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Propviene glycal (POY is a widely used vehivle for
water-insoluble i‘il’iﬁ%b Injection of drugs formulated
with this solvent often results in pain, thre ormhosis, or
thrombophlebits that can be reduced by premedice-

tion with locad anesthetics oy m:smﬁ« Because osmo-
fality andd pH that eve unphysiologic may cause thess
adverse effects, we assessed the contribution of PG to
the psmolality of paresteral drug formulations.
{srooladity of PG measured in distilled water showsd
that PG content and osmolality were directly related:
2% wiival PG, 268 mOsdL; 100% PG, 15,200 mOsmdL.

The osmwlaities of commentindly available preparations
of drugs dissolved in “Q,z T n;‘ssd fmm 3&5 m@am&

most above ‘ % K&«piawmem of Pl b» &
solvent with Emver @»sma}st“ in Germany has effec-
tvely reduced the incidence of side effects for one drug,
Unill PO ocan be replaced in drugs, we recomumend
dituting dougs in 2 large volume of saline solution; this
may help i minimize the undesirable effects of this
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in on injecon and thrombosis or throme
bophlebitls after intravenous administration of
various drugs are frequent, undesired side of-
fects {1-3). Besides causing direct chemotoxic effects,
the unphysiclogic mmuiahw and pH of these drugs
are mechanisms of zz'sﬁm‘;maimn and histologic
rhanges in vessels (4-6) and may cause hemolysis f“"’}
Eromidate, for example, known to be painful on
infection and to frequently cause thrombophlebitis
{2}, has an csmolddity of 4965 mCsnvl (8}

Muscle damage and incressed creatining phos-
phokinase activity in plasma are directly associated
with both the volume and the QMT{K}x.ﬁili‘, of sub-
stances infected intramuscularly (9. Most of the
irritant properties on intramuscular m;aa%mn of a
chlordiazepoxide preparation have been attributed i
the ssmolality and pH conveyed by propviens gly &oﬁ
(P35}, the solvent in which it is prepared and admin-
istered {3). Propylens glycol is also the solvent vehicle
for many other drugs that angsthesiologists adminis-
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ter, for example, stomidate, nitroglyeerin, dlazepam,
lorazepam, and dexamethasone.

Although the osmolalities of many parenteral
drugs often used in anesthesia have been measured,
their solvents have not been lsted (8). The purpose of
this study was to assess the proportion contributed
by the solvent PG 1o the overall asmolalit by of drug
preparations, We measured the osmolality of stane
dard solutions of PG in distilled water and the osmo-
lality and pH of drug formulations containing PG
These values were also determined for two new
preparations of etomidate, 3ppafmt§v devoid of
venous side effects (2,10}, and for propofol, known o
ke painful on intravenous injection {11}

Methods

Eiphteen commercially avallable drugs for parenteral
administration with PG contents ranging from 2% o
83.64% {wt/vol) were investigated, Included were an
induction hypnotic, benzodiazepines, corticoids, an

antibiotic, five drugs often used by anesthesiologists

in emergency or intensive care setlings, and Jdi-
dofenac formulations for intramuscular injection. In
addition to PG, 10 of these drugs contained other
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¥ PROPYLENE GLYCOL FORMULATIONS

solvents or preservatives, such ag berwyl aleohol,
benzoic ackd, ethanol, and sodium disulfite.
Etomidate in lipid emulsion {(10% medium-chain
trighveeride and 2;3 soyvhean emulsion, B. Braun,
Melsungen, Germany) and etomidate in hydeonypro-
pyl- f?(»'xiﬁdutrm ﬁa:;%wn, Neuss, Germany), two
new preparations currently wnder dinical investiga-
tion, were supplied by the manufacturers, Stock
solution of PG (Caslo, Hilden, Germany) was used.
For dilution we uwd double-distilled water and come
mercially available 0.9% saline solution or glucose
5%. Three series of measurements were performed:

L Osmolality of solutions conlaining 0%-100% PG
dissolved in distilled water.

2. Osmolality and pH of all selected drugs after
difution, ss imdicated by product information.
Etomidate in PG was diluted 1:2 in 0.9% saline
solution.

