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SUMMARY turbidometric analysis. There was no significant loss
of drug, increase in known degradates, or appearance

Objective: To study the compatibility of tirofiban HCl
of unknown drug-related peaks as determined by

injection 0·05 mg/ml with dopamine HCl, famotidine,
HPLC. The activity of heparin in heparin-containing

sodium heparin, lidocaine HCl and potassium chlor-
solutions remained unchanged. The pH of all test-

ide infusion solutions during simulated Y-site ad-
solutions remained constant.

ministration.
Conclusion: Tirofiban HCl injection 0·05 mg/ml can

Method: Tirofiban HCl, dopamine HCl, famotidine,
be co-infused by Y-site administration with do-

lidocaine HCl and potassium chloride infusions were
pamine HCl, famotidine, sodium heparin, lidocaine

each prepared from their respective concentrates as
HCl and potassium chloride injection solutions.

per current clinical preparation instructions in both
0·9% sodium chloride and 5% dextrose solutions at
both the minimum and maximum concentrations
normally administered. Sodium heparin premixed

INTRODUCTIONinfusion solutions in 5% dextrose and 0·45% sodium
chloride were used as-is. Tirofiban HCl solutions

Tirofiban hydrochloride is a potent and highly selectivewere combined 1:1 (simulated Y-site administration)
glycoprotein IIb/IIIa receptor antagonist for intra-with the dopamine HCl, famotidine, sodium heparin,
venous use and is indicated to reduce cardiac com-lidocaine HCl and potassium chloride solutions in
plications in patients with unstable angina. In clinicalseparate glass containers and polyvinylchloride Y-
trials, tirofiban HCl has been shown to be effectivesite infusion lines. Samples were held for 4 h at room
and well tolerated over the course of therapy (1).temperature under ambient fluorescent light and

Tirofiban HCl is supplied as AGGRASTAT—’e2 In-were assayed for changes in drug content, de-
jection Concentrate (Merck and Co. Inc., West Point,gradation, pH, appearance and turbidity. Activity of
PA, U.S.A.) in 50 ml vials or as AGGRASTAT—’e2sodium heparin solutions was measured using an
Injection Premix in 500 ml infusion bags. The con-aPTT coagulation assay.
centrate contains 0·25 mg/ml of the active ingredient inResults: All mixtures remained clear and colourless
a 10-mm citrate buffer (pH 6·0) with 8 mg/ml sodiumwith no visual indication of instability, i.e. pre-
chloride, which is diluted to a final tirofiban use-cipitation. Clarity of solutions was confirmed by
concentration of 0·05 mg/ml with commercially avail-

able diluents: 0·9% sodium chloride injection, 0·45%
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sodium chloride in 5% dextrose injection, or 5% dex-
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Table 1. Typical minimum and maximum drug use con- dextrose (Abbott Laboratories, North Chicago, IL,
centrations U.S.A.) and 0·9% sodium chloride (Abbott Laborat-

ories) from tirofiban HCl concentrate 0·25 mg/ml

(Merck and Co., Inc.) according to the manufacturer’sHigh Low

instructions. Diluent (100 ml) was removed from eachDrug concentration concentration

infusion bag and replaced with 100 ml (2×50 ml vials)

of tirofiban HCl injection 0·25 mg/ml. Prepared prod-
Dopamine HCl 3·2 mg/ml 0·2 mg/ml

uct was mixed, and solutions were incubated at room
Famotidine 4 mg/ml 0·2 mg/ml

temperature under ambient fluorescent light for 24 h.
Heparin 100 U/ml 40 or 50 U/mla

Famotidine (Merck and Co. Inc.), dopamine HClLidocaine HCl 20 mg/mlb 1 mg/mlc

(American Reagent Labs, Shirley, NY, U.S.A.), lidocainePotassium chloride 40 mEq/L 10 mEq/L
HCl (Abbott Laboratories) and potassium chloride

(Abbott Laboratories) injections were prepared fromaHeparin 40 U/ml in D5W, 50 U/ml in 0·45% sodium
their respective concentrates in both D5W and 0·9%chloride

sodium chloride at the highest and lowest con-bOnly prepared in 0·9% sodium chloride – lidocaine

