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SUMMARY 

The compatibility and stability of diazepam 5 mg/ml in 30% sodium salicylate, fol- 
lowing dilution with 5% dextrose and normal saline, was investigated. Test dilutions rang- 
ing from 1 : 1 to 1 : 100 did not result in immediate precipitation and remained clear for 
at least 1 h and 3 h after dilution with 5% dextrose, normal saline or human plasma 
respectively. However, microcrystal precipitation was noted in some solutions thereafter. 

No precipitation was observed when diazepam-sodium salicylate solution was injected 
at varying rates into the tubing of 5% dextrose and saline infusions moving at low rates. 

Diazepam-sodium salicylate solution induced a higher degree of haemolysis in vitro 
and was less bound to bovine serum albumin than a commercial diazepam injection. 
Sodium salicylate competitively inhibited the binding of diazepam to bovine serum albu- 
min. 

Further studies are necessary for the clinical evaluation of this diazepam-sodium 
salicylate combination. 

INTRODUCTION 

There is considerable controversy regarding the dilution of diazepam iujection with 
propylene glycol as the main solvent. Failure of the vehicle to maintain complete solubili- 
zation of the drug after dilution resulted in the precipitation of diazepam in intravenous 
preparations (Jusko, 1973; Morris, 1978) and presumably at the injection site (Langdon 
et al., 1973; Assaf et al., 1975). This precipitation as well as the local irritation produced 
by propylene glycol could be responsible for the undesirable clinical effects reported after 
diazepam injection (Graham et al., 1977; Keller, 1973). However, diazepmn infusion in 
intravenou~ fluids has been used in various cases with confusion concerning the stability 
and compatibility of the injection after dilution ,IBaxter et al., 197'I; Tehrani and 
Cavanaugh, 1977) and the rate of infusion (Jusko et aL, 1973;Korttila et al., 1976). 

In a previous communication, we suggested the use of 30% sodium salicylate in water 
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as a solvent for diazepam solution. 5 mg/ml (Saleh et al., 1980). The present study was 
carried out to investigate the compatibility and stability of  this diazepam solution follow- 
ing dilution with two intravenous fluids and plasma. The in vitro haemolytic activity and 
the extent of binding to bovine serum albumin for diazepam-sodium salicylate solution 
and a commercially available diazepam injection were compared. Further, the effect o f  
sodimn salicylate on the haemolytic activity and protein binding of diazepam was 
studied. 

MATERIALS AND METHODS 

Dihlt:on with intravenous fluids 
Test dilutions of  diazepam i solution, 5 mg/ml, in 30% sodium salicylate 2 were pre- 

pared in thoroughly cleaned and dried volumetric flasks, with 5% dextrose 3, normal 
saline 4 or human plasma s. Dilutiom were made in duplicate at an ambient temperature 
of 18°C. The prepared dilutions (1 : 1 to 1 : 100 corresponding to 250 rag/100 ml to 
5 mg/100 mr) were examined with a reading lens for the presence of  visible precipitate or 
microcrystals using a sample of the intravenous fluid for comparison. 

Samples of  the test dilutions with 5% dextrose and normal saline were suitably diluted 
with 0.1 N HCI and assayed spectrophotometricaily 6 for diazepam content by measuring 
the extinction at 365 ran. At this wavelength, the highest concentration of  sodium sali- 
cylate in the diluted samples did not interfere in the assay of  diazepam. The percentage 
concentration of  diazepam in solution was calculated with reference to the initial concen- 
tration. 

The reported results are the means of  two experiments. 
in another experiment, diazepam-sodium salicylate solution was injected at rates 

ranging from 0.5 to 2 ml/min into infusion tubes containing 5% dextrose or normal saline 
moving at rates ranging from 5 to 20 ml/min and the solutions were inspected for precipi- 
tation visually. The pH values of the test solutions were measured 7 immediately and 24 h 
after dilution. 

