an index of drug stability. 3
All of the admixtures which exhibited such \
changes reTaihed their initial poTency;

(3) With the exception of a change of pH of

three units in methcillin sodium, it was
impossible to correlate minor changes in
pH with decrease in drug activity.

Parker's (23) interim report on the stability of eight

parenteral drug formulations, after singlie component admix~

-t

ures in varijious |.V. solutions, utilized both chemical and

biological assays.  The stability of each drug (90% of the

initial concenfrafion remaining5 was deterniined for intervals
up to 72 hoUrs; Again, the pH of each admixture was noted.
AlTthgh sevefal‘admixfures exhibited a significant decom-
position of the active ingredient wiTh_The exception of one, =
all were free of any visible change during the duration of

the study. Once again, the admixture pH, drug concentration,

and brand variation in formulation appeared to be dominant
factors in the degradation observed.
in a continuation o7 his earlier work, Parker (24, 25, :

7} presented a series of detailed stability studies for

)

26,
seven parenteral drug formulations, both in single and double

component admixtures. Singie component admixtures at ' .
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therapeutic concentrations were adjusted to varying pH values%

NS A

by the addition of acid or base. Using either spectrophoto-
metric or microbiological assay, the 24 hour stability of the

drug admixture at different pH values was obtained. The

T e

results of this study were then compared to stability data

~obtained for the same drug after admixture in various |.V.
solutions.

To obtain further data, two of the parentera! drugs

tested were admixed, individually, with other drug addifives

“to form double components. The stability data obtained from
Thisvsfudy were also compared to the previous tests. This
study demonstrated a striking correlation between the final
pH of The admixture and the duraTion.of stabilitTy. ‘.¥

Dancey and Carew (28) investigated the therapeutic qvailw‘

i

ability of varicus concentrations of antibiotics atong with

SEUELRTLL

i
| z
other intravenous additives after admixture in various |.V.

solutions. Each of the 68 multicomponent admixtures were

~assayed microbiologically four times over a 24 hour period. !

In addition, the pH was recorded before each assay and visual

L

examinations of the admixtures were made. With the exception |

of admixtures of oxy+éTracycline and penicillin G, all of the

IR A S L. 30

admixtures investigated were found to mainfain Their antibiotic

!
1S
: . I

pctency for a 24 hour period after preparation, ﬁhe auThors;é% %

’ beod

' : TR

also stated that there appeared To be no correlation between §§$%§
a loss of activity and a change in admixture pH;) ii Loy
Vg : :

it is interesting fo note that the authors of three

different stability sTudies,(QZ, 2%, 28) have made somewhat



three studies. Both Gallelii and Dancey reported a pH.change !

different remarks concerning the effect of pH and the

stability of the drugs tested. Potassium penicillin G, in ]

g -concentration of 1-2 million units/liter, was used in all

in admixture and storage but observed no decrease In acTiv?*yﬁ

5

However, Parker reported that the activity of the drug wes pH
dependent.

An explanation to this apparent discrepancy lies with

The pH svabi ity range of 5.5 1o 7 for potassium peniciliin
When The admixTures'pH changes fall within this range, as In
the first Ytwo instances, no loss of acTivi}y was observed,
When the range'is exceeded, as in Parker'sISTUdy, the activity

of the drug will be pH dependent. :

pH Studies Relaiive To Intravenous Admixtures :

IR

As alresady indicated, The pH of an admwixture may have a

profound influence on Thebsolubi}iiy and chemical sTabiliT?
of the drug compenents. An aiteration in pH isAprobabiy tThe
chief cause of incompatibility in I.V. admixtures (29). A i
numbeir of other invesfigafors have expressed similar views

and have presented several studies Yo demonstrate the rela{ion—

ship between pH and incompatibility.

To expiore the apparent relationship of pH to incompati-

b (303 rearranged an |.,V. compaiibiiity chart

bl
o

bility, W

-l

compiled by Patel and Phillips (l1) so That the crganic salts
(L.V. adcitives) were listed in tTerms of increasing pH, and

were at right angles fto the same salts listed in terms of -

decreasing pH. A patfern of incompatibie admixtiures waz shouwn =



L6

to ¢luster mainly in the upper left and lower righi portions
of the chart. ~These results indicated that, generaily, solu~

4.

tions of high pH are mutually inéompafible with solutions of
fow pH.

Edward (31) conducted an investigation to determine the
pH change in an infravenous vehicle when a2 drug, or combina-
tion of drugs st definite céncenfraiions were added. This

information was then compared to the published pH range of

stabiiity of each drug componént. The

The Tesuit:

s of

parison were used sdbsequenle To bredicT The possiblevacid«
base stabifity of a drug or drug combination in a vehicle.
Admixtures were classified as incompatible when the pH of
the solution was ouTside.The'accepTed.éfabilify range of one
or more of tne drug components. |

Many factors relative to the pH of admixTures were
apparent from this study:

(1) The order of mixing may influence final
pH due fo a possible buffering action of

the drug additives.

-~
N
Ns”

increasing the concenfrafién of the drug
additive may produce only miﬁor chariges
in pH. |
k3) The wide official pH range of the 1.V.
infusion solutions may affect final pH,
{(4) The changeYEn_pA, mer quantity of drug

added to a given volume of solution,

varied tittle from one unbuffered vehicle

to the other.

| S

L FLTAN T

Y ke aees



The effect of pH on The solubility of ampicillin sodium
was reported by Miyake and Keyofuzi (32). Solutions of ampi- T
citlin sodium in distilled water at concentrations of 250 mg./

ml. and 50 mg./ml. were prepared and the pH recorded. The pH

range for these solutions was 8.4 - 8.8. 'By reduction of the

solution pH with the addition of an acid, the authors defer- ;
mined The pH (4.2) at which separation of the free ampicillin

acid cccurred. This separation of the ampicillin was manifest

o~
iy

by a visibie change (cioudiness) in The sviutiont— Doubte co
ponent admixtures of Thé two concentrations of ampiciitin:
sodium were Then prepared with [20 different parenteral drug
formulations. Cloudiness occufred in 26 admixtures with a
pH range of 4;2 or below. However, the authors reported that

the separalion of ampicillin could be prevented by the use of

a buffer system which wouid retard pH change. ‘ C

Buffer capacity is defined as the ability of a system to
resist a change in pH by the addition of an acid or base.
Parker (33) sﬁggesTed that the buffer capacity of either intra-

venous solutions or drug addiiives may greatly influence the B

admixture pH. In general, intravenous solutions containing

organic anicns such as lactates and acetates present in

A
i)

y

e

fingaers Injection;,; U.S.P., and Lactated RingerS‘InJecTion,

U.S.P., have a relatively high buffer capacity. Intravenous

solutions containing electroiytes and monosaccharides such as

]
}
j
¢

Sodium Chioride Injection, U.S.P., Dextrose Injection, U.S.P.,}/ }

j

1
i
£

T

have - a low buffering capacity. As an example, an acid sensi-

tive drug may precipitate from an infravenous solufion . .