Osmolality and pH of seven drugs kept in syringes
over & 24-h period. Measurements were per-
formed ammvdmi@}v after drawing the drug into 2
wrmgvmd after 2, 4, 6, and 24 h. During the first
& h, syringes were stored 21 room temperature
{23°C) and thereatter in a refrigerator,

s

Usmolality was measured on an osmometer
{Enauer Semd-micro Osmometer, Berlin, Germany)
with an an logic, myie range scale {0400, G-BOG,
ami 01600 mﬁ%m] Dru s with opsmolality
=600 mQum/L were ::i;iuted 1010 with double-
distilled water using a 1000-uL Eppendorf pipeite
and a 10 {(=0.04bmL volumetric flask. The result was
multiplied by 10, Mean csmolalities were calculated
from five different measurements. The coefficient of
iafion in measurement with this osmometer was
Values »800 mOsovl were rounded to the
mearest 10, Values of osmolality were also caleulated
according t the formuls of theoretical osmolality:

(B Mgen ™ ikl

where & iz the ;:::ssmmii: pefficient ($ = i} o the

1 ﬁ'mmn

solubtion a’i‘f‘*;z’;e::‘; atm {r‘ = ’J am“? ti’w COICE
in moles per kilogram {12}, The ?’H vahae 4
undiluted in solution was measured using a pHl
meter and an electrode (WTW pH meter 521 and
electrode E50, Weilheim, Germany),

Results

The values of osmelality for standard solutions of PG
dissedved in water {Table 1) correspond well with
those calculated, Tables 2 and 3 cordain osmolality
and pH measurements of drugs of interest {0 anes-
thesiologists. The graphic presentation of these data
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ithes of
s af Propylene Glyeol Diluted in

Table 1. Measured and Theoreticad Qemok
Standlard Smmzm
Distilled Water

Propylene Propylene 1*»3‘* col
jiy"mf dizsolvd i
distiled water

% mgfmb imOenly
th] i i}
2 20 2od
it HH 1,448
20 2 2,57
40 400 B,350¢
&3 &N 3,300
Ry ROf TH 20
w e LAY

“Sirasureraeris were performed after 3 B QileBon veith distillend water.

Table 2,
I mpuiml

Dswlality and pH of Etomidate and of

mQsmvl. pH

Eromnidate i PO (35% wol, 3628 ¢ mghmly 90K} %3
Eromidate in PO Ghluted o 175 vl %, 24540 il
E8L Y mgfed., 12 dilutlon with 0.9%
®Wally
Erennidate in Shvidrowypropyl-Boveledeiin <X
‘ idate ins lpid smudsion’ 78
Propofol® B2
Fropofol {14 difution with glucose 3% &1

propylens glveol
wnertial preparation.

show the linear relationship between PG content and
the osmudality of the diug g:rtamrmicm {Figure 1}

The osmolalities of diclofenac preparations ton-
taining at least one additional substance {(benzyl
alcohol, sodium disulfite, or both, or ixdacame} Wers
between 3150 and 6210 mOsmv/L, depending on PO
content (194400 mg/ml). Osmolalities of these
preparations were higher than calculated from thelr
PG content. Glucocorticeids for intravenous admin-
tration measured were dewamethasone, 2% PG,
365 mOsnvL, and prednisclone, 15% and 20% PG,
1850 and 2970 mQOsnvL, respectively,

Osmolality and pH did not change for the follow-
ing drugs stored in a syringe for 24 by etomidate,
diluted etomidate, sty mcia@ in hydroxypropyl-#
eyclodextrin, etomidate in bpdd emulsion, propofol,
lormet .a__za ar, diluted lormetazepam, diazepam

{,."id d

parmi&f’» dwsuised in 1 L of
concentration, solules

w?*'@nt Co g;;v"
with a low molecular wels
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Table 3. Qumolality and pH of Drugs Administered Pars

DEMOLALITIES OF PROPYLENE GLYCUOL r(.!RML 41

nterally

Propylene ghysol

Drrag Dolution ratie svad solution mgiml
Lormebarsparn f2 mgl' 300
L YRt psam m&s“" 2 with 5% glucose 250
450
i T} with 3% gluctse 5 5
Lorszepam (2 348 1%, &}u
Lorazepam {4 B st distifled water v 5 7
i 10 1530
B with saline solution 4} 50
T%:wphyﬁm 15u mgy ikl 3020
prox; »f*h"iim @m rr*g;
. 331.5 37
1:5 with distilled water A, 3 4.3
415 b
13 with saline solution B S o+ {2 —
4344
126 with saline solation 508

ot declared

> breriaoic mi:ﬂl, 16 oy
Maoroget 400, 23

¢ sodium beoxoste,

et B0 gy sodiaes d fite, Bmg,

such as PG (76.1) or ethanol {46.1), contribute cone
siderably more to the osmaolality of a rup formula-
tion than to its weight or volume (13). Figure 1 shows
that the drug itself and especially additional solvents
and preservatives add to the total osmolality. The
measurement of osmalality with the osmometer used
had a coeHficient of variation of 21%, a negligible
grror rate by comparison to that for measursment
after dilution and supercooling.

