
V , .  - -

L~v ~-A U Sl4 721 ARMY INST OF DeNTAl. RESEARCH WASHINSTOtI D C F/S 6/5

~ 
V SOLUBILITY OF INJECTABLE VALIUM IN INTRAVENOUS SOLUT IONS .(U)

MAY 76 M F GROWER. C A RUSSaL. L GETTER
UNCLASSIFIED ML

__  U!
END

DATE
FItULO

6 —78
DC

I
I
III
ii

4



1.0 ~~~ ~
II~

II _______ 

~~ ~~3 2

I.’ 
L~

~1tI.8

11111’ .25 lUhI~ ~
Q I •6

MICROCOPY RESOLUTION TEST CHART

~A1IONAL AURLAU Of SIA NOA ROS - 1963-A



SEC~ JI~T~~~ CLASSIFI CATI0N OF THIS P A G E  (~Then Data Entered) FOR FURTHER IRAN ~~~~~ .1
~~~~~~ 

I I H E k I ~~~~~~I~~~~~D~~~~E 
READ 1~~STRUC TIONS

.~ r~ j r~ . i#~i~~um fl I S~ I I’JS’~ U ~~ BEFORE COMPLET :NG FORM
I T ~ EPORT N U M B E R  2. 3OVT ACCESSION 3. Ed ~ENTS CATALOG NUMBER

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ CV . 
_ _ _ _ _ _ _ _ _

___ LIlY’ (~~ ~~~~~~~~~ 
-- —.—.— ~-. 5. TYPE 0 F1~~~~~ ~~~~~~~~~~ ~~.j  3~~~*~~.L

~So lubi li ty of Injectable Valium in tntravenou ~~~~~~~~~~~~~ f~ i ,1

~~ ~~~~~ ions. ..~~~~~. . —.——— —-—
~~~ ~l Ja n ‘

~~3 May7 8 .
6. PERF~~°~~~~~ I 

6. CONTRACT OR GRA NTNUMBER(e)

~~ARV I N ~ ./~R0WER , EMERY ~~~. aUSSELL , ~R. ~~~~~~~~ .
.

LEE/GETTER

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I0. PROGRAM ELEMENT,PROJE C T. T A SK

Walter  Reed Army Medical Center 6 l l o z ~~~~~~~~~~1~~2~~~1 R /
• Washington , DC 20012 4 ~~~~O67

II. CONTROLLING OFFICE N A M E  A N D  ADDRESS R (~BT T~~k?O

U. S .  Army Medical Research ~ Development Command( 13 May ~~78 ~FIQDA (SGRD-RP) \.. ~4. NUMBER O F PA G E S ~~~~Th
Washington , DC 20314 13 ~ ~~ /

1 T~~ MONITOR ING AGENCY N A M E  B ADDRESS(I1 different from Contro1iin~ Oflice) 15. SECURITY CLASS. Is repo/t)f

>~ UNCLASSIFIED
15a. DECLASSIFICATION/DOWNGR ADINGC...) SCHEDULE

L.LJ IS. DISTRIBUTION STATEMENT (of tAle Report)

,.,..J This document has been approved for public release and sale; its distribution
is unlimited .

______ 17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if differen t from Report)

15. SUPPLEMENTARY NOTES /

None . .

19. K EY WORDS (ContInu, on reverse .id. if necessary and identtfy by bloc k number)

Va lium Intravenous Solutions , Sal ine , Lactated Ringer ’ s , 5~ Dextrose in Saline ,
Solub i l i t y , Plasma .

20 ABSTRA CT (Contjnu. on reverse aide II necessary and iI’~nIfy by block numb..,.
A study of the so lu bi l i t y  of Va l ium ~n common ly used intravenous solut ion s showe
Val ium to be equall y insoluble in 5.~ dextrose in sa l ine , norma l sa li ne , and
Ringer ’ s lac ta te .  However , t he prec ip i ta te  whLh was formed became complete l y
resuspended when mixed with as little as 39 42~ plasma in vitro. This would in-
dicate tha t the chalky precipitate seen in the LV . tubing when Valium is in-
jected into a running LV. near the venipuncture s i te  become s resuspended when
m ixed w i th  p lasma in v ivo. If one elects to inject Val ium into the tubing of a
running LV . ,  i t  Is  recommended that the drug be admin istered slowly to assure ...,.,

~~~~ FORM
~~~~ I JAN 73 1473 EDITION OF 1 NOV 65 IS OBSOLETE