I8

contalning organic anions at pH of 5.5, and not from a dextrose

solution having a pH of 4.5, |In the latter cose, the acid sensi-

tive drug may have enough alkalinity 1o raise the pH of the

admixture beyond that of precipitation.

in spite of the contributions made'by those invesf?gafors,v
whose work has been reviewed here, one might be curicus to find
other instances of incompatibility which may not be made appar-

ent by development of a precipitate or other visual signs of

41 e - 1
i

change. Because of The widespread use of—cor
combination with pressor'agenTs_for the fTreatment of ;ardio_
genic shock, this study will examine the possible interactions
of one such pressbr amihe,-meTaraminoL bitartrate, with a group
of corticosteroid preparations. The admixtures will be examined

spectrophotometrically to assess the advisability of these com-

binations.

PR SN o i
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tested. , ,
Using pipets and volumetric flasks, admixfures for each
drug formuiation in the two infusion fluids were prepared in

varying concentrations. The resulting solutions were stored

at room temperature, with normal light exposurs. ' :
A Bausch and Lomb Spectronic 600® Double Beam Spectro-
phoTbme%er, providing an incident bean wavelength range of

220 to 320 millimicrons, was used to measure the absorbance

of a sample from each admixture. The reference

solution was

~

KR
Lal

o

rmined by the diluent of the admixfture sample. An attached
Linear/Log Varicord 435 Recorder provided continuous recording
of the ulfraviolet spectrum showing the wavelength of maximum

absorption ()max).

L

The optimum spectrophotometric concentration for each

AT

)

drug fermulation was determined from The concentration of

TIITE

those admixtures which demonsitrated an absorbance range of
betwean 0.2 and 0,9. At 4 and 8 hours after iniftial admixiure,
the absorption spectra for these solutions were redetermined, o

The optimum spectrophoftometric concentration for the drug i

[¢

formulations was considerably less than the usual therazpeutic

concentraticon of the compornents of the admixTture used in

The absorbance values obtained were used to plot Beer's-

Law curves for each drug formutation in bofh Scdium Chloride :
a - Bausch and Lomb Optical Co., Rochester, New York.

5 - Photovolt Corp., New York, New York, .



Injection and 5% Dextrose !njection at {, 4, and 8 hour
intervais. At the same time inTerva!s,.The pH of a thera-
peutic concentration of each arug in both Sodium Chloride
injection and 5% Dextrose Injection was measured uéing.a

Corning Model 79 pH Meter.

Admixture Analysis
Two component admixfures were prepared in Sodium

Chloride Injection and 5% Dextrose’ Injection containing

metaraminol bitartrate in combination with é¢ach of six

corticosteriods; prednisclone sodium phosphate, dexamethasone
sodium phosphate, methylprednisolone sodium succinate, hydro-

cortisone, hydrocorTisone—2l~phospha+e,_and'hydrocorf?soné ‘

sodium succinate.

Mainfaining the same order of mixing, metaraminol bitar-

trate was added, using graduated pipeTs, to volumetric flasks

containing Sodium Chloride Injection. The flasks were

stoppered and shaken thoroughly. To each of these solutions,

G
)
wm
]
-1

the corticosteriocds mentioned previously was added,
the flask stoppered and again shaken. The same admixture
segquence was foilowed when The dextrose solution served as

the diluent. The resulting admixtures were coloriess and

were stored at room temperature with normal light exposure

At i, 4, and 8 hours after inif%al,admixTure, the pH of the

admixTures was recorded.

After inspection for any visible changes (precipitation,

a = Corning Scientific Instruments, Corning, New York,




(o]
a3

color change, gas evolution), aliquots from each admixture
were withdrawn and diluted in volumetric flasks to produce
the optimum specTrophoTpmeTric concentration for each of the
admixture components. This procedure was followed at each
of the specified time intervals.

Solutions to be used in the reference beam of the
spectrophotometer were prepared for each admixture componenf;

The composition of the reference solution was identical o

By alternating the reference solutions, a differential spectro-
photometric analysis was performed on each of the diiuted
admiXTures obtaining the ultraviolet absorption spectrum for
each drug component at |, 4, and 8 hours afier therapeutic
admixTure. Variations from fhe standard spectrum, either as
“an appreciable change ir absorbance or irn the development of
secéndary peaks, were considered To sugygest the occurrence of

a chemical interaction.

The absorption spectrum obtained for each drug formulation

0

after admixture is shqwn in the ffgures which follow. The
spectrum represents the average value ofifhree rep!ica+95 for
each admixture combination. To provide a visual :omparisén,
the sféﬁdard or reference spectrum ¢f the same drug in fThe
same concentration and diluent is slso provided. included iIn
the legends which accompany the ultraviolet spectrum are tThe
Xmax, admixture concentration, reference solufion used in
spectrophotometric analysis and the time interval which the

spactrum was obtained after admixture.




]

Thé standard spectrum for each drug formuiation was

determined from the Beer's-Law curves obtained in the pre-
liminary work. The graphs that follow contain the plotted
Beer's-Law curve for each drug formulation in both Sodium

‘Chioride Injection and 5% Dextrose lInjection.

pH values obtained for the therapeutic admixture and

“the individual components are.retordéd in the tables that

foilow. A summary of the results ot the admixture analysis

iz also presen

¥ — e




CHAPTER 11

RESULTS

In each of the admixfures described in this section,
the medicinal agents were combined with the two infusion

fluids, 5% Dextrose Injection and Sodium Chloride Injection,

in concenftrations reseﬁblihg those employed in clinical | E
applicaTion; Because the resulting admixtures were tfoo

dense, opficaily, for examination in the specfrophéTomeTér,

it was necessary to dilute aliquot samples o conéenfraf§bns

which would produce clear spectra Throughbu% the U.V. rarnge. “
The f€haI diluticns were made at |, 4, and 8 hours after | %

initial admixture, immediateiy prior to scanning, <o as to

provide the maximum opportunity for a reaction to occur. In
this way poth physical and chemical changes could be cbserved.
Measurements of the pH of the original admixtures were

dits of

[¢7
93]

“also made at the I, %, and 8 hour intervals. The r«
tThese observations are summarized in ths tables accompanying

the description of each admixture.