Hemolysis study 
Human blood s was used after defibrination. "Ihe RBCs were washed with normal 

saline and centrifuged until the supernatant was colourless. The RBCs were then diluted 
to the original volume with normal saline. Different concentrations of diazepam were 
prepared by diluting diazepam-sodium salicylate solution and a commercially available 
diazepam injection s with normal salirie. A colorimetric method (Ansel and Cadwallader, 

t Courtesy of Hoffmann-La Roche Pharma Division, Basle, Switzerland. 
2 Riedel-De Haen AG, Seelze-Hannover, G.F.R. 
3 B. Braun, Melsungen AG, G.F.R. 
4 Vifor, S.A. Geneva, Switzerland. 
s Blood Bank, Tripoli, Libya. 
6 Shimadzu Digital Double-Beam Spectrophotometer UV-150-02. 
7 Coming pH meter 113. 
s Stesolid, 10 rag/2 ml, Lot. no. 47516, Dumex, Denmark. 
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1964) was employed to determine the degree of haemolysis in each test solution. One- 
tenth ml of RBCs suspension was incubated with 10 ml of the different solutions at 
25°C for 45 min. The urthaemolyzed cells were settled by centrifugation at 3000 rpm for 
10 min and the absorbance readings of the haemolysate determined at 550 nm. Each 
absorbance reading was compared with a total haemolysis reading obtained by laking red 
cells in distilled water. The degree of haemolysis occurring in each test solution was cal- 
culated as a per cent of total haemolysis. The data presented are the means of 3 experi- 
ments. Similar experiments were carried out to test the haemolytic activity of different 
concentrations of sodium salieylate. 

Protein binding study 
The binding of bovine serum albumin 9 of diazepam in sodium salicylate solution and 

in Stesolid was studied using the equilibrium dialysis method. Both solutions were diluted 
to 20 mg/100 ml diazepam with 0.15 M phosphate buffer, pH 7.4. The same buffer was 
used to prepare 1% BSA solution immediately before experimentation. Dialysis bags t0 
Idled with ! 0 ml of the albumin solution were placed in paired glass tubes containing 
10 ml of the test solution, Equilibrium was establishe6 by mechanical shaking at room 
temperature (22°C) for 7 h, sufficient time for the dialysis equilibrium of diazepam. The 
concentration of free diazepam in the outer solution was determined spectrophotometri- 
tally at 365 nm. The repelled per cent diazepam boand represents the mean of two 
determinations. 

In a similar experiment, ~ e  effect of different concentrations of sodium salicylate on 
the per cent diazepam bound was studied. Further, the binding of diazepam (5-20 X 
10 -s M) to BSA in the absence and the presence of sodium salicylate 2 × 10 -3 M was 
investigated. A molecular weight of 69,000 has been assumed for BSA. 

RESULTS AND DISCUSSIONS 

Dilution with intravenous fluids 
Dilution of diazepam, 5 mg/ml in 30% sodium salicylate, with 5% dextrose or normal 

saline did not result in immediate precipitation or transient cloudiness under all ~.ondi- 
tions of dilution. Table 1 shows that all test solutions remained clear for at least 1 h and 
3 h after dilution with 5% dextrose and saline, respectively. Slight to deafly visible micro- 
crystalline precipitate was noted in some dilutions while others did not show any sign of 
incompatibility 24 h after dilution. 

The stability of diazepam in the test solutions was followed up by determining the 
drug concentration over a period of 24 h (Tables 2 and 3). Diazepam concentration 
remained unchanged except in solutions showing microcrystal formation. 

When diazepam-sodium salieylate solution was diluted with plasma, no precipitation 
was noted in all dilutions during the 3-h study period. However, immediate precipitation 
was visible when Stesolid was diluted with plasma under the same conditions. Precipita- 
tiow of diazepam injection in human plasma has also been reported by Jusko et al. 

9 BSA rain. 92%, Cohn, Fraction V. 
a o Sigma Chemicals, St. Louis, Me. 63178 U.S.A. 



114 

TABLE 1 

PRECIPITATION U ~  DIAZEPAM, 5 m g / m l  IN 30% SODIUM SALICYLATE SOLUTION A F T E R  
DILUTION WIT[-! 5% DEXTROSE AND N O R M A l ,  SALINE 

Dilut ion T ime  in hours  

1 1 . 5  2 3 5 7 2 4  1 3 5 7 24 

5 %  Dextrose Norma l  saline 

1 +  1 - - - ± + + + . . . . .  
1 +  2 - + + + + + + . . . . .  
1 +  5 - + + + + + + - - ~: ± + 
1 +  1 0  - ± ± + + + + - - ± + ÷ 

1 +  15 - - - ~ + + + - - ± ± + 
1 ÷  20  - - - ± + + + . . . .  + 
1 +  30 . . . . .  + + . . . .  ± 
1 +  50  . . . . . .  ± . . . .  ± 
1 + 1 0 0  . . . . . . . . . . . .  

