
















































Glycofurol

1 Nonproprietary Names
None adopted.

2 Synonyms
Glycofurol 75; tetraglycol; a-(tetrahydrofuranyl)-o-hydroxy-poly(-
oxyethylene); tetrahydrofurfuryl alcohol polyethylene glycol ether;
THFP.
Note: tetraglycol is also used as a synonym for tetrahydrofur-

furyl alcohol.

3 Chemical Name and CAS Registry Number
a-[(Tetrahydro-2-furanyl)methyl]-o-hydroxy-poly(oxy-1,2-ethane-
diyl) [31692-85-0]

4 Empirical Formula and Molecular Weight
C9H18O4 (average) 190.24 (average)

5 Structural Formula

Glycofurol 75: n = 1–2

6 Functional Category
Penetration agent; solvent.

7 Applications in Pharmaceutical Formulation or
Technology

Glycofurol is used as a solvent in parenteral products for
intravenous or intramuscular injection in concentrations up to
50% v/v.(1–5) It has also been investigated, mainly in animal studies,
for use as a penetration enhancer and solvent in topical(6) and
intranasal formulations.(7–11) Glycofurol has also been used at 20%
v/v concentration in a rectal formulation.(12)

8 Description
Glycofurol is a clear, colorless, almost odorless liquid, with a bitter
taste; it produces a warm sensation on the tongue.

9 Pharmacopeial Specifications
—

10 Typical Properties
Boiling point 80–1008C for Glycofurol 75
Density 1.070–1.090 g/cm3 at 208C
Hydroxyl value 300–400
Moisture content 0.2–5% at ambient temperature and 30%
relative humidity.

Refractive index n D
40 = 1.4545

Solubility see Table I.

Table I: Solubility of glycofurol.

Solvent Solubility at 208C

Arachis oil Immiscible
Castor oil Miscible(a)
Ethanol (95%) Miscible in all proportions
Glycerin Miscible in all proportions
Isopropyl ether Immiscible
Petroleum ether Immiscible
Polyethylene glycol 400 Miscible in all proportions
Propan-2-ol Miscible in all proportions
Propylene glycol Miscible in all proportions
Water Miscible in all proportions(a)

(a) Cloudiness may occur.

Viscosity (dynamic) 8–18mPa s (8–18 cP) at 208C for Glycofurol
75.

11 Stability and Storage Conditions
Stable if stored under nitrogen in a well-closed container protected
from light, in a cool, dry place.

12 Incompatibilities
Incompatible with oxidizing agents.

13 Method of Manufacture
Glycofurol is prepared by the reaction of tetrahydrofurfuryl alcohol
with ethylene oxide (followed by a special purification process in
the case of Glycofurol 75).

14 Safety
Glycofurol is mainly used as a solvent in parenteral pharmaceutical
formulations and is generally regarded as a relatively nontoxic and
nonirritant material at the levels used as a pharmaceutical excipient.
Glycofurol can be irritant when used undiluted; its tolerability is
approximately the same as propylene glycol.(1,2)

Glycofurol may have an effect on liver function and may have a
low potential for interaction with hepatoxins or those materials
undergong extensive hepatic metabolism.(4)

LD50 (mouse, IV): 3.5mL/kg
(1,2)

15 Handling Precautions
Observe normal precautions appropriate to the circumstances and
quantity of material handled.

16 Regulatory Status
Included in parenteral medicines licensed in Europe.

17 Related Substances
—

18 Comments
Grades other than Glycofurol 75 may contain significant amounts
of tetrahydrofurfuryl alcohol and other impurities. Glycofurol 75
meets an analytical specification which includes a requirement that
the fraction in which n = 1 or 2 amounts to a minimum of 95%; see
Section 5.

G

297

its tolerability is
glycol.((1,2)

y
approximately the same as propylene



The EINECS number for glycofurol is 227-407-8. The PubChem
Compound ID (CID) for glycofurol is 110717.
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Guar Gum

1 Nonproprietary Names
BP: Guar Galactomannan
PhEur: Guar Galactomannan
USP-NF: Guar Gum

2 Synonyms
E412; Galactosol; guar flour; guar galactomannanum; jaguar gum;
Meyprogat; Meyprodor; Meyprofin.

3 Chemical Name and CAS Registry Number
Galactomannan polysaccharide [9000-30-0]

4 Empirical Formula and Molecular Weight
(C6H12O6)n �220000
See Section 5.

5 Structural Formula
Guar gum consists of linear chains of (1!4)-b-D-mannopyranosyl
units with a-D-galactopyranosyl units attached by (1!6) linkages.
The ratio of D-galactose to D-mannose is between 1 : 1.4 and 1 : 2.
See also Section 8.

