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stalline 
~C~e~llu~~~o::se:,~M_,i.,cr,...o.,.C_~X 4 

•• • • ·-.~~~f ... c-roc-rys-talli-ne

11111

cell-ulo-se. -........_ 

- Uses o nmt~l :_:::.!-.:...------- --

. Names 
1 Nonpropnetoi'Y 

ll' e cellulose 
BP: Microcrysta .m cellulose . 

Concentration (%l 

20-90 

Adsorbent 5-20 
· dherent 20 90 

Antta . der/ diluent -
Capsule btn 5-15 JP: Microcrystall~e microcristalhnu!T1 

phf.ur: Cellulosu \line cellulose 
USPNF: Microcrysta 

Tablet disintegrant 20-90 
Tablet binder/d i l,cu,:e~nt __________ _ 

KG· crystal-
2 Synonyms l· Celphere; Ce~lus I· pharma-

A .. · I PH· Celex; cellulose gel· 'Ethispheres; p,broce , 
(1JI1ce , 460. Emcoce , 9 Peial Specifications 

Pharmaco 
line cellulose; E , 
eel· Tabu!ose; Vivapur. 

, . t Number 
See Table II. 

d CAS RegiS ry 
3 Chemical Name on Table II: 

·al specifications for microcrystalline cP!:·t 
Pharmacopet ~ 

JP 2001 PhEur 2002 USPNf 10 
Supp14.2 Cellulose l9004-34·61 

Molecular Weight 

:::::36 ooo 

-
Test 

4 Empirical Formula 

5 Structural Formula 
·., 

+ + + 
Identification + + 
Characters 5 .0-7.0 5.0--7.5 5.0-7.0 
pH + + 
Bulk density ~7 .0% ~6.0% ,.,7.\f. 
Loss on drying ~0.05% 

,.,o.oso, 
Residue on ignition t 

Conductivity + 
~0. 1 % 

Sulfated ash ,.,o .os'~ OH \ C-bOH -9-0H lQ\ CH,OH 0 OH 

~
0 • 

OH l 0 OH : o H 
; OH 0 0 ; 

~0.05% ~0 .05% 
Ether-soluble substances ~0.25% ,.,0.24'• 
Water-soluble substances + ,.,o.OOI\ o: : OH 

; OH CH,OH ; 
~OH ; ; . . 

~ ) n 

6 func6ono1Co~ory 

Adsorbent; suspending agent; tablet and capsule diluent; tablet 

disintegrant. 

7 Applications in Phormoceuticol formulation 
or Technology 

Microcrystalline cellulose is widely used in pharmaceuticals, 
primarily as a bi!l~er/dilu~nt in oral tablet an.d capsule for
mulations where 1t IS used m both wet-granulatiOn and direct
compression processes.0·7

l In addition to its use as a binder/ 
diluent, microcrystalline cellulose also has some lubricant(8 l 
and disintegrant properties t~at make it useful in tableting. 

Microcrystalhne cellulose 1s also used in cosmetics and food 
products; see Table L 

8 Descrip6on 

Microcrystalline cellulose is a purified partially d 1 · d 
Uul h . ' epo ymenze 

ce ose t at occurs as a whtte, odorless, tasteless c II' 
powder composed of porous particles It . ' rysta. me 
available in different particle sizes and ·m . 15 commerCially 
have different properties and applications. otsrure grades that 

108 a.---- -

Heavy metals ~ 10ppm 

Starch 
Organic volatile impurities 
Microbial limits + 

1 0 Typical Properties 

Angle of repose: 
49° for Ceo/us KG 

9 
34.4° for Emcocel 90M< l 

~ 10ppm 
+ 

+ 

Density (bulk): 
0.337 g!cm

3 
( !OJ 

0 .32glcm3 for Avice/ PH-1 01 
0.29 glcm3 for Emcocel 90M(

9
l 

Density (tapped): 
0 .478 glcm3 

(10l 

0.45 glcm3 for Avicel PH-101 
9

l 

0.35 glcm3 for Emcocel 90M < 

+ 
t ----

Dc:usity (true): 1.512-1.668 glcm
3 

19) 

Flowability: 1.41 gls for Emcocel 90M. 01111<-· 

Mel.ting point: chars at 260-270 C. S% w/W· ~~ ,,i 
MOisture content: typically less tha~ . mountS 1 rlt r~. 

different grades may contain varpng . a (l l l see . a j\ / 
1;1 icrocrystalline cellulose is. hygroscop!C~rricle slze110!111fll 

Parttcle size distribution: ryp1cal mean p different 
200 11m. Different grades may have a 
mean particle size; see Table III. 

Uses al microcrystalline cellulose.
M

—-——_._

Concentration 1%} HERE. 

 

6 Functional Category

Adsurbent; suspending agent; tablet and capsule diluent; tablet
disintegranr.

7 Applications in Pharmaceutical Emulation
or Technology

Microcrysralline cellulose is widely used in pharmaceuticals
‘ 9

primarilyr as a bindea'diluent in oral tablet and capsule for-
mulations where It is used in bath wet-granulation and direct-. 1.7! . .
compression processes.l In addition to it ‘. _ ‘ 5 use as adiluent, microcrys'talltne cellulose also has some lubridggfigl
and disintegrant properties that make it useful in tablet-mg

Memorystalline cellulose 's l ' '
products; see Table l. l a so used in com-“mes and food

8 Deserlplion

Microcrysralline cellulose ‘ ' . .
cellulose that occurs as a afiipm'ffld‘ pamaul’ dBDOlymerized

. le sizes
have dtfferent properties and a991ic:32n;nomure grades that

l 03
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1 umpire-1'59”"? "mm W 20% as,
. - ll'ne cellulose Adam B" 5_20

3P: Mlirmgsi’ttili‘ne cellulose . Anlifldhere d-l n 20-90: Murat“. losum micmmgtalllflum C p5ule b‘l der/ we 5-15
lllli'll’liliifjliditr crs stallin cellulose Tablet disintegfqm 2030‘ labial l3irlcliar/dll'J'E”ll _______‘_-_\

2 Synwvm‘ . Cw 6; crystal
. - ' lose gel; alpha”, ‘ (el' Pbdr‘md‘Av eel PH; Ceiex,ucll11 . ‘ hares; W7 0 ? . .lini: cellulose; Eflfifl; Emmcel, hrsp 9 PharmdfioPeml SpeCIfICfll‘lOns

[eh Tammie; wmpwi her gee Table ll
Chemical Name and CA5 “0935'” Hum _3 61 Table fl. Pharmacopeial specifications for microcrysmllymalu1 9004-34- flC311“ 05? [ JP 2001 PlIEur 2002 us“' Test 3‘:

4 Empirical Formula Molecular \Pal'elght SuPPl 4.2t 36 000 Fir/If
tCéHwOSLI Identification + + vwhen: ” a 220‘ Characters + + 'pH 5.0—7.0 510-75 stau-
5 WWI Fortitulu Built dens")! + o {6 on. ‘. To:. .. Loss on drying s. 7.0/00 . 'c :f- 0;EH Residue an ignition 5-; 0.05 fo r- so. .-

maou 0“ l 5'41““ Conductivity + " 10' 1'°" ‘5 o a a 0" Sulfaied ash - D ‘5: 0- “a ”'09?-m o I: m 0H 0 i W Ether—soluble substances 2 0.05 is s 0.05 no .0 fi1-O on en mi i on Water-soluble substances + i; 0- 25 '0 :0W l . i HeavyI metals $10 ppm s' l0 ppm
1- n Starch — + —I Organic volatile impurities — —- +

Microbial limits + +£-
H

10 Typical Properties

Angle of repose:
49" for Cenlus KG

34.40 for Emcocel 90vaJ1

Densityf (hulk):
0.337g1cm3
0.32 g/crn3 for Avicel PH-101
019 gkm‘ for Emcacel 9(‘JM""‘

Density (tapped):
0.478 glcm3
0.45 glern3 for Avicei PPM 01"""
0.35 ycm3 for Emcoccl 90M

Dcnstl‘y‘ l-truci: 1.512—1.663 yum 1
Flawabtltty: 1.41 gls for Fmrm-irl ”HM-I

Ill."

U.

melting point: chars at 260—2?“ C- -n. le Hill-ii”aisture content: typically less ilk-m ‘ '" otlfllsnilil”
differ“? grades may contain \-Jr5-1tig_3'fi1-.Wlfi ‘

P I\{I1‘:"':"'~'1')’Sutzilline cellulose ts hi'l'irmwwc' 'clc 5"“ I '5'“rule size distribution: typical mean Pail. an
200m. Different grades mi‘i' have a
mean Particle size; see Table 111.
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s£M:. I t· Microcrystalline (ellulose 
•. ·tpl(ll. . -
/:.I< . ·tur~r: Penwest Pharma..:euttcals Cn. 
\fJIIII/•11 

, . , . <l~ton2 
f l l •' ' .. 
·' , • • 111,.11: IIlii ' 

.\'-'.~'"' ' '. 

SEM: 2 
Excipimt: Microcrystalline cellulose 
,\fanu(.1eturer: Penwest Pharmaceuticals Co. 
l.ot .'Vu.: 98662 
M.tgni(icutiml: 300 x 

Cellulose, Mtcrocry~:cl' re 109 

Sol~bil~ty: •l•ghtly ~luble m 5% w/v SO<Lum hydroxlck solu
tion, prac..tKaiJy 10'oluhle in Water, dilute acids, and most 
organ~c.. ~~lvtnt\. 

Speci fic ' urfacc area: 
1.0l;-J. J2ml/g for AuJu/ PH-101 
I.2J- J. 3() m2/g for Autcel PH-102 
0.78-J.tl!m2/g for Autcel PH-200 

11 Stability and Storage Conditions 

Micro.cry~ta lline cellulose ~~ a ~able though hygroscopic 
maten al. T he bulk material should be stored in a well-closed 
container in a cool, dry place. 

12 Incompatibilities 

M icrocrysta lline cellulose is mcompatible with strong oxidiz
mg agents. 

Table Ill: Properties of selected commercially avciloble grades of 
microcrystalline cellulose. 

Grode 

Avice/ PH-1 0 7lal 

Avice/ PH-1 o:j.al 

Avice/ PH-103ial 

Avice/ PH-1 ojal 

Avice/ PH-112°1 

Avice/ PH-113101 

Avice/ PH-200°1 

Avice/ PH-30 7lal 

Avice/ PH.JO:j.al 

Ce/ex 10 Jlbl 

Ceo/us KG-8021cl 

Emcocel 50M'dl 

Emcocel 90M(dl 

Vivapur 1 0 11"1 

Vivapur I 02"1 

Vivopur 121•1 

Nominal 
mean 
particle size 
IJunl 

50 

100 

50 

20 
100 
50 

180 

50 

100 

75 

50 

51 

91 

50 

90 

160 

Particle size analysis Moisture 
content (%1 

Mesh size Amount 
retained (%1 

60 ~ 1.0 ~ 5.0 

200 ~ 30.0 

60 ~ 8.0 ~5 .0 
200 ~45.0 
60 ~ 1.0 ~3.0 

200 ~ 30.0 
400 ~ 1.0 ~5.0 
60 ~8.0 ~ 1.5 
60 ~ 1.0 ~1.5 
200 ~30.0 
60 ~ 10.0 ~5.0 

100 ~50.0 

60 ~1.0 ~5.0 
200 ~30.0 
60 ~8.0 ~5.0 
200 ~45.0 
60 ~ 1.0 ~5.0 
200 ~30.0 
60 ~0.5 ~6.0 
200 ~ 30.0 
60 ~0.25 ~5.0 
200 ~30.0 
60 ~ 8.0 ~50 
200 ~45.0 

60 ~ 1.0 ~50 
200 ~30.0 
60 ~ 8 .0 ~50 
200 ~45 .0 

38 ~ 1.0 ~5.0 
94 .;; 50.0 

Suppliers: l<>lfMC 81opoly!Mr. ll>iln~no~onol Specialty Ptoducll, I<IA..,hi Kasel Ce<por0110n, 

i"'Penwtal PhormoceuHcola Co ; 101J Rett.nmol•r & S6hne GmbH 

' 109

. 1 “I . .
SEMI“. \1icrncn‘STr‘IH1W WHUI'N Inh'hU. JILhTI, umIMu n. - fr, um. uxjmrn hrdm-m‘r mlu--. 1 1 - ' . . - ‘

up.” Amt-r,- i’cnwusr NMTll'l-lL't‘LlllL'Jlx( n "‘"1- I'LILIH..|EI~ m-ninl'wlr I'I mum-a dduu- JCJdn 4rd mun-st
“find-H “NM“ Urflilfilx Uri” [;r.__
,ln! -"-'\ .I _,.. hm _ “PUG“: \urfau: area:_.. IJI5. ..
H. '

l'JJl’y—I Ilm'fg fur ”Hutu" PH-J'Ih‘
LEI—1 . “Him In In: .'1|£'Hn’_'lll PHI f”:
U. H—l . Fh' m' 3;: in! 3'1“; m" I’H-I‘JU

I I Stabilify and Storage Conditions

Mlurmrysrulllnr LL‘lILIIr-u: u j arahlc rhnunh hlfli‘*3"~‘-'”Ph¥
Innlcrlal. T h..- hulk marcria] ~}'Jr_:uld in: 5“!er in 3. \x'cH-cimcd
L'nnrznnt'r In 3 LIJI’JI. drt' place.

‘I 2 Incompafibilifies

Mu‘rm-rymllmr L'r‘luirmc n. jnmmparihlc “'Ilh strung midi?-
Ln}: ngih.

Table III: Properties of sake-tied commercially mailubb grades 05
microcrysfalline celFulose 

 
Grade Nominal Purlide size unflysis Moisture

mean come-m Hal

parficle size
[will

Mesh size Aimunl

 mind {‘le

Avu'cel' PH— 10 Fm 50 £50 ~:~'_ l .0 S 0
200 ¢-.' 30 O

Avicel' PH— 102“” 100 60 :2 3.0 $.- 50
SEM: Z 200 7.45.0

Finptem: Microcrystalline cellulose Ayn-cell PHAIOSM 50 60 h | .0 5 3'0
‘m’mflh'mri’r: Pcnwest Pharmaceuticals Cu. 200 r;- 300
In”: NH: 93662 AW'CGI PH-IOEDJ 20 400 :5. 1 U \.'- 5-0
.Udgnrrrunnu: .300 x Avice! PH-l' 1' 2M 1 00 ()0 {I 8.0 .1; 1 5

- Avicel' PH: :3‘01 50 50 1.0 l 5

t 'I“. '“it' . — ’ - 200 :1 300

,, .:Ir‘ t}: k _ AvicsFPH2OUu1 130 ciao » :3 g 5o
6;. “($3. I. _ 1 oo ._

I. l l‘ ' ‘ ' A AviceJPH‘SOHm 50 60 a 1. 0 “350
.. 32"- - - ‘ . m m
‘I I Avicalr r"n"l'-3l{)2Jul 100 (‘10 H U a; 5 0

200 .450

Cal's): :poJ 75 co 1 o 5.0
200 30.0

Ceol'us .‘i’t'fi-«l’ifimkl 50 00 1 0 5 s; O O

Emcocu! 50M“fl 5 i (:0 0.25 5 o
200 :1; 30 O

Emcocal' 90M“! 9] 60 a: 8.0 .-_. 3 0200 >450

Vivapur 1'0““ 50 60 {-g 10 . 5 (1300 a 30.0

V' r to?" 90 «50 513.0 .- 5 rsr
Nap” 200 i: 45.0

V' I?“ 160 3B .1; ‘| _0 fi- 5 0
MW 94 a: 50.0

Eupplim. HFMC Napalm. ”tnurwronaf Swish; Fwd-n11. “8th flow ($wa
"nP-nmlr filomncouflcull Co . '"J Ron-mum 5. Sdhm :3.an
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110 

stolline 
Cellulose. Microcry 

SEM: 3 . . . lline cellulose 
.... •nt· Mtero~rysta 

J:.xoptt . • . f\.IC Biopolymer 
M.tllltf•tdiii<Y. ' 

fd ,tgllt/i<.tftd/1: 100 )< 

13 Method of Manufacture 
Microcrystalline cellulose is manufactured by the controlled 
hydrolysis with dilute mineral acid solutions of C1-cellulose, 
obtained as a pulp from fibrous plant materials. Following 
hydrolysis, the hydrocellulose is purified by filtration and the 
aqueous slurry is spray-dried to form dry, porous particles of a 
broad size distribution. 

14 Safety 

Microcrystaliine celiulose is widely used in oral pharmaceuti
cal form~lanons and food prod~ct~ and is generally regarded 
as a relanvely nontoxic and nomrntant material. 

Microcrystalli.n~ cell~lose is not absorbed systemically fol
lowmg oral admm1stranon an~ .rhus has little toxic potential. 
Cons~mpnon of large quannnes of cellulose rna h 
laxanve effect, although this is unlikely to b byl aveh a II I . d e a pro em w en 
ce u ose IS use as an excipient in pharmaceur· l f ul . 

D l'b b f f ICa orm at10ns e I erate a use o ormulations . . . 
either by inhalation or by injection ha contami~g cellulose, 
tion of cellulose granulomas_ll2l ' s resulted m the forma-

15 Handling Precautions 

Observe normal precautions a . 
d . f ppropnate to the . 

an quantity o material hand! d M' Circumstances 
may be irritant to the eyes. Glovees. Icrocryst~lline cellulose 
~a~k are recommended. In the UK' e6e protection, and a dust 
hmits for cellulose have been set 'a: e occupalional exposure 
hdour TWA) for total inhalable dust dl04mg/m long-term ( 8-

ust; the short-ter I' · f an mg/m3 f . 
20 mglm3.<13l m Imit orrotal inhalable dust hor respirable 

as been set at 

16 Regulatory Status 

GRAS listed. Accepted f 
Included in the FDA I or use as a food add' . . 

I nact1ve 1 d' ttiVe In E ora. capsules, powders ngre Ients Guid . urope. 
topical and vaginal ' su~pensions sy e (Inhalations· 
medicines licensed inp;h~~~tons). lnciude~ul~' and tablets; 

. nonparenteral 

17 Related Substances 
. stalline cellulose and carrageenan· 

M.tcrlocry nd carboxymethylcellulose sodiu~. rnlcrrl<:l'\"· 
ellu ose a d d l 'rnicr . .,. 

c II l e and guar gum; pow ere ce lulose· 'I ()(;I) .. 
ce U OS ' •I Ic1f d "'< 
crystalline cellulose. It ~ . 

. stolline cellulose and carrageenan 
M•crocry 1 S yms· Lustre C ear. 

eynon ent~· Lustre Clear (FMC Biopolymer) I' 
omm · b. · · • an 

film coating com mmg microcrystalline celiul~~t-
carrageenan. c-

Microcrystolline cellulose and carboxymethykellulose 

sodium . 
5 nonyms: Avice! CL-~11; ~vrcel RC-581; AL·Ice/ Rr. 

y colloidal cellulose; d1sperstble cellulose. ·· · 
A pearance: white, odorless and tasteless, hygroscopi
A~i~iry/alkalinity: pH = 6-8 for a 1.2% w/v aqueo~4. 

51011. 
Moisture content: nor more than 6.0% w/w. 
Particle size distribution: 

Avice{ CL-611: ~ 0.1% retained on a #60 mesh t 
~50% retained on a #325 mesh 
Avice! RC-581: ~0. 1 % retained on a #60 mesh i.:.. 

~ 35% retained on a #200 mesh 
Avice{ R C-591: ~ 0.1% retained on a #60 mesh;:., 
~ 45% retained on a #325 mesh 

Solubility: practically insoluble in dilute acids and o~ 
solvents. Partially soluble in dilute alkali and wa1er ~ 
boxymethylcellulose sodium fraction ). 

Viscosity (dynamic): 
5-20 mPa s (5-20 cP) for a 1.2% wh aqueous disper>JOO 
Avice/ CL-611 
72-168mPas (72-168cP) for Avice{ RC-581 arthe~.:: 
concentration 
39-91 mPa s (39- 91 cP) for Avice/ RC-591 ar me s:.: 

concentration 
Comments: mixtures of microcrystalline cellulose r. 

carboxymethylcellulose sodium that are d1spm1rlt 
~ater and produce thixotropic gels are suitable as SU\1". 

mg vehicles in pharmaceutical formulations. The amoo: 
carbo:xymethylcellulose present can vary berween \• 
and 18.8% w/w depending upon the grade ofmarenJ: 

Microcrystalline cellulose and guar gum 
Synonyms: Avice! CE-15. . 
Com~ents: Avic.el CE-15 (FMC Biopolymer) is a copr:'· 

mixture of miCrocrysta lline cellulose and guar gurn 
chewable tablet formulations. 

18 Comments • 
s ~~~ 
everal different grades of microcrr~~alline cellulosfe 3r?-' 

merctallv a '1 bl . . . h d o rn -
ture,<14,rs1 va, ~ e t?at dtff~r m rhc::1r met 0 rher ph' :. 
properties <flW~le stze, moisture, t1~\\, and o ener:JI~~. 
vide bette; The larger-partick-~IZ.C grades ~hine(l·'l .. 
moistu flow properties in pharma.::euncal rna~ ·e 01J1ell' 

High re grades are used with moisture-sensltl' . 
er-density d fJ b'litV· II~'~ Se 

1 
gra es have improved owa 1 ·11. e ce , . 

vera cop d . · rsra Ill J.(··' 
with other ~o.cesse mixtures of miCrocr) boJ01lltl'' .; 
lulose sodi~xctptents such as carrageenan, ~allv a,:ailaW 
Section 

17
. m, and guar gum are commerc•a · 

I 
IPR2018-0039O

7""
' lliflEi

'_e||o'cse Microuyslo
110 t, ., _

I M: 3 , ‘ EC
h'E' ' i'iit- Mien-crystalline tellulu
PAH!” I lllnpiilytner 
  

 
.\l.rimf.r.'!iui'r: liMi'.
r‘ilduiitfttutirui: lllll '-

13 Method of Manufacture

Microcrystalline cellulose is manufactured by the controlled
hydrolysis with dilute mineral acid solutions of at-cellulose,
obtained as a pulp from fibrous plant materials. Followmg
hydrolysis, the hydrocellulose is purified by filtration and the
aqueous slurry is spray-dried to form dry, porous particles of a
broad size distribution.

145:1:er

Microcrystalline cellulose is widely used in oral pharmaceuti—
cal formulations and food products and is generally regarded
as a relatively nontoxic and nonirritant material.

Microcrystalline cellulose is not absorbed systemically folv
lowing oral administration and thus has little toxic potential
Consumption of large quantities of cellulose may have a
laxative effect, although this is unlikely to be a bl
cellulose is used ' ' ‘ pro em when

D ' as an CXCIPIC'M in pharmaceutical formulations
eliberate abuse of formulations cont ' ‘ Iaining cellulose,either by inhalation or b ‘ ' ‘_ y in|ection has res '

tion of cellulose granulomasdn’ I IUIIEd In the forma-

15 Handling Precqufions
Observe normal ‘ ‘

precautions aPpto .and u ' ‘ . prlarg to the c‘
in clIsea'I-I‘l‘y “l material handled. Microcr llI'III'IIIITIIItaIII:es

ay irritant to the eyes, Glov YSta inc cellulosC
es, eye protection, and a dust

ho at 10 3

dusutr; tthe313? total mhalable dust and 41$:ij lfGng-tcrt’n (8.
20 "131ml-“ 3| mm for total inhalable dust or rtsptrable
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‘7 Related substances
. . t. ' - cellulose and cottage-m

Micrmf.‘ 5mm!“ ,_ 1h hf“ IIn .. ”Hi I'llILn
lllllOS‘: until carbukjrmf' ,‘ 1 Vi— Wdllim:

LlIlliilosc lll‘ld fluilr Plum; powdered L'Clllllnke.cc - i .

crystalline cellulose.

. cellulose and “Wagner-tun
Synonyms: lustre Clear.
Comments: lustre Clear [FMC Biopulmml K .' ~ I I r - . , _ '- or. . .

film coating. LOI‘flblnlnl, lI‘IlLrLILr)gm“m{_ whit”Illa,’

carragccnml.

Mierocrystnlline cellulose and curboxymflwkellulna
sadwm ‘: Al-‘lfl’l (LL-(”1; ARI-(0.! RF'M‘IH gig-mi ,

Colloidal cellulose; dlSpcl‘Sll‘lfi‘ cellulose. l .
Appearance: \\'l‘ll[f."l”ld0rll355;alld task-lash!hmnmhpih
Acidity/alkalinity: pH = 6—8 for a Law.” “1V 'lllllcnbtji:

sion.

Moisture content: not more than (3.0%, Win;
Particle size distribution:

Alike! Cl..—i.ill: $0,196 retained [in 3 or,“ m{_\___
$5096 retained on a #325 mesh
Avicel RC-Sb’l: Elllli’ii retained on a iihll mt;- .-
$35% retained on a #200 mesh
Aiii'cel RC-59l: 50.1% teraincd on a son m1..—
5 45% retained on a #325 mesh

Solubility: pracrically insoluble in dilute acids and
solvents. Partially soluble in dilute alkali and '.t.:::;_
boityincthylcellulosc sodium fraction).

Viscosity {dynamic}:
5—20 mPaS [5—20 CP} for :i 1.3“}. “'lV i1L|llt‘l'L1'-ii|i}‘t'ri -
Attics! (TL-6H

72—168mPas {72—168cl’l for rli-it't‘l RCfvisl .il‘ll‘:'."-..
concentration

39—91 mPas {39—91cl’} lot r‘liiitt'l RC-i‘il at thi
concentration

Comments: mixtures of niluri.lL‘T)'HI.llllllC celliilciei '
carhoxymethylccllulose sodium that are dlil‘WlH'U

water and produce thixotropic gels are \Llllal‘lL‘ air-ls"
lng vehicles in pharmaceutical torninlntmm.Tint-sw- '
carboxymflhylcellulosc present can vary ltt‘fil'l‘f“
and 18.8% wi‘w depending upon the grade oi "LIKE?"

I.

Microerystolline cellulose and 900' 90'“
Synonyms: Avicel CE-lS.
Comments: Attica! CE—is {FMC Biol“ .1; “W” ‘5 ” ”UPI-1i-

mixture of microcrystalline cellulose and gllfllgum
chewable tablet formulations.

IB c°mrnems
Sev - ._ aft“

mefgflud‘fferent grades of microui xfi'LIlll'lL‘ celljlufmmii-I ' ' I ‘ l -

tun: ”4. srava'lible that differ in their incth0 [LN Tito:
I ‘ Pal-“ck 5115-; moisture, flirts: and "I |' A

l...
l _ . Cnffi‘ ."
The larger—particlc-sitt' gradrbg net‘-

properties in pharnmceutical I1'ifi_L II mm.
s are used with nitiihllli""‘_":]l5III.II *
grades have imprm‘t‘d IIIJRflhIll-lllflnf {Elli

lofift‘ssed mixtures of niiJl-“TYSIII in I II
'Plents such as carrafit'emn‘ iIIIIlIlu'yi

, and guar gum are commercially .

_ 6-25

ride better flow
mplsture grade
Higher-densin.

_ Sevflral COP
With other Exc
luloge sodium
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Celphere (Asahi Kasei Co~porat_ion) is a pure spheronized 

Ystalline cellulose available m several different . 1 nJia ocr pa rttc e 
. e ranges. 

SJl 

19 
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Cellulose, powdered 

P 
wdered cellulose has been investigated as 

0 
1· II I an alt 

to microcrystal lne ce u o~e as an ag~nt to assist t erna~,t 

1 Nonproprietary Names 

BP: Powdered cellulose 
JP: powdered cellulose 

i•ctur< oi pellets by extruSion/spheromwion'" he""· 
powdered cellulose IS a lso used w1dely in c osmettc 

food products. 

1 

a~ 
Table 1: Uses of powdered cellulose. 

PhEur: Cellu\osi pu\vis 
USPNF: Powdered ceUu\ose 

2 Synonyms 
Arbocel; E460; Elcerna; Sanacel; Solka-Fioc. 

Use 

Capsule filler 
Tablet binder 
Tablet disintegra nt 
Tablet glidant -

Concentration (%) 

0-100 
5-25 
5-15 
1-2 -

3 Chemical Name and CAS Registry Number 

Celtulose (9004-34-61 

4 Empirical formula 

(C6H I00sln 
where n ::::: 500. 

Molecular Weight 

~243 ooo 

8 Description 
Powdered cellulose occurs a~ a white ?r ah:nost white,odor!ro 
and tasteless powde r of vanous parucle s1zes, ranging from 
free-flowing fine or granular dense powder, to a coarse flufu 
nonflowing material. ' · 

Since cellulose is derived from a natural polymer, it has 
variable chain length and thus variable molecular weight. See 

also Sections 8 and 13. 
9 Pharmacopeial Specifications 

See Table II. 

5 Structural Formula 
Table II: 

Pharmacopeia\ specifications for powdered cellulo~ 
PhEur 2002 USPNF ~ 

OH \ CH,OH OH \ CH OH 

: 0 : O OH 

0 ~· 0 -¢+¢'' : OH OH : 0: O O : OH 

CH,OH \ OH CH,OH \ OH 

·~ l ,. n 

6 func~onaiCa~ory 

A_dsorbent; glida~lt; suspending dtluent; tablet diSintegrant. agent; tablet and capsule 

1 Applications in Pharmaceutical F I . 
or Technology ormu ahon 

Powdered cellulose is used as a tabl . 
capsule fil!er; see Table l. In both ~~ dtluen~ and a hard gelatin 
agent to mcrease the phys· l . ntexts It acts as a bulk 
formulations containing a s~:ll SIZe of the dosage form ~ng .Jo~owtmd odlulo" h>" '"''P;;b[,"~~ of '"'" '"b'"""'~' 
lini;ug It~ flow properties are poor Hrr;;resslOn properties 

differe~~~r~:dst~~~~~de has exhibi~ed ;~v;;;t~~;'-~rystal~ 
has shown potential as dp.owdered cellulose mat .t at are In f l . a trect-com . en als and 

d so t ge atm capsules powd r esslOn excipient (1, 
re uce the sedimentation ' e~e cellulose rna b . 
used as the powder base rate of olly suspension fl\ e u~ed to 
as a suspending ag ~atenal of powder d ' s. It IS also 
delivery. It may al enbt tn aqueous suspe ?sage forms and h SO e used USIOUS f ' 
t e manufacture of su . ~o reduce sedim ?r peroral pposnones entatton d . · urmg 

112 

------------------------~(S_u~pp_1 _4.~2l __ ____ 
Test 

JP 2001 

Identification + + + 

Characters + + 

Microbial limits 
Aerobic ~ 1000/g ~ \000/ g ~ tOOOis 

Fungi and yeast ~ 100/g ~ 100/ g 

Degree of 
~AAO 

polymerization 
pH (10% w/w suspension) 5 .0-7.5 5.0-7.5 + 

loss on drying ~6.0% ~6.5% 
{,_6.0% 

Residue on ignition ~0.3% ~0.3% 
{,_0.3% 

Solubility 
Ether-soluble substances 

+ {,_Q.15'/o 

~0. 15% ~ 0.1 5% 

Water-soluble substances ~ 1 .5% :E: 1.5% 
~ ] .5% 

Heavy metals 

{,_o.oot% 

~ 10ppm "'" 1 0 ppm 
+ 

Org · 1 S anlc vo atile impurities 
torch + 

10 T · ypacat Properties 
Angle of repose· 

< 62° . ~ for Arbocel MBO 
< 49 for A b < 

36
o f r ocel P 290 .. h11

e) 

D<n•ity (b~~Mbocd A 300 (J. R.ooenm•'" and~,#~ 
Density ( ): 0 .139-0.391 glcm

3
, depending 

0
d
11

. g oo 
1 

tapped): 0 210-0 481 gl '1 depen 1!1 
source. · . ern , 

Density ( true): 1.5 g/cmJ 

Cellulose, Powdered ‘

2 Synonyms
Arhocel; E460; Elem/no; Sdfldcel, Seiko-Flor

3 Chemical Name and CAS Registry Number
Cdlulose [9004-34 61

4 Empirical Formula Molecular Weight
(CEHIDOSln @243 0'00
where n 2 natural polymer IT. has
Since cellulose is derived from a
variable chain lengt
also Sections 8 and 13.

5 Structural Formula

a“ i “1°” 0H l Ci-lgOl-l
DH ; CI 1on '- o o .' ‘3 on: H :0‘ . on O - OH

0“ cram g a"

‘._ 1
onion

.'r.-n

6 Functional conga”

Adsorhent- glidant- suspend‘m a co, s a - t;diluent; tablet disintegtant. g g tamer and capsule

7 ”FIR-Cliche in Phn - .or Techndogy maemfl' Fommfmon
Powdered cellulose is used as ‘. a tablet d 1capsule filler; See Table I. In beth conéeiigifn‘fl a hard gelatin
agent to‘mcrease the physical Size of th 3‘13 as a bull-ting
fortli’mlaélons containing a small amount ofacgsage form for0 ivalthotréhclfsdflguulose ha? accfiptable compressiifnSUbStancF '“my powde 5'" Properties are Poor. HoweVer lpropemes,different f1fire cellulose has CXhlblted pro 1 ‘ow-cryStal-has shown In stendard powdered Calluloscpcmes that an;In 5051: ggggntial as a diteu'compfession extz'allenalilreduce the sedinrlecttatgilfles‘ Pflwdemd celluIOSe titling.

used as the powder baggie 9am}? SUE-Pension fills 3:53:11“)
asasu ' . “‘30 Wd ' “350Spending agent in aq p0 or dosage filrms, and. ueou '
delivery. It may also be used to re; WSW-“mom fer PCTOral
the manufa . Lice » _cture of supmlmms. sedimentanou dul'ing

and

112

mafia-9O Page 7 of88

ulose has hut-n investiggml m a” ,
sttlllll'll‘ ccllulOSC :15 an ilgunt To "lWHrllmnlii‘
llets by extrusiiitifspheronirtu'ion.”‘ "I "kid

PUWdCl-L'd uclllllflfii’ i5 “[50 “sad Width" In L'llxnu‘hix
food products.

ses ol powdered cellulose.

O—l DO ‘

Capsule lillerTablet binder 5—25
Table! disinlegrclni fie‘? 
Tablet glidani

d cellulose occurs as a white or almost whoever-m.
f various particle sires‘ ranging inn.

diff. m :I come il-fl-n
Powdcrc
and tasteless powder 0
free-flowing fine or granular dense pow
nonflowing material.