24



Metaraminol Bitartrate and Prednlsolone Sodium Phosphate in
S5odium Chloride Injection

Metaramino! bitartrate, 500 mcg./ml., and prednisolone

sodium phosphate, 100 mcg,/ml.; were mixed in Sodium Chloride

e e

Iinjection. Dilutions of the admixture were made to provide a
concentration of 40 mcg./ﬁ!. for meTaraminol bitartrate and i
8 mcg./ml. for prednisolone sodium phosphate.

The absorption spectrum of the admixture was compared

e by A e .
W he—standard-s p e

Q
(0]

G- o s -G U e s v e | ———

et rum--and- ,de‘mnnc"i @ed FThe (‘iP\/G‘|ODm€‘nT

of a secondary peak for prednTSoIbne sodium phosphate., This

altered absorption spectrum wéu!d.be suggestive of a change
in this componen%. The absorption spec+fum for metaraminol
bitartrate was not altered appreciably throughouf the eight 3 L
hours of study (Figures |, 2, 3). | |
Measurements of the pH revealed only minor changes Tn
Th@ admixture during The perlod ¢f study. The pH of The

admixture was quite acidic, approximating that of metaraminol

bitartrate witThout the ﬁresence of the corticosteroid
(Table 1),

Table t: pH Change of Metaraminol Bitartrate and Pred-
nisolone Sodium Phosphate in Sodium Chloride Injection,

o

: conc. pH after admixture £

Component _ (meg./ml.) | hro 4 hr, 8 hr. F
Metaraminol Bitartrate and 500 3.8 3 7 3 7
Prednisolone Sodium Phosphate i00 ) o "

Sodium Chloride Injection 6.4 6.4 6.4 -
Metaramino! Bitartrate 500 3.7 3.7 3.6

Prednisolone Sodium Phosphate iGOo 6.9 6.8 6.8
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Metaraminol Bitartrate and Prednisolone Sodium Phosphate in
5% Dextrose Injection

Using 5% Dextrose InJecTion.as the dilueﬁT, metaramino|
bltartrate and prednisolone sodium phpsphafe weré mixed at @
concentration of 500 még./ml. and (00 mcg./mi. resbec+iVe!y.
.As with the pfevious sodium chlorfde admixtures, dilution of
aliqudf samples was ﬁecessary to provide the oprmum spsctro-
‘photometric concentration of 40 mcg./ml. fér metaramino!

bifarTrafe and 8 mcg./ml. for prednisolone sodium phosphate.

| A )

The absorpfion spectrum fbr the components of this admix-
~Ture compared quite favorably with the results of the admixture
analysis for the saline admixtures. Prednisolone sodium phos-
phate demonsTﬁaTed a remarkably similar sec?ndary peak, whiie
the absorption spectrum for metaraminol bitartrate remained

unaitered. I+ would appear that the influence of the diluting

solutions selected was minimai (Figures 4, 5, 0).

The pH values recorded for the Therapeufic admixture and
the ihdividual‘componen+3 closely paralieled the védlues obtained
for The saline admixtures (Table 117. |

Table |1: pH Change of Metaraminol Bitarftrate and Prednisolone
Sodium Phosphate in 5% Dextrose Injection.

conc, pH after admixturs

Component ' {(mcg./mi.)Y I hr. 4 hr. 8 hr.
Metaraminc! Bitartrate and 500 . . -
. .8 3.; ‘,9'
Prednisolone Sodium Phosphate 100 3 ' ? o
5% Dextrose Injection _ 4.9 4.9 4.9
Metaramino! Bitartrate 500 3.6 3.6 3.6

Prednisolone Sodium Phosphate 100 - 6.5 6.5 6.5
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Metaramino! Bitartrate and Dexamethasone Sodjum Fhosphate In
Sodium Chleride Injection

Metaraminol bitartrate, 100 mcg./ml., and dexamethasone
sodium phosphate, 20 mcg./ml., were mixed in Sodjum Chioride
injection. From the Beer plots obtained initiaily, the optimum
spectrophotometric éoncenfrafion for metaraminot bitartrate
was determined to be 40 mcg./mf. and 8 mcg./ml. for dexametha-

!

sone sodium phosphate

i i

~Table 1it: pH Change of MeTaramino\ Bita

The absorption specirum obtained was compared with the

standard spec?rum and demonstrated a shif'l in‘The»kmax and

) "E":

loss of absorbance for dexdmethascone sodium hObpha' . vis
altered spectrum would be sugge ~“"vr’ both of a ioss o7 con-
centration and a Chadgevin'The chemicai sTfucTure for This
compenent.  The abzorp#ién_sgecfrum for metaraminoi bitartrate

was not altered appreciably (Figures 7, 8, 9).

\dmixtures of these two therapeutic agents, in Sodium

T

h.Or’ho Injection, produced a rather acidic solution which
showed |it+le variation over the period of The study
(Table til).

trate and Dexa-

r
methasone Sodium Phosphate in Sodium Chloride Injection.

- conc, pH after admixture
Component {mcg./mi.y | hr. 4 hr. 8 hr.
‘Metaramino! Biftartrate and 100 - n .
B oo 4.7 4.t 4.8
Dexa mnrhiJune Sodium Phosphate 20
Sodium Chioride Injection 6.4 6.4 ~ 6.4
Metaramino!l Bitartrate 100 3.9 3.9 5.9
Dexamethasone Sodium Phosphate 20 7.1 7.1 I
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Metaraminol Biftartrate and Dexamethasone Sodium Phosphate in
5% Dextrose Injection - '

The admixture of metaramino!l bitartrate, 500 mcg./ml.,
and dexamethasone sodium phosphate, 100 mcg./ml., in 5%

Dextrose Injection, represenfed a concentraticn which was

five times greater than the previous admixture containing

Sodium Chloride Injection as the diluent. The concentration

ratio, 5:1, however, remained the same. The optimum spectro-

| hotometric concentration used to obtain the absorption

spectrum also remained the same; metaraminol bitartrate,
40 mcg./mlt., and dexamethasone sodium phosphate, 8 mcg./mi.
The absdrpffon spectrum determined foi each drug com-
ponent resembled the spectrum Obfafned‘for +he components
when admixed at a IoWervconcenTraTion. Dexéme+hasoné sodium
phosbha%e demonstrated a shift in +the Xmax and a loss of
absorbance, while metaraminol bitarfrate remained appreciably
unéhangéd (Figﬁres 10, Il; 12).
It was noted ThaT\The increased concentration of each
drug component did not create an appreciable aITefaTion in
Tﬁe pH values for ei}her The individual drug components or

The ftherapeutic admixture (Table V).