6 Functional Category
Suspending agent; tablet binder; tablet disintegrant; viscosity-
increasing agent.

7 Applications in Pharmaceutical Formulation or
Technology

Guar gum is a galactomannan, commonly used in cosmetics, food
products, and pharmaceutical formulations. It has also been

investigated in the preparation of sustained-release matrix tablets
in the place of cellulose derivatives such as methylcellulose.(1)

In pharmaceuticals, guar gum is used in solid-dosage forms as a
binder and disintegrant,(2–4) see Table I; in oral and topical products
as a suspending, thickening, and stabilizing agent; and also as a
controlled-release carrier. Guar gum has also been examined for use
in colonic drug delivery.(5–9) Guar-gum-based three-layer matrix
tablets have been used experimentally in oral controlled-release
formulations.(10)

Therapeutically, guar gum has been used as part of the diet of
patients with diabetes mellitus.(11,12) It has also been used as an
appetite suppressant, although its use for this purpose, in tablet
form, is now banned in the UK;(12–14) see Section 14.

Table I: Uses of guar gum.

Use Concentration (%)

Emulsion stabilizer 1
Tablet binder Up to 10
Thickener for lotions and creams Up to 2.5

8 Description
The USP32–NF27 describes guar gum as a gum obtained from the
ground endosperms of Cyamopsis tetragonolobus (L.) Taub. (Fam.
Leguminosae). It consists chiefly of a high-molecular-weight
hydrocolloidal polysaccharide, composed of galactan and mannan
units combined through glycoside linkages, which may be described
chemically as a galactomannan. The PhEur 6.3 similarly describes
guar galactomannan as being obtained from the seeds ofCyamopsis
tetragonolobus (L.) Taub. by grinding the endosperms and
subsequent partial hydrolysis.
The main components are polysaccharides composed of D-

galactose and D-mannose in molecular ratios of 1 : 1.4 to 1 : 2. The
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Polyethylene Glycol

1 Nonproprietary Names
BP: Macrogols
JP: Macrogol 400

Macrogol 1500
Macrogol 4000
Macrogol 6000
Macrogol 20000

PhEur: Macrogols
USP-NF: Polyethylene Glycol

2 Synonyms
Carbowax; Carbowax Sentry; Lipoxol; Lutrol E; macrogola; PEG;
Pluriol E; polyoxyethylene glycol.

3 Chemical Name and CAS Registry Number
a-Hydro-o-hydroxypoly(oxy-1,2-ethanediyl) [25322-68-3]

4 Empirical Formula and Molecular Weight
HOCH2(CH2OCH2)mCH2OH where m represents the average
number of oxyethylene groups.

Alternatively, the general formula H(OCH2CH2)nOH may be
used to represent polyethylene glycol, where n is a number m in the
previous formula þ 1.

See Table I for the average molecular weights of typical
polyethylene glycols. Note that the number that follows PEG
indicates the average molecular weight of the polymer.

5 Structural Formula

6 Functional Category
Ointment base; plasticizer; solvent; suppository base; tablet and
capsule lubricant.

7 Applications in Pharmaceutical Formulation or
Technology

Polyethylene glycols (PEGs) are widely used in a variety of
pharmaceutical formulations, including parenteral, topical,
ophthalmic, oral, and rectal preparations. Polyethylene glycol has
been used experimentally in biodegradable polymeric matrices used
in controlled-release systems.(1)

Polyethylene glycols are stable, hydrophilic substances that are
essentially nonirritant to the skin; see Section 14. They do not
readily penetrate the skin, although the polyethylene glycols are
water-soluble and are easily removed from the skin by washing,
making them useful as ointment bases.(2) Solid grades are generally
employed in topical ointments, with the consistency of the base
being adjusted by the addition of liquid grades of polyethylene
glycol.

Mixtures of polyethylene glycols can be used as suppository
bases,(3) for which they have many advantages over fats. For
example, the melting point of the suppository can be made higher to
withstand exposure to warmer climates; release of the drug is not
dependent upon melting point; the physical stability on storage is
better; and suppositories are readily miscible with rectal fluids.
Polyethylene glycols have the following disadvantages: they are

Table I: Structural formula and molecular weight of typical polyethylene
glycol polymers.