9 Phormocopeial Specifications
See Table II.

Tobie ll: P'norrnocopelol specifications ior powdged cellulose
Test .1? 2001 PhEur 2002 USN 31'

{Suppl 4.2lIf!

lcleniilicoiion + + +
Characters 4. + -
Microbial llmilsAerobic é 1000/9 1300/9 .3: iUWI'E

Fungi and yeast Q 100/Q ~ 001/9 "
Degree of _. 3 4210 "

HPtOlymerizuiionP “373 W/w suspension] 5.0—7_5 ‘3 0—2.5 + .L“? °“ divine more c 6.5% 36°?Resrdue on ignillon 120.3% _ O 3% 50.3:
Solubility _ $ , c
Stet-Soluble subsionces $0] 5% 0.1 5% all???flier-soluble substances all 5% I5% : Gill
Heal”! Metals
Organic vololil 'm ' '

e

Starch I. purities 

1° Mical Propel-fies

Angle 0f telitism:
<62" for Arbocel MO 80
2:20 for Arbocel P 290Densi 1201' Arbocel A 300 U- Rettmmaief aW i ulk): 0.1394391 ghoul, dorm 04mg

Densisogceltappedl: 0.210_O_431 nglTl 1 dCPE“
DensitY (We): 15 glCm';
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. urc content: powdered cellulose is slight! h 
M0151 · •. 1J l see Figures 1 and 2. Y ygro-

scoptc, . 'b . d ·cJe size d1stn unon: pow ered cellulose is co . 
parU ·table in several different particle sizes mmercJally 

3vat . 1 . · 
Arbocel M80: average part1c e st~e 60 f.lm 
A bocel p 290: average parttcle stze 70 f.lm 
A;bocel A 3~0: av~rage par~icle size 200 f.lrn 

I b'Iity' prac.:tJcally msoluble m water dilute act'ds d 
So u 1 • 1 h I · . ' , an most 

rganic solvents a t oug 1 It d1sperses in most 1· 'd 0 I bl . 5°1 I d ' JqUJ s. Slightly so u e m t o w v so !Urn hydroxide solution 
Powdered cellulose does .not swell 10 water, but does so i~ 
dilute sodium hypochlonte (bleach). 

II Stability and Storage Conditions 

Powdered cellu~ose is a stable, slig~tly hygroscopic material. 
The bulk matenal should be stored 10 a well-closed container 
in a cool, dry place. 

12 Incompatibilities 

Incompatible with strong oxidizing agents. 

13 Method of Manufacture 

Powdered cellulose is manufactured by the purification and 
mechanical size reduction of ex-cellulose obtained as a pulp 
from fibrous plant materials. 

20~------------------------------. 

~16 
~ 
li') 
N 

0 
~ 12 
.2 
0/) 

'6 
E 
E 
:;) 
·c 
,g 
'5 
0" 

LIJ 

8 

4 

0~o-+~L--L--~-L~~~~8o~~~ 
10 20 30 40 50 60 70 

Figure 1: 
Relative humidity (%) 

Equilibrium moisture content of powdered cellulose a t 
25·c. 
0: Powdered cellulose (Solka..floc BW-40, lot no. 8-1 (). 
30A) 
6: Powdered cellulose (Solka..floc BW-20, lot no. 22A-
19) 
\7: Powdered cellulose (Solka..floc Fine Granular, lot no. 
9·10-8) 

Cel lulose, Powdered 113 

14 Safety 

Powdered cellulo · 'd I 
formul . se IS Wt e Y used in oral pharmaceutical 
a att_ons and food products and is generally regarded as 

nontoxic and nonirritant material. 
Powdered. c~llulose is not absorbed systemically following 

teroral ac~mmtstration and thus has little toxic potential. 
h onstmlptton of large quantities of cellulose may, however, 
ave a laxattve effect, although this is unlikely to be a problem 

when cellulose is used as an excipient in pharmaceutical 
formula nons. 

. Deliberate a?use of formulations containing cellulose, 
etther by mhalauon or by injection, has resulted in the forma
non of cellulose granulomas.14 l 

1 S Handling Precautions 

Observe normal precautions appropriate to the circumstances 
~n? quantity of material handled. Powdered cellulose may be 
trntant to the eyes. Gloves, eye protection, and a dust mask are 
recommended. In the UK, the occu~ational exposure limits for 
cellulose have been set at 10 mglm long-term (8-hour TWA) 
for total inhalable dust and 4 mg!m3 for respirable dust; 
the short-term limit for total inhalable dust has been set at 
20mg!m3.15l 

16 Regulatory Status 

GRAS listed. Accepted for use as a food additive in Europe. 
Included in nonparenteral medicines licensed in the UK. 

2Q r-------------------------------, 
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Figure 2: 

10 20 30 40 50 60 70 80 90 100 
Relative humidity (%) 

Equilibrium moisture content of powdered cellulose at 

25· C. 
0: Powdered cellulose (Solka.floc BW-100, lot no. cp. 
18B) 
b,: Powdered cellulose (Solka.f/oc BW-200, lot no. 22A 

20) 
\7: Powdered cellulose (Solka·Fioc Fine BW-2030, Lot no. 

240) 

 

. t: powdered celluloserc contort
”cowl". *1 5m: I‘lngl'CS l and 2.y . . .

C dlsmbuhom powdered “Ill-lime is commerci. 5i: .

P‘Tiftlilahle in several dlfftlm'lt particle SlZBS- all}
”may! M30: average particle size 60 um
Arbor-'1” P 290: average particle size 70 um
Arbor?! A .300: average particle size 200nm

'li :ptactically insoluble in water, dilute a “d. .

Slightly soluble in 5 In wh' sodium hydroxide solution:
\rdered cellulose does not swell in water, it t d .

33;“: sodium hypochlorite [bleach], u Des so In

is sligl‘lll' hygm.

II stability and Storage Conditions

powdered cellulose is a Stables 5“ngle hygroscopic material.
The bulk material should be stored in a well-closed container
in a cool. dry place.

:2 lnuompatibilities

Incompatible with strong oxidizing agents.

13 Method of Manufacture

Powdered cellulose is manufactured by the purification and
mechanical size reduction of tit-cellulose obtained as a pulp
from fibrous plant materials.

20

 
 

 
53

Equilibriummoistureat25°C{‘56) an

 
0 Io 20 30 40 so so 70 so 90 100

Relative humidity {‘32.}

Equilibrium moisture content of powdered cellulose at
25°C.

0: Powdered cellulose {Sonatina BW~4Q Lot nov 3" 0
30A} A
113: POWderotl cellulose {salience raw-20. Lat no- 22 -9]

V? Powdered cellulose [Seiko-Fix Fine Granular. LC” "0-
9-1 0.3}
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products and is generally regarded asnot material.

is not absorber! systemically following
and thus has little toxic potential.

quantities of cellulose may, however.
lthough this is unlikely to be a problem
d as an excipient in pharmaceutical

a nontoxic and nonirrit
Powdered cellulose

peroral administration
Consumption of large
have a laxative effect. a
when cellulose is use
formulations.

Deliberate abuse of iormulations containing cellulose.
either hy inhalation or by injection‘ has resulted in the formin-
non of cellulose granulomas.”l

15 Handling Precautions

Observe normal precautions appropriate to the circumstances
end quantity of material handled. Powdered cellulose may he
irritant to the eyes. Gloves. eye protection, and a dust mask are
recommended. in the UK, the occupational exposure limits for
cellulose have been set at lOmg/m" long-term {8—hour TWA]
for total inhalahle dust and 4 mgi’ma for respirable dust;
thc short-term limit for total inhalahle dust has been set at

2(}m3,lm3’.l5r

16 Regulatory Status

GRAS listed. Accepted for use as a food additive in Europe.
Included in nonparenteral medicines licensed in the UK.

20

_._. onMChEquilibriummoistureat25°C(76}
3:.

00 10 20 so 40 50 oo 70 30 no 100
Relative humidity {36}

Equilibrium moisture content of powdered cellulose ol
25°C.

0: Powdered cellulose [Soldeloc BW—lOO, Lot no. 9-7
18%

A: ll‘owdered cellulose [Seiko-Flo: BWQOO, Lot no. 32%
20

V1] Powdered cellulose iSollco-Floc Fine SUV-2030, Lol no.
240}

Figure 2:
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114 Cellulose, Powdered 
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Cellulose, miao.:rystalline. 
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.....,----.. ,.,..-~._..i _ic_if_i~ Microcrystalline 

3 Ou ·cz' ..._.and CAS Registry Number 

_:;,r 5e--"'tl(UJ S. 

J Sill..,....,_ .... 
Set -scroan R. 

t r ' d C.aU:t..ftWY 

T abk:r wrl ~ .diiDtDL 

Mole<ukn' Weight 

Silitillt:ci n:u.:.r~~ a~ ~ used as a filler in the 
itJri!llb-u~·r:. ui ~~ .w.oi ~- lt has improved compac· 
:iuo pro~.:.-..lt::..:.;:; :.u± ,.-~ granufacian and direct comRression 
cucr.p~::l tt• ~t·:r,t:::rrJrA"...zj mjcmcrystalline cellulose. ..6) Sili· 
a£ed IDJcro;.::ry!l"'..allint c:.~!JakM w~ specifically developed ro 
addre!,~ me >\v~ '7f ·rJ~paalOO mat occurs with microcrystal· 

!lilt' cell.uk-.st .air~ •·d" ,vanubfion.. 

·~ Siliaht:d mu:.t9cn~ uUulf~ it a ,yn~;rgistic, intimate 
.f1hrl.l\:.i.1 ~urt"Q{ r

1
m a~IJltOU: microc~stallin~ ccllu· 

I<~ aoc ·~o!lo.iU l>.i!~~1n dirn:J« ((m further 1nformat10~ see 
~lhrlv!-t, Mic!<xr~·$t?..ltiot and C:offoidal Silicon Diox1~e). 
Sihclied microcrr~ne ~tu1~ 0 -,,JtllfO\ 2% w/w collo1dal 

~~.· 

Particle size distribution: typical particle stze is 2().-200 JJm. 
I?tfferent grades may ha\'e a dtfferent normal mean pamde 

SIZe. 
Solubilit~: practically insoluble to water, J1lure ac1ds, and most 

?rg~ntc olvents. The microcry~tal!tne cellulme component 
ts s!tghtly soluble in 5% w/w sodium hydrox1de ~olunon. 

SEM: 1 
f.xci[li('ll/: Sli1~LfieJ mu:ro.:rnt.1lhne ~clluln~e 
/11,mu(,ll·turcr: l't'll\W~t Ph.1rm.1..:eunc.ll' 
LPI NP.: ( <.,j)\~ht> 

M,lglll(i.-.ltl•'"' Ji lll , 

SEM: 2 
f.XCI/'il'lll: \ih..:1tit'd 1111Lri>Lf\',[,1lil11<' _.diul<"l' 
Mullll/;,.-tllrt'r: l'rnW<''' l'h.ln11.1d'Ull• .tl' 

Lut ... : ( \Jl'\St>~> 

M.'g"'/1•.,1'"'": ;np · 
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celhlose. Silidfigfl Microcrystalline
##0-9-44-.¢. ,_

Siiflhnd mun-mm “links: is used as a filler in the
imam u: 4pm; an?- 39:15- It has infapmved complac-
jun mam-m”: 1. but? am granuiamm and durect comgrécfisgpp
“maxi to Lemma-25 mkflm'stalltne cellulose. 511:-
uficd talcum-51:11:31: LeEEuimc was specifically developed to
adds-m {ht 10;.1- 9f compact“! that nccun with micrncrystal-
1W $511609: aim! we! whom.

Edmund mmrruafliflc “Hahn: is a synergistic.-Innm;1uc
Fibrin} mm: 9! new ammu: micrtxrystalllnc cc! :1-
Miranda. 31 m -- d’ .idc(irnfunhcrififr*fm“Fi"".“W

O “he. will)“ I!” d Colloid” Silicnn Dluxldcl'093" I ’ r . '
Mmgmffdfuflkm tannins 2% wfw collmdal

'° WW

M’flahun PH . 53-7.; 110% W" “Wm“‘m’
My: 1 3‘5 32:31" I‘
D ”'1‘? "Mk; “1.5: gun“

I : uppudifngmwPM: - - 'I?ML-z’fl’; IL :nmrmrymllmc
t m: WW"? W W" 5% MW.

allusion amnponem chm
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Pawn-lg sizc distribution: typiml parmlc am. [a ill—1'1” um-
DiHurunl grades; may have .1 dlflcrcm normal mean Pimigcsue.

501ubi1ily: practically- insuluh]: 1n \x'.1rrr.dllurr.-1c1d~i. .md ml“I
organic mlwnh. The Inlcrucry'kmlfmu gullulmc mnnf‘fintfif
is Slightly mluhlc In 5”" why wdmm hydroudc wharmn

SEM: 1

Exupmrr: Sllu‘lfml unumnwmlhm— u-Hulmv
M.u:r|fl:.'nnw: PI.‘H“'L“1[ I‘hArmau-um‘.‘|~
Lnr Nu: l \l‘ih'hh

.\1.:_;gr:.l.fanr.uH: If!” -

   
SEM: 2

Exnpn'm: hihuhcd Imm-
Mmmfm'rmw': I‘rnm-q 1‘Iurm.n.run.
LII! NU..- ( hlh'fihh
Mayurlrrdimn; ‘vtlll -

vu'umllmc (L'Hllli‘u'
.1|~

HS
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Cellulose, Silicified Microcrystalline 

11 Stability and Storage Conditions 

Silicified microcrystalline cellulose is stable when stored in a 
well-closed container in a cool, dry place. 

12 Incompatibilities 

See Cellulose, Microcrystalline and Colloidal Silicon Dioxide. 

13 Method of Manufacture 

Sili~ified microcr~sralline c~llulose is manufactured by co
drymg a suspenswn of microcrystalline cellulose particles 
and c?lloidal silicon dioxide so that the dried finished prod 
con tams 2% w/w colloidal silicon dioxide. uct 

h 
Thefcolloidadl ~ili~don dhiox~~e .appears physically bound onto 

t e ~ur ace an _msl e t. e sll~clfled microcrystalline cellulose 
parncles. Extensive stud1es usmg different speer 0 . th 
ods have failed to show any form of chem1·cal .r tscopt~ mf41 -m eractton. 

14 Safety 

See Cellulose, Microcrystalline and Collo"d 1 s ·t· . . 
I a I tcon Dtoxtde. 

1 5 Handling Precautions 

Observe normal precautions app 0 · d . f r pnate to the ci 
an quantity o material handled. Handlin .. r~~msta_nces 
crystallme cellulose can generate . g of Stltetfled mtcro
a respirator or dust mask may b nuisance dusts and the use of 

M" 11. e necessary 
lcrocrysta . me cellulose ma be . : 

Gloves, eye protection and a d y lrrttant to the eyes 
In h UK h ' ust mask a · t e t e long-term occu . re recommended 
TWA) have been set ar 10 m:atlofal exposure limits (8-hou . 
4 mg/m3 for respirable dust; sh:-t~r to_ral_ inhalable dust anJ 
dust has been set at 20 mg/m3 pl rm hmtt for total inhalable 

Since rhe colloidal silicon dioxide is physical! 
. ocrystalline cellulose the general reco Y hGund 

mtcr . d d lllmend tr, ~ 
loves, eye pror~~u.on, an . a ust m_ask hould ath,n; ~ 

g hen handling stl!Clfted mtcrocrysrallme cellu\ be foflr 1. 

w ~- ~ 

16 Regulatory Status 

Silicified microcrystalline cellulose is a physicalllliXt 
[erials both of which are generally regarded ureoftv. 

ma c 11 1 GRAS I" as no . Microcrystalline cc u ose: tsted. Included . nto~,: 

' 

Inactive Ingredients Guide (inhalations 0 
1
1n the fU· . , ra ca ., 

powders suspensiOns, syrups, and tablets) 1 1 
llSu~, 

nonpare~tera l medicines licensed in Europe ~nthudtd ~ 
Colloidal silicon dioxide: GRAS li sted. Included 

1 ~ Us. 
Inactive Ingredients Guide (oral capsules a~~ 1 

t FDJ 
Included in nonparenteral medicines licensed ta~t,. 

m Eu·. and the US. l,, 

1 7 Related Substances 

Cellulose, microcrystalline; colloidal si licon dioxide. 

18 Comments 

Silicified microcrystalline cellulose has greater tensile stre:tgll 
and requires lo~er compression pressures t~an ~egular grado 
of microcrystallme cellulose. Furthermore, stl1c1fied miCrocn, 
ralline cellulose maintains its compactabiliry when wetgrat.· 
tared; the compacts exhibit greater stiffness and they requr, 
considerably more energy for tensile fai lure to occur.' 1·' 

19 Specific References 

1 Sherwood BE, Hunter EA, Staniforrh JN. Silicified m1ao.:n~U 
line cellulose (SMCC): a new class of high funct1onahry htr.J.~ 

for direct compression. Pharm Res 1996; 13(9): 5197. 
2 Staniforrh JN, Sherwood BE, Hunter EA. Towards a newel"':' 

high functionality tablet binders. U: silicified microcry>~al:·· 
cellulose (SMCC). Pharm Res 1996; 13(9): 5197. 

3 Tobyn Mj, Staniforth JN, Hunter EA. Compaction 1rud1h llf' 
new class of high functionality binders: silicified microcf)"ltalh 
cellulose (SMCC). Pharm Res 1996; 13(9): 5198. .. 

4 Tobyn Mj, McCarrhy AP, Sraniforth JN, EdgeS. Phys•ochem·•~ 
comparison between microcrystalline cellulose and 51hdll:• 

microcrystalline cellulose. Int] Pharm 1998; 169: 1 8~-19~ ~ 
5 Habib SY, Abramowitz R Jerzewski RL, eta/. 1s sthclfit

1 
'(. 

l d . .' b h ong•na~ · granu are mtcrocrystalltne cellulose errer t an 110119~. 
granulated microcrystalline cellulose? Pharm Dev Tech 
4(3): 431-437. ~·~. 

6 Edge S, Steele DF Chen A et a/. The mechanical prop!' ,~ · ' ' · · ·r· d mJCro-'fl· compacts of mtcrocrystalline cellulose and s1hc1 1e 
line cellulose. Int J Pharm 2000; 200: 67-72. /£.tpt<J' 

7 Heal_th and Safety Executive. EH4012D02: OcwP~110~oo2. 
Lzmzts 2002. Sudbury: Health and Safety Execuuve, • 
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Li JX Zh · f wet maS~~~ I' ' ou Y, Wu XY et a/. Chara.:tt•rizJ.non ° J p/IJrfll · 
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avmg Improved compressabiliry. US Patent S,S ' 
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11 Stability and Storage Conditions

Silicifiecl microcrystalline cellulose is stable when stored in a
well—clonal container in a Cool, dry place.

12 Incompatibilities

See Cellulose, Mierocrystallinc and Colloidal Silicon Dioxide.

13 Method of Monutacture

Silicified microcrystalline cellulose is manufactured by co-
drymg a suspension of microcrystalline cellulose particles
and colloidal Silicon dioxide so that the dried fin'sh cl
contains 2% wlw colloidal silicon dioxide. 1 6 product

The colloidal silicon dioxide appears it SlC'Ill b
the surface and inside the silicified michzryStallingiiEllLilgi:
particles. Extensive studies using different Spectroscomc meth-
ods have failed to Show any form of chemical interaction ‘4’

14 Safety

See Cellulose, Microcrystalline and Colloidal Silicon Dioxide
15 Handling Precautions

Observe normal precau ' '. “”115 appro riatet '
and quantity of material handled, l‘ljandli 0 the circumstances
crystalline cellulose can “3 of SiliCified micro-

‘ generate nuisance dust

a resonator or dust mask may he necessarv S and the use Of
Microcrystallmc cellulose ma I '

Gloves, eye protection, and a
. rt recom '

tern-t OCcu anon _ mended,
1 WA] haVe been set at 10 p a a] CXposure llmits {8-hour3 . f .

4 tug/m for respirable Clust- Shm'tgililifirilififlfli 'dlftl and1n a ablE
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I

Silll-It‘ tl'lt‘ colloidal Silicon dioxide I5 phlslt‘flllt l
rocrvqtallint' CCUUIUW ”1" general rectum}. HM:-mic . F

t“- protection, and a dust intuit; L
IQ,

vloch. _ , -. __ “hunk! ._ "":-
ivhen handling tl'ml‘t’d “mmtrl'mllnw allure.“ “2..

lb Regulatory Status

Qilicilit‘d micrtJCI'l"5t"1|]ill" cellulose is a plirhlcal mm
materials both of which are generally rceardm h~| ur. .-.~.' s ‘ .. -. ‘ I: I

Microcrvstallmc ccllulose._(,-RA5lasted. ll'lkllhltd “not
Inactive lligredtcnrh Crnldc {Inlirllatiom " ‘l=t-tj..{. .

powders. suspensiorta. syrup,“ “ml .“ll‘lk’tarlii.\IIE"
nonparcntetal ntcdtcmes licensed ill Lump-L- 'lllLl i‘n'U-n

Colloidal silicon dioxule: GRAB lIS'fl‘Ll. int-Mm mil _"_
lnacrive lngredleute Guide [oral ”pm“ an] fr.
Included in nonpnrcnteral medicines ltcenteu‘ ‘-
.mtl thc US.

 

17 Related Substances

Cellulgsg‘ micmcrystalliue: colltudal SIllL‘t‘lll (inaudi-

18 Comments

Silicificd Irucrocryatalliue cellulose hat greater TIL'El-Illciltz-
and requires lower compression pressure; tlz-An l'E'tS'dlar
of microcrystalline cellulose. Furthermore. stlicitied mun-\-
tallitlt' ccllulosc maintains its compactalwility when uc;

latcd; the compacts exhibit greater stiffnL-sa .tnd the. 7-.__
considerably more energy for tensile failure to new; :-' '

  

19 Specific References
l Sherwood 15E. Hunter liA, Stanllorth _l-.\: “iiiicthr-tl mama-r

line Cc‘lllllflfit’ lSiVlCCl: a new (lath :1! high llll‘ltllilinllll-
for direct compression, Plan-m Res ”96; [RH]: hl‘J'.

2 Staniforth JN. Sherwood BE. Hunter EA. 'l'r-uarclu .1 I'I'.'\‘ L.‘
high functionality tablet bindery ll: «rlrcti'ied n'uctrnri“. '
cellulose [SMCCL lerm R95 I‘lk'tn; 111‘”: EN".

3 T05?“ Ml. Stnnilorth 1N. Hunter FA. l.t111'li‘t‘.|.ll'."fl mum '
HEW Illa-‘35 of high functionality llilltlt‘T-i. ulici'rml :ritncrwf- '
cellulose lSMCCl Phetr‘m Rm: [996; lilfilt: 5P4“. _
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m“marison between microcn'stallitn cellulow .and -'
mlcrocrystalline cellulose. in! ,’ Hut-rm.- l‘J‘JS: 16": l'll‘u'lr
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Cellulose Acetate 

~Names 

BP: eellulose a.:eta te 
Pbi:ur: Cdlulosi acetas 
USP?\f: Cellulose acetate 

2 synonyms 
Acrtyl cellulose; cellulose diacetate; cellulose ttiacetate. 

3 (hemical Name and CAS Registry Number 

Cellulose acetate [9004-35-7) 
Cellulose diacetate [9035-69-2] 
Cellulose triacetate [9012-09-3) 

4 Empirical Formula Molecular Weight 

CeUulose acetate is cellulose in which a portion or all of the 
hydrox1·lgroups are acetylated. Cellulose acetate is available in 
a "ide range of acetyl levels and chain lengths and thus 
molecular weights; see Table I 

S Structural Fonnula 

OR 

R = H, COCH3 n 

LI..L o. (I ) 
- r. Comparison of different types of cellulose acetate. 

6 Functional Category 

Coating age t d d n ; exten e release agent,· tablet and capsule 
diluent. 

7 Applications in Pharmaceutical Formulation 
or Technology 

c;ellulose acetate is widely used in pharmaceutical formula
nons . both in sustained-release applications and for taste 
maskmg. 

Cellulose .acetate is used as a semipermeable coating on 
tab.lets, especJ!lllY on osmotic pump-type tablets and implants. 
Th1s allows for controlled, extended release of actives_!l--4l 
Cellulose acetate films, in conjunction with other materials, 
also offer sustained release without the necessi ty of drilling a 
hole in the coating as is typical with osmotic pump systems. 
Cellulose acetate and other cellulose esters have a lso been used 
to form drug-loaded microparticles with controlled-release 
characteristics. 15-

61 
Cellulose acetate films are used in transdermal drug delivery 

systems17•81 and a lso as film coatings on tablets or granules for 
taste masking. For example, acetaminophen granules have 
been coated with a cellulose acetate-based coating before 
being processed to provide chewable tablets. Extended-release 
tablets can a lso be formulated with cellulose acetate as a 
directly compressible matrix former.191 The release profile 
can be modified by changing the ratio of active to cellulose 
acetate and by incorporation of plasticizer, but was shown to 
be insensitive to cellulose acetate molecular weight and particle 
size distribution. 

Therapeutically, cellulose acetate has been used to treat 
cerebral aneurysms, and a lso for spinal perimedullary 
arter iovenous fistulas. (IO) 

8 Description 
Cellulose acetate occurs as a white to off-white powder, free
flowing pellets, or flakes. It is tasteless and odorless, or may 
have a slight odor of acetic acid. 

Melting range (,C) T
9

fal (°C) Densityfbl (g/ cm3) MWnl<l 

230-250 180 0.4 38000 
180 0.4 30000 

~~------~~~~~~~--~V.~IK~O~Si~~~(m:P:o~s) __ ~~~d~~=~~~~~--~~;Sc~--~~----~~------~~o--
(A.J2QS 32 0 210.0 8.7 230-250 

230-250 182 0.4 35000 

230-250 185 0.4 40000 

230-250 189 0.4 50000 

240-260 186 60000 

280-300 185 0.7 122000 

CA-398-3 . 3.5 
CA.

39
8-6 39.8 l l .4 5 

CA-3 39.8 22.8 
3

· 
98-lONF 39 8 38.0 3.5 

CA-398-JO 39.7 114.0 3·5 

CA.394-60S 39.5 228.0 4·0 
CA-435-75 . 0.9 
:::--__ 43.5 
"' Glow ~ansi1iat 
"lapp..j. lolropetaiUre. 

"'·~ "- • average malecufat weight in polys~ eqvivalenls . 
..._. Ea 

· llman Chemical Company. 
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Cellulose Acetq
flush.- 

I WNUMS
BF Cellulose acetate

'ur: Cellulosi acetas
”5ng; Cellulose acetate

1 SWWS

tecfil cellulose: cellulose diacetate; cellulose triacetate

3 Mkfll Name and CAS Registry Number

Cellulose acetate [9004-35J}
Cellulose diacetate {9035-69-21
Cellulose triacetate [9012-09-3]

4 Empirical Formula Molecular Weight

Cellulose acetate is cellulose in which a portion or all of the
hydroxyl groups are acetylated. Cellulose acetate is available in
a wide range of acetyl levels and chain lengths and thus
molecular weights; see Table I

5 Structural Formula

0R  
R = H. COCHa

“I: Comparim of different types of cellulose ocelole.‘1|"_‘—--——.._._

5‘” Amt-id my Viscosity thasl Hydmxrl 1%}~—-—___

“3205 32 0 210.0 8-7
“”3933 39.8 1 1.4 3-5
““3956 39.8 22.8 3‘5
“meteor 39.0 38.0 3-5

$33330 39.7 I 14.0 is“‘05 223.0 -
0.43575 39 5 0.9

h _

IPR2018-0039O Page 12 of 88

a-“tau—M

6 Functional Cflbgory
Coating i] C“ ‘ f‘ 'l ' 1 ‘_ g [u LXI ndfd Cl ' ' I

I take agent. trlble'l "Id C lPSLllC

7 Applications in Pharmaceutical Formulation
or Technology

Cellulose acetate is widely used in pharmaceutical formula—
(101151th In sustained-release applications and for taste
masking.

Cellulose acetate is used as a semipermeable coating on
tablets, especially on osmotic pump—type tablets and implants.
This allows for controlled. extended release of thtl\'c:5.”_4l

CEllUlQSC acetate films. in contunction with other materials“
also offer sustained release without the necessity of drilling a
hole In the coating as is typical with osmotic pump systems.
Cellulose acetate and other cellulose esters have also been used

to form drug—loaded mictoparticles with controlled-release
char:an.'teristics.'5‘m

Cellulose acetate films are used in transdctmal drug delivery
systems' "m and also as film coatings on tablets or granules for
taste masking. For example. acetaminophen granules have
been coated with a cellulose acetate-based coating before

being processed to provide chewable tablets. Extended- release
tablets can also be formulated Wltl‘l cellulose acetate as a

directly compressible matrix fort'ner."i1 The release profile
can be modified by changing the ratio of active to cellulose
acetate and by incorporation of plasticizer, but was shown to
be insensitive to cellulose acetate molecular weight and particle
size distribution.

“Iberapeutically, cellulose acetate has been used to treat
cerebral aneurysms, and also for spinal perimcdullary‘ ' "I
artenovenous fistulaS.‘ '

8 Description

Cellulose acetate occurs as a white to off-white powder, free-
flowing pellets, or flakes. It is tasteless and odorless‘ or may
have a slight odor of acetic acid.

  

Melting range [12] Tel"I lTCl Densilflh’ {airman} MWn"'

 

 

230-250 180 0.4 33 000
230450 130 0‘4 30 000
230—250 132 0.4 35000
230450 135 0.4 40 000
230—250 139 0.4 so 000
240—200 100 — 00 000._
230-300 135 0.7 r 22 000

M"—'—_"H ..
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118 
Cellulose Acetate 

SEM: 1 cA-398-JONF 
C 11 lose aceta tc. 

Excipient: e u Chemical Co. 
Manuf.u·turer: £,,stm:tl\ . 
Lot No.: AC652SONF 
Muglli(1,·,1ttcllt: 60 X 

\'nit.•.~ · ·: ; J,. \ ' 

9 Pharmacopeia! Specifications 

See Table II. 

Table II: Pharmacopeial specifications for cellulose acetate. 

Test PhEur 2002 USPNF20 

Identification 
Characters 

+ 
+ 

+ 

loss on drying 
Residue on ignition 
Free acid 
Heavy metals 
Microbial contamination 
Organic volatile impurities 
Assay !of acetyl groups} 

10 Typical Properties 

~5.0% 
~ 0.1 % 

+ 
~ 10 ppm 
1000/g 

29.0-44.8% 

~5.0% 

~0.1% 
~0. 1% 
~0.00 1 % 

+ 
29.0-44.8% 

Density (bulk): typically 0.4 g/cm3 for powders 
Glass transition temperature: 170-190°C 
Melting point: melting range 230-300°C 
Solubility: the solubility of cellulose acetate is gre tl · fl 

enced by the level of acetyl groups present Ina y tn ul-
cell ulose 1 bl . · genera 

. a~etated~ ahrle so u e l1l acetone-water blends of 
varymg .ratios, IC oromerhane-ethanol blend d ' h 
formamtde, and dioxane. The cellulose acetates, un~t yl 
acetyl level are generally more limited in sol shof higher 

. are .the lower-acetyl materials. venr c 01ce than 
VIscosity (drnamic): various grades of cellul 

commerctally available that differ in the' ose acetate are 
and degree of polymerization. The b lr acetyl content 
10% w/v solutions in orga . ly can e used to produce 
10-230 p nlc so vents with . . 

m as. Blends of cell 1 VISCOSities of 
prepared with intermediate uvot. se acetates rnay also be 
Table I scos1ty values s 

1 · · ee a so 

SEM .2 
C llulose acetate, CA-398-IONF 

£ ciplent: e . I C 
x . Eastman Chem1ca o. Manufacturer. 

Lot No.: AC6S280NF 
Magni(ication: nOO X 

Voft,Jgc: 2 k V 

11 Stability and Storage Conditions 

Cellulose aceta te is stable if stored in a well-closed comamerm 
a cool, dry place. Cellulose acetate hydrolyzes slowly undc 
prolonged adverse conditions such ~s high te~1perarure a~d 
humidity, with a resultant increase m free aCJd comem lik; 

odor of acetic acid . 

12 Incompatibilities 
. 1 ·d' alkl Cellulose acetate is incompatible w1th strong Y ~cl tc ~rh Jbt 

line substances. Cellulose acetate is companble Wit I· 
1 following plasticizers: diethyl phthalate, pol)rethylene g~co. 

triacetin, and triethyl citrate. 

13 Method of Manufacture 
C 11 ·f· d cellulose ~ e ulose acetate is prepared from highly pun 1e 
treatment with acid catalysis and acetic anhydnde. 

14 Safety 
C ll 1 h ceurical pf(l' 

e u ose acetate is widely used in oral P arma irrir.t01 
d d . . nd non ucts ~n IS generally regarded as a nontoXIC a 
matenal. 

15 Handling Precautions oir 
. urnsta , Ob h a~ ~ serve normal precautions appropriate ro r e . ·Cllnt tO 

: nd quantity of material handled. Dust may .be ~~~st orgJO~ 
yes ~nd eye protection should be worn. Like capablt 
mate~tals in powder form these materials are bustib]e. 
creatmg dusr explosions. C~llu!ose acetate is com 

1 
ns

SEM: 1

Lt't'tpmir: Cellulose
melt. nm‘r: l-.-.ist1n .
Inth'r-..-At"hilh‘i1.\t
Alayrtilnnlnui. [1” -
liili'lmgl' :l.\'

110. [TAaWS- ION!"dfl1 . _
.tn Cltcnnml (.0,

 
" 3 _ y: rlllll'lsunrnccEfi_l.1H139-398-110

\' 4fll‘.

9 Pharmacoiaeiul Specifications
See Table: ll.

 

Table II: Photmocopeiol specifications for cellulose acetate.

Test PltEur 2002 USPNF 20

Identification + +
Characters + —

Loss on drying 55.0% 55.0%
Residue on ignition $0.191, 50.1%
Free ocid + $0. 1%
Heavy metals s 10 ppm 50.00131,
Microbial contamination 1000/9 ._
Organic volatile impurities — +

Assay [of cents-l groups} 29.0-44.8% 29.044.39é__________________

10 Typical Properties

Density {bulk}: typically {1.4 yarn; for powders
Glass ttansution temperature: 170—190?
Melting point: melting range 23G—300‘C
Solubility: the solubility of ce

enced by the level of acet
cellulose acetates are 5

 

SEM Z _
1;,1't‘tpn'm: (.e
Mmmliu'tmvr: _
It): Nu"- .-\(:r«fi:snm
i11.:guifit'driim:
lirlmlut‘: 11.»

llulnscscan-nu,{..1\—’.LJH.1{;NI-_
l’nstninn Cht‘l'l‘llt'fli ( .u_

 
2 a I.) DKU
aunrnc: l"En-3JH

11 Stability and Storage Conditions

Cellulose acetate is stable it stored in i1 “'L'll'L'll'I'tL'tl L's':|1':.’.:.':;;"

a cool, dry place. Cellulose acct-arc l1}'tJl'lJl_\'?.L'E-t \lil'i‘.'l\

prolonged adverse conditions such 3:. high tempt-mun- ::.
humidity, with a resultant increase in true ri'Cltl L'lll'lit".‘; 3:.
odor of acetic acid

l2 lncomputibilities

Cellulose acetate is incompatiblc with “Fulfill? *1"“'ll“"r
line substances. Cellulose acetate is cuml’mlll‘l“ “I“ l

following plasticizers: dierhyl phthalntC- P=‘1.\“h""'”" i“
trtacetin, and triethyl citrate.

‘3 Method of Manufacture
. _ . -. _ “I I'-

Cenuluse acetate is prepared from liigltl} Purlll?d “Hal“
treatment with acid catalvsis and acetic smlii-tlndt.