- = no precipi ta t ion;  ± = slight prec ip i ta t ion;  + = clearly visible mic rocws ta l l ine  pFecipitat ion.  

(1973). Further, no precipitation was observed when diazepam-sodium salicylate solu- 
tion was injected into the tubing of running 5% dextrose or normal saline infusion at a 
rate of 2 ml/min even though the infusion rate was as low as 5 ml/min. 

Lack of immediate precipitation following dilution of  diazepam-sodium salicylate 
solution and after injecting this solution into running infusions can be attributed to the 
aqueous nature of the solvent system used. Such a system is likely to provide, upon dilu. 
tion with aqueous fluids, a relatively stable supersaturated diazepam solution. This could 
be advantageous if one considers the clinical problems attributable to the precipitation of 

TABLE 2 

PER CENT * O F  INITIAL CONCENTRATION O F  DIAZEPAM, 5 m g / m l  IN 30% SODIUM SALI-  
CYLATE, A F T E R  DILUTION WITH 5% DEXTROSE 

Dilution 0.5 h 2 h , 5 h 7 h 24 h pH 

1 + 1 99.7 99.7 88.2 65 .2  39.2 6 .30  
1 + 2 99.7 94.0 57.2 40 .2  26.0  6 ,20  
1 + 5 101.4 76.0 37.6 25.6 18.6 6 ,20  
l + 10 101.0  94.5 38.0 27.5 21.3 6 .10  
1 + 15 102.5 102.5 60.8  43 .9  27.0  5 .80  
1 + 20 98,3 99.8 78.5 56 .7  33.6 5 .80  
1 + 30 100.4 101.0 100A 78.6 43 .0  5 .80  
1 + 50  99.8 99.6 99.6 99.7  82.6 5 .75 
1 + 100 99.6 99.6 99.7 99.6  99.6 5 .70  

* The  calculated values are the  means o f  two de terminat ions .  
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TABI.E 3 

PER CENT * OF INITIAL CONCENTRATION OF DIAZEPAM, 5 mg/ml IN 30% SODIUM SALI- 
CYLATE, AFTER DILUTION WITH NORMAL SALINE 

Dilution 0.5 h 2 h 5 h 7 h 24 h pH 

1 + 1 100.4 100.5 100.5 100.3 100.0 6.75 
1 + 2 100.6 100.7 100.5 100.5 29.9 6.74 
1 + 5 100.8 100.7 99.3 98.4 22.7 6.77 
1 + 10 100.5 100.5 90.0 76.4 20.7 6.70 
1 ÷ 15 100.1 101.0 97.0 95.9 25.5 6.40 
1 + 20 100,8 100.7 99.8 99.3 66.6 6.40 
1 + 30 101.1 101.0 100.4 100.0 95.0 6.60 
1 + 50 99.3 99.2 99.1 99.2 90.8 6.50 
1 * 100 99,4 99.4 100.8 100.4 100.8 6.50 

* The calculated values are the means of two determinations. 

diazepam injection with propylene glycol as the main solvent in intravenous fluids (Jusko 
et al., 1973; Morris, 1978) and presumably in the veins after injection (Lingiaerde and 
Nordb~6, 1974; Langdon et al., 1973). 

The pH values of the test solutions are presented in Tables 2 and 3. They ranged from 
5.70 to 6.75. Measurement of pH immediately and 24 h after dilution resulted in nearly 
constant values for all solutions. This slightly acidic pH would not affect the stability of 
diazepam which undergoes hydrolysis at high and low pH levels (King, 1973). 

Haemolytic activity 
The haemolysis curves obtained for diazepam-sodium s',dicylate solution and Stesolid 

are presented in Fig. 1. Both solutions were diluted to different concentrations (20-50 
mg/100 ml) using saline. The figure shows that diazepam-sodium salicylate solution 
exerted a higher haemolytic effect. This could not be attributed to a difference in pH as 
the pH values of all solutions tested were in the range c~f 6A0-6.70. Various solvent sys- 
tems were reported to alter the haemolytic response of the erythrocyte to chemical sub- 
stances (Ansd, 1965; Ansel and Cabre, 1970). Therefore, the haemolytic effect of sodium 
salicylate solution was tested over a concentration range of 1-10% in saline. The haemo- 
lysis curve obtained (Fig. 2) shows that salicylate concentrations up to 5% had a negli- 
gible haemolytic effect. Haemolysis caused by higher concentrations may be the result of 
surface tension decrease (Saleh and York, 1978). 