Grade m Average molecular weight

PEG 200 4.2 190–210
PEG 300 6.4 285–315
PEG 400 8.7 380–420
PEG 540 (blend) — 500–600
PEG 600 13.2 570–613
PEG 900 15.3 855–900
PEG 1000 22.3 950–1050
PEG 1450 32.5 1300–1600
PEG 1540 28.0–36.0 1300–1600
PEG 2000 40.0–50.0 1800–2200
PEG 3000 60.0–75.0 2700–3300
PEG 3350 75.7 3000–3700
PEG 4000 69.0–84.0 3000–4800
PEG 4600 104.1 4400–4800
PEG 8000 181.4 7000–9000
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chemically more reactive than fats; greater care is needed in
processing to avoid inelegant contraction holes in the suppositories;
the rate of release of water-soluble medications decreases with the
increasing molecular weight of the polyethylene glycol; and
polyethylene glycols tend to be more irritating to mucous
membranes than fats.

Aqueous polyethylene glycol solutions can be used either as
suspending agents or to adjust the viscosity and consistency of other
suspending vehicles. When used in conjunction with other
emulsifiers, polyethylene glycols can act as emulsion stabilizers.

Liquid polyethylene glycols are used as water-miscible solvents
for the contents of soft gelatin capsules. However, they may cause
hardening of the capsule shell by preferential absorption of moisture
from gelatin in the shell.

In concentrations up to approximately 30% v/v, PEG 300 and
PEG 400 have been used as the vehicle for parenteral dosage forms.

In solid-dosage formulations, higher-molecular-weight polyethy-
lene glycols can enhance the effectiveness of tablet binders and
impart plasticity to granules.(4) However, they have only limited
binding action when used alone, and can prolong disintegration if
present in concentrations greater than 5% w/w. When used for
thermoplastic granulations,(5–7) a mixture of the powdered con-
stituents with 10–15% w/w PEG 6000 is heated to 70–758C. The
mass becomes pastelike and forms granules if stirred while cooling.
This technique is useful for the preparation of dosage forms such as
lozenges when prolonged disintegration is required.

Polyethylene glycols can also be used to enhance the aqueous
solubility or dissolution characteristics of poorly soluble com-
pounds by making solid dispersions with an appropriate poly-
ethylene glycol.(8) Animal studies have also been performed using
polyethylene glycols as solvents for steroids in osmotic pumps.

In film coatings, solid grades of polyethylene glycol can be used
alone for the film-coating of tablets or can be useful as hydrophilic
polishing materials. Solid grades are also widely used as plasticizers
in conjunction with film-forming polymers.(9) The presence of
polyethylene glycols in film coats, especially of liquid grades, tends
to increase their water permeability and may reduce protection
against low pH in enteric-coating films. Polyethylene glycols are
useful as plasticizers in microencapsulated products to avoid
rupture of the coating film when the microcapsules are compressed
into tablets.

Polyethylene glycol grades with molecular weights of 6000 and
above can be used as lubricants, particularly for soluble tablets. The
lubricant action is not as good as that of magnesium stearate, and
stickiness may develop if the material becomes too warm during
compression. An antiadherent effect is also exerted, again subject to
the avoidance of overheating.

Polyethylene glycols have been used in the preparation of
urethane hydrogels, which are used as controlled-release agents.
Polyethylene glycol has also been used in insulin-loaded micro-
particles for the oral delivery of insulin;(10,11) it has been used in
inhalation preparations to improve aerosolization;(12) polyethylene
glycol nanoparticles have been used to improve the oral bioavail-
ability of cyclosporine;(13) it has been used in self-assembled
polymeric nanoparticles as a drug carrier;(14) and copolymer
networks of polyethylene glycol grafted with poly(methacrylic
acid) have been used as bioadhesive controlled drug delivery
formulations.(15)

8 Description
The USP32–NF27 describes polyethylene glycol as being an
addition polymer of ethylene oxide and water. Polyethylene glycol
grades 200–600 are liquids; grades 1000 and above are solids at
ambient temperatures.

Liquid grades (PEG 200–600) occur as clear, colorless or slightly
yellow-colored, viscous liquids. They have a slight but characteristic
odor and a bitter, slightly burning taste. PEG 600 can occur as a
solid at ambient temperatures.

Solid grades (PEG>1000) are white or off-white in color, and
range in consistency from pastes to waxy flakes. They have a faint,
sweet odor. Grades of PEG 6000 and above are available as free-
flowing milled powders.

9 Pharmacopeial Specifications
See Table II. See also Section 18.

Table II: Pharmacopeial specifications for polyethylene glycol.