‘4 Safety
1: .rr-"C‘ - . . -flnu

Lllulose acetate ls Wtdcly used m rural phnrnldu ml”- 1!

ducts ttnd 15 gfnct‘allv regarded as u rn'mtm’ic and 1““
material. ‘

15 Handling Precautions

glgcrvc normal precautions appropn;_.tc “it . ”w
E quantity of material handled. Dust [my W “l anal-"I
£3.51??? Eye Protection should he wont. l'lkl-‘ri'l _ p3l‘ll"
cre .3 5 1n Powder form, these €11.11“!le :1 humble.

attng dust explosions. Cellulose 3cm“. [5 Lgm

bk;
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~Acceptance 

16 LA in the FDA Ina,tive Ingredients Guide (oral tabl ) 
~u~ m . 

t1 
l(eklted Substances 

ul acetate phthalate. c..u ose 

tl eomrnents 
"}l(ll solutions are being prepared, cellulose acetate should 

~~~·ays b<! added to the soh:em, not_ the rev~rse. Va~ious grades 
ofcdlulose acetate are avatlable wtth varymg phystcal proper-
06: .;tc T 3 hie I. 
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Cellulose Acetate Phthalate 

1 Nonproprietary Names 

BP: Cellacefate 
JP: Cellulose acetate phthalate 
PhEur: Cellulosi acetas phthalas 
USPNF: Cellacefate 

2 Synonyms 
Aceryl phthalyl cellulose· Aquacoat cPD; CAP; cellacephate; 
cellulose acetate benzen~-1 ,2-dicarboxylate; cellulose acetate 
hydrogen 1,2-benzenedicarboxylate; cellulose acetate hydro
gen phthalate; cellulose acetate monophthalate; cellulose 
acetophthalate; cellulose acerylphthalate. 

3 Chemical Name and CAS Registry Number 

Cellulose, acetate, 1,2-benzenedicarboxylate [9004-38-0] 

4 Empirical Formula Molecular Weight 

Cellulose acetate phthalate is a cellulose in which about half 
the hydroxyl groups are acerylated, and about a quarrer are 
esterified with one of rwo acid groups being phthalic acid, 
where the remaining acid group is free. See Section 5. 

S Structural Formula 

The PhEur 2002 and USPNF 20 describe cellulose acetate 
phth_alate as a reaction product of phthalic anhydride and a 
partial acetate ester of cellulose containing 21.5-26.0% of 
aceryl (C2H30) groups, and 30.0-36.0% of phthalyl(o
carboxybenzoyl, CsH50 3) groups. 

0 

.. J ,.c( 
coo~ 

6 Fun~onaiCa~ory 

Coating agent. 

7 Applications in Pharmaceutical F 1 • 
or Technology ormu Ohon 

Cellulose acetate phthalate is commonly 
1
. 

· h b · f a PP Ied dosage forms e1t er y ~oatmg rom organic 
0 

to S<Jl~ 
solvent systems or by dtrect compression C r aqu-~ 
generally used ~re 0.5-9.0% of the core weighr.othentca~~ 
of plasticizers 1m proves the water resistance f he add.nQ 

d f I . . 0 t IS ~ 
material, an ormu anons usmg such plasticizers coar1n~ 
effective than when cellulose acetate phthalate i are llir,1t 

Cellulose acetate phthalate is compatibles us_ed alt,ne. 
. J d' l d With plasticizers, mc u mg ~cety ate monoglyceride· lllany 

phthalybutyl glycolate; dtbutyl tartrate; diethyl h, hu~1 
dimethyl phthalate; ethyl phthalylethyl glycolat _P \:ala~; 
Propylene glycol; triacetin; triacetin Citrate· and t;.' g lcenl\: 

d . b' . . b h , lpropton It is also use m com man on Wit ot er coating agent tn. 
ethyl cellulose, in drug controlled-release preparatio 

1 such,l 
Therapeutically, cellulose acetate phthalate ha~s. 

d h.b. . I recemh been reporte to ex 1 Lt expenmenta microbicidal 
II . d d' ac1111~ against sexua y transmltte tsease pathogens such L'. 

HIV -1 retrovirus? ·lO) ' as Ill! 

8 Description 

Cellulose acetate phthalate is a hygroscopic, white 10 oft. 
white, free-flowing powder, granule, or flake. It is tas1elt\: 
and odorless, or might have a slight odor of acetic acid. 

9 Pharmacopeia! Specifications 

See Table l. 

Table 1: Pharmacopeia\ specifications for cellulose acetate ph!OO!o'l 

Test JP 2001 PhEur 2002 USPNf 20 

Identification 
Characters 
Free acid 
Heavy metals 
Organic volatile 

impurities 
Phthaloyl groups 
Residue on ignition 
Viscosity ( 15"/o 

+ 
+ 
~ 3.0% 

~ lOppm 

(Suppl4.3) 

+ 
+ 
~3 .0% 

~ 1 0ppm 

+ 

~3.0% 
~0.001% 

+ 

+ + 
0 10 / 0 10/ ~0.1 % ~ . Yo "' . /0 900~1cl 

45-90mPa s 45 .0-90.0mPas 45.QJ · 
w/v solution) 

Water d .O% ~5.0% ~5.0% 
Assay + + + O'il 
Acetyl groups 21.5-26.0% 21.5-26 O% 21.5-2\~ 
Carboxyben:z:oyl 30.0-40.0% 30.0-36.0% 30.o-3

6
· 

groups .__../ 

----------------~ 

Cell~lose acetate phthalate (CAP) . 
coatmg material or as a . IS b~sed as an enteric film 

I ll-i!J S , matnx mder f bl capsu es. uch coatings . I or ta ets and 

10 Typical Properties 

Density (bulk): 0.260 glcm3 
Dens~ty (tapped): 0.266 glcm3 ure is 16} 
Meltmg point: 192°C Glass transition temperat .n1ll' 

strongly acidic gastric fluid besi~· pr~ o~ged contact with the 
neutral intestinal environ~en~~ ISSO ve tn the mildly acidic or 

120 

17ooc l 11 > • · hw. 
M · . h ~d# 

Otsture content: 2.2% . Cellulose acetate pht a ·d e~"e 
scop· d avol 

IC an precautions are necessary to 
absorption of moisture .l12> See also Figure l . 

I

Cellulose Acetate Phlholole
wk. 3 mu“ ‘ 'M-

'I Nonpropr'lflfll'y mm”
31’: Cellacefate

JP: Cellulose acetate phthalate
PhEut: Cellulosi acetas pht'nalas
USPNF: Cellacelatc

2 Synonyms

C hthal leellulose; A name! cPD; CAP; cellacephate;
fielltilllisg act-tire benzene—l.g-dicarboxylate; cellulose acetate
hydrogen 1,Z-henzenedicatboxylate; cellulose acetate hydro-
gen phthalate; cellulose acetate monophthalate; cellulose
acetophthalate; cellulose acerylphtl'mlate.

3 Chemical Norrie and CAS Registry Number

Cellulose. acetate, l,2—benzeuedicarboxylate [9004-38—0]

4 Empirical Formula Molecular Weight

Cellulose acetate phrhalate is a cellulose in which about half
the hydroxyl groups are acetylated, and about a quarter are
esterified with one of two acid groups being phthalic acid,
where the remaining acid group is free. See Section 5.

S Shuchrrul Formula

The PhEur 2002 and USPNF 20 describe cellulose acetate

phthnlate as a reaction product of phthalic anhydride and a
partial acetate ester of cellulose containing ILLS-26.0% of
acetyl lC2H30l groups1 and 30.0—36.0“!o of phthalylto—
carboxybenzoyl, Cal-1503) groups.

OR 9499‘ UR

on o D on 0 o
o O" o oe‘

cram on MR OR

a l
1'H ' 5‘56 e' .

6 Fol-Idiom! Cfllegory
Coating agent.

7 'colion ' -
creme, Penman rem...-

Cellulose acetate hth .
coating material,p film {CAP} Is usedof as a m ‘ ’
capsules.““‘l Such atrix binde. for b]

‘ coatings resist prolon ta m and. . . ed -

Strongly-atldllc gastric fluid, but diesel“ i3 hmmm with theneutral intestinal n temit-name“ ‘3 fluidly acidic or

3'5 an enteric filmr

120
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Cellulose acetate phtltalate is cnmtnonl

dosage forms either by cootmg from ("Rattle ‘ Wot“!
solvent systems or by direct‘comprcssum. (o It
generally used ore {IS—9.0% oi the con- Mlght: ill-1mm“.
of plasticizers Improves the water resistance In [I'll-dudjhi
material. and formulations using such l'1ll1"':lL'1;J-I1II\ on”
effective than when cellulose acetate plithalm’ l: IN rm

Cellulose acetate pltthalate is Cl’ml‘fliililg IIIII‘LIF:
plasticiiters. including itculylated "“"mlllSti-rigll my
plithalybutyl glycol-ate: dilatityl tartrnte; Lllt'll‘l'i'] 31-1 or.
dime-thy] plitlialute; ethyl pill'l‘lflll'lt‘tl‘lyl glvct. l lll,:_|.]:l-
propylene glycol; triaeetin; trincetin wrath-and tut»
lt is also used in combination with other ctmnnLl ‘lgrlliilllill'
ethyl cellulose, in drug controlled-releute premra.tmil‘-u.itr .

Therapeutic-all)" cellulose acetate l‘h‘hfllnte We}
been reported to exhibit experimental Mitrlll‘k‘idal LE:
against sexually transmitted disease pummel“. inclL‘.
HIV—1 mttttwirus.""lur h-

Y al‘plim h

‘4'th| .
. 34!}

8 Description

Cellulose acetate phthalatc is :1 hygroscopic. ur'mtl 1...».
white, free—flowing powder, granule, or flake. lt ist331L-;_-._.
and odorless, or might have a slight odor of acetic and.

9 Phormucopeiol Spocificolions

  

See Table 1.

Table l: Phormocopeiol specllicolions lor cellulose ocelufe pillow

Ted JP 2001 PhEur 2002 use» 20

[Suppl 15.3}

Identification + + +
Characters + + —

Free acid esoat escort $3.093:
HEWY rne'luls $10 ppm “(.510me 40-00”
Organic volatile — .. +

Impurities

Phlllulflyl groups. 4. + +
lie-“due on ignition com coin “91““ n.
“5505"? [15% 45.90 mPo 5 45.090 OmPos 45.03””

W/V solution]
Weller

A559). $504: $5. 1'0 ‘+
+ + 0°

Jamlilorouias 21.5-26.0“4 21.5425 0" “glint
Corbo><ybenzoyl SUD-40.0% SOD-36.0"? 30'

groups
M—'/

10 Typical Properties

Density (bulk): 0.260 gfcm“ \
mow ltapped): 0.266 gltm3 ll-“ - _ c ,. A “gruff"

WEECITRIRL 192 C. Glass transition tth
.{0'

Mo “1 "itll'I late " '19-:
Is (.5 mutetlt: 2.2%. Cellulose acetate Plllhso. mitt
5:091: and Precflutions are necessdf)‘ :0 a
a SO’PIlOIl of moisture?“ See also Fit-'4“ 1‘

I-MAK 1012
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figure 1: Sorption-desorption isotherm of cellulose acetate phthlate. 

Table II: Examples of solvents with which cellulose acetate phthalate 
has ~ 10% w/w solubility. 

Acetone 
Oiacetone olcohol 
Dioxane 
Ethoxyethyl acetate 
Ethyl glycol monoacetate 
Ethyl lactate 
Methoxyethyl acetate 
!Wethoxyethylene alcohol 
Methyl acetate 
Methyl ethyl ketone 

Table Ill: Examples of solvent mixtures with which cellulose acetate 
phthalate has .;:; 10% w/w solubility. 

Acetone: ethanol ( 1 : 1 ) 
Acetone :water (97 : 3) 
Benzene : methanol (l . 1 ) 
Ethyl acetate : ethanol ( 1 : 1 ) 
~chloride: ethanol {3 : 1) 

Solubility· · 1 h I d hi . · practtcally insoluble in water a co o s, an c on-
nated and nonchlorinated hydroc;rbons. Soluble .in a 
nudrn~er of ketones esters ether alcohols, cyclic ethers, 
an In . ' ' 1 . . b ff certam solvent mixtures. It can be solub e m certam 

au ered aqueous solutions as low as pH 6.0. Cellulose 
cerate h h · 'd ran e P t alate has a solubility of ~ 10% w/w m a WI e 

III g of solvents and solvent mixtures; Table II and Table 
VISco·· 

rn~~ty (dynamic): a 15% w/w solution in acetone with a 
"l't -15~re content of 0.4% has a viscosity of 50-90 mPa s. 
•nJslsa d l 'k . tenc b goo coating solution with a honey- 1 . e consts-
SOiv:~t. Ut the viscosity is influenced by the puttty of the 

Cellulose Ace tate Phtha late 121 

11 Stability and Storage Conditions 

Slol hydrolysis of cellulose acetate phthalate will occur under 
roho~ged advers~ conditions such as high temperatures and 
~g . umtdlty, With a resu ltant increase in free acid content 

VJhSCOSity, and odor of acetic acid. However cell ulose acetat~ 
P thalate is stable if stored in a well-closed c~ntainer in a cool, 
dry place. 

12 Incompatibilities 

Cellulose acetate phthalate is incompatible with ferrous sul
fate, ferric chloride, silver nitrate, sodium citrate, aluminum 
sulfate, calcium chloride mercuric chloride barium nitrate 
basic_ lead acetate, and st~ong oxidizing age~ts such as stron~ 
alkalis and acids. 

13 Method of Manufacture 

Cellulose acetate phthalate is produced by reacting the partial 
acetate ester of cellulose with phthalic anhydride in the 
presence of a tertiary organic base such as pyridine, or a 
strong acid such as sulfuric acid. 

14 Safety 

Cellulose acetate phthalate is widely used in oral pharmaceu
tical products and is generally regarded as a nontoxic material, 
free of adverse effects. 

Resulrs of long-term feeding in rats and dogs have indicated 
a low oral toxicity. Rats survived daily feedings of up to 30% 
in the diet for up to 1 year without showing a depression in 
growth. Dogs fed 16 g daily in the diet for 1 year remained 
normal. 

1 5 Handling Precautions 

Observe normal precautions appropriate ro the circumstances 
and quantity of material handled. Cellulose acetate phthalate 
may be irritant to the eyes, mucous membranes, and upper 
respiratory tract. Eye protection and gloves are recommended. 
Cellulose acetate phthalate should be handled in a well
ventilated environment; use of a respirator is recommended 
when handling large quantities. 

16 Regulatory Status 

Included in the FDA Inactive Ingredients Guide (oral tablets). 
Included in nonparenreral medicines licensed in the UK. 

17 Related Substances 

Cellulose acetate; hypromellose phthalate. 

18 Comments 

Any plasticizers that are used with cellulose acetate phthalate 
to improve performance should be chosen on the basis of 
experimental evidence. The same plasticizer used in a different 
tablet base coating may not yield a satisfactory product. 

In using mixed solvents, it is important to dissolve the 
cellulose acetate phthalate in the solvent with the greater 
dissolving power, and then to add the second solvent. Cellu
lose acetate phthalate should always be added to the solvent, 
not the reverse. 

 
10

ll-Di-0:Equilibriummoisturaat25CRH
M

°o to 20 30 so so so 70 so 90 100

Relative humidity [$6]

Emotion-desorption isotherm of cellulose ocetote phthlote,Figure I:

‘l'dtle 3: Examples of solvents with which cellulose acetate phthalote
lint ems. tar/w solubility.
Acetone

Diocetone alcohol
Diorama

Etltoxyetliyl acetate
Ethyl glycol monoocefote
Elllyl lactate
Melhoxyethyl acetate
meethfiene alcohol
Methyl acetate

W ethyl lretone

 

 

Mil: Examples of solvent mixtures with which cellulose acetate
W
Armenians [mi
A“Homeowner {97 -_ 3}
Benmnemathanol {l : 1]

Wetsmlhonol ll : l]
Wane chloride :ethanol [3 : l]‘xH—I-u—.__________—_________—-—

salul’lh‘y: practically insoluble in water, alCOhDIS. and chlori»
and and nonchlorinated hydrocarbons. Solu‘ble m a
“Elli” of littoncs, eater-5, ether alcohols, Cyclic others,
bu ”l ttenant solvent mixtures. It can be soluble in certain
flu.- Cred aqueous solutions as low as pI-l 6.0. Cellulose
mutate Pllthalate has a solubility of g 10% wfw m a wide
[ll 3' (if Solvents and solvent mixtures; Table H and Table

V‘ I. _

“:10? {dynmicli a 15% “that: solution in acetone Wltl’t a
“list” come“? 0f 0.4% has a viscosity of 50—90 mPa s.

a 300d coating solution with a honey-like consis-
zltc'ginbm the Viscosity is influenced by the purity of the
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Cellulose Acelote Pi'ttimlote ‘21

'l I Stability and Storage Conditions

5L?}‘I‘t‘lit'il§(ili'sts {if til-“LII?“ acetate phthelttte will occur under
P. "13'" _ tid‘Ersc lL‘HthlltJtlS such :15 high telrtpcrutures and
hlgh llumld'll't With a resultant increase in free acid content.
“Emmy. and odor of acetic acid. However. cellulose acetate
phthalare is stahle ifstored in .1 well-closed container in a cool.
dry place.

12 Incompatibilifies

Cellulose acetate phthalatc is incompatible with ferrous sul-
fate. ferric chloride, silver nitrate. sodium citrate. aluminum
sulfate. calcium chloride. mercuric chloride, barium uitmrc.
bastc lead acetate. and strong oxidizing agents such :15 strong
olknlis and acids.

13 Method of Manufacture

Cellulose acetate phthalate is produced by reacting the partial
acetate ester of cellulose with phthslic anhydride in the
presence of a tertiary organic base such as pyridine. or a
strong acid such as sulfuric acid.

14 Safety

Cellulose acetate phtltulutc is widely used in oral pharmaceu-
tical products and is generally regarded as a nontoxic material,
free of adverse effects. _

Results ofloug-tcrm feeding, in rats and dogs have indicated
a low oral toxicity. Rats survived daily feedings of up to 30“.?)
in the diet for up to 1 year without showing a depression in
growth. Dogs fed 163 daily in the diet for 1 year remained
normal.

15 Handling Precautions

Observe normal precautions appropriate to the circumstances
and quantity of material handled. Cellulose acetate phthnlate
may be irritant to the eves1 mucous membranes. and upper
respiratory tract. Eve protection and gloves are recommended.
Cellulose acetate phthalatc should be handled in a well-
ventilated environment: use of a respirator is recommended
when handling large quantities.

'16 Regulatory Status

Included in the FDA Inactive Ingredients Guide (oral tablets].
Included in nonparentcral medicines licensed in the UK.

17 Related Substances

Cellulose acetate; hyptomellose phthalatc.

18 Comment:

Any plasticizers that are used With cellulose acetate phthalare
to improve performance should be chosen on the basis of
experimental evidence. The same plastrcizer used in a different
tablet base coating mayr not yield :1 satisfactory product.

In using mixed solvents. it rs important to dissolve the.
cellulose acetate phthalate in the solvent with the greater
dissolving power, and then to add the second solvent. Cellu-
lose acetate phthalate should always be added to the solvent.
not the reverse.

I-MAK 1012
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122 Cellulose Acelole Ph lholole 

. re ermeable to certain Cellulose acetate phthalate ftl~s a. ~de and ammonium 
ionic substances, such as potaSSI~m 10 ler subcoat should be 
chloride. [n such cases, an appropnate sea 

used. . . . f latex particles rather 
A reconstituted collotdal d1sperswn_ 0

1 
f llulose acetate 

rhan soh·enr solution coatmg matena 0 ce. 
1 

ble pow-
. .1 bl Th" h ·r water-mso u phthalate IS also avat a e. IS w 1 e, b . ter 

51
"zed 

. f r·d · l"d su m1crome -der 1s composed o so 1 or semlso 1 . f 
0 2 

A 
· t"cle SIZe 0 · 1-ltn. Polvmer spheres With an average par 1 d · 10 

· hi 1 ow er IS a -typical coaring system made from t s atex P . . . h 
. d" · "th a VISCOSity Ill t e 30% soiJd-conrenr aqueous 1sper51on WI 

50-100 mPas range. 
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Pharm Sci 1980: 69: 1388-1392. 

3 Takenaka H, Kawashima Y, Lin SY. Polymorphism of spray
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preparation of enteric-coated microspheres. j Pharm Sci 1984; 73: 39-42. 

6 Berger .IW, Nairn JG. Some factors affecting the microencapsu
lanon of pharmaceuticals with cellulose acetate phthalate. j 
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Dev lnd Pharm !992; 18:2123-21 33. muhod.D~ 

Raffin F, Duru C, Jacob M, eta/. l'hysico-che~nical h . 
h · · b"l" f c aractenlan t e IOniC permea llry o an enteric coating poly

111 
1 "'~ 

1995; 120(2): 205-214. er. Ill Jlfr-

Wyatt DM. Cellulose esters as direct compression matr JL 

Chern 1991; 62( 12): 20, 21, 23. Ices ... "" 

21 Author 

RW Fengl. 

22 Date of Revision 
22 October 2002. 



IPR2018-00390 Page 18 of 88 I-MAK 1012

Lactose 

...nrietary Names N4JnP•-r 

BP: [.Jctose 
~.;erose c1r· 

.W: ur Laccosum monohy tcum 
PbE 'f· Lactose monohydrate 
VS~~~at the BP 2001, JP 2001, PhEur 2002, and USPNF 20 
~0 1 contain a monograph for anhydrous lactose. 
tlch a so 

2 synonyms 

Flo 20· Aero Flo 65; Aero Flo 95; Anhydrox· CapsuLae· 
AtrO ' . ' ' Fast·Flo; 4-(~-D-galactostdo)-D-glucose; FlowLac; GranuLac; 
lnhaLac;HMS; Lactochem; Lactohale; L~ctopress; Microfine; 
\{icrotose; mtlk sugar; Pharmatose; PrtsmaLac; Respitose; 
~ccharum lactis; SacheLac; Sorbo Lac; Super-Tab; Table
nose; \Vyndale; Zeparox. 

3 Chemical Name and CAS Registry Number 
O+o-Galactopyranosyl-( 1-+4 )-cx-D-glucopyranose anhy-
drous [63-42-3] 
0-~-D-Galactopyranosyl-( 1-+4 )-a.-o-glucopyranose mono

hydrate [64044-51-5] 

4 Empirical Formula 

CuHuOu 
C,1HuOu·H20 

5 Structural Formula 

OI,Oti Q~OHO 

t;-0 OH 
~ OH 

OH 
OH 

•·~octoco 

6 Fu · 

Molecular Weight 
342.30 (anhydrous) 
360.31 (monohydrate) 

P-lactose 

nctional Category 
Diluent f d d"l or ry-powder inhalers; tablet and capsule I uent. 

7 
!Pflications in Pharmaceutical Formulation 
r echnology 

lactose is .d bl d 
tapsul WI ely used as a filler or diluent in ta ets an 
•nd in~:~:~d to a more limited extent in lyophilized pro.ducts 
'ndry.Pow eed.formulas.0-20l Lactose is also used as a diluent 

V · der IIlhalations (2 l l 
d. anous I • . h h 
ifferent h actose grades are commercially avatlabl~ t at ave 

•nd flow phYsical properties such as particle size disrnbutlon 
1ultabte ~ ar~cteristics. This permits the selection of the most 
Particle atenal for a particular application· for example, the 
u"" 51Ze ra l ' ft d ndent 1'\}n the nge se ected for capsules is o en epe . 
~ades of ?Pe of encapsulating machine used. Usually, fme 

actose are used in the preparation of tablets by the 

wet-granulation meth d h · · 
carried 

0 
. 0 or w en mtllmg during processing is 

f I 
~t, st.nce the fme stze permits better mixing with other 

ormu anon mgred· d .1. . 
1 

Ients an utJ 1zes the binder more effi-
Cient y. 

f Otter applications of lactose include use as a carrier/diluent 

l
or m alanon products and in lyophilized products where 
acrose IS added ro f d · d 1 · . ' . . . reeze- ne so ut1ons to mcrease pi ug size 

and aid cakmg. Lactose is also used in combination with 
s~crose (approximately 1: 3) to prepare sugar-coating solu
tions. 

The method for obtaining lactose from milk was patented in 
1937. The process for making spray-dried lactose for use as 
~Irect-compression excipient was patented in 1958. Since that 
time, lactose has been used as the standard of comparison for 
all modern d1rect-compression excipients. Today, many other 
lactose grades are commercially available, including an
hydrous cr-lactose, a.-lactose monohydrate, and, to a lesser 
extent, anhydrous ~-lactose. 

Generally, the grade of lactose chosen is dependent on the 
type of dosage form being developed. Direct-compression 
grades are often used to carry small quantities of drug and 
this permits tablets to be made without granulating. 

Direct-compression grades of lactose are more fluid and 
more compressible than crystalline or powdered lactose and 
are generally composed of spray-dried lactoses that contain 
specially prepared pure cr-lactose monohydrate along with a 
small amount of amorphous lactose. The amorphous lactose 
improves the compression force/hardness profile of the lactose. 
Other specially produced direct-compression grades of lactose 
do not contain amorphous material but may contain glassy or 
vitreous areas that impart improved compressibility. Direct
compression grades of lactose may also be combined with 
microcrystalline cellulose or starch, and usually require a 
tablet lubricant such as 0.5% w/w magnesium stearate. The 
use of direct-compression grades of lactose results in tablets of 
higher breaking strength than does use . of standard lact.ose. 
Concentrations of lactose generally used m these formula nons 
are from 65% to 85%. Lower amounts of spray-dried lactose 
can be used if additional direct-compression material such as 
pregelatinized starch is substituted. 

8 Description 
Lactose occurs as white to off-white crystalline particle~ or 

owder. Lactose is odorless and slightly sweet-tastmg; 
~-lactose is approximately 15% as sweet as sucrose, while 
~-lactose is sweeter than the cr-form. . . 

Sev.eral different forms of lactose are commercially avail
bl . anhydrous a.-lactose, o:-lacrose monohydrate, and to a 

tess:r extent, anhydrous ~-lactose, :'hich typically contains 

70% anhydrous ~-lact?se and 30 Yo anhy.drous :x-lactose, 
1 h ugh grades contammg a greater proportiOn of anhydrous 
~ ~ 0

tose are also available, e.g., Pharmatose DCL 21 (DMV 
Ph:~ma). a.-Lactose may also contain a small quantity of the 

~-form. 

9 Pharmacopeia! Specifications 

See Table 1. 
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Lactose
u—I"

. c osum monoht'dl'icum
shag-Flair“: monghydratc

; . . BP 2001’ JP 2001, PhEur 2002, and USPNF 20. at [he
Nita?” contain a monograph for anhydrous lactose.H‘-

1 mourn“

1'no Hg 20; Acre Flo 65.; Acre Ho 95; Anhydrox; CapsnLae;
mpg; 4.lfl.o.galact051dol-D-glucose; Floerrc; Granular;
l”Mm HMS; Lattochem; Lectohale; Loctopress; Microfine;
“we“; milk sugar; Pbarmarose; PrrsmaLoc; Respitose;
mhamni lactis; SacheLac; Sat-bakes; Super—Tab; Table-
m Wmdalc; Zeparox.

3 Chemical Name and CAS Registry Number

Ull-D-Galactopyranosyl—{l -) 4J-or-D—glucopyranose
dmus 15342-3]

O'fl-nGalactopyranosyl-l144l—u—D—glucopyranose mono—

hi'ilmtt [64044-51-5]

anhy-

ll hupiriccil Formula

CLil'luOn
C11“;in l 'l‘lzo

Molecular Weight

342.30 (anhydrous)
360.31 (monohydrate)

5 Structural Formula

canon oH,OH

1 9w 9 sword 0H0 OH D ono
u" on on

OH OH
°" on

sit-m iii—tum

i FUncfionq| CUMQOI'Y
Blue“: for drY‘POWder inhalers; tablet and capsule diluent.
I . _ .

Al’l'l"|=|lmtts in Pharmaceutical Formulation
Br EthnologyEta ' . _

:3 widely used as a filler or diluent or tablets and
andjn Hand ‘0 a more limited extent in Iyophilized produ€f5
‘ld . tfeed,fmmula5-u-ml Lactose is also used as a diluent

al'lllluw PhYSIca] Properties such as particle size distribution
“siren: “armistice This permits the selection of the most
pa'licle siatmal for ‘1 Panictflaf application; {01' example, the

IE range selected for capsules is often dependim
m“ 0“ng 0‘ encapsulating machine used. Usually, flne

Ctose are used in the preparation of tabli‘:IS bl’ the

wctigrnnulation rner
carried out. since the
formulation ingredi
Ciently.

forcirtilhgllfifirllwartijm Bl lactose include use as a carricrldiluent
lactos=' dd P 0 “th and In lyophllizedproducts. where

9 IS :1 led to freeze-dried solutions to Increase plug SIZC
and aid Coking: Lactose is also used in combination with
Sucrose lapprommately 1 =3) T0 Prtpare sugar-coating solu-trons.

The method for obtaining lactose from milk was patented in
1,937' Tl“: Process for making sptavdried lactose for use as
direct-Compression excipienr was patented in 1958. Since that
time, lactose has been used as the standard of comparison for
all modern direct-compression excipients. Today, many other
lactose grades are commercially available. including an-
hydrous o-Iactose. ut—Iactose monohydratc, and, to a lesser
extent. anhydrous fi—lucrose.

Generally, the grade of lactose chosen is dependent on the
type of dosage form being developed. Direct—compression
grades are often used to carry small quantities of drug and
this permits tablets to be made without granulating.

Direct-compression grades of lacrose are more fluid and
more compressible than crystalline or powdered lactose and
are generally composed of spray—dried lactoses that contain
specially prepared pure (I-lflcl’USC monohydrate along with a
small amount of amorphous lactose. The amorphous lactose
improves the compression forcelhardness profile of the lactose.
Other specially produced direct-compression grades of lactose
do not coutain amorphous material but may contain glassy or
vitreous areas that impart improved compressibility. Direct-
compression grades of lactose may also be combined with
microcrystalline cellulose or starch, and usually require a
tablet lubricant such as 0.5 % wfw magnesium stearate. The
use of direct-compression grades of lactose results in tablets or

higher breaking strength than does uscot standard lactose.
Concentrations of lactose generally used in these tormulntrons
are from 65% to 35%. Lower amounts or spray-dried lactose
can be used if additional direct—compression material such as
pregelatinired starch is substituted.

bod or when milling during procching is
fine size permits better mixing with other

CUTS and Utilizes the binder more. cfti-

8 Description

Lacrose occurs as white to off-white crystalline particles or
owder. Lactose is odorless and slightly sweeflasfing;

Elactose 15 approximately 15% as sweet as sucrose. While
[l- lactose is sweeter than the tit-form. . .

Several different forms of lactose are commetcmlly avail-
able' anhydrous rt-lactosc. a-lacrose monohvdrate, and to .1
155551- cxtent. anhydrous li-lacrose, which typically C0ntatn$
70% anhvdrous B-lactose and 30% anhydrous a-lactose.

h radcs containing a greater proportion of anhydrous
Eliza?“ in? also available. e.g., Phomtrtrose DCL 2i EDMV
Pharma} (I-LaCtL'ISB may also contain a small quantity of the
[Zr-form.

9 I'hclrmucopeidl Specifications

See Table l.

323

#_—#
IPR2018-0039O Page 18 of 88 I-MAK 1012



IPR2018-00390 Page 19 of 88 I-MAK 1012

324 Lactose 

Pharmocopeial specifications for lactose. Table 1: 

Test JP 2001 PhEur 2002 USPNf 20 

Identification 
Characters 
Appearance of solution 
Specific rotation 

(anhydrous basis) 
Microbial limits 
Acidity or alkalinity 
loss on drying 

Anhydrous form 
Monohydrate 

Water 
Anhydrous form 
M onohydrate 

Residue on ignition 
Heavy metals 
Protein and light· 

absorbing impurities 

SEM: 1 

+ 

+ 
+54.4 to 

+55.9° 
100/g 
+ 

~0.5% 
.;;0.5% 

:,;:; 1.0% 
4 .5-5.5% 
:,;:; 0.1% 
.;;5ppm 

+ 

+ 
+ 

+ 
+54.4° to 

+55.9° 
100/ g 
+ 

.;; 1.0% 
4.5-5.5% 
:,;:; 0.1 % 
.;;5ppm 

Excipiellf: Lactose mono hydrate (Luctose D.lO) 
M.muf;rdltrcr: .'v!eggle Gmt->H 

SEM: 2 
F.xojnml: l.ano't mo n.,hydrart (Lrctose G201J) 
M,w ufa<·flll"<"r: i\'kggk GmbH 

+ 

+ 
+54.4" to 

+55.9 
100/ g 
+ 

""0.5% 
"" 1.0% 

.;; 1.0% 
4.5-5.5% 
.;; 0.1% 
.;;5ppm 

+ 

100J.t -

SEM: 3 
Exoprcnt: Lacro~e monohydratl' {T.rhleflo>rt 

M,11111f;1cturcr: l\1cgglc CmhH 

SEM: 4 
Ex<"i{nc!llt:Lacrosc monohydrate {Lactose Mrmubydr,lfe ~OS) 
Manufacturer: Quest lnternanonal Inc. (Sheffield Produn, 
Lot No.: SSA-13 (9 NJ 16) 
Magnification: 120 x 

Voltage: 20 kV 

1 0 Typical Properties 

Angle of repose: see Table II. 
Com~ressibility: see Table III. 
DenSity: 

1.540 for tX-Iactose monohydrate 
1·589 for anhydrous A-lactose D . ~-' 

D ens~ty (bulk): 0.62 g/cm3; see also Table U. 
D ens~ty (tapped): 0 .94 g/cm3; see also Table fl. 

enstty (true): 
1.552 for IX-lactose monohydrate 
1.552 for anhydrous P-lactose 

Flowability: 
3·9 g/s (Fast-Flo #3 16, Foremost) · 

H 4·1 g/s (Spray processed #315 Foremosr) . ~nd i> 

ygroscopicity: lactose monohydrate is stable irt atr •er rhl 
unaffected by humidity at room temperatu~e. H_owde~a;' ill 
amorph f · 5 dne ' t>· ous orm, depending upon how Jt 1 be [1100 

affected by humidity and can be converted ro r 
hydrate. 

l 
—-—-——

324 [ac haw"

m I: Pharmacopeicl spec—ificuii  
PhEur 2002 USPNF 2°

 
“51 JP 2001

Identificaiion + + :

Charade” f | —— : +A rance D so Lilian +

5%: rotation +544 10 4-54.41 lo +541;5 (1)0
[anhydrous basis] 4.55.9 +559 5/

Microbial limiis 100/9 100/9 10 9
Anidiry or alkalinity + + 4*
loss on drying _ or

Anhydrous Form 30.5% — 3.0.5::
Monohydrole $0.591”: —- xe- 1.0m

Water a.
Anhydrous form g 1.0% :3” 1.0% s: 1.0%.}
Monohydrule 45-55% 45—55% 4.5-5.5:‘9

Residue on ignition g0] ‘36 $0.133 :; 0. Ho
HmW me'GIS $5 ppm S. 5 ppm :5 5 ppm
Prolein and lighi- + _ +

absorbing impurities 

SEM: l

Exripirm: lnclnw l1]nl‘l('|11}‘df.11‘t‘ Ii' .Ji‘hb‘r' 113'?”
Maiiidln-iim-r: k-lt-gglu ('iiiil‘il

 

SEM: 2

i-T_\'i'ipmirr l .IL’iIM' nmnuimlmu Han-rug? (Jinn
firiniiirfin'frflk‘r: Ali-mic (-riihll
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SEM: .1

1irwfln-m;iJan-ii,-iiluiinl'iulthL'-Lu'u.i',‘.ri.w,
”.J‘HIIIJI Irma".- .\|t'!i;1|L' Hmlwli

 
HEM: 4

if.“iim‘iir:|.ai.'msr innnnhydmlr .i'.... irm .\I.-u.-.-.'-\h.-'_.‘,;_ .-.-:.
M“:riiif}:i'iiirr'r.- Qm-ni Illrt'iIPJIIHI'L‘.‘ li'.-_ \I'lii-l'h,_l"| I'" JEAN
Lu! NH; 511$in I"? N] II": I
.-\1..2gm{n'.n‘ir.m: Ill] :‘t
\'}}FI-:IU£'.‘ 3i! LY

 
10 Typical Properties

Angle of (eposc: 51!" Table II.
Comprcsmbility: see Tthi- Ill.
Dcnsny:

1-3‘10 for 1-lacrosc nimmlii'ilium-
1.5.39 tor anhydrous Fj-IilL'TU‘rt'

Density {bulk}: 0.62g1cmi; we Jim I 'll‘JL' H.
DcnSil'y {tapped}: 0.94 gr’cni :; 5w" diff-H 'J'nhiL‘ ”-
Dcnsfig (ti-lie}:

11.5.32 for zniactose ]1‘](Jl]Uh}'LII‘.1[L"
.552 for anhydrous [i—Iacrmc

Flowability:

392/5 {Hist-Flu #316. Forummti
H ‘1 #5 {Spray Processed #1 N ‘7‘ ”mum“ 1ir m1 ='

ngSCOPicity: lactose monuhi'dralfr F“ “‘"HC Injii-ci'er‘fh
Unaffected by humidity at mam ttlfif‘cr‘mlrvi ”I‘t'd- ”"1er
amorphous form, depending UPU“ 1m“ It b :1 th" "uml
affected by humidity and can hi.‘ converted ’
hydrate.
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. h dwe (Lactose Monohydrate 80S) 
.~: ) ~;~ccost mono y ationallnc. (Sheffield Products) 
l p!l"t: Quest Intern 
~..,f;,(.lldt~tl (9 NK t8l 
·""'· 1SA ~~1.: · 1 0X 
1.<

111 
I ·;ticlll' I» 

\!.1~'1111, '11 k \' 
i,Jt.:,tl'-

SEM: 6 M nohydrate 80M ) Excipient· Lactose monohydrate (Lactose 0 d ) 
· · (Sh ffeld Pro ucts Manufacturer: Quest InternatiOnal Inc. e 1 

Lot No.: SBA-11 \9 NL 18) 
Magnification: 120 x 
\'oltage: 20 k V 

Lactose 325 

SEM: 7 

Excipient: Lactose monohydrate (/~acrose Mo11ohydrate Capsulating) 
Manufacturer: Quest Internationa l Inc. (Sheffield Products) 
Lot No.: 58A- I 0 (9 NL 20) 
M,J~nific·<ltll)ll : 120 x 
Volt.!gC': 2\l k\1 

r ____..

SEM: 7

}.'.I{'1{It(-'Iir: l .Iymm: nuanulwd
. .i draw [Lagrusv 11.1.mubydmfr' SM]

if)!" r. LiIL‘fusc mnnfli‘)‘ I
‘ Alm::rf.-nmw.cs: [ntematiunal Inc. {Sheffield lvmductsl rm— r!..:.'m_~r- .ilmruf.v\r.a‘r.m' (-'J!'-'""-”’"¥I

'cr‘n . r.‘ u _ "r3 Qua: lnrrrrmn :mll L. H] - ’ "L i' "
degeA‘ll (9 NR 18} ‘1'”, N“: “A. m I“ NI 1w : n nHILId In In I‘.‘
J._.1r.-\'u.-‘J}i.m.- 11th -‘--T-r.t.'ml'n-.-m.m.- 11'! .e44ml

"'I'u'lmpn‘: 2” L\'

 
 
 
 
 

 

SEM: 8

Exapiem: Lacrosc monohycirnre LLanrrsr J\'1}}-JIFJ-‘_\'(!r|f“‘ J'n-Jpafjmhfr;
Mmmfirrmm': Quest lnrernanmml Inc. (Shrrfwid Pruducm
L0! NV»..- SSAvH [9 NH 3.3:

SEMIS Mdgm'fh'an'rm: 130 x

fitment: Lactose monohvdratc [Lactose Moaroirydmre 80M} ‘L’ni‘mgf: 3“ RV
I‘hflufmum; Quest Intcr‘national Inc. {Sheffield Productsl

{MM}; SEA-ll t9 NL 181
{ygmfimir'om 120 x
linkage: 2:} k\.-'
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326 Lactose 

. lly available lactoses. . f lected commercta 
Table II: Typical physical properttes 0 se . 3) Density tapped (g/cm3) Specific surface area (rn2/g) "Y-1< 

Angle of repose (o) Dens•ty bulk (g/cm ~'~ 
Supplier/grade ~ 

8orculo Domo Ingredients 
Microfine 
Zeparo~oJ 

DMV Phormo 
Pharmatose 50M 
Pharmatose BOM 
Pharmatose 90M 
Pharmatose 1OOM 
Pharmatose 11OM 
Pharmatose 125M 
Pharmatose 150M 
Pharmatose 200M 
Pharmatose 325M 
Pharmatose 350M 
Pharmatose 450M 
Pharmatose DCL 17lbl 
Pharmatose DCL 21 (c) 

Foremost Forms USA 

36 
38 
39 
39 
40 
44 

40 

31 
39 

Regular 3 1 OA 45 
Regular 3 I 08 47 
Impalpable 3 12 
Impalpable 3 13 
Spray Process 31 j bl 33 
Fast-Flo 3]61bl 33 

Hollondse Melksuikerfobriek 
HMS Lactose DT 33 

Meggle GmbH 
CapsuLae 60 
FlowLac IOofol 32.2 
GranuLac 70 
GranuLac 140 
GranuLac 200 
GranuLac 230 
PrismaLac 40 
SacheLac 80 
SorboLac 400 
SpheroLac 1 00 
Tablettose 7ofal 31 .9 
Tablettose BofoJ 32.2 

Quest International Inc. 
(Sheffield Products) 

0.6-fJ.l 

0.80 
0.76 
0.76 
0.75 
0.73 
0.68 
0.58 
0.55 
0.67 
0.50 
0.47 
0.61 
0.67 

0.66 
0.66 
0.53 
0.48 
0.67 
0.58 

0.53 

0.56 
0.60 
0.72 
0.66 
0.53 
0.45 
0.45 
0.64 
0.37 
0.68 
0.52 
0.55 

0 .95 
0.91 
0.91 
0.90 
0 .89 
0.87 
0.89 
0.85 
0.84 
0.82 
0.77 
0.73 
0 .85 

0.95 
0.92 
0.8 1 
0.78 
0.78 
0.67 

0.66 

0 .67 
0.71 
0.91 
0.85 
0.77 
0.72 
0.54 
0.82 
0.67 
0.85 
0.64 
0.69 

0 .45 
0.50 

0 .60 
1.0 

0 .35 

5.5 
5.5 

5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
4.8 
0.5 

4.8-5.2 
4.8-5.2 
4.8-5.2 
4.8-5 2 
4.8-5.2 
4.8-5.2 

4.8 

5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 

Monohydrate 605 .;;;5.5 
Monohydrate 805 .;;; 5.5 
Monohydrate 80M .;;;5.5 
Monohydrate Copsulating .;;;5.5 
Monohydrate Impalpable .;;;5.5 
Anhydrous Direct Tableting - .;;; 1.0 
Anhydrous 60M ,;; 1.0 
Anhydrous 80M .;;; 1.0 
Anhydrous Impalpable 1 0 