20 mg/ml for direct injection is only available in a sodium centrations typically used in the clinic (See Table 1)

chloride vehicle (6). (6, 7). Premixed sodium heparin injections in 0·45%
cOnly prepared in 5% dextrose – 5% dextrose is the only sodium chloride and in 5% dextrose were obtained
diluent currently recommended for preparation of the from Abbott Laboratories and did not require dilution.
1 mg/ml concentration (6). Tirofiban HCl injection solutions 0·05 mg/ml were

mixed 1:1 with the prepared dopamine HCl, lidocaine

HCl, sodium heparin, potassium chloride and fa-(pH 6·0) solution of 0·9% sodium chloride and is in-
motidine solutions. A portion of each of the abovefused without dilution.
solutions along with control solutions was added toPreparation of an admixture of tirofiban HCl injection
glass containers and to PVC infusion sets (Baxterwith other drugs in a single container is not re-
Healthcare Corp., Deerfield, IL, U.S.A.). Solutions werecommended according to current administration in-
incubated at room temperature under ambient fluor-structions (2). It is, however, possible that tirofiban HCl
escent light for 4 h. Samples were taken from glassinjection and other therapeutic injection solutions could
containers at 0, 1 and 4 h and were analysed forbe mixed during co-infusion through a common i.v. line.
changes in pH, appearance and turbidity. Infusion lineTherefore, appropriate compatibility testing was used
samples were drawn after 4 h, and were assayed forto confirm that dopamine HCl, lidocaine HCl, sodium
drug content and degradation by high performanceheparin, potassium chloride and famotidine injection
liquid chromatography (HPLC). Heparin-containingsolutions can be co-infused with tirofiban HCl injection.
samples were monitored for heparin activity by theCompatibility of injectable drug products with other
activated partial thromboplastin time test (aPTT).therapeutic agents is frequently assessed via simulated

Y-site administration over 4 h (3, 4). Mixing of two

solutions in an infusion line downstream of the Y-site
Chromatographic assaysis modelled by 1:1 mixture of the two solutions. Drug

products are mixed 1:1 in containers and are analysed
Tirofiban, dopamine, lidocaine and famotidine con-over time for physical and chemical stability (5). These
centrations and degradation were monitored byconventions were used in the design of this com-
reversed-phase HPLC using validated methodspatibility study.
(Table 2). Samples and standards were prepared

according to the individual method requirements

and were analysed using HPLCs equipped with UVMATERIALS AND METHODS
detectors (Thermo Separations Products, San Jose,

CA, U.S.A.). Samples for analysis were injectedSolution preparations
in duplicate. Data were processed using Fisons

Multichrom chromatographic software (Lab Systems,Tirofiban HCl injection 0·05 mg/ml solutions were

prepared separately in commercially available 5% Manchester, U.K.) on a Digital VAX computer (Digital
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Table 2. HPLC method equipment and conditions

Tirofiban HCl Dopaminea Famotidine Lidocaine

Mobile phase 78% 10 mm 87% 5 mm 93% sodium 25 mm NaH2PO4

phosphate, pH 2·3 octanesulphonic acid acetate, pH 6·0 w/5 mm
22% acetonitrile in 1% acetic acid 7% acetonitrile hexanesulphonic ,

13% acetonitrile acid, pH 3

acetonitrile c

Column Watersb Watersb Watersb Watersb

Symmetry  C18, lBondapak C18, lBondapak C18, Symmetry C18,

250×4·6 mm, 300×3·9 mm, 300×3·9 mm, 150×4·6 mm,

5 lm 10 lm 10 lm 5 lm

Flow rate (ml/min) 1·0 1·5 1·5 1·0

Wavelength (nm) 227 280 280 242

Run time (min) 30 25 15 35

Temperature (°C) 35 ambient 40 ambient

Injection volume (lL) 50 40 30 30

aUSP method was used.
bPhase Separations, Franklin, MA, U.S.A.
cGradient HPLC method.

Time % Phosphate

(min) buffer % Acetonitrile

0 87·5 12·5

8 79·6 20·4

15 79·6 20·4

30 60·0 40·0

31 87·5 12·5

35 87·5 12·5

Equipment Corp., Maynard, MA, U.S.A.). Dopamine automated clot timer (Medical Laboratory Auto-

HCl was quantified using a USP HPLC method. mation, model ELECTRA 900, Pleasantville, NY,

Famotidine, lidocaine and tirofiban HCl HPLC U.S.A.) and commercially available reagents (Amer-

methods were developed by Merck Research Laborat- ican Dade, Aquada, Puerto Rico, U.S.A.) according

ories. All HPLC runs using the USP method met to the manufacturer’s protocol. Human whole blood

system suitability requirements prescribed in the (30 ml) was drawn into sodium citrate (0·38% final

individual method. System suitability of famotidine, concentration); plasma was prepared by centrifugation
lidocaine and tirofiban HCl runs was demonstrated and stored on ice. Human control samples were within
by showing resolution between active and known the specifications that accompany the control samples
degradates and obtaining a Limit of Quatitation and reagents and are used in clinical laboratories.
(LOQ) solution signal-to-noise ratio > 10. Samples for the heparin assays were taken in duplicate

from glass containers and infusion lines. Test samples

were diluted in water for injection, as appropriate, toAssay of heparin activity
final heparin concentrations of 10 U/ml. Non-heparin-

containing solutions were analysed undiluted. EachActivated partial thromboplastin times (8–10) were

determined in heparin-containing solutions using an of the duplicate samples for every solution was assayed
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Table 3. Compatibility results of tirofiban HCl injection and potassium chloride injection solutions as determined by