Test JP XV PhEur 6.0 USP32–NF27

Identification þ þ —
Characters — þ —
Acidity or alkalinity þ þ —
Appearance of solution þ(a) þ þ
Density
1.110–1.140(b) See Table IV —
Freezing point See Table III See Table IV —
Viscosity — See Table IV See Table V
Average molecular weight See Table III — See Table V
pH (5% w/v solution) See Table III — 4.5–7.5
Hydroxyl value — See Table IV —
Reducing substances — þ —
Residue on ignition See Table III — 40.1%
Sulfated ash — 40.2% —
Limit of ethylene glycol and

diethylene glycol
40.25% 40.4% 40.25%

Ethylene oxide — 41ppm 410 mg/g
1,4-Dioxane — 410ppm 410 mg/g
Heavy metals — 420ppm 45 mg/g
Water 41.0% 42.0% —
Formaldehyde — 430ppm —

(a) For PEG 1500, 4000, 6000, 20000.
(b) For PEG 400.

Table III: Specifications from JP XV.

Type of PEG Average
molecular
weight

Freezing
point (8C)

pH (5% w/v
solution)

Residue on
ignition

400 380–420 4–8 4.0–7.0 40.1%
1500 — 37–41 4.0–7.0 40.1%
4000
2600–3800 53–57 4.0–7.5 40.2%
6000
7300–9300 56–61 4.5–7.5 40.2%
20000
15000–25000 56–64 4.5–7.5 40.2%

10 Typical Properties
Density

1.11–1.14 g/cm3 at 258C for liquid PEGs;
1.15–1.21 g/cm3 at 258C for solid PEGs.

Flash point
1828C for PEG 200;
2138C for PEG 300;
2388C for PEG 400;
2508C for PEG 600.

Freezing point
<�658C PEG 200 sets to a glass;
�15 to �88C for PEG 300;
4–88C for PEG 400;
15–258C for PEG 600.

Melting point
37–408C for PEG 1000;
44–488C for PEG 1500;
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40–488C for PEG 1540;
45–508C for PEG 2000;
48–548C for PEG 3000;
50–588C for PEG 4000;

55–638C for PEG 6000;
60–638C for PEG 8000;
60–638C for PEG 20000.

Moisture content Liquid polyethylene glycols are very hygro-
scopic, although hygroscopicity decreases with increasing
molecular weight. Solid grades, e.g. PEG 4000 and above, are
not hygroscopic. See Figures 1, 2, and 3.

Particle size distribution see Figures 4 and 5.
Refractive index

nD
25 = 1.459 for PEG 200;

nD
25 = 1.463 for PEG 300;

nD
25 = 1.465 for PEG 400;

nD
25 = 1.467 for PEG 600.

Solubility All grades of polyethylene glycol are soluble in water
and miscible in all proportions with other polyethylene glycols
(after melting, if necessary). Aqueous solutions of higher-
molecular-weight grades may form gels. Liquid polyethylene
glycols are soluble in acetone, alcohols, benzene, glycerin, and
glycols. Solid polyethylene glycols are soluble in acetone,
dichloromethane, ethanol (95%), andmethanol; they are slightly
soluble in aliphatic hydrocarbons and ether, but insoluble in fats,
fixed oils, and mineral oil.

Surface tension Approximately 44mN/m (44 dynes/cm) for liquid
polyethylene glycols; approximately 55mN/m (55 dynes/cm) for
10% w/v aqueous solution of solid polyethylene glycol.

Viscosity (kinematic) see Tables IV, V, and VI.

Table VI: Viscosity of selected polyethylene glycols at 258C and
998C.

Type of PEG Viscosity [mm2/s (cSt)]

258C 998C

PEG 200 39.9 4.4
PEG 300 68.8 5.9
PEG 400 90.0 7.4
PEG 600 131 11.0
PEG 1000 solid 19.5 —
PEG 2000 solid 47 —
PEG 4000 solid 180 —
PEG 6000 solid 580 —
PEG 20000 solid 6900 —

11 Stability and Storage Conditions
Polyethylene glycols are chemically stable in air and in solution,
although grades with a molecular weight less than 2000 are
hygroscopic. Polyethylene glycols do not support microbial growth,
and they do not become rancid.

Polyethylene glycols and aqueous polyethylene glycol solutions
can be sterilized by autoclaving, filtration, or gamma irradiation.(16)

Table IV: Specifications from PhEur 6.0.