~~~~~~~--------------------------~~-----------~ lol Dir~ compression grade of locto~e. 

ib! Sproy.dried loclo$e monohydrate. 

l<l Anhydrous lactose containing 82% jl./odose. 

Unless otherwise stated oil of the above grodes ore <X.loctose monohydrate. 

Melting point: 
201-202oC for ex-lactose monohydrate 
223°C for anhydrous ex-lactose 
252.2' C for anhydrous J3· lactose 

Moisture content: anhydrous lactose norm 11 · 
1 0 1 1 L a Y con tams up to 

1o w w water. actose monohydrate co t . . 
n ams approxt-

rfllalli 
. and no Stl mately 5% w/w water of crysrallizauon 001enl· 

ranges between 4.5% and 5.5% w/w water c . 
also Table II and Figures 1-3. 00c 1~'~1b 

0 I . I . . isoosfll smo artty: a 9.75% w/v aqueous so utwn 15 

serum. 
Panicle size distribution: see Table IV. 

   

325 [at lose

_ ‘ ommerciully (“Unable lactosas.
‘ rau- 1!: Typical PthW' ”mm” or selmd. c . ma} Density rapped (sicnfl Specific suriuce arm: {m’W“"-~ _

wk {grade Angle of repose ['l Deni")! 5"“ {9" —-. WW.I' "“mix 1.

Borculo Demo Ingradl'anls __ — F 5 5

2:232, : 0.6-0.7 * _ 5-5
DMV Pharmu 0.9.5 ' 5 2

Pbarmufose 50M 36 0.30 09} — 5.2
Phanmrose 30M 33 0.76 0-9] __ 5-2
Pharmarose 90M 39 0‘76 0’90 - 52
Pharmafose 100M 39 0'75 0 39 - 52
Pharmamse I IOM 40 0'73 0'37 — 5 2
Pharmarose l25M 44 0‘68 0‘39 045 52
Pharmlose MOM — 0‘58 0-85 0.50 5 a
Phormcl'ose 200M -— 0'55 0'34 _ 55
Pharmame 325M 40 0.67 082 0.60 5'2
Pharmarose 350M — 0‘50 0‘77 L0 5'?
Pharmalose 450M — 0-47 '73 _ 4-8
Pharmolase 0C1 11le 31 0-61 0- 0 35 0'
Pharmafose 0C1 2 l' M 3‘9 067 0'35 ’ ‘5

Foremost Farms USA ,

Regular 310A 45 0.66 0-95 — 21-5-5 4'
Ragnar 3103 47 0.66 0‘92 _ 3—5?

warpabie 312 — 3351: 3-3; ' 33-3-5
Impalpabie 3 L? — 1 ' 4 ‘
Spray Process 3 ISM 33 0:67 0'78 _ 43—5-2
Fast-Flo 3111"”I 33 0.53 0-67 — “H2

Hollands: Melksuikerfabriak
HMS lactose DT 33 0.53 0.66 — 11.8

Maggie GmbH
Capsulac oo — 0.56 0.6? — 5,2
Howioc 100'“I 32.2 0.60 0.71 — 5.2
Granular: 70 — 0.72 0.9] — 5.?
Granutac 140 — 0.66 0.85 - 5.2
Granule: 200 — 0.53 0.?7 — 5.?
Granular 230 - 0.45 0.72 - 5.2
Prismalar: 40 — 0.45 0.511 — 5.?
Sachelac 30 -— 0.65 0.32 — 5.2
Sorbmlac 400 — 0.37 0.67 _ 5.2
Sphsrolac 100 — 0.68 [185 _ 5 2
rabrerrose 70'"! 31.9 0.52 (164 _ 5.2
Tabfeflose 80!": 32.2 {155 0.69 _ 5 2

Clues? Internulional Inc.

[Sheffield Products]

Monohydrafe 60$ — _ _ _ 6 5 _5
Monohydrare 805 - _ _ _ .3 55
Manahydrale 30M - _. _ _ 3.:- 5 5
Monahydmhe Capsufaa‘ing — _ _ _ S 5.5
Monohyo‘mre fmpafpabl'e — .. ._. c 5 5
Anhydrous Direct Tableh'ng - .._ __ " Z 1 '0
Anhydrous 60M — _. _ _‘ : | '0
Anhydrous 80M — ._ _ _ 210
Anhydrous I'mpafpabfe — _ ‘ 4 I D

M Spluydrlod hm muchyu‘rure.
H Anhydmus bum containing 82% Nam.

Unlan nib-Misc shied a” 0* “‘13 above grade; are MOP-foes Mydm

Mciting point: rmlfl‘

Egg-€031: fir tit—lactose mODOhYdral'e "lately 5% WFW Water of crystallization fllzinfifnl‘ W
u 0" 311 ydrous Ot-lacto ranges between 4.5? d 5.5 0/ wr’w war”

252.2%: for anhydrous Matisse also Table 11 and Figsrjfm‘ a _ "10661.11
Metsture mum“: anhydrous lactose “um-“HY contains up to 052?]th 3' 9-75 % wa‘v aqueous solution 1115005rum.1% wr‘w water. Lacto -

se monohydrarc contams approxi- Particle size distribution- see Table IV

A
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'""" fraeturt Bonding ..., 
index index ~of 

~ 
00362 00049 .SJIS. 

1 -_;;:;:,(EM Industries) 17 78 0 2577 52 1 ...... ~ -w!_~.. 19.10 0 2517 48.5 
00883 00052 5!55 
00749 00081 1472 

." ... .,:~rdro" (EM lnduilriea) 18.95 0.2987 37 0 
~'~ ~ f"'-'-~~ I 5 .49 0 2368 54 3 0 1671 00044 5648 ~ ... ~ ~--~~----------------------------~~----------~~~----~~ 
~-~·T.ti>k\', 

' .·. _:,:lrK'n l:xJ~0: +54.8' to +55.5 fur .mhyd rous la~:tosc 
~;II(·~· t . • 
~ 11~~ "''' ' .t-turous so unon. 

~> J ' J2( ·r 526 ' f 1 ·-~ 1\lC'arion l:x ri: +.) to + · . or acrose mono-
~·,xrJ!f. as J 10% w/v a~~u~~us sol~tton . l actose exhibits 

rJn1fJUClR .md an eq111hbnum nuxrure conta ining 62% 
a~ 'Sa. I · L • d · ~1llSl' Jnd .> . o :x- acrose ts Ot•tame tnstantly on rhe 
~;i.m oil tr.ll"e of ammonia. 
~~"earea: 
·. · '-k).!5m1/g for !acrose, regular 
:3.'-1!.56 m1/g for lactose, 170 mesh 

11 $labiity and Storage Conditions 

\i.).l £rowth rna)' occur under humid conditions (80% rela
:--t ~~ry and above). Lactose may develop a brown 
:Jouo.ricn on storage, the reacrion being accelerated by 
.n. damp condirions; see also Section 12. The purities of 
~ bctoses can vary and color evaluation may rhus be 
::;orunL particularly if white tablets are being formulated. 
;-x .:>Jior stabilities of various lactoses also differ. 
~red solutions of ~-lactose may precipitate crystals of 

•·.41fN 011 standing. Solutions also show mutarotation· see 
ic:::«i 10. ' 
L•::o~ should be stored in a well-closed container in a 

-:·lA_ try pl.ut. 

12 lncompcm'bt1itiet 
\ .~u;:brd-rype condensation reaction is likely to occur 
~~ l.utrJSe and compounds with a primary amine group 

t.Ut, 
·:.~;.,/ '-- d 
., . · · · 'Y'~Y ntd la'-''•'K' mon<>hyJrau· (Super·'fah) 
·'·" • lllu~r 1 

· • .,. ' . ' ~crc,~c· :--;~w /.•::~land 
•· ·~n 

to fo rm brown,olor d --1 •U Th 
d

'l . e pruuu(.ls. IS reac.tl<>n f."cun more 
rea 1 )' With th h 
1 

e amorp ous matcnal thr1n With "Y~taffrnc 
act~. The spray-dned marcnal. wh1ch contain~ ahoUT JI}"J., 

~morphou~ lact~, IS also prone to d1~olorat10I'l. The 
brownmg reaction_' IS base-catalyzed and may therefore he: 

accelerated tf alkahne lubricants are used. Lactotc may alj() 
develop a ~·ellow-brown color, in the absence of amme1, With 
bro .... ~mg agai_n occurring most rap1dly in the spray-d~ 
matenal, possJbly owmg to the formation of 5-llydroxy
methrl-2-furfural. 

lactose is incompatible with amino acids., am•~ 
I. l2JJ f . fl~ l 2.S • ....,.,.., .... 
me, am etammes, and lisinopri1.1 1 

13 Method of Manufacture 

Lactose is a . natural disaccharide consistmg of galact05t' and 
glucose and IS present in the milk of most mammals. COilllller
cially, lactose is produced from the whey of cows' milk. wheT 
being the residual liquid of the milk foUowing cheest and 
casem production. Cows' milk contains 4 .4-5.1°·o lact05t' 
and lactose constitutes 38% of the total solid conrem of au1k... 

Lactose exists as two anomeric forms, ::.t and a. which ~ 
norma lly handled as, respectively, the monoh~·drare md the 
anhydrous material. (!-Lactose is prepared b\· t.inrallizanoo 
from supersaturated solutions below 93.5 c: where-as ~1.1(
tose is prepa red from solutions above thts temperaturC'. ~ 
commercially available P-lactose rypicallr contains -o.,.o of~ 
~form and 30% of the "l-form and is p repared by ro.Uer ~·mtt· 
Other grades contaming greater amounts of the ~fonn .U't" ,~ts...-. 
available. 

8 r-----------------------------~ 

I 0 ')0 JO 110 .50 fill '0 tl() 

Rtlollve hu1T1II.l11y ('\.) 

Moltlul fl t!•' f.ih(lrt dtt<lrpllon laolhtl rtl k~ k.11 "'"' 
fTI(j(l( ,hyrl rrJifl 

• t!•IJlflrm 
• cl•tttrp!IM 

VI, I h I 

. ' 377

0; “channel W! ol lotion

i" “fill-PW“ ' "'—- ——-— ___ ____
_.--—- Corrupt-uh hull-w m *—~— —..___.__

”of Wm ikN/cm’i “m". WW Fond-o M
nrNim'i "d“ ind-x mu... a

____ ._ .. ”m {KN/of] My‘i____,.._-—-—-—"' _ — --———_~_______ _____

r" I I mlndutttlol] I723 0257? m ‘____‘" “—— —“we“! ”E 19.10 0.25I? 3:; 0U3°2 0004s- an;
get N“ “h... [EM Indutltllti i3 95 0.2937 3;. 0 0 0§33 0 005;» 5:2;
sir-“"h- 15.49 a 23.53 5‘ 0 0/ 49 o 0081 :m
-“1:'Wl“\::____——_—_—___._._______ 3 0 l0“ Doom 5,343
”_. fud— -——--—_._~____________ —'—— —

. - 11bit“ \- ' . _
\W' 3" 3n lllli‘: +54.S' to +555 for anhydrous lactose a.) IHim hm“ n “mm-d pmdu‘fi' I “1" ”law“ "N“ In“,
“\fimm-h “qu solution. ' “d I!- “Hh the Jmt‘il'pl'lmis material time. with -_r' ttalnrr
I‘M If; {H ""i l”' +51 to +i2 (1 for | - hum“ The 5pri‘)'-drled material. which mnrmm about H”-
“ole? mm“ [:D 1;. - to“. g l‘ t' I. {“0“ "19”.”. amorphous lactose, 1‘s also prone to discoloration. The

armies” Ill-u vi \ aeiul: . s o u Ion. .aLIOFPEXthIIS “browning rcoctmn' is base-t-aiaiwcd and mat rhrrrfrsrr is;
munflnnfl 111:1an! will I “Elm ““3““ ”man-“"3 63% accelerated if alkaline lubricants Hare used. lac-rose man zm'.
?ixr‘g {mi 35 a :flulaLtOSC-ls Obtained Instantly on ll": deVCIV’P 3 Fell'hw-l‘mts'n crilor‘ in the absence of unmet. Wl'fh
ail-hilt“ 0”":ch ammonia. browning again mmrring most rapicllir in the sprai drier:

“figment“. material. possibly owing to the formation of i-hvdrory-
methi-I-l-tUrfural." "hijjm'lg for lactose, regular

I‘_:_Ld_5bm2!g for lactose. 170 mesh

,1 my and Storage Conditions

wagon}: may occur under humid conditions [80% rela-
:.: ninmlin- and above}. Laetose may develop a brown
“mm on storage, the reaction beng accelerated by
m; damp conditions; see also Section 12. The purities of
3m lactoscs can vary and color evaluation may thus be
strum. particularly if white tablets are being formulated.
.‘xmior stabilities of various lactoses also differ.

inflated solutions of B—Iacrose may precipitate crystals of
i-xm on standing. Solutions also show mutarotation; see
m m.

.302 should be stored in a well-closed container in a
Ira. ii“? phi;

'3 Willie:I I." . . . .

.lumard-Ii'Pe condensation reacnon is likely to occur
“‘1‘" I415m: and compounds with a primary amine group

its 9

,W ‘9”? dr’t‘l lactose monohydmtt- (Super-Tab:
: .'.' mm ”Um" NF“ ernlnnil
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lootnsc is incompatible with amino acids, amnmpi-wi-- |__I' - . I1 I . . . I:I‘I
line. nmfetamines.“ and lismopnl.

‘3 Mod of Manufacture

Lactose is a natural disaecharidc conSIstIng of galaacoe and
glucose and is present in the mill: of most mammals. Commer-
cially, lactose is produced from the whey ntcnws’ milk. when
being the resrdual liquid of the milk followmg Cl'lC'E'Sil: and
casein production. Cows” milk contains {44.2% lancer
and lactose constitutes 33% of the total solid content or mills.

lactose CXISIS as two anomeric forms. 1 and B. which it:

normally handled :15, respectively. the tnonohy'iimte and :tie
anhydrous material. :t-l.actose is prepared by cnstnlltzatim
from supersaturated solutions below 9.3.5 L. where» iii—lac-
rose is prepared from solutions above this temperature. The
commercially available fi-Iactose n‘piualli' contains *0'1. or the
fivform and 30% of the reform and is prepared by roller drum.
Other grades containing greater amounts of the lLiorrn .ire also
available.
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Particle size distribution of selected commercially available lactoses. w lable IV: ~ 
co 

Supplier/grade Typical particle size distribution (%) 

< 10JUTI < 32JUTI < 45JUTI < 63 JUTI < 75JUTI < 100 JUil < 150 JUil < 200Jifll < 250JUII < 315 JUil < 400JUII < 600JUII < 800Jifll ....-
0 
n 

Borculo Domo Ingredients 0 
(J> Microfine 99.9 - - - - - - - - - - - - <D 

Zeparo)aJ - - - - 10-20 4~5 70-95 95-100 
DMVPharma 

Pharmafose 50M - - - - - - - 10 - - 92 
Pharmatose 80M - - - - - 10 - - 84 99 
Pharmatose 90M - - - 6 - 21 65 - - 100 
Pharmatose 7 OOM - - - 9 - - 68 - 99.7 
Pharmatose 1 I OM - - - 15 - 40 85 - - 100 
Pharmatose 125M - - 25 55 - 97 - - - 100 
Pharmatose 150M - - 45 - - 75 90 - - 100 
Pharmatose 200M - - 60 - 83 92 98 - 100 
Pharmatose 325M - 8 - 78 - 100 
Pharmatose 350M - - 75 - - 98 - - 100 
Pharmafose 450M - - 95 99 - - 100 
Pharmafose DCL I I (b) - - 10 - - 45 - - 100 
Pharmafose DCL 7 5 - - - - 25 - 60 
Pharmafose DCL 21 (c) - - 15 - - - 50 - 85 

Foremost Farms USA 
Regular 3 I OA - 24 30 - 53 - 73 - 100 
Regular 3108 - 29 37 - 66 - 86 - 100 
Impalpable 3 7 2 - 65 77 - 97 99 
Impalpable 3 7 3 - 83 93 - 99 
Spray Process 3 1 sfbl - 5 10 - 33 - 57 - 100 
Fast-Flo 3161bJ - 6 9 - 32 - 62 - 100 

Hollandse Melksuikerfobriek 
HMS Lactose DT - - - - 25 - 60 - - - - 100 Meggle GmbH 
Capsulae 60 - - - - - < 10 - - 40-70 - - >97 Flowlac 1 o()lal - < 10 - - - 25--40 - >85 
GranuLac 70 - - - - - 40--60 - - - - >95 GranuLac 140 - < 40 - - - >80 
GranuLac 200 - 45--75 - - - >90 
GranuLac 230 - >90 - >90 
PrismaLac 40 - - - - - - - < 10 - - >97 SacheLac 80 - -- - - - - < 20 - - - - >98 Sorbolac 400 - >90 - - - - - -Spherolac I 00 - - - < 20 - - - >75 Tablettose 70\a) - - - < 6 - - - 40-75 - - >85 > 97 Tablettose a()lo\ - - - - - - - - - - - -

c::-atlo"?h"n~ , 
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330 Lactose 
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Figure 2: Moisture sorption-desorption isotherms of different grades 

of lactose. 
Q: Anhydrous lactose, Anhydrous Impalpable (Lot no. 

7N4868) 
6,: Lactose, Spray Process #315 (lot no. RH914) 

25r---------------------------~ 
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Relative humidity (%) 

Figure 3: Equilibrium moisture content of different grades of lactose. 
0: Lactose, Spray Process #3 15 (lot no. 56165) 
6.: Lactose, fast-Flo #316 (lot no. RB806) 

a.-Lactose is available prim~rily as the monohydrate, but 
two anhydrous forms also extst Anhydrous fo h · 11 · · rms t at are commercia y available may exhibit h . . 

bl h . ygroscoptctty An 
uns~a e ygr_oscoptc form can also be prepared usin - . l 
dry~ng techntques; however, this material is not g spJcta 
available m normal practice. use or 

An amorphous or glassy form of !acto . . 
when it is either spray-dried from a se 1~ present m !acrose 
This noncrystalline portion is resp~usl?~fstfn or ly?philized. 
compressibility of spray-dried lactose~51 e or the tmproved 

Table V: Solubility of lactose. 

Solvent 

Chloroform 
Ethanol 

Ether 
Water 

Solubility at 20-C unless~ 
'"•ses~ 

Practically insoluble ~ 
Practically insoluble 
Practically insoluble 

1 in 4 .63 
1 in 3. 14 a t 40' C 
1 in 2.04 at 50' C 
1 in 1.68 at 60 C 
1 in l .07 at aooc 

a-Lactose monohydrate has also been prepared by 
11. . d h . Speq~ commercial crysta tzan on proce ures t at tmprove com 

sibility over the n~rn:ally p~epared ~aterial: These s~~ 
grades may be r~adtly tdenttfted br mtcroscoptc examinauon. 
Va rious crystallme shapes are pnsm, pyramtdal, and to 
hawk; these a re dependent on the method of precipitation: 
crysta llization. 

14 Safety 

Lactose is widely used in pharmaceutical formulations as a 
diluent in ora l capsule and tablet formulations. It mayalso be 
used in in travenous injections. 

Adverse reactions to lactose are largely attributed to lacro;e 
into lerance, w hich occurs in £ersons with a deficienq of the 
intestinal enzyme lactase. (Z&-; Sl This results in lactose bemg 
undigested and may lead to clinical symptoms includmg 
abdominal cra mps, diarrhea, distension, and flatulence. In 
lactose-tolerant individuals, the enzyme lactase hrdrolym 
lactose in the small intestine to glucose and galactose, whtch 
are then abso rbed . Lactose is excreted unchanged when 
administered intraveno usly. Lactase is normally high at binb 
but declines rapidly in early childhood. Malabsorption of 
lactose (hypolactasia) may thus occur at an early age, e.g., at 
4-8 years, and varies among different ethnic groups. 

The symptoms of lactose intolerance are caused br the 
osmotic effect of the unabsorbed lactose, which increases 
water and sodium levels in the lumen. Unabsorbed !acrose. 
upon reaching the colon, can be fermented by colonic tlorad 
which produces gas, thus causing abdominal disrenston an 
discomfort. h 

A lactase tolerance test has been developed based upo~ 1 ~ 
measurement of the blood glucose level and the hydro!?en rs 
in the breath. H owever, its usefulness has been quesnone 

3 

the test is based on a 50 g dose of lactose. 
1 

in 
Approximately 10-20% of lactose-intolerant individua sfter 

two studies, showed clinical sxmptoms of inroleran~e a 1Ji' 

ingestion of 3-5 g of lactose <26•27l In one of these stu 1es, se 
75o/. f th - · · h 12 of !acto ~ o e subjects had symproms Wit g(l?) 8 our of 
(equtvalent to 250 ml of milk). In the other study, . · 0 of 
13 individuals developed diarrhea after the admintstrattn-
20 g of lactose, and 9 out of 13 after the administranft 

0
s a~~d 

Low_er doses of lactose produce fewer adverse eA ectr~sult. 
lactose Is better tolerated if taken with other foods. ~a rpnoa 
there is a significant populat ion with lactose mal~ sorb~t in 
w~o can still ingest normal amounts of lactost, sue 

35
ffecrs. 

mJlk, without the development of significant adver:~ ;soO (Ill. 
M_ost adults consume about 25 g of lactose per ~~s appear

of milk) without sym ptoms. <29•3<1T When sympt { 1 erose 1n 
they are usually mild and dose-related. The dose 0 

· 
3unli~d~ 

h . d y It 1s -•e most P arm aceuttcals seldom exceeds 2 g per a ·.b ed tO v: 
that sev~re gastrointestinal symptoms can be attn u~ciall¥ 1~ 
lactose m a conventional oral solid-dosage form, es 
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Equilibriummoistureat25°C[96]
l
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Figure 2: Moisture sorption—desorption isotherms of dil'lerent grades
of iodine.

O: Anhydrous lactose, Anhydrous lmpolpable ilot no.
7N4868]

A: Lactose, Spray Process #3 l5 {Lot no. ill-19”]
25

N)O

GEquilibriummoistureat25'lC(36}
5 

Relative humidity [‘33]

Figure 3: Equilibrium moisture content of different grades of lactose.
Oi lactose, Spray Process #3 l5 [lot no. 56165]
A: lactate, Fast—Ho #316 {Lot no. R3806}

u-Lacrose is available primarily as the monoh d
two anhydrous forms also exist. Anhydrous fornlis iii} 2::
commercially available may exhibit hygroscopicity An
unstable hygrOScopic form can also be prepared using special
drying IEChniques‘ how ' -. . . ever this in '
availablem normal pug-(km, atenal ‘5 nor “sad 01'

An amorphous or glassy form of la '‘ ’ _ _ ctose ‘

when it is either sprardned from a suspenéiopii‘bsf?;d:h?l::§:
This noncrystalline portion is - .
compressibility Ofspraydriedl;::§;?51ble for the improved
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SDIubility ol lactose.robin V:

S l t Salubllfl‘y at 20 C unless Mm”fix
Practically insoluble “HE

galorrjorm Practically insoluble
at“; Practically insoluble
Water l in 4.63l in 3.14 at 40 C

l in 2.04 at 50 C
l in L68 0160 C
l in [07 at 80"C

.u—-—-'—_-—.——_-———-—-———-—‘—_—h—_‘—l‘—-—c_‘_ a

.si-Lactose monohydratc has also been Prepared ht- we.
commercial crystallization procedures that imprint L-‘ll'npi-f
sibility over the normally prepared material? “its: tin-til
grades may be readily identified by microscopic cranium;
Various crystalline shapes are prism: PYTt‘Il‘ItIclal, and mm..-
hawk; these are dependent on the method at ”WWI-Tatum“;
crystallization.

14 Safety

Lactose is widely used in pharmaceutical ii'irrnulationt m
diluent in oral capsule and tablet formulations. It may aims.
used in intravenous injections.

Adverse reactions to lactose are largely attributed mistrust

intolerance, which occurs in persons with a deficient-i of 1:1.
intestinal enzyme lactase.[3"'“”' This results in lactose bean;
undigested and may lead to clinical symptoms ii'liiltllll‘lfl
abdominal cramps, diarrhea, distension. and tlatultntt. lr.
lacrose-tolerant individuals, the enzyme [actase hi'dmlncs
lactose in the small intestine to glucose and galé‘lCtt15t‘.Wlttil‘.
are then absorbed. Lactose is excreted unchanged whit

administered intravenously. Lactasc is normally high .ii l‘tl‘ih
but declines rapidly in early childhood. k-lalahsutpnun ul
lactose [hypolactasial may thus occur at an early age. ciao!
4—8 years, and varies among different ethnic groupi- .

The. symptoms of lactose intolerance are caused it} “if
osmotic effect of the unabsorbed lactose, wlntlr moon

water and sodium levels in the lumen. Lin-absotbcdldtmif-
upon reaching the colon, can be fermented by colonic tlnti;
WhiCl‘ Pl'OdUCES gas‘ thus causing abdominal distennun JFL
discomfort. , _

A lactase tolerance test has been developed based Lil-‘9“ U:
measurement of the blood glucose level and tltcltlr'l-lm'g':I1 $3;
in the breath. However, its usefulness has been qursl'om '
the test is based on a 50 g dose of lactose. _ _ is m

JI,‘l'a‘Plel'ftatEly 10—20% of lactose -mtolerant indn'ldu'ia ‘fl
“”0 Studies-r showed clinical symptoms of inwlcmncf .Ilr
ingestion 0f 3'5 g of lactoseafi'lfi'] in one Ul These Sm‘llcliofi'
75% 0f the SUblECts' had symptoms with ”3| .19?” :1, el
(equivalent to 250 ml of milk}. In the other stud!" Inna“?-
13 mdiVldualS developed diarrhea after the :lClli'l’ll'.stfa ilit.
203 onaflo“: and 9 out of 13 after the atlmlmfitmnmm til

Lower doses of lactose produce fewer adverse '3 . 1,:
law“? i5 bEttEt tolerated if taken With other tood5- A’s‘mptmu
there 15 a Significant Population with lactoSC ma.assil1'.tilll
who can 5“" ingest normal amounts of lacrosr. 5‘” filters
mllk, Without the development of significant advetsf {500 ml-

Most adults consume about 25 of lacrose P” a: mat-1"
of Imik} Without Symptomsfilge“ 'When symptoTEqu
they are Usually mild and dose—related. Th0 dost? t11 ,5 unlikel-1
“105T pharmaceuticals seldom exceeds 2 3 PC" danguw [0 ll“
that severe gastrointestinal symptoms can be 3"" Aisll.‘ '9. . ’ - s
lactose m a conventional oral solid-dosage mm“ c
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r 
ave not previously been diagnosed as severe! 

\
" 1vho h r However, anecdotal reports of dr y 

J~ " roleran · · 1 ug-; ..,e in h due to lactose mto erance have been d 
il" d' rr ea f h . 1 ma e 

il'J t d ta . 'strarion o p armaceunca preparations 
~u' . admtnt con-
·1 ftllg 
'~ O' e \acrose. 
:JiJltn. rat IP): >lO g/kg 

LD;o ~rat' oral): >10 glkg 
LD;o ' SC): >5 g/kg 
LDso (rat, 

dling Precautions 
IS tton . . 

rmal precaunons appropnate to the circumstances 
ll~;en·e 00

1
y of material handled. Excessive generation of dust 

. . uantt d b 'd d ' ;~q ·.nh !arion shout e av01 e . 
,.r Just t a ' 

16 Regulatory Status 

1 
d din rhe FDA Inactive Ingredients Guide (IV injections· 

\JIC IU epsules and tablets). Included in nonparenteral and 
,trJ ca I' d . h UK 

le
ral medicines tcense m t e . 

rren 

17 Related Substances 

18 Comments 
.~number of different grades of lactose are commercially avail
aHethatvary in their physical properties and many studies have 
reen reported in the literature comparing the behavior 
oithese various materials in different formulations . <7-

9
•
13

) 

A number of excipient mixtures intended for direct com
pression use are commercially available, e.g., Cellactose 
'~leggle GmbH) is a mixture of lactose and cellulose.<

31
•
32

l 
Lactose, depending on its form, may exhibit complex 

iliennoanalytical transitions because of its several crystalline, 
as well as amorphous, forms. Differential scanning calorimetry 
ID5CJ can be used effectively to characterize the composi
. I ] } non. For example, ex-lactose monohydrate becomes anhy-

drous at 1200C and has a melting point of 201-202"C; 
mdothermic peaks occur at approximately 150oC and vary 
dependmg upon the particle size of the material. 
. Copro.cessed lactose and starch (Starlac, Raquette Corp.) is 
'~erctalty available for direct compression. 

e EINECS number for lactose is 200-559-2. 
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Mannitol 

roP,;etory Names 
1 f401'P 

~laonitol 
sP: '.\!annitol 
_1!': ~: Mannitolum 
~p- \4annitol ll •' 

' synonyms 
Cordycepic acid; _£421; manna sugar; D-mannite; mannite; 

gem· Pearlztol . . lf.u:no , 

3 Chemical Name and CAS Registry Number 

r-Mannitol [69-65-8) 

4 Empirical Formula 

C,H,406 

5 Structural Formula 

Molecular Weight 
182.17 

HO H 

HO H 

H--+--OH 

H--+--OH 

6 Functional Category 

Sw~erening agent; tablet and capsule diluent; tonicity agent; 
vehicle (bulking agent) for lyophilized preparations. 