HPLC assay, turbidity and pH during simulated Y-site infusion testing

[tirofiban] Turbidity

after pHd (NTU) d,e

KCl [KCl]a tirofiban 4 hb

diluent (mEq/l) diluent (% of initial)c Initial 4 h Initial 4 h

0·9% NaCl 40 D5W 98·8 5·99 5·98 0·06 0·05

D5W 10 0·9% NaCl 101·7 6·01 6·01 0·06 0·05

0·9% NaCl 40 D5W 101·9 6·00 6·00 0·06 0·05

D5W 10 0·9% NaCl 100·2 6·02 6·02 0·04 0·04

aKCl concentrations are given for solutions prior to mixing.
bSolutions were incubated in PVC infusion lines.
cMean (n=2).
dSolutions were incubated in glass containers.
e < 1 NTU is considered visually clear (11).

Table 4. Compatibility results of tirofiban HCl injection and lidocaine HCl injection solutions as determined by HPLC

assay, turbidity and pH during simulated Y-site infusion testing

Turbidity

[Tirofiban] [Lidocaine] [Lidocaine] pHd (NTU)e

Lidocaine [Lidocaine] Tirofiban after 4 hb after 4 hb after 24 hd

diluent (mg/ml)a Diluent (% of initial)c (% of initial)c (% of initial)c Initial 4 h Initial 4 h

D5W
f 1 D5W

f 100·4 96·1 100·0 6·27 6·27 0·12 0·10

0·9% NaCl 20 D5W
f 101·3 99·0 100·0 5·89 5·85 0·09 0·09

D5W
f 1 NSS g 100·8 97·7 99·5 6·05 6·03 0·19 0·15

0·9% NaCl 20 NSS g 101·0 99·2 100·1 5·85 5·84 0·11 0·09

aConcentrations of lidocaine are given prior to mixing.
bSolutions were incubated in PVC infusion lines.
cMean (n=2).
dSolutions were incubated in glass containers.
e < 1 NTU is considered visually clear (11).
fD5W=5% dextrose injection.

in duplicate. If values for duplicates of an individual Approximately 50 ml of each of the test mixtures in-

cubated in glass containers was added to separate glasssample varied by > 10% the sample was repeated and

the mean of the most consistent pair of duplicates was Hach turbidometer sample bottles. The bottles were

capped and assessed for clarity at 0, 1 and 4 h at roomreported.

temperature. In addition, pH values of solutions stored

in glass containers were measured at 0 and 4 h.
Additional assays

Clarity was determined by visual examination of test RESULTS
solutions incubated in glass containers. Clarity was con-

firmed by turbidometric analysis using a Hach tur- Solutions of tirofiban HCl injection and the other

therapeutic injections (dopamine HCl, famotidine,bidometer (Model #18900, Loveland, CO, U.S.A.).
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Table 5. Compatibility results of tirofiban HCl injection and dopamine HCl injection solutions as determined by HPLC

assay, turbidity and pH during simulated Y-site infusion testing

Turbidity

[tirofiban] [dopamine] pHd (NTU)e

Dopamine [dopamine] Tirofiban after 4 hb after 4 hb

diluent (mg/ml)a diluent (% of initial)c (% of initial)c Initial 4 h Initial 4 h

0·9% NaCl 3·2 D5W 100·8 100·8 4·82 4·85 0·07 0·07

D5W 3·2 0·9% NaCl 101·4 99·5 4·87 4·86 0·09 0·08

0·9% NaCl 0·2 D5W 100·4 98·4 5·97 5·96 0·12 0·12

D5W 0·2 0·9% NaCl 101·0 99·1 5·92 5·92 0·07 0·06

aConcentrations of dopamine are given prior to mixing.
bSolutions were incubated in PVC infusion lines.
cMean (n=2).
dSolutions were incubated in glass containers.
e < 1 NTU is considered visually clear (11).