Type of PEG Density (g/cm3) Freezing point (8C) Hydroxyl value Viscosity (dynamic) [mPa s (cP)] Viscosity (kinematic) [mm2/s (cSt)]

300 1.120 — 340–394 80–105 71–94
400 1.120 — 264–300 105–130 94–116
600 1.080 15–25 178–197 15–20 13.9–18.5
1000 1.080 35–40 107–118 22–30 20.4–27.7
1500 1.080 42–48 70–80 34–50 31–46
3000 1.080 50–56 34–42 75–100 69–93
3350 1.080 53–57 30–38 83–120 76–110
4000 1.080 53–59 25–32 110–170 102–158
6000 1.080 55–61 16–22 200–270 185–250
8000 1.080 55–62 12–16 260–510 240–472
20000 1.080 557 — 2700–3500 2500–3200
35000 1.080 557 — 11000–14000 10000–13000

Table V: Specification for viscosity of polyethylene glycol of the given
nominal molecular weight at 98.98C � 0.38C from the USP32–NF27.

Type of PEG (nominal average
molecular weight)

Viscosity (kinematic) [mm2/s (cSt)]

200 3.9–4.8
300 5.4–6.4
400 6.8–8.0
500 8.3–9.6
600 9.9–11.3
700 11.5–13.0
800 12.5–14.5
900 15.0–17.0
1000 16.0–19.0
1100 18.0–22.0
1200 20.0–24.5
1300 22.0–27.5
1400 24–30
1450 25–32
1500 26–33
1600 28–36
1700 31–39
1800 33–42
1900 35–45
2000 38–49
2100 40–53
2200 43–56
2300 46–60
2400 49–65
2500 51–70
2600 54–74
2700 57–78
2800 60–83
2900 64–88
3000 67–93
3250 73–105
3350 76–110
3500 87–123
3750 99–140
4000 110–158
4250 123–177
4500 140–200
4750 155–228
5000 170–250
5500 206–315
6000 250–390
6500 295–480
7000 350–590
7500 405–735
8000 470–900
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Sterilization of solid grades by dry heat at 1508C for 1 hour may
induce oxidation, darkening, and the formation of acidic degrada-
tion products. Ideally, sterilization should be carried out in an inert
atmosphere. Oxidation of polyethylene glycols may also be
inhibited by the inclusion of a suitable antioxidant.

If heated tanks are used to maintain normally solid polyethylene
glycols in a molten state, care must be taken to avoid contamination
with iron, which can lead to discoloration. The temperature must be
kept to the minimum necessary to ensure fluidity; oxidation may
occur if polyethylene glycols are exposed for long periods to
temperatures exceeding 508C. However, storage under nitrogen
reduces the possibility of oxidation.

Polyethylene glycols should be stored in well-closed containers in
a cool, dry place. Stainless steel, aluminum, glass, or lined steel
containers are preferred for the storage of liquid grades.

12 Incompatibilities
The chemical reactivity of polyethylene glycols is mainly confined to
the two terminal hydroxyl groups, which can be either esterified or
etherified. However, all grades can exhibit some oxidizing activity
owing to the presence of peroxide impurities and secondary
products formed by autoxidation.

Liquid and solid polyethylene glycol grades may be incompatible
with some coloring agents.

The antibacterial activity of certain antibiotics is reduced in
polyethylene glycol bases, particularly that of penicillin and
bacitracin. The preservative efficacy of the parabens may also be
impaired owing to binding with polyethylene glycols.

Physical effects caused by polyethylene glycol bases include
softening and liquefaction in mixtures with phenol, tannic acid, and
salicylic acid. Discoloration of sulfonamides and dithranol can also
occur, and sorbitol may be precipitated frommixtures. Plastics, such
as polyethylene, phenolformaldehyde, polyvinyl chloride, and
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Figure 1: Equilibrium moisture content of PEG 4000
(McKesson, Lot No. B192–8209) at 258C.
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Figure 2: Equilibrium moisture content of PEG 4000 (Dow Chemical
Company) and PEG E-4000 (BASF) at 258C.
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Figure 3: Equilibrium moisture content of PEG 6000 (Dow Chemical
Company) and PEG E-6000 (BASF) at 258C.

0
0

10

200 400

Particle size (μm)
600 800 1000

20

30W
ei

gh
t o

ve
rs

iz
e 

(%
)

40

50

60

70

80

90

100

PEG 4000 flakes
PEG 6000 flakes

Figure 4: Particle size distribution of PEG 4000 and PEG 6000 flakes.

P

520 Polyethylene Glycol



cellulose-ester membranes (in filters) may be softened or dissolved
by polyethylene glycols. Migration of polyethylene glycol can occur
from tablet film coatings, leading to interaction with core
components.

13 Method of Manufacture
Polyethylene glycol polymers are formed by the reaction of ethylene
oxide and water under pressure in the presence of a catalyst.