7 
Applications in Pharmaceutical Formulation 
or Technology 

Mannit 1 · 1 · d f d 0 ts widely used in pharmaceutical formu a tw_ns a~ 
u~d products. In pharmaceutica l preparations it is pnmanly 
ltiso~s a diluent (10-90% w/w) in t ablet formulations, w here 
be u dpar~Icular value since it is not h ygroscopic and may thus 

se Wtth · - d' ( I ) \1 . motsture-sensitive active mgre tents. . 
n~~ ~~~tal may be used in direct-compression tablet apphca
llail~bl for which the granular a nd spray-dried forms ~re 
~nn· el, or in Wet granulations.m Granulations contam~f~g 

Ito ha h . d . d 'I Spect IC lableta 1. ve t e advantage of bemg n e east Y· I . . 
PP Icat· · · 1 eery tnm-traretabl IOns tnclude antacid preparatiOns,~ Y 

1 ers a d · · 1 common Y ~d as a ' n_ ~ttamin preparations. M anmto ts blet 
fol'lnular· n excipient in the manufa cture of chew able ta 
~ IOns b . . f J tion sweet-ess, and, ecause of tts negattve heat o so u ' 

In I mouth feel' (8, 9) 
bte . Yophiliz d . . I (20 90% w/w) has 

n,nciud d e Preparations manmto - 0 ke 
e a . ' 'ff h geneous ca s a earner to produce a stt , omo 

that imoroves the a f h . . . 
viaJ.OO-t7) A ppearance o . t e lyophthzed . plug m a 

h. pyrogen-free form IS ava1lable spec1fica1ly for t Is use. 

Mannitol ~as also been used to prevent thickening in 
aqueous anrac1d suspensions of aluminum hydroxide ( < 7% 
w/v). It has been suggested as a plasticizer in soft-gelatin 
~-apsul~~f as a component of sustained-release tablet formula-
IOns,_ and as a earner m dry powder inhalers. (1 9J It is also 

used m food ~pplications as a bulking agent. 
Therapeutically, mannitol administered parenterally is used 

a_s an osmotic diuretic, as a diagnostic agent for kidney func
tton, as an adjunct in the treatment of acute renal failure, and as 
an agent to reduce intracranial pressure, treat cerebral edema, 
and reduce intraocular pressure. Given orally, mannitol is not 
absorbed significantly from the GI tract, but in large doses it 
can cause osmotic diarrhea; see Section 14. 

8 Description 

Mannitol is D-mannitol. It is a hexahydric alcohol related to 
mannose and is isomeric with sorbitol. 

M annitol occurs as a white, odorless, crystalline powder, or 
free-flowing granules. It has a sweet taste, approximately as 
sweet as glucose and half as sweet as sucrose, and imparts a 
cooling sensation in the mouth. Microscopically, it appears as 
orthorhombic needles when crystallized from alcohol. Manni
tol shows polymorphism. <

20
) 

9 Pharmacopeia! Specifications 
See Table I. 

SEM: 1 
Excipient: Mannitol 
Manufacturer: Merck 
Magnificatioll: 50 x 
Voltage: 3.5 kV 
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MW Names ’
am that Int

1 _ l vialvlm-Fglmll‘ts trh': appearance of the lyophilized plug in a
tuna“? h. PlTUEt'n-ftee form is available specifically for

fill \iannlml t '5 me‘0'. . .

E5 ;hlarlmto]um a lrnal'll'lltol ha?" 3'50 been used to prevent thickening in
1.3.1,: “annual wllv} III: antactd suspensions of aluminum hydroxide {€790

has been suggested as a plasticizer in soft-gelatin
as a Component of sustained—release tablet formula-

. 5411‘ manna 311 art D _ . used in f0alti'idd-as. l“ carrier in dry powder inhalers."q' It is also
[onll‘fplc and: _ a g ! -mannite; mannltg; Theta JPP lCflfIUIIS 315 a l‘iulhing agent.
“ng”; ”grind. PelltlL3_ll§" rnanmtnl tidinmistered parenterally is used

. 280:“ osmotcic Clllll't‘l‘li; as a diagnostic agent for kidney func-. , as an a mom in t e treatment of acute renal failure. and as
3 d‘emiml Name lll'ld CA5 Registry Number 2”1 agent to reduce intracranial pressure, treat cerebral edema,
“Wankel [69-55-55] EEd fit-life. monocular pressure. given orallytmannitol is not
_‘ a sot e Significantly troni the (J[ tract, but in large doses it

can cause osmotic diarrhea; see Section 14.

capsules,’ mu

2 SW tions,

I Empll'iflfll Formula Molecular Weight

Chaos 182.17
8 Description

5 Slnldllml Formula Mannitol is D—mannitol. It is a hexahydric alcohol related 1'0
mannose and is isomeric with sorhitol.

CHZOH Mannitol occurs as a white1 odorless. crystalline powder, or
free-Flowing granules. It has a sweet taste, approximately as

HO H sweet as glucose and half as sweet as sucrose. and imparts a
cooling sensation in the mouth. Microscopicolly, it appears :15

orthorhombic needles when crystallized from alcohol. Manni-
Ho H to] shows polymorphism. ”ll

H OH

H OH 9 Pharmacopeial Specifications
See Table l.

CHZOH

5 Funciioml Category SEM: 1
5W ‘ . . - Excipie'm‘: Mannitol

Eflllilg agent; tablet and capsule diluent; ton1c1ty agent; Manufacturer: Merck
mllelbulking agent] for lyophilized preparations. Mayan-imam 5:} x

I APPlicufions in Pharmaceutical Formulation
0" Technology

mnlml is widElY Used in pharmaceutical formulations and
l' farcdllm' In Pharmaceutical preparations it is primarily
"is a diluent l10"90% why} in tablet formulations, where
l’! ugm'imflyalue since it is not hygroscopic mile} may thus

_ Mailllltgl meisture—sensitive active ingredlents. 1' _
"Mill“ may he “59d in direct—compression tablet app ica
availabie Dr‘whlch the granular and spray—dried forms ore
Muniroll 1:)r In w“ Simulationsm Granulations contmnipg
“limp lav? the a‘l"“11'lt£lge of being drIECl eaSily. Spec: I"?

p Nations lmlude antacid preparations, glyceryl trini—tab . -
lets’ and Vitamin Pmparations. Manrutol is commoulYas a - _

ll""‘hilaitirrl Home.“ in the manufacture of chewable tablet
”Wand ~ns became of its negative heat of solutron, “"8“"

In 1“) Elluth feel' (8.?!
“incliidellilzazda preparations, mannitol (20—90% WM) has. . C

Carrier to produce a stiff, homogeneous cak

 
373

L ______—‘
IPR2018-0039O Page 28 of 88 I-MAK 1012



IPR2018-00390 Page 29 of 88 I-MAK 1012

J74 Mannitol 

SEM: 2 
E:uipilmt: Mannitol 
Mamrf;u-turer: Merck 
Mug11ific,ltron: 500 x 

\ \ JJt,,ge: 3.:1 kV 

00005559 

SEM: 3 
Excipient: Mannitol powder 
Manufacturer: SPl Polyols Inc. 
Lot No: 3140GB 
Mag~tification: 100 x 

1 0 Typical Properties 

Compressibility: see Figure 1. 
Density (bulk): 

- 10f.im 

0.430 g/cm3 for powder 
0. 7 g/cm3 for granules 

Density (tapped): 
0.734g/cm3 for powder 
0.8 g/cm3 for granules 

Density (true): 1.514 glcm3 
Dissocia~ioo constant: pK. = 13.5 at lSoC 
Flash pomt: < 150°C 
Flowability: powder is cohesive uJ 
Heat of combustion: 16.57k}/g'(~r;~Kes tre free flowing. 
Heat_ of sol~tion: - 120.9 Jig ( _ 2g ca g) 
Meltmg pomt: 166-168oC ·9 caVg} at 25oC 
Moisture content: see Figure 2. 

SEM: 4 
E . . tf· Mannirol granular 

XC/fJtel - • 
Manufacturer: SPI Polyols Inc. 

Lot No: 2034F8 
Magnification: 1 00 x 

Osmolarity: a 5.07% w/v aqueous solution is isoosrnoricwn: 
serum. 

Particle size distribution: 
Pearfitol 300 DC: maximum of 0.1% greater than500pm 
a nd minimum of 90% greater than 200 llm in size 
Pearlitol 400 DC: maximum of 20% greater rhan 500prn 
and minimum of 85% greater than 100 llm in stze 
Pearlitol 500 DC: maximum of 0.5% greater rhan 841)!.~ 
and minimum of 90% greater than 150 lim in size 

Average particle diameter is 250 1-1m for Pear/ito/ J~i 
DC, 360 ~tm for Pear/ito/ 400 D C and 520 llm for PeJrlttJ 
500 DC.(211 See also Figure 3. 

Refractive index: nf>0 = 1.333 
Solubility: see Table II. 
Specific surface area: 0.37--().39 m 2/g 

Table 1: Pharmacopeia! specifications for mannitol. 

Test JP 2001 PhEur 2002 USP 25 

Identification + + 
Characters + 

+ 

Solution appearance + + . 

Melti~~ range l66- 169'C 165-170,C 164-~69-~JJS 
Spec1f1c rotation + 137" to+ 145°+23, to +25° + 137 10 

Conductivity + 
Acidity + 
Loss on drying ~0.3% 
Chloride 
Sulfate 
Arsenic 
lead 

~0.007% 

~0.01% 
:;;; 1.3 ppm 

Nickel + 
Heavy metals ~ 5ppm 
Reducing sugars + 

~esl idue on ignition :;;; 0 . 10% 
e ated substances 

Bacterial endotoxins 
Microbial 

:;;;05% 

:;;;0.5ppm 
:;;;1 ppm 

:;;;0.2% 

:;;;0 .1% 
:;;4JU/g(ol 

+ 
~0.3% 
~o.ooi'% 
~oat% 
.::; 1 ppm 

+ 

:;; 100/g 
contamination JOI .5 .. 

Assay [dried basis) ;;, 98.0% 98.0-l 02.0% 96.<f- !:"' 
1"1 Test a t· d o1 renl0f01 do"'9' 

PP 18 only il lhe mannitol io to be used in the manufodure po 

. ‘

374 Man“ T-ZH
HEM: 4

'ml granular
E.1'('.lel-‘FH.'.\-'l€lnlll , . l'[ ..

SEM: 2 | A.[_-:iirirfirr'ff~'l'€”-':3“ [nlyri 5 ”L.
Elrf'pivnr: Nlflflnllfl It” hi”: 2034].”

filllmfil‘fgn’: 11:]: .‘llirgmfiininiiii: IUU ,v'.ng n'. .'r : . .-

Eililtctgl': l'iLV

    
 

  
«g ‘7' 15'. I — - .

00005559 — 0 pm

 
MERCK R E M-Tearr

Osmolarity: a 5.07“?“ wr‘v aqueous Sululiml is boning-mlserum.

Particle size distributinn:

Pearlr'rol .300 DC: maximum of 0.1% greatrr than .i:.II-..~
and minimum Uf 90% greater than 200m" in 5m
Pearlitol 400 DC: maximum of 2091'» grcatcr than iii”..-

and minimum or. 85% greartr than IUUiim in «it
Pearlirol 501') DC: maximum of 0.5% grcarcr than 54].:
and minimum 0f 90% greater than ISinm m sm-

Averagc particle diameter is Ejl‘lym for PFu‘rllilirl-
DC1 360 um fm' Peirrliml 400 DC and Sliiiilm for Rani-r.-

500 00‘2“ 5529 also Figure 3.
Refractive index: ”11?: 1.3133
Solubility: see Table 11.

Specific surface area: UHF—0.39 mlig

Table I: Pharmacopeiul specifications for monnilol.

Tea? JP 2001 PhEur 2002 USP 25

SEM: 3

Etcipimir: Manniml nowdcr
Manufacturer: SP] Pnlynls Inc.
Lo! No: 314068

Magnification.- 100 xr-.-.v-

   

ldentificaiion + + +
Characters ._ -l~ —

Solulion appearance + + ._

Malling range 160—! 691C 105-170 C 164.00%
. . Specific fOi‘alion +137» io H45 +23 +25 +137 T“ '

‘0 TYPICGI Propemes Conductivity _ + -

Compressibility: see Figure 1, ff‘dlly . + — + a;
Deflsfly (bulk): 53 9" C‘W'"9 $0.33.; -:'i S0 3%

0'43” W“; for Powder ghfonde a; 0.007% — 5 09$. '
D 0-7Pfim' for granules Aullate g 0.01% _- 200 n:

ensiry {tapped}: ’53ch g 1 3 d s. 1 PP. . ppm

3.3? gi‘c‘nE-l For powder heat: f _ -1415, r.,Prn .—- ClTl' 01' granules “2 e + c | Hm '
D ‘ . H .H

Digfizlaliflel' L514 50ch agility- mabls 4 5 Film 0 '
F1 . comm“ PKa = 13.5 at 18°C ‘ ““9 sugars + 0.2%
H3511 pfn‘nt: (150°C Resldue on ignil'ion go 1059 __ _
a???” gowiier IS cohesive, granules are {1- fl . Selma-i Substances _. g9 10;... -
Hm3i::::.:v‘““°"ais-Ws(mini " iii-“00m — -

. . Ion: ‘ '9yg l“28.9cab‘ o lCro it‘ll ._ :100/ _'
Melting paint: “56463:? g} at 25 C Contamination ~ 9 0101.5?/M . .

msrure content. see Figure 2_ Assay [dried basis] 2 98.0% 930—102-035 Q6. MWlfil .

Test fipplnsd Dnl'y i§ Ilia manni'rul is to be mud in Hm manulad‘um ”Jpamlral
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r 