Table |V: pH Change of Metaraminol Bitartrate and Dexa-

methasone Sodium Phosphate in 5% Dextrose Injection.

: conc. piH after admixture

Component (mcg./mi.) | ' hr. 4 hr. 8 hr.

Metaraminol Biftartrate and . 500 5.0 5 5 0
Dexamethasone Sodium Phosphate 1oa )

5% Dexfrose Injection 5.0 5.0 5.0

Metaramino! Bitartrate 500 3.6 3.6 3.6

e

Dexamethasone Sodium Phosphate 100 7.7 7.6 7.5
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Mefaraminol Bitartrate and Methyiprednisolone Sodium
Succinate in Sodium Chloride iInjection

Metaraminol bitartrate, 400 mcg./ml., and methyl-
prednisolone sodium succfnafe, 125 mcg./mi., were miked in
Sodium Chloride Injection. Within four hours a precipiTafe
bdeveioped in %his admixTure.‘ Therefore, aliquofs, at the
éfafed Time intervals, wefe wiThdrawn‘by using a SwinnexﬂZS,a

Ot22.micron membrane filter. Dilution of these filtered

aliquots provided the optimum spectrophotomefric concentra-

tion for each component; metaraminol bifartrate, 40 mcg./mi.,
and methylprednisolone sodium succinate, 12.5 mcg./ml.
Comparisoh of the absorption spectrum obtained with tThe
standard spectrum demonstrated an appreéiab[e loss of absor-
bance for methyiprednisoione soaium succinate, suggesting a
reduction in the concentration for this component. The
apsorp?ion spec%rum for metaraminol bitarfrate also demon-
strated @ minor loss of absorbance (Figurés 13, 14, 15},
The‘pH of'Thé admixfure, which remained constant through-
out the study, essentially resembled the initial pH of metara-

minol bitartrate (Tabie V).

a - MillEpore Corp., Bedford, Massachusetts.
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Table V: pH Change of Metaraminc!| Bitartrate and Methyl -~
prednisolone Sodium Succinate in Sodium Chloride injection.

: _ conc. pH after admixture
Component (mcg./mt.) | hr. 4 hr. 8 hr.
Metaraminol Bitarfrate and 400 :
Methylprednisolone Sodium- 3.8 3.8 3.8
Succinate 125
Sodium Chloride Injection ' 6.4 6.4 6.4
Metaraminol Bitartrate 400 . 3.6 3.6 3.6

MeTh&iprednisolone Sodium ' o
Succinate : 125 : 7.3 7.3 7.3
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Metaraminol Bitartrate and Mathyiprednisolone Sodium
Succinate in 5% Dextrose Injection

A precipitate was observed within four hours after the
mixture of meTaraminoI_biTarTréTe, 400 mcg./mi., and methyl-
predniéolone sodium succinafe; 125 mcg./ml., in 5% Dexfrose
!ﬁjec+ion. Filtered aliqu@fs were withdrawn from the admix-
ture and diluted to provide a concentfration of 40 mcg./mi.

for metaraminol biTarTraTe‘and i2.5 mcg./ml. for methyl-

In comparing the absorption épeéTra for the two drugs
after admixture, it was noted fhat an appreciable change
>occurred in the spectrum for methylprednisolone sodium
succinate. The loss of absorbance observed for this component
would suggesf-a PsduCTfoh in concentration. A minor loss of
absorbance waé demonsirated for metaraminol bitarirate, The
results of +his admixture ana!ysié and that of the saline
admixture would sTroneg suggest ThaT-The‘preﬁfpiTaTé‘con«
sisTedrprimarify_of the corticosteroid component (nggres 16,
17, 18).

The admixture pH for this drug‘combinafion approximated
the initial pH recorded for metaraminol biTarTraTé. The pH
change for methylprednisolone sodium succinate in fthe dextrose

admixture was observed to be slightly less than in the saline

admixture. |t was noted that the loss of absorbance for this
component was also correspondingly less in the dextrose admix-

ture (Table VI).

1 prednisotone sodium—suceinate. .



Takle VI: pH Change of Metaraminol Bitartrate and Methyl-
prednisolone Sodium Succinate in 5% Dextrose injection.

conc. pH after admixture

Component (mcg./mt.) | hr. 4 hr, 8 hr.
Metaraminol Bitartrate and 400

Methylprednisolone Sodium : 4,2 4.2 4,2
Succinate 125

5% Dextrose injection "~ 5.0 5.0 5.0

‘Metaraminol Bitartrate | 400 3.6 3.6 3.6

MeTh&!prednisolOne Sodium :
Succinate 125 7.1 7.

~
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Metaramino! Bitartrate and Hydrocortisone in Sodium Chloride
Injection '

An admixture of metaramiriol bifarfrafé, 500 mcg./ml.,
and hydrocortisone, 250 mcg./ml., was prepared in Sodium
Chiloride Injection. AquQoTs were withdrawn from Thfs édmix*
ture and diluted to provide the optimum specfrophofomeTric
.concentration for each drug compbnenT, This‘cohcenTraTion was
30 mcg‘/mi.vfor metaraminol bitartrate and 'I5 mcg./mi. for

hydrocortisone.

Admixture analyéis provided ‘an absorption spectrum for
each.drug component which dembnsTraTed no appreciable change
f5r either metaraminol bitarftrate or hydrocortisone Thrbugh~
out the eight hours of study (Figures f9, 20, 21). |

Because of the acidicAnaTure of the hydrocortisone com-
poneﬁ?, tha pH change was of a lesser magnfTude than That
obsefvgd for the other corTicdsTeroid containing admixtures
(Table Vii).

Table Vil: pH Change of Metaraminol BTTarTraTe and Hydro-
cartisone in Sodium Chloride fInjection.

_ conc. pH after admixture

- Component (mcg./ml.) | hr. 4. hr. 8 hr.