14 Safety
Polyethylene glycols are widely used in a variety of pharmaceutical
formulations. Generally, they are regarded as nontoxic and
nonirritant materials.(17–19)

Adverse reactions to polyethylene glycols have been reported,
the greatest toxicity being with glycols of low molecular weight.
However, the toxicity of glycols is relatively low.

Polyethylene glycols administered topically may cause stinging,
especially when applied to mucous membranes. Hypersensitivity
reactions to polyethylene glycols applied topically have also been
reported, including urticaria and delayed allergic reactions.(20)

The most serious adverse effects associated with polyethylene
glycols are hyperosmolarity, metabolic acidosis, and renal failure
following the topical use of polyethylene glycols in burn patients.(21)

Topical preparations containing polyethylene glycols should there-
fore be used cautiously in patients with renal failure, extensive
burns, or open wounds.

Oral administration of large quantities of polyethylene glycols
can have a laxative effect. Therapeutically, up to 4 L of an aqueous
mixture of electrolytes and high-molecular-weight polyethylene
glycol is consumed by patients undergoing bowel cleansing.(22)

Liquid polyethylene glycols may be absorbed when taken orally,
but the higher-molecular-weight polyethylene glycols are not
significantly absorbed from the gastrointestinal tract. Absorbed
polyethylene glycol is excreted largely unchanged in the urine,
although polyethylene glycols of low molecular weight may be
partially metabolized.

The WHO has set an estimated acceptable daily intake of
polyethylene glycols at up to 10mg/kg body-weight.(23)

In parenteral products, the maximum recommended concentra-
tion of PEG 300 is approximately 30% v/v as hemolytic effects have
been observed at concentrations greater than about 40% v/v.

For animal toxicity data, see Table VII.(24)

15 Handling Precautions
Observe normal precautions appropriate to the circumstances and
quantity of material handled. Eye protection is recommended.

16 Regulatory Status
Included in the FDA Inactive Ingredients Database (dental
preparations; IM and IV injections; ophthalmic preparations; oral
capsules, solutions, syrups, and tablets; rectal, topical, and vaginal
preparations). Included in nonparenteral medicines licensed in the
UK. Included in the Canadian List of Acceptable Non-medicinal
Ingredients.

17 Related Substances
Polyoxyethylene alkyl ethers; polyethylene oxide; polyoxyethylene
sorbitan fatty acid esters; polyoxyethylene stearates; suppository
bases.

18 Comments
Polyethylene glycol is one of the materials that have been selected
for harmonization by the Pharmacopeial Discussion Group. For
further information see the General Information Chapter <1196>
in the USP32–NF27, the General Chapter 5.8 in PhEur 6.0, along
with the ‘State of Work’ document on the PhEur EDQM website,
and also the General Information Chapter 8 in the JP XV.

A specification for polyethylene glycol is contained in the Food
Chemicals Codex (FCC).(25)
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Figure 5: Particle size distribution of PEG 4000 and PEG 6000 powder.

Table VII: Animal toxicity data (LD50) for various grades of polyethylene glycol.(24)
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Polyethylene Oxide

1 Nonproprietary Names
USP-NF: Polyethylene Oxide

2 Synonyms
Polyox; polyoxiante; polyoxirane; polyoxyethylene.

3 Chemical Name and CAS Registry Number
Polyethylene oxide [25322-68-3]

4 Empirical Formula and Molecular Weight
See Table I.

5 Structural Formula
The USP32–NF27 describes polyethylene oxide as a nonionic
homopolymer of ethylene oxide, represented by the formula
(CH2CH2O)n, where n represents the average number of oxyethy-

lene groups. It may contain up to 3% of silicon dioxide or suitable
antioxidant.

6 Functional Category
Mucoadhesive; coating agent; tablet binder; thickening agent.

7 Applications in Pharmaceutical Formulation or
Technology

Polyethylene oxide can be used as a tablet binder at concentrations
of 5–85%. The higher molecular weight grades provide delayed
drug release via the hydrophilic matrix approach;(1,2) see Table I.
Polyethylene oxide has also been shown to facilitate coarse
extrusion for tableting(3) as well as being an aid in hot-melt
extrusion.(4,5)

The relationship between swelling capacity and molecular
weight is a good guide when selecting products for use in
immediate- or sustained-release matrix formulations; see Figure 1.
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Dimethyl Sulfoxide

1 Nonproprietary Names
BP: Dimethyl Sulfoxide
PhEur: Dimethyl Sulfoxide
USP: Dimethyl Sulfoxide

2 Synonyms
Deltan; dimexide; dimethylis sulfoxidum; dimethyl sulphoxide;
DMSO; Kemsol; methylsulfoxide; Procipient; Rimso-50; sulphinyl-
bismethane