~ 
~~~ 

Soluble 
1 in 83 
Procticolly insoluble 
1 in 18 

~ 

~~ 
~· 

1 in 100 
1 in 5 .5 

~ 
------------------------~ 

0o 10 20 30 

f9re 1: 

Compression force (kN) 
Compression characteristics of granular mannitol 

IPearlitol, Roquette Freres). 
0: Peorlito/300DC 
::]: Peorlitoi4000C 
6_: Peorlitol SOODC 

100 

Tablet diameter: 20 mm 
lubricant: magnesium stearate 0 .7% w/w for Pear/ito/ 
40()()( and Pear/ito/ SOODC; magnesium stearate 1 % 

w/w b Pearlitol 3000C. 

ll Stability and Storage Conditions 

~lannitoi is stable in the dry state and in aqueous solutions. 
~lutions may be sterilized by filtration or by a~toclaving and 
· llt(es~ry may be autodaved repeatedly Wlth no a~verse 

: &cal or chemical effects.!lll In solution, manrutol ts n<;>t 
eked by cold dilute acids or alkalis nor by armosphenc 
~in the a~nce of catalysts. Mann

1

itol does not undergo 
d reactions. 

:amel'he bulk material should be stored in a weU-closed con
r lll a cool, dry place. 

12 
~ ~'bilities 
· flrlJtfJI <AI · b It d out by 
' 'll' · -v uuons 20o/. w/v or stronger may e sa e 
t '<j~ll0 h1 I O I • • • h 
lltenre:un c oride or sodium chloride.(23

> ~rectp&tar~on as 
<l'""'J>rted to occur when a 25% w/v manmtol solunon was 
<r.d 10 to contact plastic.1241 Sodium cephapirin at 2 mg/m~ 
~·;; ~I'Bi is incompatible with 20% w/v aqu_eous_ ma~nt
ar.~ lllc f · Mannitol is incompatible with x:yhtol m~uston 

y orrn complexes with some metals such as alummum, 

Mann ito l 375 

copper, and iron. Reducin . . . . 
been tmplicated in th . g s~gar &mpunnes m mannitol have 
lyophilized formatio: l~~~nve _degradanon of a peptide in a 
oral bioavailability f. . . anmtol was found to reduce the 

0 ctmeudme compared to sucrose.f26' 

13 Method of Manufacture 
Mannitol may be e tr d f th . h x acte rom e dned sap of manna and 
~t I er natu

1
ral _sources by means of hot alcohol or other selec~ive f ventt' . t ts commercially produced by the catalytic or 

e edctro )'tic reduction of monosaccharides such as mannose 
an glucose. 

12 r-------------------------~ 

10 

2 

f.gure 2: 

100 

80 

o.e 
Ql 
N 60 ·;;; 
Qj 
~ 

Figure 3: 

33 43 52 
Relative humidity (%) 

Sorption-desorption isotherm for mannitol. 
+ :Sorption equilibrium moisture 
• : Desorption equilibrium moisture 

75 

Particle diameter (l!m) 

Particle size distribution of mannitol powder. 

100 

Mnnmlol 375

_ . of ”mid- toIW er, _- .
at . bepp ' and Iron: Reduung 5113i" 1l'npurlties in mannirt l h 1:Want - tn implicated in th‘ - _ . ’ a e

lyophilized form-mm: gildfimc Idtgfadantm (if a peptide in .1
m oral bii‘m'flilahiliry {if-rim 'annltul W45 “mud to reduce the
M 5” I In 83 “Mint: (umpdred {U “ICIUSEI'JH
"a P Prachcully insoluble' ' l ‘n l8

3w 1 ln 100 ‘3 Method of Manufacture
#01 l in 5.5 Mannirul maxother 11' _ 1" be extracted fmrn the dried sap ni manna and
Mfg—1 SOI‘.‘ étlfl‘d _5OIII'CI35 by “leans Ol l1(}t 'JlCUl'lUl (11- Other selective

ems. lt is commerually pruduccd by the catalytic m
electron-n: FCdUCtlI‘II} ”.6 mm'lOSilCcharidcs such as mammal
and glucme.

  
12

f

3 10
i

:3

E
i 2E E

.T: at!

E E
2

‘54
2

“0102030405060703090100 2

Compression Force [kNl
- - - - f Io manniiol M:7’11. Compression diamdenshcsa granu r 0

lPearlilal. Roquelle Fréfes]. 23 33 43 52 57 .67 75 l 00
C-= Pwdifd 3009C Relative humidity {to}
j: Peorlitol' 4000C Figure 2-, Sorplion—desorplion isotherm lor manniiol.
21.: Pearlftol 5000': Q; Sorption equilibrium moisture

Table! diameter: 20 mm ‘ I: Desorption equilibrium moisture
Lubricant: magnesium stem-ate 0-7% w/w for Peor‘lfl‘ol
4090C and Peadirol 500DC; magnesium stearate 1% 100
w/w [or Pear-lira! 3000C.

ll s“1’35”“ch Storage Condilions

E‘laflmml i5 Stable in the dry state and in aqueous solutions.

09O

rlun‘m 1113)" be sterilized by filtration or by autoclavmg and 9‘3.
fill-EMT? may be autoclaved repeatedly With no adverse E 0

Mural or chemical effing“) In solution, manmtol ts nut B 6 . .
:flatktd by Cold, dilute acids 01' alkalis, not by atmOSPhenc % Median SIZE = 88 um
flfiéfl The absence of catalysts. Mannitol does not unclergD Ereactions, .9)

mulch: bulk material should be stored in a well-closed con- :0 40
in ‘1 “00L dry place.

I: W 20n

1137311 r . b
”35;!” Wlutmns' 209° WM 01' stronger may be salted out 3'
Mum Chloridf 0r sodium chloridcjzsl PIECiPitatiD“ has  

     
alfi‘w p‘JH'Ed I!) acct“. When a 25% “n“, mannirfil solution W3: 0 40 30 100 léD 200
End 3r to (“-0an PlaStiC ‘2'" Sodium “Phapirin at Zing/IE 0 Particle diameter {ml
‘3‘» 1W“ is imflmpatible with 20% wl'v aqueo“? man?" . . . i 1 | wcler

l “Edm' Mammal is incompatible with XYliml "1*.“3'0” 3: Particle size distribution a munru 0 pa .
I "by form mmF'IcJte'; with same metals such as aluminum, “9‘"

L "_#
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376 Mannitol 
'mes as much calcium stearate is needed f 

u I · h · d oq b 
n annitol granu anons t an IS nee ed for 0 h u r1c 

I b d t er ~lit 
14 Safety !coho! found in 

· g sugar a I t 
Mannitol is a naturally occurn.n mall quantities in a mo~ 
animals and plants; it is present In s occur if mannitol IS 
all vegetables. Laxative effect~ m~~7l lf it is used in foods 
consumed orally in large 9uannue~. n of over 20 g is fores~e
as a bodying agent and daily mgesno h tatement 'exceSSIVe 
able, the product label should bear :f e ~ After intravenous 
consumption may h~ve a laxatiVe ~ e~t ~0 any appreciable 
injection, manmtol IS not metab~ ~e b the renal tubuJel 
extent and is minimally reabsor ~ y rine in 3 hours.'28 

about 80% of a dose being excreted 111 the u · 1 have been 
d · s to manmto A number of a verse reacnon . f 20o1 w/v 
f · h h a euuc use o 10 

reported,yrimarily o~lowmg t <~9~ ~~ P uantity of mannitol 
aqueous mtravenous mfusJOns.. e [ h that used 
used as an excipient is considerably e~s ~an. h lower 
therapeutically and is consequently associate Wit a · . 11 ·c hypersensl-
incidence of adverse reacuons. However, a ergl • d 
. . h ito! is use as an ove-rype reactions may occur w en mann 

excipient. . h t been 
An acceptable daily intake of manmtol as no 

specified by the WHO since the amount consumed as a 
sweetening agent was not considered to represent a hazard to 
health. (JO) 

LD50 (mouse, IP): 14g/kg'3 1) 

LD50 (mouse, IV): 7.47 g/kg 
LD50 (mouse, oral): 22g/kg 
LD5o (rat, IV): 9.69 g/kg 
LD5o (rat, oral): 13.5 g/kg 

15 Handling Precautions 

Observe normal precautions appropriate to the circumstances 
and quantity of material handled. Mannitol may be irritant to 
the eyes; eye protection is recommended. 

16 Regulatory Status 

GRAS listed. Accepted for use as a food additive in Europe. 
Included in the FDA Inactive Ingredients Guide (IP, IM, IV, 
and SC injections; infusions; buccal, oral and sublingual tablets 
and capsules). Included in nonparenteral and parenteral med
icines licensed in the UK. 

17 Related Substances 

Sorbitol. 

18 Comments 

Mannitol is an iso~er ~f sorbitol, the difference between the 
two polyols occurrmg m the planar orientation of the OH 
group on the second carbon atom. Each isomer is charact · d 
b · · d. 'd 1 f enze 

d
!fflts ownb1':1 lVI ua set o properties, the most important 
1 erence emg the response to moisture Sorbitol · h . h'l . I . . . IS ygro

scopic, w 1 e manmto resists mmsture sorption eve h' h 
relative humidities. ' n at tg 

Granular mannitol flows well and imparts 1·mp d fl · h . rove ow 
properties to ot er matenals. However it u ll 

d . h . f ' sua y cannot be 
use. Wit concentrations o other materials exceeding 25'7: b 
weight. Recommended levels of lubricant are 1 ot I I ~ y 
Stear t 1 2o' 1 . to w w ca cmm 

a ~or - tow w magnesmm stearate. Suitable b ' 
prepanng granulations of powdered man . I tnders for 
methylcellulose 400, starch paste po 'd mto ade gelatin, 
Usually, 3-6 times as much mag'nes· VI one, an sorbitol. 

mm stearate or 1.5-3 

Mannitol has een reporte to ~ublime at exc,P1eb '11,1 

The EINECS number for manmtol is 200 ~30 C.'ll,11. 
- 11 -&, 
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14 safety 01 found in.. - at almh .
' ' natural] occurring 5'48 - ‘gs It! almostManmtol is a tin .

- 11

animals and 913m; it-is present “1 :m-‘igcif; if mannitol 15
all vegetables. Laxative effects Ems [in If it is used in foods
consumed orally “1 large gua'mmstion of over 20 g .
as a [undying agent and daily met: the statement ‘excB551“:
able. the product label should bear ffect' After int-raccoons
consumption may have a laxative if d £0 any appreciable
inieCtion, mannitol is not metabo ”813' the renal tubules
extent and is minimally reabsorbed } ‘ ein 3 hours.“
about 80% of a dose being excreted in thc um. I have been

A number of adverselreactions to "151111;: of 20% wfv
reported,lprintarily following thggthfiapeiflimy of mannitol
aqueous intravenous mfusmns. e q hurt that use
used as an excipient is considetabhr less Id _[h a lower
therapeutically and is consequently associate ’wlh rsensi-
incidence of adverse tenetions. However. allerglf. VP; g an
tire-type reactions may occur when mannttol is use a.
exct lent. ‘

Apt-i acceptable daily intake of manmtol has no; beet;
specified by the WHO since the amount consume ads
sweetening agent was not considered to represent a hazar to
health.”°‘

LDm (mouse, 1?): 14glkg‘3”
LII-m (mouse, W}: 7.47 gfkg
LDso (mouse, oral): 2.2 g/kg
[.ng (rat, W1: 9.659311%
LDsn (rat, oral}: 13.5 gfkg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances
and quantity of material handled. Mannrtol may be irrltant to
the eyes; eye protection is reeommended.

16 Regulatory Status

GRAS listed. Accepted for use as a food additive in Europe.
Included in the FDA Inactive Ingredients Guide “P, M, IV,
and SC iniecrions; infusions; buceal, oral and sublingual tablets
and capsules}. Included in nonpatentetal and parenteral med-
icines licensed in the UK.

17 Roland Substances

Sorbitol.

I8 Comm-Ms

Mannitol is an isomer of sotbitol, the difference between the
mo polyols occurring in the planar orientation of the OH
group on the second carbon atom. Each isomer is characterized
by its own individual set of properties, the most important

differencehlieing the rTsponsc to moistur . Sorbitol is hygro.sco 1c, w temanmto resasts ' ' ‘
relaIi’ive humidities. momma sorptlon, even at high

Granular mannitol flows well and in:
properties to other materials. However

used with concentrations of other mater-fa
weight. Recommended levels of lubricant
steatate or 14% wiw magnesium stearar
preparing granulations of powdered
methylcellulose 400, starch
Usually, 3—6 times as much

parts improved flow
it usually cannor be

Is exceeding 25% by
are 1% wlw calcium

e. Suitable binders for
mannitol are gelati- n,

paste, povrdone, and sorbitol.
magnesium stearate or 1.5—3
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timet‘u as much calcium stearatc ts "Ct‘ded
mannitol granulations than is needed for “I r

Mannitol has been reported to SUblintt at 1;.“po ..._
The EINECS number for mannitol in 2 "ll '-l.'-.1'-00311.3“

for “I,“
lie ”iii.
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starch 

P
riei'Ciry Names 

~npro 
I Maize srarch 
il': potatO starch 

Rice starch 
Tapioca starch 
\'Qheat starch 
Corn starch 

f: potato starch 
Rice starch 
Wheat starch 

... ~ur: Maydis amylum (maize starch) 
r'"" Solani amylum (potato starch) 

Oryzae amylum (rice starch) 
Tririci amylum (wheat starch) 

I)SPNF: Starch . 
~ that the USPNF 20 descnbes starch, in a single mono-
. 'Pteh as being obtained from either the mature grain of corn 
(fo ' £ h T: . . . I ie• mays, oro w eat, rtttcum aestwum, or from tubers of 
me potato, Solanunt tuberosum~ o_r . of tapioca, Manihot 
uti/i;sima. The PhEur 2002 has md!Vldual monographs for 
each of these starches, except for tapioca starch, along with 
an additional monograph for nee starch, Oryza sativa. The 
SP 2001 similarly describes maize, potato, rice, tapioca 
,;a

5
sava), and wheat starch in individual monographs, 

npioca starch being obtained from the rhizomes of Manihot 
1tiiissima Pohl. The JP 2001 similarly describes corn (maize), 
net, potato and wheat starch in separate monographs. See also 
:tclion 18. 

2 Synonyms 

;udo; amidon; amilo; amylum; Aytex P; Fluftex W; Instant 

P
rtre-Cote; Melojel; Meritena· Paygel 55· Per1ectamyl D6PH; 
~re-B ' d ' , I' . 
'I· 1~1 ; Pure-Cote; Pure-Dent; Pure-Gel; Pure-Set; Punty 
• ' Purtty 826; Tablet White. 

See also Sections 1 and 18. 

3 Che · 
1 

mJCal Name and CAS Registry Number 

larch 19005-25-8] 

Ell! • • 
r li Plr'leal Formula Molecular Weight 
~ Jo01) 

~ren"::JOO J 50000-160000 
~h . rch con . - 000. 
illides baseJtsts of amylose and amylopectin, twO polysac-

on 'l·glucose. See also Sections 5 and 17· 

5 Structural Formula 

Amylose Gtucose 
unit 

~H H 

Ct<,OH Q CH,OH 0 H 

- o o 
0 

H OH H OH I 
CH

2
0 H ~:H, O H 

OH H 

- o o o-

H OH H OH 

Segment of amylopectin molecu~ 

6 Functional Category 

Glidant; tablet and capsule diluent; tablet and capsule disin
tegrant; tablet binder. 

7 Applications in Pharmaceutical Formulation 
or Technology 

Starch is used as an excipient primarily in oral solid-dosage 
formulations where ir is utilized as a binder, diluent, and 

disintegrant. 
As a diluent, starch is used for rhe preparation of standar· 

dized triturates of colorants or potent drugs to facilitate 
subsequent mixing or blending proce~ses in manufacturing 
operations. Starch is also used m dry-hlled ca~sule formula
tions for volume adjustment of rhe fi ll m:Hrix.l 1 

In rablet formulations, freshly prepared Starch paste is used 
at a concentration of 5-25% v./w in tablet granulation\ .1s a 
binder. Selection of the quantity required in a given sy5tem is 
determined by opnmization srud~es, using parameter~ such -:·; 
granule friability, tab~et fnalnlzty, hardness, d1sinregr ltlon 
rate, and drug d1ssolutton rate. 

Srar.:h is one of rhe most commonlr used tablet dlsinre-
grants at concentrations of 3-15% w/w.<--

91 
However, unmod

ified starch does not compress wel ~ and_ tends to increase tablet 
friability and cappmg 1f used Ill h1gh concentrations. In 

603 
rl 
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”wary Names
I Maire starch
ill potato 5m“

Rice starCl'I
1'anng start:
Wilt” starch
Com “arch

ll- Potato starch
Rite staICll
wheat Starch

dis amylum (maize Starch}
”Elm gil’fru amylum {potato starch}

Omar amylum (rice starch)
Tririei amylutn {wheat sta rch]

1:3le? Starch ‘ _ _
to: that the USPN_F 20 describes starch. In a smgle mono-
earl.” being obtained front either the mature grain of corn.
121mm or of wheat, Trrzrcum aesrrvtrm. or from tubers of
in POW: Solarium tribetosum, or of tapioca, Mambo;
mm. The PhEur 2002 has individual monographs For
ad: of these starches, except for tapioca starch, along with
madditiunal monograph for rice starch, Oryza station. The
3]! arm similarly describes maize, potato, rice, tapioca
more}, and wheat starch in individual monographs,
npiaca Slm‘Cl'l being obtained from the rhizomes of Mambo:
niisiiim Pohl. The ]P 2001 similarly describes corn {maize},
no, puma and wheat starch in separate monographs. See also
Section 18.

I synonyms

glad"; will)“; amilo; amylum; Aytex P; Flnflex W; Instant
Pot-Fm; MelOIEl: Merizemz; Paygel 55; Perfectamyl DSPl-l;
that“; Puff-Cote; Pure—Dent; Pure-Gel; Pure-Set; Purity
' '1 "”‘t 326; Tablet White.”“50 Sections 1 and 13.

a .

3h MW Name and CAS Registry Numb"
[ch BUGS-25% l

it

all???” Emmi“ Molecular Weightll

£235»: 300—1000 50 000.1 60 000. _ m . . . -

lambasssms “l amylose and amylopeenn, two POIYSEC
on ‘I'glucow, See also Sections 5 and 17.
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mm at ummwin mot-um

6 Functional Category

Glidant; tablet and capsule diluent; tablet and capsule disin-
tegmnt: tablet hinder.

7 Ap tedious in Pharmaceutical Fonnulrllion
or ethnology

used as an exeipieut primarily in oral solid-dosageStarch is _ _ _ _
c it 15 utilized .15 '.I hinder. \‘ltluEI’lL andformulations. wlier

disintegront. _ . .
As :1 diluent‘ starch 15 used for the prettnrntiou ol standar-

dized mtutates of colorants or potent drugs in (warm:
subsequent mixing or blending processes in manufacturing
operations. Starch is also used in d_r_i,-'-Iil|et'lt-.1Fsule formula-
tions for volume adjustment of the llll “1:"an .1

in tablet l'otmula‘rliona. lrt‘shly PIt‘pc-itcd starch l‘d-‘llt‘ i: used
at .1 concentration in S—lfi‘t’n IWJ'W in Imhlet granulamm I“ :1
binder. fielecrion ot the quantity \ffqugf'ell in a {Wen “mm“ H
determined by optimization studies. usmg pntmnetm such
granule inability. tablet trialuirty. hardness. disintegrmon
rate and drug dissolution rate.Q I

Sarah is one of the most commonly used tablet rimme—. - . _.u

grants at collcgntranons of 3-—l 3% win.‘ 'l-lowever. unmod-tss well and tends to increase tablet
ified starch does not eomor . .f used In high concentrations. In
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604 Storch 

granulated formulations, about half the total starch content if 
included in the granulation mixture and the balance as ~ar~ 0n 
the final blend with the ~ri.ed granul.atton. Also stare ~lie h 
used as a disintegrant exhtblts type II tsotherms and has a g 

. . . ( 10) 
spectftc surface for water sorptwn. . . . 

Starch has been investigated as an excJptent tn nov(fJ1 drudg 
f I (11) 1 ( 12, 13) 'dontal an deljvery systems or nasa , ora , pen ' 

h . 'f' d 1' (I S) or er stte-spect te e tvery systems. . . . 
Starch is also used in topical preparations; for examp.le, tt ts 

widely used in dusting powders for its absorbe~cy, and~~ used 
as a protective covering in ointment formulations apl?lied to 
the skin. Starch mucilage has also been applied to the skm as an 
emollient has formed the base of some enemas, and has been 
used in tl~e treatment of iodine poisoning. 

Therapeutically, rice starch-based solutions have been used 
in the prevention and treatment of dehydration due to acute 
diarrheal diseases. 

8 Description 

Starch occurs as an odorless and tasteless, fine, white-colored 
powder comprising very small spherical or ovoid granules 
whose size and shape are characteristic for each botanical 
variety. 

9 Pharmacopeia! Specifications 

See Table I. 

1 0 Typical Properties 

Acidity/alkalinity: pH = 5.5-6.5 for a 2% w/v aqueous 
dispersion of corn starch, at 25°C. 

Compressibility: see Figure 1. 
Density (bulk): 0.462 glcm3 for corn starch. 
Density (tapped): 0.658 glcm3 for corn starch. 
Density (true): 1.478 glcm3 for corn starch. 
Flowability: 10.8-11.7 gls for corn starcht 1 30% for corn 

starch (Carr compressibili ty index).<1 l Corn starch is 
cohesive and has poor flow characteristics. 

Gelatinization temperature: 73°C for corn starch; 72°C for 
potato starch; 63°C for wheat starch. 

Moisture content: all starches are hygroscopic and rapidly 
b b t h · · <17 1gr A · . a .sor a mosp enc mmsture. · pproxtmate equili-

bnum motsture content values at 50% relative humidity 
are 11% for corn starch; 18% for potato starch· 14% for 
rice starch; and 13% for wheat starch. Between,30% and 
80% relative humidity, c?rn starch is the least hygroscopic 
s~arch an~ potato starch 1s the most hygroscopic. Commer
Cially avatlable grades of corn starch usually contain 10-
14% water. See also Figures 2 and 3. 

Particle size distribution: 
Corn starch: 2- 32 lil11 
Potato starch: 10-1 00 ~m 
Rice starch: 2-20 ~m 
Tapioca starch: 5-35 ~ 
Wheat starch: 2-45 ~m 

Me.dian diameter for corn starch is 17 ~m and for wheat t h 
IS 23 ~tm. s arc 

Solubility: practically insolu.ble in cold ethanol (95%) and in 
cold water. Starch swells mstantaneously m· w t b b a er y a out 

5-10% at 37°C.<2
•
181 Polyvalent cations prod 

1 · b uce swelling than monova ent tons, ut pH has littl ff lllore 
e e ect 

Specific surface area: · 
0.41-D.43 m2/g for corn starch 
0 .12 m2/g for potato starch 
0.27-D.31 m2/g for wheat starch 

Swelling temperature: 
65oC for corn starch 
64°C for potato starch 
55°C for wheat starch 

Viscosity (dynamic): 13.0mPas (13.0cP) for a 2% w/va 
ous dispersion of corn starch at 25°C. que-

Table 1: Pharmacopeial specifications for starch. 

Test JP 2001 PhEur 2002 USPNF 20 

Identification + + + 
Botanic + + 

characteristics 
Microbial limits + + 
pH 

Corn starch 4.5-7.0 
Potato starch 5 .0--8.0 5.0--8.0 
Tapioca 4 .5-7.0 
Wheat starch 5 .0--8.0 4.5-7.0 

Acidity + 
loss on drying 

Corn starch ~ 15.0% ~ 15 .0% ~1 4.0% 
Rice starch ~ 15 .0% ~ 15.0% 
Potato starch ~ 18.0% ~20 .0% ~1 4.0% 
Tapioca ~1 4.0% 
Wheat starch ~ 15.0% ~ 15.0% ~1 4.0% 

Residue on ~0.5% 

ignition 
Sulfated ash 

Corn starch ~0.5% ~0.6% 
Rice starch ~ 1 .0% ~ 1.0% 
Potato starch ~0.5% ~0.6% 
Wheat starch ~ 1 .0% ~0.6% 

Iron 
Corn starch ~0.002% 
Potato starch ~ 10ppm ~0.002% 
Tapioca starch ~0.002% 
Wheat starch ~ 10ppm ~0.002% 

Organic volatile + 
impurities 

Oxidizing 
substances 
Corn starch ~0.002% 
Potato starch + ~0.002% 
Tapioca starch ~0.002% 
W heat starch + ~0.002% 

Sulfur dioxide 
Corn starch .:0 OOB% 
Potato starch ~50 ppm ~o:oos% 
W heat starch ~50 ppm ~o.oos% 

Total protein 
Corn starch 
Rice starch 
Potato starch ~0. 1 % 
W heat starch ~ 0.3% 

Foreign matter + -=---------
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,rlA: 1 . Corn starch r Busch lf-'~ · ;ent- . Anheuse 
~(,1P' turer. 71 
\{Jtillid( 96 . .\-3 (6 
· \ v.: . . '400 x 
l•''' f/.-.lfiflll-.-
\l.ii

111 
'ilk\ 

\,.~:,;gt·: ... 

SEM: 2 

Excipient: Corn starch Mfg Co. 
.\falllt{acturer: AE Staley · 
Lot No.: 96A-4 (G77912) 
\f,Jglli(icatiot~: 2.400 X 

\;dt,Jgc: 20 kV 

SEM:3 

Excipient: Potato starch 
Manufacturer: Starchem 
Lot No.: 96A-s ( 1179) 
Magnification: 2.400 x 
Voltage: 20 kV 

SEM: 
4 

· . , starch :X Bdl E . ifJient: RH;< . Coleman ' 
XC . • M.llhL'>llll, 

S11pplter. . c,no ,.. ~ . ·- . I ron. 
M<l}!.lli/IL·' • 

Starch 605 
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SEM: 2
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.m'piem: Corn starch

huh-farmer: AB Staley Mfg. C0-
OINH: 96A-4 [(317912)
huff-WM)”: 2400 x
“1.13m; mm:
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SEM: 3
Ex _. ._

mm m: l’umm ar-m‘h
wmflwmrer: \L'Irchtll_ . * 1

LO! NFL: Winn-Q H J 31‘”
a'viagm'firarr'rm: .3400 x
Vm’mgc; 20 kV

 

SEM: 4 h
Excrlrul'nr: Rm:- smrc . .. .
Suppm‘r': MJIIn'NnL Lulu-11ml! \\ Ian-JI
M‘ilnnir'rJIr.m.- nill' ~in ‘ 
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606 Storch 

SEM: 5 
Excipient: Ri<:e starch 
Supplier: ~-!arhcsnn, Colt•man & Bell 
Masmti.-.Tti•'''' .\llOil ' 

SEM: 6 

SEM: 7 
Excipient: Wheat starch (Aytex P) 
Manufacturer: Henkel Corp. 
L or No.: 96A-2 (2919D) 
Magnification: 2400 X 

Voltage: 10 kV 

11 Stability and Storage Conditions 

Dry, unheated starch is stable if protected from high humidity. 
W hen used as a diluent or disinregrant in solid-dosage forms, 
starch is considered to be inert under normal storage condi
tions. However, heated starch solutions or pastes are phrst· 
cally unstable and are readily attacked by microorganisms to 
form a wide variety of starch derivatives and modified starches 
that have unique physical properties. 

Sta rch sho uld be stored in an airtight container in a cool, 
dry place. 

12 Incompatibilities 

13 Method of M anufacture 

Starch ~s extracted from plant sources through a sequence of 
proc~ssmg step~ i? volving coarse milling, repeated wate~ 
washmg, ~et Sievmg, and centrifugal separation. The we 
star~h obtamed from these processes is dried and milled before 
use m pharmaceutical formulations. 

14 Safety 

~tarch is widely used as an excipient in pharmaceutical 
ormulan~ns, par~icularly oral tablets. rded 

Starch Is an edt ble food substance and is generally rega 
as an essentially nontoxic and nonirritant material.1191 1-f~W· 
ever, oral consumption of massive doses can be harmful owtn~ 
the f1°2 r0m1 ation of starch ca lculi which cause bowel obstrhue!lc 
t1on s h ' · w ·. tare may also cause granulomatous reacnons. of 
apphed to the peritoneum or the meninges. Conraminanon -
surgical w d d by sur oun s with the starch glove powder use us 

lg e~ns ~~~~also resulted in the development of granulornato 
es10ns. 

I 
~ 

#—

  

 

606 510th

SEM: 7 }
SEM: 5 I‘m-twice”: \‘i-"ht'in starth [Attem- l II I“ i ' --~t;nr.
Elt'lplt’m‘ RI“ “duh fitmuftidmu. HU'ILLI 1"
Supplier: Suthemn‘ (finlenmn 6; Bell L”: No; 96ml [29'9”]
Magulfmmnii; \iHJll '- . AIJgrnf-lL'sI-‘I'HH.’ 34m] ><

‘ iiilltrei’: 3“ liV

1 1 Stability and Storage Conditions

Dry, unheated starch is stable if protected from high humidm
When used as a diluent or disintegmnt in Solid-(loader harm.»
starch is considered to be inert under normal Home: \lmill'
tions. However, heated starch solutions or pastes are plun-
cally unsrahle and are readilyr atracketl ht- r'lliL'ri_1tJrg_1|]l'.~lih in
form a wide variety of starch tlL‘I‘lVJ'IIIVL‘h and modified HILII‘L'lit'5
that have unique physical PT(.}pL'I‘['lt"3-_

Starch should be stored in an airtight container m it until.
dry place. '

SEM: 6 1 2
Excipi'enr: Wheat starch {Paygel 55}
Manufacturer: Henkel Corn. —
Lo! No“- 96A—l (29]?D]
Magnification: 2400 x

Volmge: 20 kv 13 Method of Manufacture

lncompofibilities

 

Starch ls Extraqed From plant sources. through a sequence 0'
Processmg Step5 involving Coarse milling; repeated “11‘”
washing, wet sieving, and centrifugal what-anon. The wet
51‘3th Obtaiflt‘d from these prOCtESSes is tli'iei‘l and milled held“?
use In pha”M’Celitical formulations.

 1'4 Safely

Starch i? WldEIY USCd as an excipiem in pharmaccunc-ll
fflrmulangns, Particularly oral tahlcts. .d

Starch IS an edible food substance and i.» generally ffgi‘rdcl_
as an essentially nontoxic and nonitritant inatcrml.‘1 'Hfl.“

cgver. oral consumption of massive doses can 1w harml'Ul OWL"?-
t- E £85?“th Of Starch calculi, which Ct'IUEit' lwu't‘l "Mimi-J
mm.- Starch may also cause grunulonmmm reaction-i.“ of
applied to the peritoneum Or the meninges. (.Ionmmi"ail":1 r
”[8103] WOunds with the starch glove powder used 1"." 5“

;

8&0“ has also . - . lumaiou-' result mnu
ham-15.121: Ed "1 the development of g
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If 

. ccions ro starch are extremely rare and in.J: . 
,

11 

,.,
1
, rea . . 1 wviJil'e·~ arenrlY allergiC to ~ne part1cu ar starch may nor 

.. Js apP dverse effects wtth a starch from a dif'e y~a ~~ 
c#.~l source. 
"""'"~ 6 6 glk (2l) 

[J)!O (mouse, IP): · g 

!. 
•• 
' 

12 

~ 4 

0 

0 

~6 
00~~--~--~---L--~--~--~ 5 1 0 15 20 25 30 35 

Upper punch force (kN) 

fJgUrt 1: 

25 

Compression characteristics of corn, potato and wheat 

starches. 
0: Corn starch 
0: Potato starch 
t:.: Wheat starch 
~ablet machine: Manesty F; speed: 50 per min; weight: 
90-51 0 mg. Strength test: Diametral compression 

between Rat-faced roms. Upper rom stationary, lower 

movmg at 66 !Jm/ s. 

40 50 60 70 80 90 100 

So . Relative humidity (%) 
1Pholl-<J • Bu~eh · L esorplion isotherm of corn starch. Anheuser 

, ot #67. 
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Figure 3: 

Relative humidity (%) 
Sorption-<lesorption isotherm of wheat starch. 
0: Payge/55 (Henkel Corp.; Lot #29170) 
{J: Aytex P (Henkel Corp.; Lot #29190) 

15 Handling Precautions 
Observe normal precautions appropriate to the circumstances 
and quantity of material handled. Eye protection and a dust 
mask are recommended. Excessive dust generation should be 
avoided to minimize the risks of explosion. 

In the UK, the long-term (8-hour TWA) occupational 
exposure limits for starch are 10 m!!lm

3 
for rota! inhalable 

dust and 4 mglm3 for respirable dust.'(lJl 

16 Regulatory Status 
GRAS listed. Included in the FDA Inactive Ingredients Guide 
(buccal tablets, oral capsules, powders, suspensions and 
tablets; ropical prep~rations; and vaginal tablets). Included in 
nonparenreral medicines licensed in the UK 

17 Related Substances 
Amrlop~crin; ::x-:unylo)e; ~tarch, pregelati11ized; starch, steri-

Jizable maize . 

.Amylopectin 
CAS number: [9037-22-31 
Comments: amylopectin is a branched D-glucan with mostly it.-

o-(1-+4) and approxim:mly 4% 'X-n-{l-t6) linkages. 
The EINECS number for amylopectin is 232-911-6. 

a-Amylose 
CAS number: [9005-82-7) 
Comments: amylose is a linear (1-+4)-a-D-glucan. 

18 comments 
Note that corn search is also known as maize starch and that 
tapioca search is also known as cassava starch. 

Whereas the USPNF 20 specifies that starch shouJd be 
produced from corn, potato, tapioca, or wheat, the BP 2001 

Starch 607

M Ln

_ “actions to StarCh are extremely rare and indivi-
wflgrc ntlt' allergic to en: pameular starch may not

#29135:dvEIS“ effects With 3 Starch from a different
IN) C3

[Flt 653111932}

Equilibriummoistureat25°C[9%] 55'.

o-
0
0102030405060708090100

Relative humidity {‘36}

Sorption—desorption isotherm of wheat starch.
O: Paygel 55 lHenlcel Corp. ; lot #2917D}
A: Ay'lex P lHenkel Corp; lot #29l90] 

Tue-.5“.[Ir-r191““‘ancm‘“\
3;

Figure 3:

   
 
   

3‘5 15 Handling Precautions
 

20 25 30
U 5 l 0 1 5 he circumstances

Upper punch force [kNl . .FF‘l' C . h . . f d l Observe normal precauuons appropriate to r' ompresslen c araclensncs 0 corn, ”MO G" T and quantity of material handled. Eye prDI‘CCthn and a dustded Fxcrssive ust generation should be
steed-es.
U: Com starch avoided tn minimize the risks of explosio .K the long-term {8-hour
0:?” ”m" In the u ,A:Wheut starch exposure limits for starch are 10 mg?" for Intel inhalahled 4mgfm” for respimble dust." ’
Tablet machine: Manesry F; Speed: 50 per min; weight: dust an
4904510519. Strength test: Diametral compression
balween Hut-faced rams. Upper rarn stationary, lower 16 mutation Status

Inacnve Ingredients Guide"‘er9 “l ‘56 urn/5. GRAB listed. lncludcd in the FDA _
25 {buecal rahlm, oral capsules, pnwdcr‘,‘ sUSpensmns andm iml re amrmns: and vaginal tablets}. included intablets p p p _ .

E nonparenreral mediune: hemmed m the UK
U

1, 20N I7 Related substances
E Amylupeerin; x—amyluse; amt-uh. pregrlminlzed; starch! mfg-
:2: '5 lizahlc mane.
'2 AS number: [903112-31] .
g - gamma“!3!“)1”1‘L‘m”'5 ‘1 ”*1"?th 1’-;:lUC:m with mosrl)‘ 1-f :0 —-+ 1nd at mmnarrl) 4% 141.; 1 we) link.) es.' n—[I 4}. pr _ } _ __gé The EINECS number for amyinpecnn Is -33-91 l—n

a-Arnylosfl .,

! 5 CAS number: [9005-52-3]l Comments “Muse is a linear { l *4l--3‘-l1~gluc.m.
l 00 13 Commentsl0 2 h is also known as mai 13. . . 1 d h: 0 100 h- r earn start 7. ”m : an I até a... 30 40 50 60 70 30 90 rear; :tmh is also known as cal-55m swab-2: 5”?“ Relative humidilY l%l upthl-eas the USPNF 20 Speerfies that starch Shauld h:Mofimrptm‘ isaH-term of corn starch. AnheLIser reduced from corn. potato, tapioca, or wheat, the BP 2001

‘ #57,
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608 Starch 

d f · In tropical and also permits starch to be produce rom nee. b d 'ly 
. h h ay not e rea 1 subtropical countnes where r ese stare e.s m . 

available the BP 2001 additionally permtts the use of tapwca 
starch, s~bjecr to additional requirements. . . lose/ 

Starches from different plant sources dtffer m thetr. amy b 
amylopectin ratio. For example, corn starch cont.ams a ou~ 
27% amylose, potato starch about 22%, and tapt.oca stare 
about 17%. In contrast, waxy corn starch contat~s a most 
entirely amylopectin, with no amylose. These dtfferences 
modify the physical properties of the star.ches ~uch that the 
various types may not be interchangeable 111 a gtven pharma
ceutical application. 
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608 Starch

also permits starch to be produced from rice. In trolpicalajfld
subtropical countries where these starches may not P“ re _ 3;
available, the BP 2001 additionally permits the use 0 tapioc

'ecr to additional re nirements. '
StathtZijhlEsl from different planilsources differ in their amylosei‘
amylopectin ratio. For example, corn starch contains about
27% amylase, potato starch about 22%, and tapioca starch
about 17%. In contrast, waxy corn starch contains almost
entirely amylopectin, with no amylose. These differences
modify the physical properties of the sratches such that the
various types may not be interchangeable in a glitch pharma-
ceutical application-
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1 York P. Studies of the effect of powder moisture content on drug
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starch, Pregelatinized 

t st"O"Yf"S 
"'Ilk sr.udl; lnst.:!.st.ucll; Lyrut<lb C; Lycutab PGS; 

'~ :\JtM:.JI ~S-1551; Pbunna-Gel; ~reiel; Sepist.Jb ST 
~·.¥res.< BS~(l; StJrrh 1 JOO G; Tablt~; Unipurt LD; 
: f1!11'! \fG220. 

3 Chemical Name and CAS Registry Number 
~rimzed St;ll'ch [9005-25-81 

• ~!Formula Molecular Weight 

(..H1,"'-)si. where tz = 300-1000. 
~d<nnized sr.u.:h is a srar.::h that has been chemically 

v:i iJ!. mc~hani.-.t!h· prcxessed to ruprure all or parr of the 
~d! eranult>s and.so render the starch flowable and directly 
~b!~. Partially pregelarinized grades are also commer
::..,. Nilable. Typically. pregelarinized starch c~nrains 5% 
•:t o:tt mn·lose. 15~o of free amvlopecrin, and 80 7o wunodt
:lci;;arch: The USP?-.'F 20 does n~r specify rhe botanical or.igin 
:trllemgm.al starch bur rbe PhEur 2002 (Suppl 4.1) spec1fies 
~ r~larinized ~tarch is obtained from maize (corn), 
~- o:- ricestarcb. See also Starch and Section 13. 

5 5lructuraJ Fonnula 
kx.rcn. 

6 J,_....,_ • 
• "'IUJGnCII Category 

T~ · t ,.~.~ _ and ca~ule diluent; rabler and capsule dismregran ; 
-.on b dtr. 

7 ~ in Phannaceutic:al Formulation 
~. ~~ 
!t! . .o::., d h d · al capsule 141., ~.,- 4: ~t4rch i~ a modified stare use m or .. 

~·--t! f,1rmuL · b' d d 'l nt 11.21 and d1stnte· 
~~. ~. · JAnoru. as a m er, 1 ue , 

bum · · d rarch ~ L 
1 l>an~m to surch grades of pregelanmz: s 

· '.ot pr ... L ' on char· 
~ .. ,ll ""~led with enhanced flow and compress• d 

5 
l !4hL '~.._~b I~! tht .,.,.,...eJatinized material may nc USC ah 

'"'«~ •.omd ,.. ~, •+-1 41 In ~uc 
~"·-..r-..... c:r m dry-c"mpre~~ion processes. 
•A -.,, pr ..... ._ · . Jf 1 1. ·• t 'no However, 
"~';'! 11 , .. ~~atm1zed 11tarch •~ se • u nnca 1 ,. d 1 
: ~;.r_., . 4 

U\td With lither excipient~ it may be n,·cc~~ary r<>" 1 

' 2l r..~~~ u1 a f•~rmulatitm. Although magnc~ium ~rcarare 
~>'·· .,.,\,.,1 1 h' .110ccntratwn~ 
. ·•'l:r 1L . • mmrm y u~ted fort •~ purpose,'- 1. 
<\J. ' i;lfl tJ- · II 1 ~trenj.ttu 1. • ¢-~A. 11

·' may have advcr!JC effects on ta ' e · h . 
. (•·• ~••;n TL.. f . 'd . ., .. Jly t e pre .,. 1111 • • •~ere CJrc ~teanc aCJ 15 ~n .. " p fJTJ'-Ant • ' , h II H 

;.,. ~~~~tini· dwnh prcgclarinizcd ~tare . · nulation 
~-t~ ' '•• ~ ~~rch may alw be u~ed Jn wet gra 

· ·~te Table I. 

Tobie 1: Uses of pregelotmized storch 

Use 

Diluent (hard gelatin capsule5J 5-75 
Tablet binder (direct compres.siooJ 5-20 
Tablet binder (wet granulolionJ 5-l 0 
Tablet disintegrant 5-l 0 

8 Description 

Pregelarintzed starch occurs as a moderarrh· coarse ro fine. 
whit~ ro off- white colored powder. ft 1s ~ and Ius a 
slight ch.tracreristil' taste. 

Examination of fully pregelarin.ized surch ~ a slllJTY in 
cold water, under a polarizing microsco~- JT\·eals oo SJgru.fi
canr ungelarinized granules. 1.e .. no '11L1.lresc ~· durx
teristic of the starch birefringeoce p.urem. Lumm.m~:m of 
samples suspended in glyct"rin show .:har.J""'ttnstJL tonns 
depending upon rhe method of cll)ing used dun~!!! Ol.Ulut.Jc· 
rure: either irregular .::hunks irom drum ~mg or dun pures. 
Partially pregelarinized sr.m:h 1~.g .• 5tJrd• I.' Ot'IC .tnd Ypf..~ 
ST200l show retention of hirefringt>o...Y ('IJtrem· rypt.::al ot 
unmodified starch granules. 

9 Phannacopeial Specifications 
See Table 11. 

Table II: Pharmacopeial ~ilicotioos f'ol ~·:M sJordl 

Test Phfur 2002 !Suppl4.ll USPN' 20 

ldentificahan + • 
pH (1 0% w/v slurry) o4 .5-"'.l) ~~0 

Iron .. ~owm "")IX\:" .. 
Oxtdizmg substonces + 

Sulfur d•oxide :::: 5(l Pf'"\ ._,\) O!.,)S•. 

Microbtol hmtls .. 
loss on drytng I~ l.)"y .. l-4 l'~ .. 

Residue on •gntlton ~ \) ~1\ 

faro1gn moltllt t 

Sullarod ash () o'\. 
Organ•c vclatile tmpunltes • 

--------------~ 

q 

‘flj‘m‘."r‘llg“‘“ “-
Starch, Pregelatinized

WNun-u
I vclatuuml starch
F .— \nulum iwrcgclilii';ttuiti

. ' ‘ xl st.1r\:l1

1W

51"““NL- starch; fwdrd" Lymub C: 1.chth PCS;
W‘ “no“! “3—15“; Hmmd'Gél; Prricl: Srpl'stdb ST

3820; Starr-£- 1500 G; Tabla; “Whirl-c LD;:1 t. $111“
.m‘ r6220.

3 aunimlflum and CAS Registry Number

mmrd starch [9005—25-8]

1 WI Formula Molecular Weigh'f

glans}. where u = 300—1000.
aggriannized starch is a starch that has been chemically

aria: mechanically processed to rupture all or part of the
cult granules and so rmdcr the starch flnwable and directly
turntable. Partially pregelarinizcd grades are also commer—
Jfir available. Typically. pregclatinizcd starch contains 5%
Wu mime. 15% of fret amylapecrin, and 80% unmodi—
htdcardi. Thr USPNFZO does not specify the botanical Origin
li’mfiml starch, but the PhEur 2002 [Suppl 4.] l specifics
'4 rrcgclatinizcd starch is obtained from maize lcoml,
Puma: rice Starch. See also Starch and Section 13.

Til-“in

will
I

rapt-Ill: diluent; tablet and capsule disintegrant;

WMammal FormulnfionL O

ref”; f 5ranch ts a modified starch user!1 '2'} oral cu psule
h” 1' ' ‘Irmul'afi‘mfi 35 a binder, dilucnt. ' and dismtr—

l

fiynhfmrlflm. ' H.
“”3: MK; . .
‘ ' “UH . . :1
”Wu hinder I'm the pregrlarinthd material nth-l,“ In 'hIJCh

”"91 ”1 dry—C‘Jmprcssmn procctscs. r
M’nhi‘uprwlumizcd Istarch is self-lubricating. Huwcv‘cid.

_ axed With tuber exciplcnrs it may he ncccssrtry to a
-m a f"”"hd'l-‘a‘tiart. Although magnesium “carat:
“ “mm""ll' Used for this purposc, concentratmn.

'" “3M1. grades of pregalatinizcd stitch
“'"h mhanced flow and compression 1: ar—

hr used as

IPR2018-0039O

\

m I: Use; 0‘ wwlflizw Md“—‘h—q———___________

U:- Cumhino nu

Diluenl [hard gelatin cupsubs} 5-75
Table! binder [direct compressim] 5—20
Table! binder [wet granulation] 5-l0
Tablel dlfiln'egranf 5—! oM—m—

. kxfiPfifin

Prrgclatimrcd starch occurs as a moderatrlp' coarse to line.
White to off-white colored powder. I! is odor-lest and has a
slight characteristic taste.

Examinatiun of fully pregelannmcd surch as a slurry in
cold water, under a polarizing microscope. rflals no smili-
cant ungrlatinized granules. i.c.. no ‘rrulrrsc cmssrs' charac-
teristic 0f thc starch birefringence pant-m. Eurmmriun of
samples suspended in glycerin show chamwnstk‘ ton-us
depending upon the method of dnmg used during: mutate
turc: cithcr irregular chunks from drum drying or chm plants.
Partially pregrlannizt-d starch mg..- Saw-t" lflllG and 5:11wa
STJDOl shnw rrtentiun ur' birefringence gumms rrptcal of
unmndil‘icd starch granulfi.

 

9 Wop-film

 
 

 

See Ta hlc ll.

3% I: Pharmawpeiul SWIECQHfiV‘Is la: Pm” ind .. _

W Hm mM u: m :0

Identification + . ‘ _
PH “0% W/v slurry] 4 5-3.0 ‘ _~._. 0
Iron a 20 own =_~ J 00 I”;-
Oxldizrng suhslonm 9 '
Sullut dtuxlda 5: 50W“ u 0 033°.
Microbial lrrnil's . . I
[0” on drl’mg ‘ '3 {Mi ¢_ "-Oa’
Rasuduo an ignition _ O _-.-.
foreign mom“ , “a
Sullflhfl'l u all

Organlr rolulllo Irnpurmu

to warm

Acidity/.Illialnutt: pH . 4. \ ‘ n I...
Lll‘l‘l'lMl-Il-l ..

Anulr "l rt'puu‘: 4U.
(jumpl'rmhlltlt-r art: M'Jh'h:
Demilt lhulLl: U‘hhflfihqt} '
Dcnulr Itupprdl'. ILN Ugh-n1J ‘

sit Itrurl: lJIhH-ttu
l‘tifllrllm'i ll; 3 ”U U an unmlrrnllulm unini-1

_ 1mm": .‘irgrlatuuml um" ‘Ian'h “ Inpu-
Moururr ”tum-n W “m me |M'ill‘lt- . . ,

.I 10“.. “I Nun.”
ml

009
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610 Storch, Pregelol inized 

. . . . median diameter 52 ~~~· 
Particle size dLstnbutJOn. 30-:-150 ~~ch reater than 90 ~ 

For partially pregelaomzed s ): g d less than 0.5 Yo 
through a US #100 mesh (1491lm' an 
retained on a US #40 mesh (420 llm).nic solvents. Slightly 

Solubility: practically insoluble m dorga d . g upon the degree 
soluble to soluble in cold water, epen m d by sifting 

. . p can be prepare d 
of pregela tintzanon. ast~s . d ld water. Col -
the pregelatinized starch mt~ surre ' ~o . . ed starch is 
water-soluble matter for partially prege aumz 
10-20%. 

Specific surface area: 
0.26 m2/g (Colorcon) 
0.18-0.28 m2/g (Roquette Ltd) o a u-

Viscosity (dynamic): 8-10 mPa s (8-10 cP) for a 2 Yo w/v q 
eous dispersion at 25 oc. 
35....-------------~ 

30 

~ 25 
~ 

~ 20 
' (5 
E 

§ 15 

~ 
·g. 10 
w 

5 

o L-~-L~~~~~~~~~~ 
0 1 0 20 30 40 50 60 70 80 90 1 00 

Relative humidity (%) 

Figure 1: Pregelatinized starch sorption-desorption isotherm. 
Q: Sorption. • : Desorption. 

11 Stability and Storage Conditions 

Pregelatinized starch is a stable but hygroscopic material, 
which should be stored in a well-closed container in a cool, 
dry place. 

12 Incompatibilities 

13 Method of Manufacture 

Food-grade pregela tinized starches are prepa red by heating an 
aqueous slurry containing up to 42% w/w of starch at 62-
72 °C. Chemical additives that may be included in the slurry 
are gelatinization a ids (salts or bases) and surfactants, added to 
cont:ol rehydration or minimize sti~kiness during drying. After 
heatmg, the slurry may be spray-dr1ed, roll-dried, extruded, or 
drum-dned. In the last case, the. dried material may be 
processed tO pr.odnce a demed part1cle size range. 

P~armaceuncal grades of fully pregelatinized starch use no 
additives ~nd are prepared by spreading an aqueous suspension 
o f ungelatlmzed starch on hot drums where gelat· · · d 

b d . tn1zan on an su sequent rymg takes place. Partially pregelat· · d h · 
d d b b . . . lfiiZe stare IS pro uce Y su Jectmg moistened starch to h · 1 

Th I . 1. mec amca pres-sure. e resu tant maten a IS ground and the · 
is adjusted to specifications. moiSture content 

14 Safety 
. · ed starch and starch are widely used In 

PregelaunfiZ mulations. Pregelatinized starch is oral SOhd. 
dosage or . d · · . &en 

d d a nontoxiC an nomrntant excipient H eral!y regar e as . f . ow 
I Ption of m assive amounts o pregelatiniz d ever, 

ora consum e starch 
may be ha rmful. . . 

S h for further mformanon. See tare 

15 Handling Precautions 

Ob normal precautions appropriate to the circurnst 

dserventJ' ty of ma terial handled. Eye protection and .andces 
an qua · d . " USt 
mask are recommended. Excessive us~ genera non should be 
avoided to minimize the nsks of explosiOns. 

In the UK, the lo ng-term (8-hour JW A) occupational 
exposure limits for stare!~ are lOm~~Y for total inhalable 
dust and 4 mg/m3 for respirable dust. 

16 Regulatory Status 

Included in the FDA Inactive lngre~ients Guide (oral capsules, 
suspensions, and tablets). Included m nonparenteral medicines 
licensed in the UK. 

17 Related Substances 

Starch; starch, sterilizable maize. 

18 Comments 

A low-moisture grade of pregelatinized starch, Starch 1500 
LM (Colorcon), containing less than 7% of water, spec.tfiCJJiy 
intended for use as a diluent in capsule formulattons ts 
commercially available. (lSl 

Sepistab ST200 is described as an agglomerate of starf~ 
granules consisting of native and pregela tinized corn starch. 

19 Specific References 

1 Small LE Augsburger LL. Aspects of the lubricariOn reqmlreJ· 
' · D g Del' n ments for an automatic capsule filling machme. rlt 
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2 Mattson S, Nystrom C. Evaluation of cntical bmder ~ D~ 

111
d 

affecting the compactability of binary mixtures. Drug 
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1
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Siorch, Pregelolinized610

Particle si
For p

retained on a US #40 mesh [420 unil.
Solubility: practically insoluble in organic solven

_ - . .de nding upont
soluble rosolubletn cuidwarer ti: prepared bv stfilna,
of prcgelatinization. Pastes can- ' ' ' ' ‘ ld water.
he re elatmized starch Into sorted, co , . _

I P g ptegelannizcd starch 15water-soluble matter for partially
Ill-20%.

Specific surface area:
0.2.6 tnzz‘g {Colorconl
0.18-0.28 mzi'g [Roquette Ltd)

eter 52 lim-' ' ‘ - dian diam
redistribution. 30—150mm. me . 90%
artially pregelatinized Starch, greater than

through a US #100 mesh {149 um}; and less than
0.5 ”A;

ts. Slightly

lic dcgtfifl

Viscosity [dynamic]: 8—10rnPas iii—1061‘} l0? 3 2% “"3" aqu-
eous dispersion at 25 °C.

35

15

_| C)
Equilibriummoisture{‘56)

0
0 IO 20 30 40 50 60 7O 80 90

Relotive humidity [“41

Figure I:
O: Sorption. I: Desorption.

H Stability and Storage Conditions

 
100

Pregelotinized starch sorplion-desorption isotherm.

Pregelatinized starch is a stable but hygroscopic material,
which should be stored in a well-closed container in a cool,
dry place.

12 Incompatibilitios

13 Method of Monufilcture

Food-grade pregelatinized starches are prepared by heating an
aqueous slurry containing up to 42% why of sta h -
72°C. Chemical additives that may be included iririfhefistlusr-2
are geiatinization aids {salt
control rehydration or rnin

heating, the slurry may be spra
drum-dried. In the last case,
processed to produce a desired p

Pharmaceutical grades of full
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s or bases} and surfactants, added to
unite stickiness during drying. After

y—dned, roll-dried, extruded. or
the dried material may be
amele 512i: range.
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14 Stitch!

Prcgelatinized starch and smr‘lh are wider}. usuj m‘
dosage formulations. Pregc auntie-d 5mm] . m .
regarded as a nontoxw and nonirrnant Extipium‘ in“?
oral consumption of masswc amounts of ”Wei-inn” in,

' tr
td '

may be harmful. _ _ “an-h
'9”. Starch for further Information.

15 Handling Precautions

Observe normal precautions appropriate to the C‘r‘l'nura, _
and quantity of material handled. Eye Prmtcnon and at Jun
mask are reconnnendcd. Excesswc dust gent‘mtinn Show“
avoided to minimize the risks of explosions_ hr

In the UK. the long—term {8-hour IWM occurring .
exposure limits {or starch are IOIngéflili- fm. [ma] Iniliildl'il‘;
dust and 4 mg/m‘ for respiral‘ile dust." .

l6 Regulatory Status

included in the FDA Inactive Ingredients Guide [oralcapiula
suspensions, and tablets}. [ncluded in “Unparcntcral "whim;
licensed in the UK.

17 Related Substances

Starch; starch, sterilizahle maize.

38 Comments

A low-moisture grade of pregelatintzcd starch. Sand: lift}
LM lColurcon], containing less than 7% of water. sprain-nix

intended for use as a diluent in cap-mic formulations a
commercially available.” "I

Sepisrob STEOO is described as an agglonicratc of and]
granules consisting of native and prcgclatinixcd cornstarch."
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C~r~o~sp~o~¥~id~o~n~e~----------~~~~~, 
• · 1 specifications for crospovidone. 

Pharmac~o~p~e~ta~~~----------~----~ 

phEur 2002 USPNF 20 (SuppiJ) 

+ 
1 

. ryNames Nonpropneta 

BP: Crospovido~e 
PhEur: Crospovl~onum 
USPNF: Crospovtdone 

identification 
+ 
+ 

5 .0-B.O Characters . 
pH ( 1% suspenstonl :::;5.0% 
Water . :::;0 .1% :::;0.4% 
Residue on ignition 

2 Synonyms ll'd n CV Kollidon CL-Ml.; 
·d E1202· Ko ' 0 ' . 1 lypyrro 1-Crosslinked povt one; d ' XL-10· polyvtnY po 

XL p f)•plas one ' 1 Polyplasdone ; 0 rd·none homopo ymer. 
done; PVPP; 1-vinyl-2-pyrro' I 

· try Number 
3 Chemical Name and CAS Reg•s l9003-39-8] 

1-Ethenyl-2-pyrrolidinone homopolymer 

4 Empirical Formula 
Molecular Weight 

>1000000 . d 
(C6H9NO)n . . soluble synthetic crosshnke. 

Crospovidone ts a water-m 1.d. ne An exact deterrru-
f N · yl-2-pyrro 1 mo · 1. h d homopolymer o -vm . h h s not been estab ts e 

nation of the molecular wetg t a . 
because of the insolubility of the matenal. 

5 Structural Formula 

See Povidone. 

6 Functional Category 

Tablet disintegrant. 

7 Applications in Pharmaceutical formulation 
or Technology 

Crospovidone is a water-ins~luble tablet . dis!ntegrant and 
dissolution agent used at 2-5 Yo concentration m tablets pre
pared by direct-compressio': or wet- an? dry-granulation 
methods.(l-4) It rapidly exh1b1ts htgh cap1llary actlVlty and 
pronounced hydration capacity, with litt~e tendency to .form 
gels. Studies suggest t.hat the. part1cle s1ze .of crospo~1done 
strongly influences diSintegration of analgesic tablets.< l Lar
ger particles provide a faster disintegration than smaller 
particles. Crospovidone can also be used as a solubility 
enhancer. With the technique of co-evaporation, crospovi
done can be used to enhance the solubility of poorly soluble 
drugs. The drug is adsorbed on to crospovidone in the presence 
of a suitable solvent and the solvent is then evaporated. This 
technique results in faster dissolution rate. 

8 Description 

::;; 1.0% :::; 1.5% 
Water-soluble 

substances ::;;400ppm 
Peroxides ::;; 10ppm :::;0.001% 
Heavy metals :::;0.1% 
Vinylpyrrolidinone 

~5.0% 
Loss on drying 11 .0- 12.8% 11 .0-12.8% 
Nitrogen content 

(anhydrous basis) 

1 0 Typical Properties 

k lini. H _ 5 O-S 0 (1% w/v aqueous slurry) 
Acidity/a\ a ty: f - · · 
Density: 1.22 glcm 
Density (bulk): see T able II. 
Density (tapped): see T able ll. 

Table II: Density values of commercial grades of crospovidone. 

Dens'•ty (bulk) g/ cm3 Density (toppedl g/c~ Commercial grade _ 

Kollidon CL 0 .3-0.4 
Kollidon CL-M 0 .15-0.25 

0.4-D.S 
0.3-D.S 
0.273 
0.461 

Polyplasdone XL 0 .213 
~Po~~~p:la:sd:o:n~e~X~&~IO:__o~.~3~2~3 __________________ ___ 

. is approxt· 
Moisture content: maximum m oisture sorpnon 

mately 60% . p 1 ·plasdonl 
Particle size distribution: less than 400 ~1m for 1 ~ Y Approxi· 

XL; less than 741lm for Polyplasdone XL~ ~ of 3°to 
mately 50% greater than 50 11m and maxu~.f imutn of 
greater than 250 11m in size for Kolltdon C~. 2L-M· 
90% of particles are below 151lm for Kolltdon common 

Solubility: practica lly insoluble in water and most 
organic solvents. 

Specific surface area: see T able Ill. 

Table Ill: 
done. 

. des of eros~ 

Crospovidone is a white to creamy-white finely d1'v1'd d f 
£1 . . II 1 ' e , ree-

owmg, pracnca y taste ess, odorless or nearl od 1 
hygroscopic powder. Y or ess, 

Specific surface areas for commerctOI~ 

Commercial grade Surface area (~ 

9 Pharmacopeia! Specifications 
See Table I. 

184 ------
~o~lidon CL 1 . 0 

P
olidon CL-M 3 .0-6.0 
olyplasdone XL 0 6-0 8 

P I .. ~ 0 yplasdone XL-1 0 2 1 4 
--------------~1 .~-~·----

W—

 
1 mirror-rim” "m"
BP: Crospovidonc
PhEur: Crospnvidonum
USPNF: Ctospovidone

2 Synonyms

Crosslinked povidone;
Polyplasdoue XL; Polyplusdoue XL-I 0;
done; PVPP; l—vinyLZ-pytro

3 Chomicol Name and CA5 Registry Number
l-Ethenyl-Z-pyrrolidinone homoPonmt-r [9003-39-81

Molecular Weight

:1 000 000 .

Ctospovidone is a water—insoluble synthetic crosslmked
homopolymer of N-vinyl—Z-pyrmlidinone. An exact determi-
nation of the molecular weight has not been established
because of the insolubility of the material.

4 Empirical Formula

{C6H9NOl PI'

5 Structural Formula

See Povidone.

6 Functional Category

Tablet disintegra nt.

7 Applications in Pharmaceutical Formulation
or Technology

Crospovidone is a water—insoluble tablet i"dissolution agent used at 2—5% concentraticilnsfltifbldits all}:
pared hugged-compression or wet- and dry—granulaiimethods. it rapidly exhibits high capillary acrivi 0:
pronounced hydration capacity, with little tendenc tgyfan
gels. Studies suggest that the particle size of cm: Harm
strongly influences disintegration of analgesic tabletp{1:}: one
get particles provide a faster disintegration th s. Lar-
particles. Crospovidoue can also be used as an smallerenhancer. With the technique of co-eva o ' a samba"?
gone ER b5 used to enhance the solubiliri; $100“: fringe“-ugs. e In isadso ' ‘ or}; so ”blg 'b‘id 0“ “3 CTOSPOvtdone 1n the presenc:
of a suitable solvent and

. the solvent is thtechnique results in faster dissolution rateen evaporated. This

8 Description

Crospovidonc is a white to creamy
flowing, praccically tasteless,

white, finely divided free~

hygroscopic powder. ,
od

orless or nearly odorless,

9 l’hflrltts'lco '

See Table 1. "m

184
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caporal specifications l'or C'OSPDVidone_
Table l: Pharma

identification + +
Characters + —
pH {1% suspensionl 5.0.3.0Water '- u at; 5 .0:
Residue an ignition £015: 504 A
Water-soluble 5, l .0 A: c l 5%

substances

Peroxides e 400 ppm _
Heavy metals 3 l 0 ppm 6 0001‘?»o
Vinylpyrrolidinone —~ 530 “is
Loss on drying $5.033 _
Nitrogen content l l 0—1 2.8% l 1 042.83;

[anhydrous basis) 

10 Typical Properties
Acidityfalkalinity: PH = 5.0—8.0 {1% wit aqueous Slurrri
Density: 1.21 glcm '
Density (bulk): see Table ll.
Density.r (tapped): see Table. II.

Table II: Density values of commercial grades of crospavidone

Commercial grade Density [bulk] gi'cma Density MM 9"”TE  
Kollidon Cl 0.3—0.4 0443.5
Kollidon Cl-M 0.15-0.25 0.3—0.5
Polyplosclone x1 0.213 0273
Polyplasdane XL— l o 0.323 046‘ff, 

Moisture content: maximum moisture sori‘tiun 151‘Pl‘"""
mately 60%_

Pamcle size distribution: less than 40lltlfil for l’tlll’l’lfls‘lw

EL; 11355 than 7411111 for Priljrphrsdurm XL-lll. App-tuftracy 50 0 greater than .SOum and maximum 0 if.g eater than 2.50 pm in size for Kullidnu LIL. h‘lmlmumwO .

50120135? of particles are below 15 pm for Knllidtm (IL-M-1“? PraCtICally insoluble in water and must 0““
Organic solvents.

S'Pecific surface area: see Table III.

or.

Table III: S ' - trail“:dOne. Peal“: surface areas for commercial grades 0i
___________-——_‘___-_—_ //
comm, __.W
Kollidon CL

P°'YP'°5done Xi 32:33
Polyplasdona x140 I. 2 1 A

I-MAK 1012
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sEM 1 £.tcipient: Crospovidone (Polyplasdolte XL-10) 

MJnu{a<fltrer: ISP Corp. 
Lot No.: 581031 
\1J!IIIi{i(,lfl<)ll: 400 X 

i iJit.rgc: I il k\' 

II Stability and Storage Conditions 

Since crospovidone is hygroscopic, it should be stored in an 
airtight comainer in a cool, dry place. 

12 Incompatibilities 
Crospovidone is compatible with m ost organic and inorganic 
pharmaceutical ingredients. When exposed to a high water 
level, crospovidone may form molecular a dducts with som e 

materials; see Povidone. 

13 Method of Manufacture 

Acetylene and formaldeh yde are reacted in the presence of a 
htghly active catalyst to form burynediol, which is hydroge
bated to butanediol ~nd then cyclodehydroge~ated to form 
utyrolactone. Pyrro!Jdone is produced by reacung butyrolac

tone ':Vith ammonia. This is followed by a vinylarion reaction 
;;;htch pyrroli~one and acetylene are reacted un?er P.ressure. 
. monomer vmylpyrrolidone is then polymenzed m solu
~~f' Ust~g a. catalyst. Crospovidone is prepared by a 'popcorn 

Ymenzanon' process. 

14 Safety 

~rospovidone is used in oral pharmaceutical formulations and 
Shgenerally regarded as a nontoxic and nonirritant material. 
effort-term animal tox icity studies have shown no adverse 

ects ass · d (6l · the 1 k oclate with crospovidone. However, owmg to 
has ac bofavarlable data, an acceptable daily intake in humans 

nor een specified by the WHO.t61 

LDso (mouse, JP): 12g!kg 

Crospovidone 185 

15 Handling Precautions 

Observe normal precautions appropriate to the circumstances 
and quantity of material handled. Eye protection, gloves, and a 

dust mask are recommended. 

16 Regulatory Status 

Accepted for use as a food additive in Europe. Included in rhe 
FDA Inactive Ingredients Gujde (oral capsules and tablets; 
tOpica l, transdermal, and vaginal preparations). Included in 
nonparenteral medicines licensed in the UK. 

17 Related Substances 

Povidone. 

18 Comments 
Crospovidone has been studied as a superdisinregrant. The 
ability of the compound to sweJI has been examined directly 
using scanning electron microscopy. (7) The impact of crospo
vidone on percolation has also been examined. (Sl The impact 
of crospovidone on dissolution of poorly soluble drugs in 
tablets has also been investigated. !

9
1 
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ll Stability and Storage Conditions

Since ctospuvidone is hygroscopic, it should be Stored in an
airtight container in a cool, dry place.

12 lncompmbilities

with mosr organic and inorganicCrospovitlone is compatible
pharmaceutical ingredients. When exposed to a hlgh water'th some
level, Frospovidone may form molecular adducts wr
materials; see Povidone.

'3 fled-nod of Manufacture

AFell’lcfie and formaldehyde are reacted in the presence of a
highly active catalysr to Form butynediol, which is hydroge-
gated m bu‘anfidinl and then cyclodehydtogenated to form
[limel‘l‘mnfi- Pyrrolidone is produced by reacting buryrollac-
ions ‘.“uh ammonia. This is followed by a vinylation reaction
n wh'ch pyrtolidone and acetylene are reacted under pressure.

to: [no-“om" It'i“Vltwrtolirione is then polymerized in solu-
n' usmg “ L”affilyst. Crospovidone is prepared by a ‘popcorno . .

P ll'metizatton' process.

14 5”"
Ct - . _
. ostridone Is used in oral pharmaceutical formulations andIS c 1

5 inn—its”, rretarded as a nontoxn: an
.2 Is "in animal toxicity studies have ‘

clackaé'sonated with crospovidonel“ However. owmg to
h ofavailable data, an acceptable daily intake in humansa

“it” been specified by the WHOalfil

LDm I'mouse, 1P}: [lg/kg
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l 5 Handling Precautions
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18 Comments
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Croscarmellose Sodium 

1 s,uorryms 

/il.J)!.Sol; crosslinked carboxymethylcellulose sodium; 
Exf!l"cel: modified cellulo~e gum; Nymcel ZSX; Pharmacel 
XL; Primcllose; Solutab; Vtvasol. 

3 (hemicat Name and CAS Registry Number 

(.dluloae, carboxymethyl ether, sodium salt, crosslinked 
j,4S1 l -65· 7] 

.fl lmpiricat f ormula Molecular Weight 

Croocarmellu~t' sodium is a crosslinked polymer of carboxy
meth)'kellulo;e sodium. 

See Carboxymethylcellulose sodium. 

S itrvcturcrllormula 
&r Carbuxymethylcellulose sodium. 

~ fttftdioncll (category 

Tabid and t..ap~ule di~integrant. 

1 ~licotipns in Pharmaceutical Formulation 
. .. fec:hno1oey 

'.Av>canudlo~c.: svdiwn is used in oral pharmaceutical form u-
l~t . d . (] 2) bl (3-13) d 

'011' "~ .1 lolntegrant for capsules, ' ta ets, an 
granule~ 

In tablet form ulations, croscarmellose sodium may be used 
111 bocl d. · I · . 1 · 1re~:t-compress10n and wet-granu atton processes. !1•cn lb\:d 111 wt:t granulations, t he croscarmellose sodium 
, vuld be .1ddcd 111 both the wet and dry stages o f the process 
11b111~ · ·•nd cxtragranularly) so that the wicking and swelling 
d 1111r ul tht db!lltcgrant is best utilized. 1 11

'
121 Croscarmellose 

S~Xhb uu1 at t.Ut~<:enrrarions up to 5% w/w may be used as a 
ta lctd I· d ' tab[ . l>llltt:gr ant, altho ugh normally 2% w w •s. use Ill 

cr. pn~parcd by direct compression and 3% w/w m tablets 
P!cpartd I bl I >y d wct-granularion process. See Ta e · 

Uies of croscarmellose sodium. ~j: 

~ 
- - Concentration (%} 
~~~~~~~~-~~-tu-l~----1...:_()...:_2_5 _ _ ______ _ 

~~~<lot in tablet, 0 5-5 0 
-----·------------·~-· ---------------

SEM: 1 
Excipie11t: Croscarmello~e ~odium (Ac-Di-Sol) 
M<IIlll{adllrcr: fM C llinpolymcr 
M aglll(lc'olli<JII: 100 / 

SEM: 2 
Excipie11t: Croscarmeliose sodium (A<'-Ot-So/) 
Manii(..I <'furer: FMC Rinpolymer 
M,Igllif/c.llic >II: I O!lll" 

18 1 

Croscarmellose Sodium
#—
 l—angg 

a W"me" SEM: l
Whose sodium Ext'll’fl‘mf {.rmmrtntllrnw antlium let-Ur-‘iu-‘J

3?: l" Carmellosum natricum concxum h'lflllfrfln'mn'r: l'.\l( lllupnIrmL-r
flip {ygxarmellosf sodium Mdgmlrummr: lllll .-h .

1W“

.,3,591; aosslinkad carboxymethylcellulose sodium;
:11,th modified ccllulose gum; Nymcgf ZSX; lemacel
XL; mellosrz; Solutab; Vivasol.

3 WMaine and CAS Registry Number

unplug, carboxymcthyl ether, sodium salt. crusslinked
74511-633]

; Empirical Formula Molecular Weight

Ltuunarmcllusc sodium is a crosslinked polymer of cat-boxy-

mcthylcelluloat sodium.
See Carbuxymethylcellulose sodium.

 
5 W Formula

bar Carbuxymtthylccllulose sodium.

'5 WWW SEM: 2
Excipmtr: (".rnscurmclluw smiium [:lr-Dt—S-Ill
Mdmlflh'nm'r: FM l1" l’m-pulynk‘f
Mtrgmf'i..rr:'rm; mun \

'I'dblcl and napaulr: dibimcgrant.

1 W'ons in Phormuceuficul Formulation

llmmm'iuuau sodium is used in oral pharmaceutica‘llfgrmu-
'“l'm'h do .1 dlblntcgl'ant fur capsules,”'2’ tablets,“ ' and
yallulm}.

In ”bl"! tumulatluflb, croscarmellose sodium may be used
“1 bud] dirt-'Ktvmmpressiun and wet-granulation processes.

. hm “*1 "I Wet granulatimls, the croscarmellosc sodium
Qiuuld 5" Jddcd in both the wet and dry stages of the proctss
i‘lmd- dud "Hrasfiillularlyl so that the wicking and swelling

mm} 0! [hr dihmlUSranr is best utilizedm‘m Croscarmellose

:33":de LUIlllul‘lfl'al'lIMlS up It: 5% wfwnmay be‘uscd Elsi:
um“ ”HES-film. although normally 2/2. wi'w l5. usebl

’ pmp'ir'id by direct compression and 3% wlw m ta etsI: . . .
P PdELd by a Wet-granulation precess. See Table l.

  We}: __U$fl$ Ol'Croscarmellosa sodium_-______________

{j --q...__,________________.._-—'—————_
0 “910mm We: 10—25

“59’0” "1 total-n 0.5—5.0___fi___________________________

L.._
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\82 (roscormellose Sodium 

a Description · h 
dorless white or greyls -

Croscarmellose sodium occurs as an o ' 
white powder. 

9 Phannacopeial Specifications 

See Table II. 

Tobie II: Phormocopeial specifications lor croscarmellose sodium. 

PhEur 2002 USPNF 20 

Identification + 
Characters + 
pH (1 % w/v dispersion) 5.0-7.0 
loss on drying .;; 10.0% 
Heavy metals .;; 10ppm 
Sodium chloride and sodium ~0.5% 

glycolate 
14.0-28.0% Sulfated ash 

Degree of substirution 0 .60--0.85 
Content of water-soluble material .;; 10.0% 
Settling volume + 
Microbial contamination + 
Organic volatile impurities 

10 Typical Properties 

Bonding index: 0.0456 
Brittle fracture index: 0.1 000 

+ 

5.0-7.0 
~ 1 0.0% 
.;;0.001 % 
~0.5% 

0.60--0.85 
1.0-10.0% 
+ 

+ 

Density (bulk): 0.529 gjcm3 for Ac-Di-SoPl 
Density (tapped): 0.819 glcm3 for Ac-Di-Sof7 l 

Density (true): 1.543 gjcm3 for Ac-Di-Sol(7l 

Particle size distribution: 
Ac-Di-Sol: not more than 2% retained on a #200 (73.7 1J.m) 
mesh and not more than 10% retained on a #325 (44.51!m) 
mesh 
Pharmacel XL: more than 90% less than 45).lill, and more 
than 98% less than 100 11m in size 

Solubility: insoluble in water, although croscarmellose sodium 
rapidly swel ls to 4-8 times its original volume on contact 
with water. 

Specific surface area: 0.81-0.83 m2./g 

11 Stability and Storage Conditions 

Cr?scarmellose sodium is a stable though hygroscopic ma
tenal. 

A model tablet formulation prepared by direct com . . h II - pres-
s~on~ ~1t croscarme ose sodt~m as a disintegrant, showed no 
stgmf1cant difference m drug dissolution after storage at 30oC 
for 14 months.19l 

Cr~sca~mellose sodium should be stored in a well- 1 d 
contamer m a cool, dry place. c ose 

12 Incompatibilities 

13 Method of Manufacture 

Alkali cellulose is prepared . by st~eping cellulose 
from wood pulp or cotta~ ftbers, m sodium hydr~ obta'neo 
. n The alkali cellulose ts then reacted with s d. Xide Sol 

tiO • b . b h I I 0 IUnt u. 
chloroacetate to o tat_n ca_r oxymet Y ce lulose sodtu ntoniJ. 
the substitution reacnon ts completed and aU of thell'l. Aher 
hydroxide has been used, the excess sod1urn Ill sod,ullt 
acetate slowly hydrolyzes to glycolic acid. The glonorhloro. 
changes a few of the sodium car?oxymethyl group/~0t1C aCtd 
acid and catalyzes the formation of cross links t he fret 
croscarmellose sodium. T he croscarmellose sodiu~ Produce 
extracted with aqueous alcohol and any remainin IS t~e~ 
chloride or sodium glycolate is removed. After pu;.fsodturn 

l d. f · 1 'Cat•on croscarmel ose so 1um o punty greater than 99 .0 , 

obtained.(4l The croscarmellose sodium may be Ill:!~~ 1s 

break rhe polymer fibers into shorter lengths anJ eh to 
. fl . ~ improve 1ts ow properties. 

14 Safety 

Croscarmellose sodium is mainly used as a disintegrant in 
0 1 

pharmaceutical fo:mulations _a~d is genera_lly regarded as ~an 
essentially nontoXIC and nontrntant matenal. However, ora\ 
consumption of large amounts of croscarm~llose sodium may 
have a laxanve effect, although the quantmes used in solid 
dosage formulations are unlikely to cause such problems. 

In the UK, croscarmellose sodium is accepted for use 10 
dietary supplements. 

The WHO has not specified an acceptable daily intake for 
the related substance carboxymethylcellulose sodium, used as 
a food additive, since the levels necessary to achieve a desired 
effect were not considered sufficient to be a hazard to 

health. (1
4 l 

See also Carboxymethylcellulose sodium. 

15 Handling Precautions 

Observe normal precautions appropriate to the circumstance~ 
and quantity of material handled. Croscarmellose sodiUm mal 
be irritant to the eyes; eye protection is recommended. 

16 Regulatory Status 

Included in the FDA Inactive Ingredients Guide (oral capsdles 
and tablets). Included in nonparenteral medicines license tn 
the UK. 

17 Related Substances 

Carbo:J..-ymethylcellulose calcium; carboxymethylcellulose 
sodium. 

18 Comments 

T ' l ~' Y~lca ly, the degree of substitution (DS) for cro 
sodmm is 0.7. 

The effica~y of disintegranrs, such as croscarmello . 
may be slightly reduced in tablet fotmul t' se sodium, 
either the wet-granulation or direct-com a t~ns prepared by 
c · h · · · · pression Process th ontam ygroscop!C exctplents such as so b' 1 00) at 
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Povidone 

Nonproprietary Names 

BP: Povidone 
JP: Povidone 
PhEur: Povidonum 
USP: Povidone 

2 Synonyms 
E1201; Kollidon; Plasdone; poly(l-(2-.oxo:, -p~~~ 
lidinyl)ethylene]; polyvidone; polyvmylpyrroltdon ' ' 
1-vinyl-2- pyrrolidinone polymer. 

3 Chemical Name and CAS Registry Number 

1-Ethenyl-2-pyrrolidinone homopolymer [9003-39-8] 

4 Empirical Formula Molecular Weight 

(C6H9NO)n 2500-3 000 000 . 
The USP 25 describes povidone as a synthetic po~ymer 

consisting essentially of linear 1-vi?yl-2-pyr~olidmone 
groups, the differing degree of polymerizan~n of wh1ch results 
in polymers of various molecular weights. It IS charactenzed by 
its viscosity in aqueous solution, relative to that of water, 
expressed as a K-value, ranging from 10 to 120. The K-value 
is calculated using Fikentscher's equation:(l) 

( 7se ) log z=c --- +k 
1 + l.Skc 

where z is the relative viscosity of the solution of concentration 
c, k is the K-value x 10-3, and cis the concentration in % w/v. 

Alternatively, the K-value may be determined from the 
following equation: 

K-value 300c log z ( c + l.Sc log z )2 + 1.5 
0.15c + 0.003c2 

where z is the relative viscosity of the solution of concentration 
c, k is the K-value x 10-3

, and cis the concentration in % w/v. 
Approximate molecular weights for different povidone 

grades are shown in Table I. 

Table 1: Approximate molecular weights for different grades of 
povidone. 

K-value 

12 
15 
17 
25 
30 
60 
90 
120 

See also Section 8. 

508 

Approximate molecular weight 

2500 
8000 
10000 
30000 
50000 
400000 
1 oooooo 
3000000 

1 

5 Structural Formula 

n 

6 Functional Category 

Disintegrant; dissolution aid; suspending agent; tablet blndet 

7 Applications in Pharmaceutical Formulation 
or Technology 

Although povidone is used in a variety of pharmacell!IQ. 
formulations, it is primarily used in solid-dosage forms. In 
tableting, povidone solutions are used as binders m IHI· 
granulation processes. (Z,J) Povidone is also added co powdt: 
blends in the dry form and granulated in situ by the additional 
water, alcohol, or hydroalcobolic solutions. Povidone 1s u11d 
as a solubilizer in oral and parenteral formulations and ha1 
been shown to enhance dissolution of poorly soluble~· 
from solid-dosage forms. (4-6) Povidone solutions mar also~ 
used as coating agents. . . 

Povidone is additionally used as a suspendmg, srabthzu~. 
or viscosity-increasing agent in a number of topical and or~ 
suspensions and solutions. The solubility of a ~umber~ 
poorly soluble active drugs may be increased by mLXIOg "1 

povidone. See Table IT. .1 bl a~d 
Special grades of pyrogen-free povidone are av~l a ·~ · 

have been used in parenteral formula tions; see Secnon 1 · 

~~=b~le~II:~~U=s=es~of~p~o~v~id=o~n=e~·--------------------
Use Co~ 
-C-a-rr-ie_r_~_r_d_r_ug-s----------------------1-~~25 

Dispersing agent Up lo 5 
~dro~ ~0 
Suspending agent Up to 5 

Tablet binder, tablel diluent, or coating agent 0.5-5 

8 Description . _ 1oreJ. 
. . -whtre •0 iJii 

Povidone occurs as a fme whH~.- ,o creamY d r pofldo, 
' · ow e · ed 1•) 

odorless or almost odorless, hygroscoptc P manufac(l)1. ~1r 
with K-valucs equal to or lower rra11 3~ aree K-90 and h1g

1
nd 

spray-drying and occur as spheres Povidon d um drying 
K-value povidones are manufactured by r 
occur as plates. 

9 Pharmacopeia! Specifications 

See Table IlL 
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I NonpwP'im'Y "W”

3?: Povidone

fl’: Povidone
PhEur: Povidonum
USP: Povidone

2 Synonyms

£12.01; Kollio'on; Plasa'one; . ’d .
lidinyl}ethylenel; polyvidorre; polyvmylpyrroh one,
1—viny|~2- pyrrolidinone polymer.

1 1-{2-oxo-1-F‘Yr1’0'p0 yl PVP;

3 Chemical Name and CAS Registry Number

l-Ethenyl-2«pyrrolidinone homopolymer {9003-39-81

4 Empirical Formula Molecular Weight
[Cal-INCL, 2500.3 000 000

The USP 25 describes povidone as a synthetic polymer
consisring essentially of linear i—vinyl«2~pyrro|idinone
groups, the differing degree of polymerization of which results
in polymers of various molecular weights. It is characterized by
its viscosity in aqueous solution, relative to that of water,
expresSed as a K—value, ranging from 10 to 120. The K-value
is calculated using Fikentscher‘s equation:“'

1 z=ci 75k! +lt
”3 l+l.5l2r:

 

where z is the relative viscosity of the solution of concentration
c, k is the K-value x 10's, and e is the concentration in % wlv.

Alternatively, the K-value may be determined from the
following equation:

3001310; z[c +1.5clog 21" +1.5K-value
0.15:: + 11003:2

where z is the relative viscosity of the solution of concentration
c, it is the K_—value x 10‘s, and c is the concentration in 9’s wtv,

Approximate molecular weights for different povidonc
grades are shown in Table I.

Table I: Approximate molecular weights for different grades of
povidone.
—.—__—_____.._____.___________

Kw». Appruninutu molecular weight
1 2 2
l5 3 3%
g 10000
30 30 000
w 50 000
90 400 000
120 1 0000003 000 000

See also Section 3.

508
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5 smutunal Fannula

CK,
—CH—CH2——

6 Functional Category

DiSintegrant; (‘llSSDlll'I'IOrl aid; suspending agent; tablet limp

7 Applications in Pharmaceutical Formulation
or Technology

Although povidone is used in a variety of phmnaten-V
formulations. it is primarily used in Sfllld‘dnsagr lam,_;.,

tableting, povidone solutions are used as hindm In um.
granulation processesfa‘l’ Povidone is also addud it: one:
blends in the dry form and granulated in rim by the nddlihn'
water, alcohol, or hydroalcoholic Solutions. l’uvidunt nan-t
as a solubilizet in oral and parenteral formulatmni 131.1314.
been shown to enhance dissolution of poorly soluble Eifl.‘_,:-
from solid-dosage forms.‘H' Povidone solutions metals-h:
used as coating agents.

Po'vidone is additionally used as a suspending. nine;
or visc05ity-increasing agent in a number ul topical and“
suspensions and solurions. The solubility {II a number;
poorly soluble active drugs may be increased bl‘ m'X‘”i'"‘"'
povidonc. See Table II. _ I ,-

Special grades of pvtogen-trec povidmie are availabr i-r
have been used in parenteral form ulntiotu: 56’? 5am" '

 

 

Table II: Uses of povidone.

Us. w
l 045

Carrier For drugs
Dispensing agent UP D 5
Eye drops 2'10 5
Suspending agent UP to
Tablet binder, tablet diluent, or comma agefli/l 

3 Description

Povidone occurs as a fine, “ill-"L . w er 0
odorless or almost odorless, lll'Firl"'-“"’P'C p0 "will

I l'
.ti creamy—will“ film‘s

. . ula it
With K—valucs equal to or lower tl'-.m .lil are "19:30 and Win
Spray-drying and occur as sphere-\- l’tn’ldflflcrurfi dn’ln "
K-value POVidones are manufactured by
Occur as plates.

9 Phuflnacopeial Specificoiifln‘
See Table III.
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r 
Phormotopeicl specifications for povidone. 

~· / :;::.---- II' 2001 PhEur 2002 USP 2S 
~ (Suppl 4.3) 

+ 

3.0-5.0 
4.0-7.0 

+ 
+ 

3 .~.0 
4 .0-7.0 
+ 
+ 
.:;; 5 .0% 
.:;; 0 .1% 

1
: -~ ,;; 500ppmlol ,;;500ppmlol 
~ne .:;; 1 ppm .:;; 1 ppm 

~ .~rolidinone .:;; 1 0 ppm ,;; 1 0 ppm 

+ 

3.0-7.0 

.:;;5.0% 

.:;;0 .1% 

.:;; 10ppm 

.:;; 0.05% 

.:;; 1 ppm 

.:;; 0 .2% 
t <---- ~400ppmlbl ~400ppmlbl il ::: 25-90 10-120 
,i : i5 90.0-108.0% 85.0-115.0% 85.0-115.0% 

>15 90.0-108.0% 90.0-108.0% 90.0-108.0% 
'1eO'iY me1ols ~ 1 0 ppm ,;; 1 0 ppm 
~&.~soy (nitrogen content) 11.5-12.8% 11 .5-12.8% 11.5-12.8% 

- a• autaldehyde. 
' 3.,....,: O' hydrogen peroxide. 

10 lypical Properties 

nculityialkalinity: pH = 3.0-7.0 (5% w/v aqueous solution). 
i.lrosit) (bulk): 0.29-0.39 g!cm3 for Plasdone. 
llrnmv (tapped): 0.39-0.54 glcm3 for Plasdone. 
Uensuy (true): 1 .180 g/cm3 

fiuwabilitv: 
.!.(lgi~ £~r povidone K-15 
i6!1); ior povidone K-29/32 

.\1elt111g point: ~often~ at 150cC. 
MO!stur~· content: povidone is very hygroscopic, significant 
dmuunr~ of moisture being absorbed at low relative humid
lites. ~u Figures 1 and 2. 

51Jr------------------, 

iO 

~o- 4o 56 · 60 10 ao 90 100 

R~:~lqtive humidity [%) 
~~~pi· . th of povidone K-15 (Piasdone 
K-l§t. . 1,on 1so erm . 