W~CLASS IFIE D

- 

~~~ ( 7~~~~’ry CLASSIFICATION OF THIS PAGE (ITh.n Data Ent.re~4)



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(lThen bats Entered)

20
’

ontinu~ed ~
adequate m ixing with blood plasma in order to prevent the circulation of
partic ul ate matter .~~

SECURITY C LASS IFICAT ION OP THIS PAGE(W~en Date Ent.,.d ) 

—



SOLUBIL ITY OF INJECTABLE VAL I UM IN INTRAVENOUS SOLUT I ONS

Marvin F. Grower , D.O.S., Ph.D.

Emery A. Russell , Jr. , D.D.S., M.S.D.

Lee Getter , D.D.S , M .S.D.

U. S. Army Ins titute of Dental Research

Wal ter Reed Army Med i cal Center

Washington , D.C. 20012

I



SUMMARY

A s tudy of the solubi l ity of Valium in commonly used intravenous

solutions showed Val ium to be equally insoluble in 5~ dex t rose in

norma l saline , 5~ dex t rose in wa ter , norma l saline , and Ringe r ’s

lactate. However , the precipitate which was formed became completely

resuspended when mixed with as little as 39-42~ plasma in vitro.

This would indicate that the cha l ky precipitate seen in the l .V. tubing

when Valium is i njected into a running I.V. near the ven i puncture site

becomes resuspended when mixed with plasma in vivo. If one elects to

injec t Valium into the tubing of a running I .V., i t  is recommended that

the drug be adminis tered slowl y to assure adequate mix ing wi th blood

plasma in order to prevent the circulation of particulate matter.
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Valium is currently one of the most popular drugs used in the

psychosedati ve management of the apprehensive dental patient. Various

techniques are advocated for its administration from direct injection

into a vein to injection of the drug into a running l.V. ’’~ However ,

the manufacturer states that the drug should not be added to LV .

fluids or other solutions or drugs. 3 Presumabl y this is because of

the formation of a cloudy precipitate immediatel y upon addition to

aqueous solutions. Grower et al.~ have shown that saturated aqueou s

solut i ons of Valium in norma l saline redissolve when added to plasma ;

however , they presented no data on the behavior of solutions of Valium

added to othe r common l y used intravenous fluids. The present stud y

was , therefore , undertaken to study the behavior of Valium when added

to lactated Ringer ’s solut ion , 5~ dextrose solutions , and norma l saline;

and to see how human blood plasma affects the solubi li ty of Valium in

these solutions.

MATERIAL S AND MET HODS

The injectable Valium used (Roche Laboratories) was a straw-colored

liquid packaged in 2 ml disposable syringes containing 10 mg of diazepam

compounded with 4O~ propy lene g l yco l , lO~ ethy l alcohol; 5~ Na benzoate and ,

benzoic acid as buffers , and l.5~ benzy l alcohol as a preservative .

Diazepam itself is a colorless crystalline compound , insoluble in water ,

with a mol ecular weight of 284.74. The injectable Valium commercially

available shows an intense UV absorption in the reg ion of 220 - 320 nm

(nanometers) but does not show any si gnificant absorbance at hi gher

wave lengths in the visible light spectrum .

— ,—~~~.—-.—- .-- - .-..- ———-—— - .—— . . , . . ..— r~~— ~‘ r  —
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The intravenous solutions tested in this stud y were Ringer ’s

inject i on , lactated , U.S.P. (Travenol Laboratories); sod i um chloride

inj ection , U.S.P. (sod i um chloride 0.9% in water , Travenol Laboratories);

5% dextrose and 0.9% sod i um chloride inject i on , (J.S.P. (Cutter

Laboratories) ; and 5% dextrose in water (Abbott Laboratories).

When the stock solution of injectable Valium was added directl y

to the intravenous solutions tested , the solutions became cloudy. Since

Val ium in solution itself does not absorb li ght in the visible li ght

range , the cloudiness of the solution s was due to the Valium precipi-

tating out of solutions. This behavior allowed the turbidity of the

solution to be measured using the techn i que of nephelometry. 5 The

absorbance of the resulting turbid solutions was read in a spectro-

photometer at a li ght wave length of 560 nm. Utilizing this method ,

the solubilities of Valium in the intravenou s solutions tested , plasma ,*

and the resuspension of Valium intravenous solution mixtures into plasma

were stud i ed .

The so lubi lity of Valium added directly to plasma or intravenous

solutions was determined by adding measured vo l umes of injectable Valium

to lactated Ringer ’s solution , normal saline , 5% dextrose solutions , and