Metaraminoi Bitartrate and 500 . . )
Hydrocortisone 250 5.6 3.6 3'5_
Sodium Chioride Injection . 6.4 6.4 6.4

Metaramincl Bitartrate 500 3.7 3.7 3.6

Hydrocortisone | 250 5.1 4.9 4.9
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Metaraminol Bitartrate and Hydrocortisone in 5% Dextrose
Injection, |

>A+ a concentration of 500 mcg./ml. énd 250 mecg./ml.,
respectively, metaraminol bitartrate and hydrécorTiéone were
admixed in 5% Dextrose Injection. Admixture analysis vas
performed on aliqgofs éf this mixture which contained 15 mcy./
mi. The absorption spectrum obtained from this analysis
paralieled the results of The salihe édmiXTure. Admixfure

of these two components at the specified concentrations does

not present evidence of'any recordable chemical interaction
(Figures 22, 23, 24).

Measurements of pH in this adhix+ure ciosely paralleled

those noted when the saline solution was used as the infusion

solution (Table VIIIL).

Table VI!l: pH Change of Metaraminol Bitarfrate and Hydro-
cortisone in 5% Dextrose Injection.
conc. pH afler admixture
Component (mcg./ml. | hr. 4 hr. 8 hr.
Metaraminol Bitartrate and ‘ 500 =
Hydrocortisone ' 250 5.8 5.8 58
5% Dextrose Injection 5.0 5.0 5.0

Metaraminoli. Bitartrate 500 3.6 3.6 3.6

Hydrocortisone | 250 4.8 4.8 4.8
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Metaramino! Bifartrate and Hydrocortisone~2l-Phosphate in
Sodium Chioride Injection

Metaraminol bitartrate, 500 mcg./mi., and hydrocortisone-
2i~phospha+e, 250 mcg./ml., were mixed in Sodium Chloride
Injection. Aliquots were withdrawn from this admixture aT
specified time intervals as before and diluted to obtain the
optimum spectrophotometric concentration for each component.
‘This,conéen?raTion was 30 mcg./ml. for metaraminol bitartrate

and 15 mcg./ml. for hydrocertisone-2i-phosphate.

Comparison of the absorption spectrum wifh'THe standard
spectirum demonstrated no appreciabie change for either metara-
. minol biTarfraTevor hydrocorTfsone—lephosphaTe Throughout the

eight hours of study (Figures 25, 26, 27). |
| in tThe admixtures previously studied, a pH change of the
magnitude seeh here was associaTed.wiTh én altered absorp?ion
»specfrum suggesting the occurrence of a chemical interaction.
i1 would appear that the stability of hydfocorfisone42!~
phosphate in this admixture was not influenced by a pH changé
(Table 1X). |

Table IX: pH Change‘of Metaraminol! Bitartrate and Hydro-
“cortisone-21-Phosphate in Sodium Chloride Injection.

: -conc. pH after admixture

Component (mcg./ml.) 1 hr. 4 hr. '8 hr.
Metaraminol Bitartrate .and 500

Hydrocortisone-21~Phosphate 250 4.0 4.0 4.0

Sodium Chioride Injection 6.4 6.4 6.4

Metaraminol Bitartrate 500 3.7 3.7 3.6

Hydrocortisone-21-Phosphate 250 S 7.6 7.4 7.4
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Metaraminol Bitartrate and Hydrocortisone-2l|-Phosphate in
5% Dextrose Injection

Metaraminol bitartrate and hydrdbor#isone—Zl~phospha+e
were mixed in 5% Dextrose Injection at a concentration of
500 mecg./ml. and 250 mcg./ml., respectively. Admixture
anaiysis was performed on the diluted aliquot samples whiéh
provided a concenTranon for 30 mcg./m!. for metaraminol
pitaritrate and 15 mcg./ml.yfor hydrocorfiéohe~2!—phosphafe.

As with the saline admixture, no appreciable change in

the absorproﬁ spectrum for either metaraminol bitartrate and
hydrdcorfisone—Zl—phosPhaTe occurred throughout the efghT
haurs of study (Figures 28, 29, 30).

Again, the mérked drop in pH, with reference to the
corticosteroid, did not appear fc be associated with an altera-
tion in the absorption spesctrum for this compénenf (Table X).

Tatie X: pH Change of Metaraminol Bitartrate and Hydro-:
‘cortisone~2i-Phosphate in 5% Dextrose Injection.

‘ ~ conc. pH after admixture

Component ' (mcg./ml.) | hr. 4 hr. 8 hr.

Metaraminol Bitartrate and | 500 4.4 4.4
Hydrocortisone~21-Phosphate 250 4.3 ’

5% Dextrose Injection , 5.0 5,0 5.0
Metaraminol Bitartrate - 500 3.6 3.6 3.6

Hydrocortisone-21~-Phosphate 250 7.5 7.5 7.5




R NPT B T R SAATUS Mo, WIS 4V ST 1 R PR S

Absorbznce

R Y TR T P R

30

ROy A R L e )

o 15 20 25

Concentration (mcg./mi.)

Graph 12.> Beer plof for-HYdrocorTisone—ZI—Phosphafe
in 5% Dextrose Injection.



T

3

e P, B L

UV E AT ST a7 R T N I G N T I DA T f LRI KM f 1h e B g AR TR K

R PR VR CIRTY 8Y

e RO S ?C“M
. C — PSSR FUNR
-y h‘
e Aol [ My o <o Saden g
e B ST G S CUNPY U PRSI RO S s et s e
. - ~
o [} 0 N Pty A

)
P

< s

o
. a
SN

AV
&

e [Ny

o
o

U [\
3

O <

8 OL}—

/

YNV MO S
WIGH0S 3y
A de B E b A T S TR I £ A XS AT SR U T U YANTR TG S UL 3O LN e 0 R 5 et RIVENACE R £ TN 55 2 00T S« DAY 16 e Ky
g n
i
it
s
s I TP PR
Jon) e ol wr e w e df
z
L T £ U AR L 2 T T R 5§ PP T AT YA 3 0 S B S § K B e 7Y p B St

[
S
N\

2
<

[AY

Q
-
O

Hydrocortisone-21-Phosphate

Metaraminol

mcg./ml.

Bitartrate 30 mcg./ml.

Hydrocortisone-2i-Phosphate

15 mcg./ml.

-

ref

.

ramino

Meta
30 mcgd/mtb.

Bitartrate.

!

ref

A

Injectieon avr

igure 28.

Hydrocortisone-~

ith

67 my) wi

256
one |hour.

ax

14
\

itartrate

B.