Povidone 509 

50r---------------------~ 

i; 40 
N 

0 
~ 
2 30 
"' ·a 
E 
E 
::> 

.:.§ 20 

::> 
o

UJ 

10 

0~0~~~~~~--L--L~L__L __ L_~ 
10 20 30 40 50 60 70 80 90 100 

Figure 2: 
Relative humidity (%) 

Sorption-desorption isotherm of povidone K-29/32 
(Plasdone K-29/32) . 

Particle size distribution: 
Kollidon 25130: 90% >50 J.Lm, 50% >100 J.lill-7 5% >200 J.lffi 
Kollidon 90: 90% >200 J.lm, 95% >250 J.Lm1 1 

Solubility: freely soluble in acids, chloroform, ethanol, 
ketones, methanol, and water; practically insoluble in 
ether, hydrocarbons, and mineral oil. In water, the concen
tration of a solution is limited only by the viscosity of the 
resulting solution, which is a function of the K-value. 

Viscosity (dynamic): the viscosity of aqueous povidone solu
tions depends on both the concentration and the molecular 
weight of the polymer employed. See Tables IV and V.(7) 

Table IV: Dynamic viscosity of 1 O'Yo w/ v aqueous povidone 
(Kollidon) solutions at 20,C.171 

Grode 

K-11 / 14 
K-16/ 18 
K-24/27 
K-28/32 
K-85/ 95 

Dynamic viscosity (mPa s) 

1.3-2.3 
1.5-3.5 
3.5..,5 .5 
5.5...{3 .5 
300-700 

Table V: Dynamic viscosity of 5% w/v povidone (Kollidon) solutions 
in ethanol and propan-2-ol at 25"C.

171 

Grode Dynamic viscosity (mPa s) 

Ethanol Propan-2-ol 

K-12PF 1.4 2.7 

K-17PF 1.9 3.1 

K-25 
2.7 4.7 

K-30 
3.4 5.8 

K-90 
53.0 90.0 

 

 
 
 
 

 

 

iul spacificufions for poviclona.
“if/Wm“
,- I 2001 HIEur 2002 USP 25

i H {Suppl 4-3l

m- _ . + + +

W - + -

E :W'” _ - 3.0.7.0
.. gr- 110 3.0-5.0 3.0—5.0 —
5. {:30 4.0-7.0 4.0—7.0 __A

alsolu‘hon + + —l W _ + _
1:“ 5.50% $5096 $5.039

E wwmfl'” $0.153 $0.133 550.1%
'- fl: — M — S. loppm

- $500 ppm $500 ppml‘“ 50.05%
W”!3.” £1 ppm $1 ppm e21 ppm
Wm gloppm sloppm 5.0.2513

t W $400 ppmlbl €400 ppmlbl _
i Em 25-90 — l0—120
j __ 15 van—103.0% 350415.032 85.0—115.0%

515 900-] 08.0% 90.0—108.0% 90.0—1 08.0%

mm}, g10ppm SIOppm —
W-fnflrogen content] 11.5-1 2.8% l l.5-—l 2.3% 115—12896

wean-INN!-
= mushrdmaen Wm-

1fl WW

nudityi'ailualinity: pH = 3.0—7.0 {5% wlv aqueous solution}.
1min {bulk 1: 0.29—0.39 glcm3 for Plasdone.
11mm)- !Iapped}: 0.39—0.54 gfcm’ for Plasdnrie.
Density {mac}: 1 .18tlglcm3
HUWIlflhy:

fill K’s {or pui'idone K-IS
“’15: [or poudone K2982

Mtlllllg point: softens at 150‘C.
Mum- conient: puvidune is very hygroscopic, significant
”'me Of moisture being ahsorhed at low relative humid-
"!'-‘5. bar Figures 1 and 2.
5?