plasma ; and measuring the turbidity (absorbance) of the solution with

a Gilford Model 220 Spectrophotorneter equipped with a dig ita l read-out.

Since propylene glyco l is the major vehicle used in the commercial

preparations of Injectable Valium , the blank used to standardize the

spectrophotometer at each concentration of Valium tested was an equiva-

lent vol ume of propy lene glyco l added to the correspond i ng intravenous

*Human blood plasma obtained from a blood bank.
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solution or plasma . (Propylene g l ycol when added to the ‘ .V. fluids

or plasma tested , does not produce a cloudy solution.)

The solubi l izing effect of human blood plasma on saturated solu-

tions of Valium in lactated Ringer ’s, saline , and 5% dextrose solu-

tions ~as determined by the addition of measured vo l umes of plasma to

0.8 ml samples of the saturated Va lium -LV . solutions. The saturated

solutions had a Valium concentration of 1 mg of Valium per ml of

solution . The blank for this experiment was an equivalent vo l ume of

propylene glycol-l.V . solution to which the same plasma volumes were

added .

RESULTS

Fi gure 1 shows that the so lubi l ity of Valium in LV. solutions

(dotted line in the figure) was the same regardless of which solution

was tested . Valium was soluble in the I.V. solutions when added at

a concentration of 0.35 mg/ml or less. At 0.45 mg of Val ium/m l of

fluid , some turbidity of the solution was noted . The addition of 0.04 mg

of Valium to this solution , to produce a solution containing 0.49 mg

Valium/mi , caused a four-fold increase in absorption ; and at a Valium

concentration of 0.55 mg/ml a very turbid solution was noted which

reached max imum absorbance at 1 mg of Va lium/m l of I.V. solution .

Figure 1 also shows that the so lub ility of Valium added to blood

plasma (dashed line) was three times as grea t as when added to I.V.

solutions. Turbidity of the Valium plasma mixture was not noticeable

until a concentration of 1.48 mg Va lium/m l of plasma was reached (0.42 ml

of stock Valium solution added to 1 ml of plasma). In addition ,
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Figure 1 shows that three time s as much Valium in plasma was required

to cause an equivalent maxima l solution turbidity as tha t measured

when Valium was added directly to aqueou s i.V. solutions.

Figure 2 shows the results of an exper ment to determine the

minima l amount of p lasma necessary to cause the undisso lved Valium

present in saturated i .V. solutions to redissolve .

When as little as 20% plasma (0.2 ml of plasma added to 0.8 ml

of saturated Valium I.V. solution) was mixed with a saturated Valium

I.V. solution showing max i ma l absorpt i on as seen in Figure 1 (1 mg

Valium/mi of solution), more than 80% of the prec i pitated Valium went

into solution . Comp l ete so lubil ity appeared to be achieved at a plasma

concentration of 39_L~3%. Figure 2 also shows that Valium in lactated

Ringer ’s, sal ine ,and 5% dextrose solut i ons all showed similar solubility

behavior when added to blood plasma .

DISCUSS ION

It is apparent from this study that although the solubility of

inj ectable Valium in all of the intravenous solutions tested is very

low , the so lubi l ity of injectable Valium in plasma , or suspension of

Valium in I .V. solutions mixed with plasma , is much greater. The

limited solubi lity of injectable Valium when added to f.V. solutions

indicates that only small amounts of Valium should be added to an I .V.

solution at one t ime in order to insure that the Va l ium redissolves

when it enters the vein. In addition , the slow injection of the Valium

LV . suspension into the veins will insure that a sufficiently high

volume of blood is present (i.e., greater than 40—50%) to insure com-

plete resuspension of the Valium and thus prec l ude the circulation of
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particulate matter.

The similarity in behavior of all of the I.V. soluti on s tested

when mixed with Valium suggests that any of the four solutions could

be used as a vehicle to deliver the Valium to the vein. The use of

5% dextrose solut i ons in small veins has, however , been associated with

the production of thrombophlebitis 6 as has I.V. administration of Valium ,

which would tend to contraindicate their combined use since 5% dextrose

does not provide any advantage over norma l saline .

In conducting this in vitro stud y, it was necessary to use plasma

rather than whole blood because the absorbance of whole blood is so