5% Dextrose

Metaraminol

£
in

Spectrum o
max 248 my)

Uu.v.
e (A

-+
t

|-Phospha

~
<



0

UN
NN

el d_SLL T L

<
8o

2 gy 2 E B0

ol

new

S R S AT

o
1

S5t RSB VI S S T N

(18]
3

N

O
-3

ke

e i A DR PP Ly TN L AT AEET T TN 20 W R L SO S R sty Mt i E
AR
\. 2 -
) o
JoX
[
O
e
¢} 0 -
I
LR
<
'
P R E
TRt e RIPWL VT B 3 RIS AT W T E T RS A T N ¥ A TSI A I 08 e WA B L PR AR O FA DL BN L 3 PR I 2 My 0 P4 B B By T A S

NN A e b G AR

TR FEE A RO AT AL TR ARG Y B L

(0 i e o e

R T e
<
Q

g

AV

»
[a¥} i

>

SR PO, SN
<

e

3

S PN U

N TR R R T

V]

S b - . [
u 7 T ] r)—
e N L
b4
= ]
. ¥ [
- 5 e e e m
m 0
“ — ez
{ i () o
3 - A T e I e ¥ 46 S
- Py o
o e
N ~ - v\“\ =
. " - @\-\A&«s . -
B b TSRS 5SS S0 S SRR uﬁpu!\uuo.nﬂ‘: e N *u.“
-
2
PRI R S e . e - Riboes Q.
T T |8
o

&t}

uly
EER)

0

camrraet s yean b ()

Qf

(4

S
)

-21-Phosphate

Tisone

/mi.

-
i

mcg./ml.

Bitartrate 30
Hydrocortisone-21-Phosphate

Metaraminol,
cg./m

ref:
{5

tsong-

Bitartrate
Th Hydrocort

.
T
i

amino

267 mu) w

T four hoturs.

lon a

'3

inject

Bitartrate ( max

no
ose

.
H
1

5% DexTr

'n

‘Y
)

m

Spectrum of Metaram

2438

J.v.
max

i .
hate ¢

29

Figure
21~-Phos



¥ 5 AN AT A A A ek (5 L ST 58 RN Ly DA AR TR T P Y I YA T B RS T T ® 37T 7 Y € < IR EAREES L 40140 e st )
)
L
3 L. T B
€] b=
KO R
L S
v
s 0
(G [~
I
n.
1
-
e o
Y JUUUUSUIRINY Uy RPN SR VUSSP L A\ RresTRE et e am e oo o e i e e

(]
8o

harvzng srranide

O

RPN
0O
? .

e~ awen

AT AY NS B

€3]
9

B a3 SR PO AR wn e e TN N M A I gy A AT S W aritn, st

LT LI AT AN ST S TEGAS F 2§ 07 A AR NS g, € £ 1N A TR aWE L A DO AT T AR .‘\.‘,k!ﬁ_

I PR Y Pl

RN N Y

i3 Crons

Q-
O -
N

o

N

Hydrocortisone-2!-Phosphate

[5 mcg./m!l.

Bitartrate 30 mcg./mli.

Hydrccortisone-21-~Phosphate

Metaraminol
15 meg./ml.

ref:

Metar

~
o

itartrate

!

with Hydrocortiscne-

"t hours.

mino

/ml.
267 mu)

mcg
max

ref
30

(

rate
Injection a1 eig!

tart

Bi

!

in 5% Dextrose

Taramino

U.V. Spectrum of Med
21-Phosphate ( max.248 mu)

Figure 320.



79

Meteraminol Bitartrate and Hydrocor+fsone Sodium Succinate
In Sodium Chloride Injection

A pfécipifafe Was obsérved within one hour after
mefaramfnol bitartrate, 500 mcg./ml., and hydrocorTiséne
sodium succinate, 250 mcg./ml., were mixed in Sodium Chloride
Injection. Therefore, aiiquo+s at the specified time infer-'
vals were withdrawn by using a Swinnex=-25 fiifter, Diiution

cf Thess filTered'aliquoTs was calculated 1o provide the

optimum spectrophofometric concentration for each component
had no precipitation occurred, metaraminol biTafTraTe 30 meg./
ml. and hydrocortisone sodfum succinate |5 mcg./ml.

The absorption spectrum obtained was comparedlfo the
standard speéfrum and demonstrated an appreciable loss of
absorhance-for hydrbcor+isone_sodium succinate. This would
-suggest an aﬁprecéabie reduCTion in concentration for this
‘componenf, Metaraminol bitartrate demonstrated both an
altered absorption spectrum and a loss of absorbance. The
impossibility of using a reference solution in & concenira-
tion to compensate for the loss of the hydrocortisone component
was The probable cause of the altered spectrum seen for metara-
minol (Figures 31, 32, 33).

The pH of the therapeutic admixture at specific time
intervats after iniTiaIlmixing was compared to the pH of the
individual componenfs. It was noted that the pH of the
admixture was soﬁewhaf greaTef than three pH units below that
seen with the co%Ticoéferdid, in tThe absence Qf the pressor.

agent (Table XI1).
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Table Xt: pH Change cof MeTaraﬁinol Bitartrate and Hydro-
cortisone Sodium Succinate in Sodium Chloride Injection,

conc. pH after admixture

Component (mcg./ml.) | hr. 4 hr. 8 hr.

Metaraminol Bitartrate and 500 -
Hydrocortisone Sodium 3.8 3.8 3.8
Succinate ' 250

" Sodium Chloride Injection o 6.4 6.4 6.4
Metaramino! Bitartrate 500 3.7 " 3.7 3.6
Hydrocortisone Sodium

—Succinrate 250-— T2 1.2 1.2
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Absorbance

SR NS —-

30

" Concentration (mcg./ml.)

Graph 13. Beer plot for Hydrocortisone Sodium
Succinate in Sodium Chloride Injection.
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Metaraminol Bitartrate and Hydrocortisone Sodium Succinate
in 5% Dextrose [njection '

The admixture of meTaraminol bitartrate, 500 mcg./ml.
and hydro;orTisone'sodium succinate, 250 mcg./ml. in 5%
Dexftrose iInjection demonstrated the presence of a precipi-
Tate affér one hour of admixture. Filtered ajiquOTS were
withdrawn and diluted to provide a concentration of 30 mcg./
ml. for metaraminol bitartrate and 15 mcg;/ml. for hydro-

~cortisone sodium succinate, based on calculations which

ignored the formation of the precipitate.