Propylene glycol {1, 2-propanediol}, a polyhydric
aleohod, is a viscous, colorless Hguid widely used as 2

tive in parenteral, oral, and topical formulations. 1
regarded as less toxic than other glycols and is
harmiess when taken crally, with acceptable daily
aral intake estimated at 25 mgikg (13). Propylene
glveol is metabolized by hepatic aleohol and aldehyde
tir«}*vdm;,{:r*aaes to pyruvate and lactate, which can
enter gluconeogenic pathways. It does not accumu-
fate in organ Hssues, but plasma levels of PG ma
rease rapidly with impairved renal function (14,1 }
fn recent y there have been many }{“Ep(.zi'fi\.
side effects with PG, Hyperosmolality, ine
al gap, and lactic acidosis are consid-
sible for neurclogic symptoms, including
stupm, coma, and selzures {2«"3«%6} C:«zt‘cﬁ’hr‘wa&wuiﬁr
’ ' inus as ia (17}, cardio-
1, ared
25 Cun-

gnesthesia in ”wi’iﬁ‘v‘c’p g2~

tuie {“J} heiw E)@en 285K ';mwd with drt

tatning PG Pentobarbital

B mg) ethanot 12.8 vol %

sulted in pulmonary hypertension attributed to PG
(203, In rats, both i’(,; and etomidate diluted with PG
inhibited the hepatic metabolism of enflurane (21},

The most frequent adverse effects are pain on
im ravenous injection and thrombophlebitis (1,2)

distology after injection of & diazepam formmlation
wni:u"uﬁf‘f PG oand of PG alpne revealed vessel dils-
ton, inter st'i*‘&i gdema, and pa}ﬁ:'frimpi‘izmm:~ ar leu-
kooyie infiltration with subsequent thrombotic orga-
nization. Addition of lidocaine did not alter the
inflammatory reaction {(4).

I vitro studies reported hemolysis when PG had
been added in various concentrations o blood sam-
pii“ s {221 however, hemolysis has also been observed
in a;‘umaiﬁ (7,23} and i humans {16). clogists
have long been aware of the d nental effects of
high csmolality contrast media on cells. Eovthrooyte
damage is caused by loss of intraceliular fluid, lead-
ing to formation of desicconyies, which, because of
rigidity, can decrease capzﬂarv blowrd flow and ine
crease pulmonary arterial pressure (231 Endothelial
fjamﬁw ed o increased ;wmmabn v m val avrlic
gndothelium at threshold levels of approdimately
14001600 mOsnv/L (8). Hyperosmotic solutions have
triggered histamine release from human basophils in
vitro (24}, Firally, heparin resistance has been attrib-
wted to a profaminelike effect of PG (25}

To reduce the wncomdortable sensations for pa-
tients recelving etomidate, premedication with local
anesthe! i3y )})ldi&i& i common, B 5’&?37‘;‘3.{&3,?{.:‘3,{"30{'&,
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Figure 1. Propylene ghyeol
dhistilled water

wires, formulations of etomidate; ciecles, th

however, does not abolish the underlying mecha-
nism of tissue damage. Limited iwmmh sin and the
refease of mediators such as histamine are difficult to
detect, and the venpus sequelae thal may arise dur-
ing the first or second week alter an operation are not
always seen by an angsthesivlogist,
Osmolalities of diclofenac preparations of
> 3000 mCsmvL cause pain on intramuscidar injection
amd an increase in mean creatinine phosphokinase
plasma zetvity by 120 mUimL (3,9, Drug pre-

wordernt and osmoladity ”f various drugs administerad pﬂentemﬁ*
benxodiazepings; trigngles

Softd fae, standard solutions of P
. warigues drugs used iy anvsthesia (sew Table 3.

tar

sary dilution is seldom practicable for intramuse
administration when large volumes are unacceptable.
ALl drugs except nitroglyeerin (3.7} have pH values
between 4 and 11, below and above which levels pain
is evoked ()

Pharmaceutival manufacturers in the United Btates
are not reguired to report the osmolalities of their
drug preparations. Most package inserts of the drugs
we tested listed pain and venous sequelae as posst
adverse effects without giving thelr cause, I