3 Chemical Name and CAS Registry Number
Sulfinylbismethane [67-68-5]

4 Empirical Formula and Molecular Weight
C2H6OS 78.13

5 Structural Formula

6 Functional Category
Penetration agent; solvent.

7 Applications in Pharmaceutical Formulation or
Technology

Dimethyl sulfoxide is a highly polar substance that is aprotic,
therefore lacking acidic and basic properties. It has exceptional
solvent properties for both organic and inorganic components,
which are derived from its capacity to associate with both ionic
species and neutral molecules that are either polar or polarizable.
Dimethyl sulfoxide enhances the topical penetration of drugs owing
to its ability to displace bound water from the stratum corneum; this
is accompanied by the extraction of lipids and configurational
changes of proteins.(1) The molecular interactions between dimethyl
sulfoxide and the stratum corneum, as a function of depth and time,
have been described.(2) Much of the enhancement capacity is lost if

the solvent is diluted. Increases in drug penetration have been
reported with dimethyl sulfoxide concentrations as low as 15%, but
significant increases in permeability generally require concentra-
tions higher than 60–80%. Furthermore, while low molecular
weight substances can penetrate quickly into the deep layers of the
skin, the appreciable transport of molecules with a molecular
weight of more than 3000 is difficult.

Dimethyl sulfoxide is now incorporated into a number of
regulated products for healthcare and drug delivery applications,
including stabilizing product formulations, sustained-release appli-
cations, and for the delivery of medical polymers.(3)

The use of dimethyl sulfoxide to improve transdermal delivery
has been reported for diclofenac,(4,5) ciclosporin,(6) timolol,(7) and a
wide range of other drugs.(8,9) Dimethyl sulfoxide has also been
used in the formulation of an injection containing allopurinol.(10) It
has also been investigated for use in an experimental parenteral
preparation for the treatment of liver tumors.(11)

In paint formulations of idoxuridine, dimethyl sulfoxide acts
both as a solvent to increase drug solubility and a means of enabling
penetration of the antiviral agent to the deeper levels of the
epidermis. See Table I.

Dimethyl sulfoxide has also been investigated as a potential
therapeutic agent in conditions such as scleroderma, interstitial
cystitis,(12) rheumatoid arthritis, and acute musculoskeletal injuries,
and as an analgesic.(13–17) It has also been recommended for the
treatment of anthracycline extravasation(18–21) and has been
investigated as a potential cryoprotectant.(22,23)

Table I: Uses of dimethyl sulfoxide.

Use Concentration (%)

Solvent 4100
Topical penetration enhancer 580

8 Description
Dimethyl sulfoxide occurs as a colorless, viscous liquid, or as
colorless crystals that are miscible with water, alcohol, and ether.
The material has a slightly bitter taste with a sweet aftertaste, and is
odorless, or has a slight odor characteristic of dimethyl sulfoxide.
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Dimethyl sulfoxide is extremely hygroscopic, absorbing up to 70%
of its own weight in water with evolution of heat.

9 Pharmacopeial Specifications
See Table II.

Table II: Pharmacopeial specifications for dimethyl sulfoxide.

Test PhEur 6.0 USP 32

Characters þ —
Identification þ þ
Specific gravity 1.100–1.104 1.095–1.101
Freezing point 518.38C —
Refractive index 1.478–1.479 1.4755–1.4775
Acidity þ þ
Water 40.2% 40.1%
Ultraviolet absorbance þ þ
Limit of nonvolatile residue — 40.01%
Related substances þ þ
Assay — 599.9%

10 Typical Properties
Acidity/alkalinity pH = 8.5 (for a 50 : 50 mixture with water)
Autoignition temperature 2158C
Boiling point 1898C
Density 1.0955 g/cm3 at 258C for Procipient
Dielectric constant 48.9 at 208C
Dipole moment (D) 4.3 at 208C(24)

Dissociation constant pKa = 31.3(24)

Enthalpy of fusion 3.43 cal/mol(24)

Enthalpy of vaporization 12.64 cal/mol at 258C(24)

Flash point 958C (open cup)
Partition coefficient log (octanol/water) = �2.03
Specific heat 0.7 cal/g (liquid)
Solubility Miscible with water with evolution of heat; also

miscible with ethanol (95%), ether and most organic solvents;
immiscible with paraffins, hydrocarbons. Practically insoluble in
acetone, chloroform, ethanol (95%), and ether.

Vapor pressure 0.37mm at 208C
Viscosity (dynamic)

1.1mPa s (1.1 cP) at 278C;
2.0mPa s (2.0 cP) at 258C for Procipient;
2.47mPa s (2.47 cP) at 208C.