Comparison of the absorption spectrum obtained with the
sfandard spectrum demonstrated an appreciable loss of absor-
bance for hydrocortisone sodium succihaTe, suggesTThg an
appreciable reduc%}on of concenTEaTion for This component.
The loss of absorbance for this component in the dexirose
admixture was slightly fess and developed more slowiy tThan
‘observea in tThe saline admixture. Metaraminol bitartrate
demonstrated both an altered absorpfion spectrum and a loss
of absorbance. As with the saline admixture, no effort was
made to compensate for fthe loss of the hydrocortisone com-
ponent by altering the concentration of the reference. This
failure was the probable cause of the altered 5pec+ruh‘seeh
for metaraminol. The data obtained from both the saline and
dextrose admfxTures would suggesf that the precipitate con-

sisted primarily of the corticosteroid component (Figures 34,

in this admixture, the development of the precipitate

was somewhat slower Than with the same combination in Sodium
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Cﬁloride injection. The alteration in pH, using Dextrose
Injection as the infusion fluid,'was slightly less than seen

in The saline solution (Table X11).

Teble XIl: pH Change of Metaraminol Bitartrate and Hydro-
cortisone Sodium Succinate in 5% Dextrose Injection.
conc. | pH after admixiure

Component (mcg./mb.) 1 hr. 4 hr. 8 hr.
Metaraminel Bitartrate and 500
Hydrocortisone Sodium . 4.0 4.1 4.1
Succinate 250
5% Dextrose Injection | 5.0 5.0 5.0

Metaraminol Bitartrate 500 3.6 . 3.6 3.6

Hydrocortisone Sodium

Succinate . ' 1250 6.8 6.8 6.8
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fabie Xitl: Summary of the Spectrophotomeiric Analysis on Adm syfpres Containing Metaraminoi
Bitarfrats and Sejected Corticostercids in Sodium Chloride injection.
opTimum
conc. in spectrophotometric

admixturs® cong, *¥*#
Admixture {mcg./mi.) {meg./mtl) spectrum®¥¥
Prednisoione Sodium Phosphete 164 & aitered
Metaraminoi Bitartrate 500 4C unchanged
Dexamethasone Sodium Phosphate - 2 8 altered
Metaraminol Bitartrate i 0GC : : 40 ) unchanged
Methylprednisolone Sodium Succinate 125 - 12.5 aitered
Metaramino! Bifartrate _ ‘ _ - 400 40 unchanged
Hydrocortisone 220 15 . unchanged
Metaraminol B|+arT"aTe 500 30 unchanged
‘Hydrocortisone-2!-Phosphate 250 ) | unchanged
Metaraminol Bitarfrate 50 30 } ‘unchanged
Hydrocortisone Sodium Succinate . 250 ' |5 o altered
Metaramino! Bitartrate ' , 5C0 30 - altered¥*%¥*

*¥The concentration of the admixture componants reflects a Thgrapcu*‘c concentration
which couicd be added to 100C ml. of infusion solution. ‘
|

**¥The optimum spectrophotometric concentration is the concentraticn range which would
produce an absorbance betwesn 0.3 and 0.9. ﬂ
. ' ) i
#¥*%¥Alteration in absorption specfrum was considered significant if an appreciabie loss
of .absorbance or changes in the continucus absorption sp ec+ﬁum occurred.

*¥XX¥%¥Tailyre to use 2 reference solution, in a concentration To ompensafe for tThe loss of
the hydrocortisone component, was the probabie cause of the 1aafered spectrum seen for

metaraminol. ‘
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Teble X!V: Summary of the Spectrophotometric Anaiysis on Admixtures Containing Metaraminoci
Bitartrate and Selected Corticosteroids in 5% Dextrose Injecticn.
opTimum
conc. in spectrophotgometric

admixture® conc.#¥
Admixture (mcg./mll) {mcg./mil.} . spectrum®*®
Prednisclone Sodijm Phosphate v oc 8. : aiTered
Metaraminol Bitartrate . 500 : 4G - unchanged
Dexamethasone Scdium Phosphate 20 : 8 altered
Metaraminol Bitartrats 1090 40 unchanged
Methylprednisoicne Scdium Succinate 125 : ' 12.5 . _ altered
‘Metaramino! Bitfarirate ) 400 40 unchanged
Adydrocortisone 250 : {5 unchanged
Metaraminoi Bitartrate 500 : 4 20 "unchanged
Hydrocortisonre-2{-Phosphate ' 250 |5 unchanged
Metaraminol Bitartrate : 500 3e | unchanged
Hydrocortisone Sodium Succinate 2590 . 15 ) altered
Metaraminol Bitartrate 500 30

altered**%*x

*The concentration of the admixture components reflects a
which could be added to 100C mi. of infusion sciutiocn.
¥*The optimum spectrophotometric concentration is the conc

produce an absorbance between 0.3 and 0.9.

¥*¥*Alteration in absorption specirum was considered signifi
of abscrbance or changes in the continuous absorption sp

¥%X%%¥Failure to use a reference solution, in a concentration

the hydrocortisone component, was The probabie cause of
metaraminol. '

|
|
‘ . :
Th%rabeufic concentration”
|
|

entration range which wouild
|
cant If an appreciabise
ectrum occurred.
! .

{oss

To QOmpensafe for *the loss of
the |lajtered spectrum seen for



glucocorticosteroids |

CHAPTER 1V

DISCUSSION

s currently

treatment of cardiogenic shock.

these

The

The use of the sympathomimetic pressor amines and ‘the

being advocated for the

intravenous use of

drugs, either singly or in combination as components

of an infravenous admixfture, has been shown to provide a

rapid and continuous increase in blood pressure which results

in a favorable perfusion of the heart, kidneys, and brain.

The rapi¢ restcration of blood perfusion to these organs hes

~t
{v

duc
ﬁress
taini
(pH 5
of‘an
might

these

or

ng the corticosteroids are generally

""8);

intravenous

admixture could

Chemivcaliy, drug formulations of the

amines are acidic (pH 3-4), while

resul T

cd the morbidity of this syrdrome (34, 35).

sympathomimetic

formulations con-

more alkaline

)

The simultaneous use of these drugs as components

in a pH range which

adversely affect the stability of either or both of

agents.