great that any turbidity due to undissolved Valium could not be detected .

The blanks consisted of (1) p lasma or I.V. solutions to whi ch was added

a volume of propylene glyco l equa to the vo l ume of Val ium solution

used , or (2) propy lene glycol I.V. solution s added to plasma when the

absorbance of Valium l .V. solution s added to plasma was stud i ed . This

procedure was necessary, especially in the case of the addition of Valium

to plasma and the addition of Valium t .V. solution s to plasma , because of

the dilution of the plasma by the vehicles in which the Valium itself was

dissolved . The dilution caused a negative change in absorbance; there-

fore, it was necessary to use the above blanks for each samp le.

The data obtained from the present study indicate that the Valium

precip itate formed in I .V. solutions (similar to those produced by the

slow injection of Valium into a running I.V. dri p) i mmediatel y resuspends

in plasma in vitro , and hence should exhibit the same behavior in vivo.

However , caution must be observed in the use of this method . Valium
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should be added only to the tubing of the I .V. drip close to the veni—

puncture site at the time of administration and should not be prediluted

with the I.V . solution s in the mixing bottle. Valium diluted in the

bottle will form a green precipitate on standing if not i mmediately

stabilized by mixing with blood or plasma .

* *

Commercial materials and equ i pment are identified in this report

to spec i fy the investigative procedure . Such identification does not

imply recommendation or endorsement , or that the materials and equ i pment

are necessarily the best available for the purpose. Furthermore , the

opinions expressed herein are those of the authors and are not to be

construed as those of the Army Medical Department.

Requests for Reprints to:

LTC Marvin F. Grower , DC
Division of Ora l Biology
U. S. Army Institute of Dental Research
Walter Reed Army Medical Center
Washington , DC 20012
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Figure 1 . So lub ili ty of injectable Valium added to intravenous solutions

or plasma .

The solution turbidity measured at an absorbance of

560 nm represents the solubi l ity of the injectable Valium

added to the solutions tested . The absorbance versus the

Valium concentration is p lotted on a three cycle semi loga-

rithmic scale so that the full range of absorbance changes

can be Conven i entl y seen . The so lubility of Valium added

to intravenous solution s are represented by the following

symbols: open triangles = 0.9% sod i um chloride in water;

open diamonds = lactated Ringer 1 s solution ; open

squares = 5% dextrose solutions. (Both 5% dextrose in

0.9% saline and 5% dextrose in water gave similar results.

The open squares represen t the average of the two solutions.)

The dotted line connecting the symbols represents the

average so lubi li ty of the four solutions tested . The open

circles connected by the dashed l n e  show the so lubi l ity of

Valium added to human blood plasma .
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•Fi gure 2. Effects of plasma on the solubi l ity of Valium in intravenou s

solutions.

The saturated solut i ons of Valium in the intravenous

solution s were made by adding 0.16 ml of stock Valium (5 mg/mi)

to 0.64 ml of the solution s being tested . This produced

saturated solutions with a Valium concentrations of 1 mg/mi .

The reference control sc’lution s were made up by adding 0.16 ml

of propy l ene g l ycol to 0.64 ml of the corresponding I .V.

sol utions. These solutions were clear , and were used to

zero-in the spectrophotometer for measurement of the absorb-

ance (at 560 nm) of the solutions be i ng tested . The absorb-

ance of the control solutions and the I.V. solutions saturated

with Valium were then measured after the addition of plasma

(0.03 ml to 0.6 ml = 6% to 43% plasma) .

The absorbance changes are expressed as the percent of

control . (The absorbance of the control solution containing

the I.V. solution , propylene glycol , and plasma was divided

by the absorbance of the test solution containing the I.V.

solution , Val ium , and plasma.) The bars filled with black

dots show the results for sodium chloride 0.9% (norma l saline);

the black bars filled with white dots show the results for 5%

dextrose solutions , and the bars filled with diagonal lines

show the results for lactated Ringer ’s solution .
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