Table 6. Compatibility results of tirofiban HCl injection and famotidine injection solutions as determined by HPLC

assay, turbidity and pH during simulated Y-site infusion testing

Turbidity

[tirofiban] [famotidine] pHd (NTU)e

Famotidine [famotidine] Tirofiban after 4 hb after 4 hb

diluent (mg/ml)a diluent (% of Initial)c (% of Initial) c Initial 4 h Initial 4 h

0·9% NaCl 4 D5W 103·2 101·7 5·61 5·61 0·11 0·11

D5W 4 0·9% NaCl 102·3 100·3 5·58 5·60 0·11 0·11

0·9% NaCl 2 D5W 101·3 100·4 6·04 6·05 0·12 0·12

D5W 2 0·9% NaCl 101·8 100·8 6·08 6·09 0·12 0·13

aConcentrations of famotidine are given prior to mixing.
bSolutions were incubated in PVC infusion lines.
cMean (n=2).
dSolutions were incubated in glass containers.
e < 1 NTU is considered visually clear (11).

sodium heparin, lidocaine HCl and potassium chlor- mixtures incubated in infusion lines for 4 h at room

temperature and ambient fluorescent light (Tables 3–ide) mixed 1:1 in glass containers remained clear and

colourless by visual inspection over 4 h at room tem- 7).In addition, no degradates were detected. Lidocaine

levels in mixtures prepared from the high lidocaineperature. Clarity was confirmed by turbidometric

analysis – samples with turbidity values < 1 NTU are use-concentration (20 mg/ml) did not decrease as a

result of contact with tirofiban HCl injection in infusionconsidered visually clear (11).

Tirofiban, dopamine and famotidine concentrations lines.

However, there was a 2–4% loss of lidocaine inremained constant as determined by HPLC in the test
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Table 7. Compatibility results of tirofiban HCl injection and sodium heparin injection solutions as determined by HPLC

assay, turbidity and pH during simulated Y-site infusion testing

Turbidity

[tirofiban] pHc (NTU)d,e

Heparin [Heparin] Tirofiban after 4 hb

diluent (U/ml)a diluent (% of initial)c Initial 4 h Initial 4 h

D5W 40 D5W 100·0 5·66 5·66 0·15 0·15

0·9% NaCl 50 0·9% NaCl 100·4 5·99 5·99 0·08 0·06

D5W 40 0·9% NaCl 99·1 5·56 5·60 0·13 0·13

0·9% NaCl 100 D5W 99·6 6·12 6·20 0·08 0·07

D5W 100 D5W 99·6 5·80 5·93 0·08 0·09

0·9% NaCl 100 0·9% NaCl 99·6 6·02 6·12 0·06 0·05

aConcentrations of heparin are given prior to mixing.
bSolutions were incubated for 4 h in PVC infusion lines.
cMean (n=2).
dSolutions were incubated for 4 h in glass containers.
e < 1 NTU is considered visually clear (11).

Table 8. Compatibility results of tirofiban HCl injection and sodium heparin injection solutions as determined by the

aPTT assay during simulated Y-site infusion testing

aPTT results (s)b

Heparin [Heparin] Tirofiban

diluent (U/ml)a diluent Initial 1 h 4 h

D5W 40 D5W 37·3 39·6 40·8

0·9% NaCl 50 0·9% NaCl 39·3 38·0 39·7

D5W 40 0·9% NaCl 38·5 38·9 40·3

0·9% NaCl 100 D5W 39·5 38·7 38·9

D5W 100 D5W 39·8 40·1 42·2

0·9% NaCl 100 0·9% NaCl 39·1 38·8 39·6

D5W 40 – 39·9 –c 42·1

0·9% NaCl 50 – 39·1 –c 43·5

D5W 100 – 40·7 –c 42·4

0·9% NaCl 100 – 38·3 –c 40·1

aConcentrations of heparin are given prior to mixing. All samples were diluted to 10 U/ml with water prior to aPTT

assay.
bMean (n=2).
cNot tested.

lidocaine–tirofiban mixtures made from the low lido- lines. This conclusion is supported by previously pub-

lished studies with lidocaine and sorptive losses incaine use-concentration (1 mg/ml) solution. This loss

is most likely a result of sorption in the PVC infusion PVC infusion bags (12, 13). Kowaluk et al. reported a
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3·5% loss of lidocaine in PVC infusion bags of saline other therapeutic infusions, either 5% dextrose or 0·9%

sodium chloride, had no apparent effect on the physicalafter one week at pH 7·4. They observed negligible

losses in similar samples at pH 5·0 and concluded that and chemical stability of the drugs tested. Tirofiban

HCl injection can be co-infused with dopamine HCl,the increased loss at the higher pH was due to a

lesser degree of lidocaine ionization and greater lipid famotidine, sodium heparin, lidocaine HCl or potas-

sium chloride infusion solutions by Y-site ad-solubility (24·0% unionized drug and octanol–water

partition coefficient of 24·0 at pH 7·4 as opposed to ministration.

0·13% and < 1 at pH 5·0, respectively).

In addition, lidocaine–tirofiban solutions stored in

glass containers for 24 h showed no loss of lidocaine

and no degradates were detected in the infusion line

samples, which further supports the theory that lido- REFERENCES
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