11 Stability and Storage Conditions
Dimethyl sulfoxide is reasonably stable to heat, but upon prolonged
reflux it decomposes slightly to methyl mercaptan and bis-
methylthiomethane. This decomposition is aided by acids, and is
retarded by many bases. When heated to decomposition, toxic
fumes are emitted.

At temperatures between 40 and 608C, it has been reported that
dimethyl sulfoxide suffers a partial breakdown, which is indicated
by changes in physical properties such as refractive index, density,
and viscosity.(25)

Dimethyl sulfoxide should be stored in airtight, light-resistant
containers. The PhEur 6.0 states that glass containers should be
used. Contact with plastics should be avoided.

12 Incompatibilities
Dimethyl sulfoxide can react with oxidizing materials.

13 Method of Manufacture
Dimethyl sulfoxide is prepared by air oxidation of dimethyl sulfide
in the presence of nitrogen oxides. It can also be obtained as a by-

product of wood pulp manufacture for the paper and allied
industries.

14 Safety
Dimethyl sulfoxide has low systemic toxicity but causes local toxic
effects.(26–28) It is readily absorbed after injection or after oral or
percutaneous administration and is widely distributed throughout
the body. Dimethyl sulfoxide acts as a primary irritant on skin,
causing redness, burning, itching, and scaling; it also causes
urticaria. Systemic symptoms include nausea, vomiting, chills,
cramps, and lethargy; dimethyl sulfoxide can also cause increases in
intraocular pressure. Administration of dimethyl sulfoxide by any
route is followed by a garlic-like odor on the breath.

Intravascular hemolysis and biochemical changes(29) and rever-
sible neurological deterioration(30) have been reported following
intravenous administration; however, it has been questioned
whether these findings were directly attributable to dimethyl
sulfoxide rather than to concomitant drug therapy or contami-
nants.(31) One report describes massive intracranial hemorrhage
associated with ingestion of dimethyl sulfoxide.(32) Recently, a
hypersensitivity reaction attributed to dimethyl sulfoxide has been
reported.(33)

In 1965, the FDA banned investigation in humans of dimethyl
sulfoxide owing to the appearance of changes in the refractive index
of the lens of the eye in experimental animals. However, in 1966, the
FDA allowed the study of dimethyl sulfoxide in serious conditions
such as scleroderma, persistent herpes zoster, and severe rheumatoid
arthritis, and in 1968 permitted studies using short-term topical
application of the solvent. By 1980, the FDA no longer specifically
regulated investigations of dimethyl sulfoxide.(14)

Dimethyl sulfoxide enhances the skin penetration of several
drugs, which may result in producing the adverse effects associated
with those drugs.

LD50 (dog, IV): 2.5 g/kg
(34)

LD50 (rat, IP): 8.2 g/kg
LD50 (rat, IV): 5.3 g/kg
LD50 (rat, oral): 14.5 g/kg
LD50 (rat, SC): 12 g/kg
LD50 (mouse, IP): 2.5 g/kg
LD50 (mouse, IV): 3.8 g/kg
LD50 (mouse, oral): 7.9 g/kg

15 Handling Precautions
Observe normal precautions appropriate to the circumstances and
quantity of material handled. Dimethyl sulfoxide may cause
irritation to the skin. Gloves and eye protection are recommended.

16 Regulatory Status
Included in the FDA Inactive Ingredients Database (IV infusions, SC
implants, and topical preparations). Available in the USA as a 50%
solution for irrigation in the treatment of interstitial cystitis. Also
available in Canada as a 70% solution for use as a topical
antifibrotic, and in Germany as a topical gel containing 10%
dimethyl sulfoxide for the treatment of musculoskeletal and joint
disorders. Included in topical formulations of idoxuridine and
diclofenac licensed in the UK.

17 Related Substances
—

18 Comments
A 2.16% dimethyl sulfoxide solution in water is iso-osmotic with
serum. Dimethyl sulfoxide has been used as a 50% aqueous
solution for instillation into the bladder in the treatment of
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interstitial cystitis; it has also been tried clinically for a wide range of
indications, including cutaneous and musculoskeletal disorders, but
with little evidence of beneficial effects.

Dimethyl sulfoxide has been shown to have bactericidal,(35)

bacteriostatic,(35,36) and fungistatic(36) activity, although the con-
centration required is dependent on the organism present.

The EINECS number for dimethyl sulfoxide is 200-664-3. The
PubChem Compound ID (CID) for dimethyl sulfoxide is 679.
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