Lack of salicylate haemolytic activity in the concentration range used in the first 
experiment (Fig. I) indicates that haemolysis by diazepam-sodium salicylate sok:ion 
was mainly diazepam induced..Although the nature of the interaction drug-vehicle and 
erythrocyte was not investigated, results of this study indicated that the cellular activity 
of diazepam against the erythrocyte was different in sodium salicylate solution and 
Stesolid. The drug was shown to be more active or more available to the erythrocyte in 
the former solution. It is important to note that the haemolysis occurring in vitro in this 
study would not be likely to occur in vivo as the intravenously injected solution will be 
dihRed in the total blood volume. 
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, diazepam-sodmm salieylate solution in saline; 
a commercial diazepam injectio. (Stesolid) in saline. Points represent the mean ± S.E. of the mean. 

Fig. 2. Haemolytic acttvity of sodium salieylate in saline. Points represent the mean ± S.E. of the 
mean. 

Protem binding 
Results of  the in vitro protein binding study indicated that diazepam in sodium sali- 

cylate solution was less bound (21.1 -+ 1.8%) than diazepam in Stesolid (37.0-.+ 1.0%). 
Salicylates are known to bind to serum albumin and displace many drugs from their 
binding sites (Sturman and Smith, 1967; Higashi et al., 1978). Thus, the effect of  sodium 
salicylate on the binding of  diazepam to bovine serum albumin (BSA) was studied. 
Increasing salicylate concentrations up to 0.8 × 10 -3 M markedly reduced the per cent of  
diazepam bound (Fig. 3). Higher salicylate concentrations resulted in the same inhibitory 
effect. 

For further understanding of the nature of this inhibitory effect, tile data obtained 
for the binding of diazepam to BSA in the absence and the presence of 2 X 10 -3 M sodi- 
um salicylate were plotted according to the Klotz equation (Klotz, 1953) and the results 
are shown in Fig. 4. Plotting of the reciprocal of  the moles of  diazepam bound per mole 
of albumin versus the reciprocal of the concentration of unbound diazq,~pam resulted in 
straight lines with a common intercept. In the presence of  salicylate less diazepam was 
bound to BSA. A common ordinate intercept indicates that diazepam and salicylate com- 
pete for the same binding site on albumin. It has been suggested that the benzodiazepine 
binding sites on BSA are located near positively charged groups of  the protein molecule 
(Muller and Wollert, 1976). This is supported by our results which indicate that an 
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Fig. 3. Effect of  increasing concentrations of  sodium salicylate on the per cent dtazepam bound to 
BSA, 

anionic drug, sodium salicylate, known to interact electrostaticaUy with cationic centres 
on albumin (Lindenbaum and Schubert, 1956) competes for diazepam binding sites on 
BSA. 

In the present study, diluting diazepam 5 mg/ml in 30% sodium salicylate solution 
with 5% dextrose and normal saline did not result in immediate precipitation or transient 
cloudiness. However, microcrystal precipitation occurred in some test dilutions on storage 
at 18°C. This diazepam solution was injected at different rates into infusion tubes con- 
taining 5% dexUose or norm',d saline running at low rates without drug precipitation. 

Diazepam in sodium salicylate solution exerted a higher haemolytic activity and was 
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Fig, 4. Double-reciprocal plot for the binding of diazepam to BSA. o, in the absence of salicylate, r = 
0 . 9 9 7 8 ;  e ,  in the presence of 2 X 10 -3  M sal icylate ,  r = 0 . 9 9 8 5 .  r = correlation coefficient. 
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less bound to BSA compared to a commercially available diazepam injection (Stesolid). 
Sodium salicylate competitively inhibited the binding of  diazepam to BSA. 

Diazepam-sodium salicylate solutiol~ might be a clinically useful combination to 
achieve the tranquillizing and analgesic ~,ffects desirable in many instances. However, as 
the potency of  benzodiazepines may be greatly modified by ciifferent solvent systems, 
either due to differences in solubilization ,3f the drugs or to the ]~harmacologic activity o f  
the solvent (Crankshaw and Raper, 1971). in vivo studies witlh diazepam-sodium sali- 
cylate solution will be undertaken. 
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