Because of +iheir clinical use and possible

chemical reactivity, representative drug formulations from

each

drug

contal

group

Atter

were chosen for this study.

an initial spectrophotometric screening, metaraminol

trate and six corticosteroids, including three different

tformulations of hydrocortisone, were selected.

nin

!
i

o}

Admixftures

these drug formulations could be mixed at a



Q4

therapeutic concentration and diluted to provide the necessary
optimum spectrophotometric concentration for both éomponenTs
without altering the initial fherapeufic concentration ratio.
Sodium Chioride {njection and 5% Dexfrose Injection were
selected as the dilution vehicles because of their clinical
use and lack of appreciable buffering capacity.

The criterion used to judge the occurrence of a chemical

interaction was an alteration in the U.V. absorption spectrum

YRR T AR TR T

fora drug formuiation afier ameYTure.v Appreciabie loss of

absorbance would indicate a corresponding loss of concentra=-

tion. Chénges in The continuous absorption spectrum, such as
a shift in the Xmax or development of sécondary peaks, would

indicate an aiteration in the chemical structure for the drug
formulartion,

Ob%aihing the absorption spectrum specific for each drug
coinponent in én admixture presenied a problem in That the
pfesence of Two'difféfenf drugs fn solution can produce an
absorption spectrum which is a composite of the individual
spectrum for each drug; The meTﬁod used in this study to
effectively mask of block the presence of one admixture com-
ponen? was the technique of differential spectrophotometric
znalvsis. In this, ThevsquTion in the referenbe beam of The
spec*rbpho#omefer, is the same composition and.concenfraTion
as one component of tThe admixture tested. By alternating this
reference solution, the absorption spectrum specific for each

drug component can be obtained.

The importance of using a reference solution of appropriate



composition was demonstrated by the absorption spectirum
obtained for admixtures of metaraminol biTarTraTe and hydro-
cortisone sodium succinate. 'ln Theéé, the precibiTaTe
observed was believed to be composéd primarily of the corTi~‘
costeroid component. Failure to use a reference solution to
cempensate for the apparent loss.of this component resulted
in an a;fered for composite spectrum observed for metaraminol

bitartrate.

Thephof—Tthedindividual—drug formulations before and
atter admixture were recorded at specific intervals. Through-
out the sTQdy, the pH of admixtures represented in the order
of two To‘more than three pH units of change for the corti-
costerold component. The pH change for meTaramjnol did not

egxceed one pH unit. Comparison of the changes in pH with The

ey

"esults obtained by spectrophotometric analysis of the same
admixture cOmponenTé_suggesTed some possible correlation. With
the exception of admixtures conTaining metaraminol bitartrate |
and hydrocorTfSOne or HydrocorTisone—ZI-phospha+e, a pH charnge
of three pH units for an admixture componen% was associated
with an alteration in the absorpTion spectrum for_The same
;omponenT,

Three different drug formulations of hydrocortisone were

-used in The sTudy,‘hydrocorTisone, hydrocortisone-2i-phesphate,

f

and hydrocortisone sodium succinate. Each was mixed with

metaraminol bitartrate in the same hydrocortisone equivalent
concentration. Admixtures containing hydrocortisone demon-

strated a change of two pH units for this component and no



componernt and a pre

E1¢

appreciabie altTeration in The U.V. absorption specirumn,

Admixtures containing hydrocortisone-Zi-phosphete demonstrated

a 3 pH unit change and a slight loss of absorption in the absorp-

tion specirum was observed. Hydrocortisone sodium succinate

contzining admixtures demonstrated a 3 pH unit change for This

W
o~

ripitate was cbserved.
it would appear That difrerent drug formutations of The

{.

came parent compound could have guite different stability

charecteristics aftter admixture.



CHAPTER V
SUMMARY AND CONCLUSIONS

The purpose of this investigation was .to demonstrate the
use of spectrophotometric analysis in detecting the occurrence

of chemica! interactions between two drug components of an

infravenous admixture. The uifraviociet absorption spectrum
was obtained for eéch drug formulation before and after admix-
ture. Comparison of the resultant spectrum was made for a
change .in absorbance at tThe Xmax,'and'for alteration or shifft

of the Xmax. ‘The occurrence of a chemical interaction was

S

Su

"~

gestad whewn dn appreciable loss of absorbance at the kmax'
occurred,v This would indicéTe a loss of concentration for the
drug component. An alteration of the absorption spectrum with
tThe development of a new or secondary Xmax would suggest modi-~
fications in The structural nature of fhe drug cdmponen? and

wouid also be suggestive of a chemical interaction.

Of the twelve admixture combinations containing metaraminol

3

ht admixtures

«€

1 _ and one of six selected corticosteroids, ei

demonstrated evidence of chemical inTeracTion.‘

Admixtures of metaraminol bitartrate with hydroéorfisone
sedium succinate and»meThylprednisoloné Sodfum succinate in
Sodium Chloride>lnjecffon and 5% Dextfrose 5njec+ion produced
‘precipitates within one and four hours réspecfively. Subse~

quent analysis of filftered admixture samples demonsfrated a




considerabie. loss of absorbénce for the corticosteroid
componén?.

Admixtures of metaraminol bitartrate with prednisolone
sodium phosphate and dexamethasone sodium phbsphaTe in Sodium
Chloride Injection and 5% Dextrose Injection demonstrated an
altered absorbfion spectrum for the corticosteroid component.
Prednisolone sodium phosphaTe'exhibiTed.a secondary Xmax,

L

while dexamethasone sodium phosphate exhibited a wavelength

shift in tThe Amax‘

The absorption spectrum for admixtures of metaraminol
bitartrate with hydrocorTisone and hydrocortisone~2I|~phosphate
in Sodium Ch}orfde Injection and 5% Dextrose Injection was not
significantly altered throughout the study.

Mixture of metaraminol bitartrate with the corticosteroids
selected for inclusion in This'sTudy produced solutions wiTh.
pronounczed acidity. The pH measurements for the admixtures
revealed Thafvfhé acidity of the scolutions was controlied, +o
a great extent, by the metaraminol bitartrate. This assertion
is made on the basis that the resuiting pH values were quite
close to those observed when metaraminol bitartrate was added
to The infusion fluids, in the same céncenTraTions, hut with-
out The addition of other drugs. Except in the cases of

hydrocortisone and hydrocortisone-2{-phosphate, the pH change

‘observed, with respect to the corticosteroid component, was

associated with some alteration of the absorption spectrum.
Froeviding that the spectrophotometric optimum concentra-

Tion can be attained for each drug component of an intravenous



o
G

I admixture, the results of this study suggest That differential
1) spectrophotometric analysis offers a useful method of quec+~

ing the occurrence of chemical interaction after admixture.
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