%

parations tested that use PG ss a solvent vehicle inserts warned against intraarterial injection of etomi-
have vsmolalities >1000 oOsodl, with mest  date (35% PG) lormetazepam {30% PG), and

3000 mUsm/l. These values exceed those of hy-

perosmolar solutions that produced pain sensation

in wveing on the back of the hand after infusion
5 ml/min} or injection {1 mlss) (&),

{}‘zim‘izzm & drug reduces its osmolality. Osmolality
is reduced by half, for example, in dilution of a drug
with an {eqmi volume of distilled water (designated
1:2y however, large volumes would bave w be
infused to reduce osmolality of some drugs te near
plasma osmaolality, 285-295 mOsm/L. Thus, neces-

lorazepam (84% PG} because of subsequent necrosts,
and mandated dilution for lorazepam and cotrimox-
azol (41.4% PG

We believe that it might be beneficial to reduce the
osmolality of drug formulations to more physiologic
levels and to reevaluate the use of PG in pdrﬁ»ntﬁmi
drug formulations such as nmitroglyeerin solutions
{16}. Replacement of PG in formulations of diazepam
{1} and of stomidate {3,10) bas successfully reduced
adverse sffects. Possibly, new sobvents such as 2-

Novo Nordisk A/S Ex. 2016, P. 4
Mylan Institutional v. Novo Nordisk
IPR2020-00324



ANESTH Al\nU

et

hydroxypropyl-g-cyclode
may prove to be better alt

ipid emulsion

We thank D, Viktoria Minch and Dy,

University Pharmac Mam.n for thusy
the messumIneTds md providing the dm

:Brnu oat uf ‘ius

g

References

1. Yo Dandel
smulsion

i?i?}”li“:"&‘ﬂt%

ine phos-
1 se concentration rarussculay c%‘i ardiazep-
n:)Ade ared § s & olvent, | e P \armiacal PG Ta In-21,
Pagars: KB, Katp RL. T fmmiﬁaphkm% aftey
moug diasepame—can it be prevented? Anesth Ansly

5 . Role of hypertonicity in the endothellal injory
g i confrast media. Acka Badipl iL’mgf;}
i

*f:m f(}éinﬁm\tzci ]

7. Potter BL Haemszg Jbu cansed b_j; pr{ipyiwa glyeot in
sherg, Br | Pharmacnd 1958 ,i” 3859,

# §m~% sohpetder HL {.3"-{"30{&“?16‘:\ m‘ u)m“nm;ui‘ 78

alten uaed in anesths

%, Coulver DL, K

wee avtving after intramuseular injec

18947

HL Doenicks A, Angster B

ms}m A\S ;jm creafine p}m" by
won. jAMA 1974229

cr-Hintzen H, Vollmann

i
Fe

22 Le‘fhmm

435

FTIES OF PROPYLEME CLYC0.

h
o
=
=
o
b

&

‘\"e“"a LY a"x 'fht il %i%m "’uh aiu.'

1;
j ,wmen% W Hapdt JO1 Pain on indection of
tion and dituent, Br | Anaesth 195
: Owwmu:w. m f;utg MW, ey

pmtsafo :

ELS 0 im}msi WE, Sawe
prlens ghreol in burmang
Sci THARTAETG.
dwr MM, Eokfeldt f14

causes prlactic atidosiy,
s BaAL Y

i

Baton IW. Fropvlene glvent
LabIn sf ‘Wﬁ 62:114-8.
outen 24, 21 al. Propylene

ritroglycerin tharapy, Intor-

we Lare Med 1988142214,
axtin G, Finburg Propyline
vehicle in hguid dosage form, Pedi
18 1 “Iu,rw“ L, Jark R, Tawly AL R
frsiuest b*( propylens g
1%, Van den Hurk AW, Te
use ok e‘dsm‘cd;tc x’ma

ol a ysm—z‘tmﬂ
rigs WWHEFFRTZ-B
isys VA, Hyperosmolaliny
19&5 2EBASE,

fern F, Catdiac camplications during
sthesia 19833811834,

peris

?mpvium‘ 'Jiw@i and anudate
hotism i Blacher 349 rabs {abstract).

f&i)i?ﬁfhsi

E mxfiahf‘

i 4 %awme»f’amx,z
Browe M(. Morian M. Propylens gly '\i»wdgwd hi*parm £
tapen during nifrogheerin infusion. Am Heart [ 198511
e B

Novo Nordisk A/S Ex. 2016, P. 5
Mylan Institutional v. Novo Nordisk
IPR2020-00324