B

u‘ G 
 

Sfag-imam.iii-mmfifsfl’rrn::1.“'L{in}
1’ "20 T30 40 50150 70 so 90 ‘00

Relative humidity [951

:‘lfil. pfim isotherm of povidone K45 [Plasdone
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Powdone 509

50

3'3

U 40
Yr,m

‘5
2

IE 30O
E
E
.2

__._E_ 20
g
E

10

0
0 10 20 30 40 50 60 70 BO 90 100

Relative humidity [96]

Figure 2: Sorption—desorplion isotherm of povidone K—29/32
(Plosdone 1629/32].

Particle size distribution:

Kolfidon 25/30: 90% >50 urn. 50% >100 pin1 5% >200 pm
Koilidon 90: 90% >200um, 95% :250 um' "'

Solubility: freely soluble in acids. chloroform, ethanol,
ketones, methanol, and writer; practically insoluble in
ether, hydrocarbons. and mineral oil. [:1 water. the concen—
tration of :1 solution is limited only by the Viscosity of the

resulting solution. which is a function of the K—valuc.
Viscosity (dynamic): the viscosity of aqueous poviclorie solu—

tions depends on both the concentration and the molecular
weight of the polymer employed. Sec Tables 1V and V.‘ "

Table N: Dynamic viscosity of 10% w/v aqueous pcwiclone
[Kollidonl solutions at 20'”C.'7l_____________—__————

Grade Dynurnlc viscosity {mPn sl_______—————-—-—_'—_———-

K-ll/l‘l 13—23
K-lf—‘i/la 1.5—3.5
K-24/27 3.5-5 5
K-23/32 5.5—3.5
K35/95 300300
 

Table V: Dynamic “5‘05"? cl 5% ‘g/V Povldone [Koliidon] solutions
in ethanol and propan-Zol or 25C} 1

 Grade Dynamic viscosily {mPcI a]

Ethanol Pmpon-I-ol
-________r—'——_-—_—————-——_————

K-12PF 1; 3-3:
mm ‘1 -
ms 2.? 4.7
K30 3.4 5.3
K90 53.0 90 0
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510 Povidone 

SEM: 1 . K-15 (Piasdone K-15) 
Excipient: Povtdone 
Manufacturer: JSP 
Lot No.: 82A-1 
M.J~nif/,·,ztion: 60 x 

\'ol;,n:c: 5 k V 

SEM:2 
Excipiellt: Povidone K-15 (Plasdone K-15) 
Manufacturer: ISP 
Lot No.: 82A-l 
Magni(icmion: 600 x 
Volt<~ge: SkY 

SEM· 3 
. ·_ t· Povidone K-26/28 (Piasdone K-26128) Exe~pzell . 

Manufacturer: ISP 
Lot No.: 82A-2 
Mag11ificatioll : 60 x 
Vo/t,lgl': 5 kV 

SEM: 4 
Excipient: Povidone K-26128 (Piasdone K-26128) 
Manufacturer: ISP 
Lot No.: 82A-2 

—-'—_

5‘0 POVIGIOHB

SEM: 3 , 3 . _
M l i'xultm’m: I’nvid-onr [ix-261-3 [I hisdmn- LEW-if".

:E-fp.:'gur- I’m-idem? [Hi-IS [PI'dsdufli‘ KI”: MLumfih'nn'rr: [51’
,VErJuflza‘flurvr: 191‘ Ly! Riff-J fiA—lf'”"r' any"
LN Nu; 315-1 :\ "1w“ .( i .r ’
MJgrxrr'nunrm: 601 run-I'm? \ M

  

  

l'rahdgn" ‘; LV

SEM: 2
. , . SEM: 4Ext: mm: P d K— < .

Mdnfiflldunfilfifi’m l“ {Pfdsdon‘e K H) Exdpr'em; anidone Iii-2M1.“ II’IJMI’rm-v K-Jn 25"
Lor Na: 8233-] Mmmfin‘mrrr: ISI‘

Mdgm'f'imritm: 600 x 1.0: ~97: REA-3
anhtge: S In" h'1*‘é\'“l!!mrirm: (100 .x

'v'ml'rayr: {U L\'
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r 

SEM: 6 ne K -30) &np1ent: Povidone K-30 (Plasdo 
\IJnu(acturer: ISP 
L:,1 .'\r,.: 82A-4 

-------1111111 
Povidone 

SEM: 7 

Excipient: Povidone K-29/32 (Piasdone K-29132) 
Manufacturer: ISP 
Lot No.: 82A-3 

SEM: 8 . K-29/32 (Piasdone K-29/32) Excipient: Pov1done 
Manufacturer: ISP 
Lot No.: 82A-3 
Magnification: 600 x 
Voltage: JOkY 

511 

. . Storage Conditions . 
Stab•hty and on heating at 150· C, wtth 

11 arkens to some ext~nt It is stable ro a shor~ cycle 
Povidone d ·n aqueous solub~li3ooc. steam sterilizanon of 
a reducnon I sure around 11 - Iter irs properties. Aqueous f heat expo I "on does not a 
0 US SO Uti an aqueo 

t1 

Y

SEM: 6

 
£"(like-rat: Povidune K-3O [Plasdone K-30}
'dmrrfirmrer: ISIJ
Lu.’ .\'u.: REA-4

ZEngfimmur: 600 x
‘ v'lfJH-r: 1!] RV
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‘

PJ':\;J."Jr'__.rI._. 5""

“"”’"”"- “W'ulnm- mung {th’mw a
hIdJ'Hd-Jt'fm-Un '5'] 129333]
In! .NIUJ SEA-3

"'L_I-’.1€’F-'J'J':'unnm ['.r: _
1|.‘uhdjy; i L'\-"

 
SEM: 8

FJ‘K'J'pi'r-‘nf: pt'l\'ii|l.lnt’ K-IQHJ. [PFJSJUHE' K-JWSEI
A-‘lu‘mrfih'mn‘r: ISI’
L0! Nu; SEA-3

.-\«1ugmlr'n'.-rrmn: mu) .4
\‘1'Hrh'flifr‘: 1 l} L‘V

 
Stability and Storage Conditions1'!

povidon_
a reductl
of heat EXPOSU
an aqueous 50]

e darkens to some E>ftFnt on_ heating at 150 (i with
on in aqueous solubrhry. It 13 stable to a shun: cyclr

re around 110—130"C; steam SIEFIIIZ'JIIIOH m
ution does not alter its properties. Aqueous

_#
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512 Povidone 

d owth and consequently 
solutions are susceptible. to mol sfrvatives 
require the addition of suttabl~ pre d . ary c~nditions without 

Povidone may be stored un er ord ~~ H owever since the 
. d · · or degra anon. ' . . h 

undergomg ecompos~no~ h ld be stored in an aung t 
powder is hygroscopic, It s ou 
container in a cool, dry place. 

12 Incompatibilities 
. . 1 · · th a wide range of 

Povidone is compatible 111 so unon WI h h · 
h · · d ot er c emt-

inorganic salts, natural and synt enc re~ms, ~n . le 
cals. It forms molecula.r adduct.s in solunon wtth sulfat~~az~nd 
sodium salicylate sahcyhc actd, phenobarbital, tannf ' 
other compound~; see Section 18. The efficacy o some 
preservatives, e.g., thimerosal~ may ~e adversely affected by 
the formation of complexes wtth povtdone. 

13 Method of Manufacture 

Povidone is manufactured by the Reppe process. Acetylene and 
formaldehyde are reacted in the presence of a highly active 
copper acetylide catalyst to form butynediol, which is hydro
genated to butanediol and then cyclodehydrogenated to form 
butyrolactone. Pyrrolidone is produced by reacting butyrolac
tone with ammonia. This is followed by a vinylation reaction 
in which pyrrolidone and acetylene are reacted under pressure. 
The monomer, vinylpyrrolidone, is then polymerized in the 
presence of a combination of catalysts to produce povidone. 

14 Safety 

Povidone has been used in pharmaceutical formulations for 
many years, being first used in the 1940s as a plasma expander, 
although it has now been superseded for this purpose by 
dextran.<SJ 

Povidone is widely used as an excipient, particularly in oral 
tablets and solutions. When consumed orally, povidone may 
be regarded as essentially nontoxic since it is not absorbed 
from the gastrointestinal traer or mucous membranes.<8 > Povi
done a~ditio?ally has no irritant effect on the skin and causes 
no sensltiza tion. 

Reports. of adverse reactions to povidone primarily concern 
the. formation of subcutaneous granulomas at the inJ'ect1·0 ·t 
f I . . . f n st e 
~ mtra~uscu ar '~Jections ormulated with povidone.<9l Evi-
~n~e b s~ eXIf sUts t .at ~ovidone may accumulate in the organs 

o r e o Y o owmg Intramuscular injection. (lOJ 
A temporary acceptable daily intake for povidone has b 

set by the WHO at up to 25 mglkg body-weight.<llJ een 

LDso (mouse, IP): 12 g!kg(I2J 

15 Handling Precautions 

Observe normal precautions a ro . h . 
and quantity of material handl~d Epnate tot. e Circumstances 
dust mask are recommended. . ye protection, gloves, and a 

16 Regulatory Status 

Accepted in Europe as a food d . . 
lnacttve Ingredients G 'd (lMa dltive .. Included in the FDA 

· U! e and IV · · 
preparattons; oral capsules d InJectiOns; ophthalmic 
tablets; sublingual tablets· ,t r?psi granules, suspensions and 
Included in nonparenreral' m~~~~~neal~ vagin~l preparari'ons). 

s tcensed 10 the UK. 

l7 Related Substances 

Crospovidone. 

18 Comments 

The molecular adduct forma tion properties of p .d 
be used advantageously in solutions, slow-releaseov

1

1.done flla1 

I f I . p SOJ -d 
forms and parentera ormu at10ns. erhaps the be OSagt 
exam~le of povidone complex formation is povido st-knov.~ 
which is used as a topical disinfectant. ne;odult. 

For accurate standardization of solutions, the war 
'd b d . db erconreill of the solid povt one must e etermme efore use a d 

into accoun t for any calculations. n taket 
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sodium Starch Glycolate 

t'Of)rietary Names 
1 NortP 

·urn starch glycollate . 
pi': Sod1 bo .-.·methylamylum natncum Car x, 1 ph£~: 5 d'um starch glyco ate 
or:-.f: o ' 

2 synonyms d' I E I b P . · l . thy! starch, so 1um sa t; xp ota ; rtmo1e ; Viva
urrcx)l»e 

J ;;JT F. 

3 
Chemical Name and CAS Registry Number 

\(JJuD1 carboxymethyl starch [9063-38-1] 

' ~ Empirical Formula Molecular Weight 
The USPM 20 states that sodium starch glycolate is the 
;olium salt of a carbox)'methyl ether of starch. The molecular 
a!ight j; typically 5 X 105-1 X 106

. 

The PhEur 2002 describes three types of material; Type A, 
t.jllll'dlenrro rhe USPNF 20 material, containing 2.8-4.2 % of 
~mm; Type B containing 2.0-3.4% of sodium; and Type C 
;mraining 2.8-5.0% of sodium. 

Sodium starch glycolate may be characterized by the degree 
oisubsrirution and crosslinking. 

S Structural Formula 

r 

! ~,l)H 
CH2COONa 

I 

~0 
CHzO 

OH 

Fundi 
T<hl · onal Category 

e, and c l apsu e disinregrant 

OH 

CH20H 

0 

1 . 
Applicafio · h • 1 ti' 
Or Tech ns •n P armaceutical Formu Cl on 

~~iu nology 
~~ rn Starch I . I 
· ~ disinre g }'colate is wide!)' used in oral pharmaceutiC

0
a1 s 

1'' grant · ( 1 ' · (7-l It , '"lllrn0nJ m capsule ...,, and tablet formulatiOns. 
;;~ !; .. 11, ~ Used in tablets prepared by either direct-compres
,:·-ration Wet-granulation processes.< 14-16! The usual con-
•lh L ernpl0v d · o 1 d 8'X 
·· 1'Jt clPt' · e m a formulation is between 2 t o an °' 
' '!I 2• 'rnunn h . ny ~~ Yo issuff . concentration about 4%, alrhoug m rna f 
;lr followed lbCient. Disinregration occurs by rapid ur rake 0 

· ·1tk. y ·d (17- l O 
~ ihe"UUgh the rap~ and enormous swelling. . 
'h~ d PreSen effectiveness of many disintegranrs IS affected 
~~'rt~1'ntegra~~ ~~~Ydrophobic excipients such as lu~rica~ts~ 

ha · 1ncrta51· IC!ency of sodium starch glycolate 15 umm 
~e n ng th bl 1 pears o ~ffe eta et compression pressure a so ap 

ct on d' · t o-141 15tntegration time. 1 

Sodium starch glycolate has also been investigated for use as 
a suspendmg vehicle. (l 1.221 

8 Description 

Sodium starch glycolate is a white to off-white, odorless, 
tasteless, free-flowing powder. It consists of oval or spherical 
granules, 30-J 00 J.Lm in diameter, with some less-spherical 
granules ranging from 10-35 )lm in diameter. 

9 Pharmacopeia! Specifications 
See Table 1. 

Table 1: Pharmacopeial specifica tions for sodium starch glycolate. 

Test PhEur 2002 USPNF 20 

Identification + + 
Characters + 
Appearance of solution + 
pH + 3.0-5.0 or 5.5-7.5 

Type A 5.5-7.5 
Type B 3.0-5.9 

Heavy metals .,; 20ppm ~0.002% 

Iron ~20ppm ~0.002% 

Loss on drying + + 

Type A ~ 10.0% ~ 10.0% 

Type B ~ 10.0% ~ 10.0% 

Type C ~7.0% 

Microbial limits + + 

Sodium chloride + + 

Type A ~7.0% ~7.0% 

Type B ~ 7.0% ~7.0% 

Type C ~ 1 .0% 

Sodium glycolate + 
Assay (of Nal + 

Type A 2.8-4.2% 

Type B 2.0-J .4% 

Type C 2. 8-5.0% 

1 0 Typical Praperties 
Acidity/alkalinity: pH ~ 3.0-5.0 oryH = 5.5-7.5 for a 3.3% 

w/v aqueous dispersiOn. See SectiOn 18. 

Ash: .,;: 15% 1 
Density (bulk): 0. 756 g/cm· 

3 
Density (tapped): 0.945 g/~m 
Density (true): 1.443 glcm 
Melting point: does not melt, bur chars at approximately 

zoo=c. . . o f . I I h . p · le size distnbuuon: 100 Yo o partie es ess t an 104 Jlm m 
artJc Average particle size is 42 J.Lm for Explotab. 

)SibZ~J·.ty· sparingly soluble in ethanol (95%); practically 
So u 1 1 

• · f 2o/c I d' insoluble in water_. At a c~ncen1rdratlon o do w 
1
v s'? Iumb 

h glycolate disperses m co water an sett es m t e stare 
form of a highly hydrated

2
layer. 

'fie surface area: 0.24 m /g 
Specll1• capacity: in water, sodium starch glycolate swells to 
Swe mg . . 1 up to 300 nmes a s vo ume. 

581 

W”mm”| .
_ . rcll glycollate _

pt: 551E": sinwmylamylum namcum
nEufi'

bu .

ll“? gridium starch glycolatel' . '

2W
Jim-methyl sta
if F.

3 mien] Name and CAS Registry Number
uxymcthyl starch |9063.3 3- 1 l

rch, sodium salt; Explatrtl); Primojel; View.a“nu—.3:

idlum earl)

t wimlFormulu Molecular Weight
I}: ‘JSPNF 20 States that sodium starch glycolate is the
,Ldium salt (if a carboxymethyl ether of starch. The molecular
m'g'rris typically 5 x 105—1 x 106.

The PhEur 2002 describes th rec types of material; Type A,

quil'llmi t0 the USPNF 2[} material, containing 2.34.2923 of
turumflype B containing 2.04.494: of sodium; and Type C
;-:1mning lit-5.0% of sodium.

Sodium starch glyc'olate may be characterized by the degree
”visultsiimriun and crosslinking.

 

5 I l "d Formula

THICmNa
9,420 crbo”

o 0

OH OH

O O O

J)“ OH
I.- n

5 .

MSMI CUIBQOW
I .and capsule disintegraflt'
3w“: in pharmmeufi‘d Formulation

l’litrm n1 . Sta . ' I I

. t-idisin ’Ch gllculate as WIdelY used in oral Pharmacigflgf}:"-'.r ' a . ,

asnilmcgrrugién Lapsuie‘m and tablet formulations.
" H' in We: in rfilblets prepared by either drrect-comP'es‘

l “Branummn PTOCesses.“Hé’ The usual con- in.

{Ila-lit)“ C .

‘ litzhffinllmf‘id "1 a l:m'l'l1lllatiol'r is between 2% and 3%,
“PT [’51 issuffici m'1":'E“_fl'=ltitin about 4%, although m man)r

:‘li ”Wed b cut. plsmtegration occurs by mfi‘flffifmke o
'_ :‘thc ghthe EYHraPFd and enormous swelling. ' ff d

3* thunk-5911c; “f lit-twang; of many disintegrants Is a_ acre
' :_a-rt¢?°grantc . ldehObic excipients such as luhrtcarttsr

"than clencl‘ 0f sodium starch glycolate :5 unim—
erg the Fab!“ Compression ressure also apple“3

on disintegration time.‘ 0-14:

IPR2018-0039O

‘budiurn starch glyrnlate has also been investigated for use as
a hUSpcndmg Vel'licle.m'33'

8 Description

Sodium starch glyculatc is a white to ()ll-Wl‘lltfl, odorless.
tasteless. free-flowing powder. It consists of oval or spherical
granules, 30—100 pm in diamerer, with some less—spherical
granules ranging from l0-35un1 in diameter.

9 Pharmacopaiul Specifications
See Ta ble I.

Ebb l: Pharmampeial specifications for sodium starch glycolule.

 
735' PhEIJr 2002 USPNF 20

Identification + +
Characters + _.

Appearance of solution + —
pH + 30—50 or 5.5.7.5

Type A 5.5.15 —
Type 3 Cl 0—5.9 ..

Heavy metal: g 20 ppm 5, 0.002%
tron $20 ppm $000233
Loss on drying + +

Type A £10036 5 l0.0%
Type B s 10.0% c 10.0%
Type C S 7.0% c.

Microbial limits + *
Sodium chloride + 4»

Type A s 7.0% SIO'E:
Type a s. 7.0% c 7.0%
Type C E l .072 —

Sodium glycolale 4' *‘
Assay [of Na} + —

Type A 2. 34.2% —
Type B 204.4%) '-2. 8-5.0?6 —
Type C

It) Typical Properties

Acidity/alkalinity: pH : 3.0-5.0 or pH = 5.535 for a 3.3%
aqueous dispersion. Sec Secrion t8.wit

Ash: éli‘i‘b .
Density (bulk): 0.756 glcm" 3
Density {tapped}: 0.945 g/ti'rn
Densitv ltnteJ: 1.443 g/cm' .
Melting point: does not melt, but chars m aPPr‘tleal‘ely

(MC.
2 button: IO “A: of particles less than 104 pm m‘cle size distri ‘ _ . ‘

P3228. Average particle Size 15 42 pm for txplntala.
Solubility: sparingly soluble in ethanol (95%]; practically

He in water. At a concentration of 2% wit sndium‘ l

33:31:: glycolate disperses in cold water and settles in the
form of a highly hydrated layer.

Specific surface area: 0.24 ngg
Swellinz capacity: in water, sodium srarch glyCOlate swells m

up to 300 times Its volume.
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582 SodJum Starch Glycola te 

00 P) for a 4% w/v 
Viscosity (dynami~): ~ ~OO~Pa~ fz6~Pas for a 2% w/v 

aqueous dispersiOn. Vtscos•ty ts · 
aqueous dispersion. 

SEM 1 
Excipil'llt: Sodium starch glycolate . 
Munu(uctzm:r: Penwesr Pharm~ceuncals 
Lot No.: E78J4 

( l)Q X 

SEM 2 
Excipielll: Sodium starch glrcolare 
Manufacturer: Penwest Pharmaceuticals 
Lot No.: E7834 
Magni(h·ation: 300 x 

Voltage: IOkV 

SEM 3 
Exopie11t: Sodium . tarch glycolate 
Mamt{aclttrer: P.:nwcst Pharmacemical<; 

Lot No.: [""'834 
M.,glli(i, . .,,,""' son x 

\ 'nlt.l_>:<': 1\l k\" 

11 Stability and Storage Conditions 

Tablets prepared with sodium starch glycol,lte h.nc good 
storage properties. tl.l-lSl Sodium starch glycolate 1s mbr 
and should be stored in a well-closed container in order t 
protect it from wide variations of humidity and remperJtur<. 
which may cause caking. 

The physical properties of sodium starch glycobre rema1~ 
unchanged for up to 4 years if it IS stored ar modera!( 
t emperatures and humidity. 

12 Incompatibilities 

Sodium sta rch glycolate is incompatible with ascorbiC ae~d. !• 

13 Method of Manufacture 
S d. . . d shnk(J 

0 tum starch glycolate ts a subsntuted an ccos 
derivative of potato starch. d 

Starch is carbox)·methylated b)· r~acting it wJ[h so 1'
0~

1 

hi . . . d b urra 11·• 
c. o roacetate m an a lkaltne med111m followe Y ne k 
non with citric acid or some other 1cid. Crosslinkmg ma~n·' 
achieved either by physical methods or chemically hy "'~n~ 
reagents such as phosphorus oxytrichloride or sod1u

111 

meta phosphate. (2 7 

14 Safety -l 
U[I'J 

S d. . h rn1acc J 0 IUm starch glycolate is w idely used tn oral P a .-ic an 
fo 1 · nont0" · rmu a t10ns and is generally regarded as 3 quaot~· 
nonu-r· · · · · of latge . ltant matenal. However, oral tngesnon 
ties may be harmful. 

' ‘ -- "' . I_‘
582 bodlum f‘irur1.l1 (.1Iy1.)|11 F

II . . - ‘. ;
[filth-Pl {hr :1 41-11 “h 5PM

Viscosity [dynamiij a;Ut.lnil’afi 4 111m?” {.11 'J 31“.? “111- 1.1-1-11111-11-1: 31111111111111 \lIf::Zhg'liilLill-IIL'iTEH l.
aqueous dispersmn. VIBU’JSIW ‘3 -~ ‘ Kid-ml.“ 1111-11: l"“‘ ' '“ L" ‘
ailucnus dispersion. far .'\I l -“ ‘4_

.\-l.11;111.r.-..1r11-:1: 1”” ‘

SEM ‘ l-Ilr.1':1': l'lLY  

  
Exam-m: Radium starch glyculatv
MJPHrflh'nnl‘r': Panweqr Ph11rmn1'cunc11h
Ln! ML: F7334

M.:gm.f:1'.mm.-.- [111111
\-'111'1.1.1.11-; mu

I I Stability and Storage Conditions

Tablets prcpau‘cl witlysanium \1mr1li gliurlm .‘..1.

SEM 2 storage pmperrics."" Sodium emu-l1 gligniai: -~ ~':
FA'ri'fm'm: Sindlum Starch glycolate and should he SHIN-Cd m 11 \L'L'll-(lufiwl .unmmrr v: 1411-:
Manufilzimri’r: Penwesr Pharmaceuticals WOW“ ”3 from Wide \flrmilnns 11: lmlmdm .uul r:-I|\l“" ‘-'-
Lot Nu: £7834 which may cnusc raking.
Mggmfimrhm: 300x The physical pmpcrtics of smlinm auruh 11111-111311.-
l’rilmgc: Iflkv unchanged for up to 4 man; it it I“. mired .1: -.~.1u.l:.'..'-.

temperaturcs and llLlI‘LIIL‘llE)‘.

1 2 Incompufibilifies

Sodium starch glywlarc is incm‘npmilnlc with nami'l‘lt 3““

13 Method of Manufacture

Sodium starch glycolm: is 11 sulnsntulcd Jl‘d
derivative of potato smrch.

Starch is carlmxymeihyluiud IN WIGHT”: 1‘ “uh
clhloroacctate in an alkaline mudnim hallowed l‘) 111-11 ..1.
non with citric acid or some nrhcr .11'1'1l. (Lir1ml:11l<_:l"-1nn1'--'-
achieved either bv thsical merhmh 111' Lhcmicm‘ lfi'm- T"
reaB'Enta: such as. huéphorus {mi-tru'hlvl'ld‘? “T “mm"
meraphosphate.mP I

1' rt:.~~'l|V-“"'

and' J7"

[r.ll1'.1'1"'

14 Safety _.
mafl'fl'”.

SUdlum starch glycolate is widely used in 0”" phat “11-11 5““
formulations and is generally regardcd as .1 mgr-$111M.
fiflnlrritam material. However. oral ingestion Ur la -
“35 may bt harmful.
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~Cindlil'lg preco.utions . 
1S 

13
) precauoons appropnate to the circum 

•e norn . I h dl d S d' stances Oi%~ tir)' of matena an e · ~ IUID Starch glycolate 

1~dquan to the eyes; eye protection and gloves are may . rant k · . recom-
tt ,rn A dust mas or resp1rat?r 1s recommended f 
~s that generate a large quant1ty of dust. or 

6 
Regulatory Acceptance 

1 
uded in the FDA In.active Ingredients Gui.d~ (oral capsules 
~ rablets). Included m nonparenteral med1cmes licensed in 

the !JJ(. 

11 
Related Substances 

prtgelatinized starch; starch. 

18 Comments 

The physical properti~s.of sodium starch glycolate, and hence 
its effectiveness as a d1smtegrant, are affected by the degree of 
crosslinkage and extent of carboxymethylation. 

19 Specific References 
Newton JM, Razzo FN. The interaction of formulation factors 
and dissolution fluid and the in vitro release of drug from hard 
gelatin capsules.] Pharm Pharmacal 1975; 27: 78P. 
Stewart AG, Grant DJW, Newton JM. The release of a model 
low-dose drug (riboflavine) from hard gelatin capsule formula
ttons.J Pharm Pharmacal 1979; 31: 1-6. 

l Chowhan ZT, Chi L-H. Drug-excipient interactions resulting 
from powder mixing ill: solid state properties and their effect on 
drug dissolution.] Pharm Sci 1986; 75: 534-541. 
~tzolakis JE, Augsburger LL. Disintegra ting agents in hard 
ge ann capsules part 1: mechanism of action. Drug Dev !nd 
~arm 1988; 14(1): 29-41. . 
h ~ula A-M, Marvola M, j ons M. Release of 1buprofen from t gelatm capsule formula tions: effect of modern disintegrants. 

eta Pharm Fenn 1989; 98: 1 89-196. 
~~rvola M, Hannula A-M, Ojantakanen S, et al. Effect of 
do -'Urn bicarbonate and sodium starch glycolate on the in vivo 
~SI~tegrauon of hard gelatin capsules - a radiological study in 
K~a og. Acta Pharm Nord 1989; 1: 355- 362. 
rei n I<A, Rooke D J. Effect of disintegrant type upon the 

at1onsh1p b d d' I · eff · etween compressional pressure an 1sso uuon 
~blency. 1 Pharm Pharmacal 1976· 28: 633-636. 
dis· lOStetn MH, Price Ej. In vivo ev~luation of the effect of five 
tab~~~grants on the bioavailability o f frusemide from 40 mg 

Cara~e~ Pharrn Pharmaco/1977; 29: 5P. 
of d' · a C, Colombo P Coute U La Manna A. The influence 

ISJnte ' ' )' J' 
10 

acid tahl grants on the characteristics of coated acetylsa 1cy tc 
Gebre M~~: Farmaco (Prat) 1978; 33: 498-507. . 
the d' . lam T, Winnemoller M Schmidt PC. Evaluanon of 

1Slntegr · f ' h 1 olate Prepared f anon e ficiency of a sodium stare g yc 

11 
Biopha rom enset starch in compressed tablets. Eur 1 Pharm 
Cid E. }"' ~996; 42(2): 124-132. 

jj and s;a~~met F. Influence of adjuvants on the dissolution rate 
11 Frenchj J 17 of acetylsalicylic acid in compressed tablets [m 

Gordon. 
1 

harm Belg 1971; 26: 38-48. 

J
. hygrosc Ms• Chowhan ZT. Effect of tablet solubility and 

ta'J op1c1ty d' . . d. presston 

j II 0 ets in on LStntegrant efficiency m 1 rect com 9 ~aiho F t rrns of dissolution . j Pharm Sci 1987; 7~: 907-:
0 

·1 
J Orming' b ~essen HL, Lehr CM et al. Disintegration an ge 
~ ;~ctpients ~0 av'?r of carbomer 'and its sodium salt u~ed a~ 
l ~~-389. r direct compression. STP Pharma Set 1996, 

6
(
6

). 

Sodium Siorch Gl I yeo ole 583 

14 Sekulovil: D T r 
th . fl ' lilegdW: N s· p: 111 lienee of Explot~b Jrmancevic_ ~- The investigation of 

15 B allnnazte 1986; 41: 153-154on the diSintegration of tablets. 
0 llUS GK z . 

d' • uurman K T 
tssolution of poo rly sol bl ~Wierik GH. Improvement of 

super disintegcant p 
2
u e rugs by solid deposition on a 

effe · f · an . Choice ( d. · 
16 

ct 0 granulation E j Ph 0 super 1smtegrants and 
Joachim j, Kalamz· ·G ujr ann Sci 1997; 5(2): 63-ii9. 

11 ts , oach1m G et 1 p 1 · · 1 Wet granulation · . • a · rcge atJmzed >tarches 
2 c f · expenmental desi d d 1 · ase o tablets STP Ph gn an ata ana ysis. Parr 

17 Khan KA, Rhodes. CT o· anna Sci 1994; 4(6): 482-486. 
ph ate dibasic dihyd · 15~nl tegranon properties of calcium phos-

18 ~han KA, Rhode;a~a ets. j Phar"! Sci 1975; ~4 : 166-168. 
d1smtegranrs f Ph S · . ~ater-sorpt1on propemes of tablet 

19 Wan LSC p . d arm cz 1 75; 64: 447-451. 
' rasa KPP Uptake f b · · lnt J Pharm 19

89
. 

50
,-

147 
° water Y exc1p1ents in tablets. 

20 Th'b • · -153 
1 err R H ancock BC o· . · 1· · hydratio ' · . · lrect Vlsua 1zat10n of superdisintegrant 

n usmg env1ronmenral · 1 · Pharm Sci 19
96

. go. 
125 

scanmng e ectron microscopy. j 

21 F , ·'· 5-1258 
arley CA Lund W S d. · 

d
. . • · uspen mg agents for extemporaneous 
1Spensmg· cvaluat· f 1 . 

1976; 216; 562-56~~n 0 a ternanves to tragacanth. Pharm ] 

22 Smith G Mcintosh lEE S d . f d . . ' · us pen mg agents or extemporaneous 

23 
tspensmg [letter]. Pharm J 1976· 217· 42 

Horhota ST Burg'o J L k' L Rh, d · · . . , ' , ons 1 , o es CT. Effect of storage at 
s~ec16ed temperature and humidiry on properties of three 
directly compressible tablet formulations. J Pharm Sci 1976· 
65: 1746-1749. > 

24 She~n P-C, Kim S-1. Comparative study of disintegrating agents 
m ttaram1de hydrochloride tablets. Dmg Dev lnd Phann 1989· 
15(3): 401-414. ' 

25 G~r~on ~S, ~howhan ZT. The effect of aging on disintegrant 
efflctency 111 d1rect compression tablets with varied solubilitv and 
hygroscopiciry, in terms of dissolution. Drug Dev Inti Pharm 
1990; 16(3): 437-447. 

26 Bot~a SA, Lotter AP, Du Preez J L DSC screening for drug
excipient and excipiem-excipienr interactions in polypharma
ceuticals intended for the alleviation of the symptoms of colds 
and flu. Ill. Drug Dev lnd Pharm 1987; 13(7): 1197-1215. 

27 Bolhuis GK, van Kamp HV, Lerk CF. On the sirnilariry of 
sodium starch glycolate from different sources. Drug Dev /nd 
Pharm 1986; 12(4): 621-630. 

20 General References 

Avebe. Technical literature: Primoiel, 1992. 
Bhatia RP, Desai Kj, Sheth BB. Disintegration/compressibiliry of 

tablets using CLD and orher excipienrs. Drug Cosmet lnd 1978; 
122(4): 38, 3 9, 42, 44, 46, 52. 17 L-175. 

Candolfi A, DeMaesschalck R, Massart DL, et a/. Identification of 
pharmaceutical excipients using NIR spectroscopy and SIMCA. 
j Pharm Biomed A11al '1999; 19: 923-93.5. 

Claudius JS, Neau SH. Kinetic and eqUtlibritun characterization of 
interactions between glycopeptide antibiotics and sodium carboxy-
methyl starch. bzt j Pharm 1996; 14~: 71-79. . . 

Claudius JS, Neau SH. Solution. stabli1ry of vancomycm m the 
presence and absence of sodium carboxymethyl starch. Int j 
Pharm 1998; 168: 41-48. 

Cordobo-Borrego M, Cordobo-Diaz M, Cordobo-~iaz D. Validation 
of a high performance hqutd c~romatographu: mctho? for t!'te 
determination of norflo_xacm and ~ts apphcattoo to stab1ltty stud1es 
(photosrahiliry study ot norfloxacm). ] Pharm Btamed An.a/ 1998; 

18· 919-926. 
Ed s Belu AM Potter UJ, et a/. Chemical cha ractensation of 

ge d.' rn starch ~l ycolatc particles. 1111 j Pharm 2002; 240: 67- 78. 

G 
sdo IUMS Rudraraju VS, Dani K, Chowhan ZT. Effect of the mode 

or on , . · d . 1 · · 
of super disintegrant tncorporatwn on ts>o uuon '" wet 

g
ranulated rablets. j }'harm Set 1993; 82: 2~0-226. . 

a
'er & Sohnc Techmcal lt terature: VJVastar sodzum starch 

J Rettenm 1 · 
glycolate, 2001. . . KA Rhodes Cf. Further studies of the effect of compactiOn 

!(han ' on the dissolution efficiency of direct compression 
Pressure 2 8 Pharm Acta Helv 1974; 49: 5 -261. 
systems. 

mflding mama"; .
ll armal precautions appropriate to the Circumstanci:
019‘”? ll ofmatfflal handled. 59mm" starch gli'COIate ma)r
1|Minnow the eyes; eye protection and gloves are recom-
“first:A dust mask or respirator 15 recommended for

' cncrate a large quantity of dust.
155851‘1131 g

[117‘

Acceptance
w W

in the FDA Inactive Ingredients Guide [oral capsules
was]. Included in nonpareutetal medicines licensed in
it“

5

if plated Substances
mannered starch; starch.

13 60111me

mdjysical properties of sodium starch glycol ate, and hence
ineffectiveness as a disintegrant, are affecred by the degree of
Wattage and extent of carboxymethylation.

19 Specific References

1 Norton JM, Razzo FN. The interaction of formulation factors
and dissolution lluicl and the in vitro release of drug from hard
gelatin capsules. ] Pharm Pharmacol 1975; 27; 781’.

2 51mm AG, Grant DIW. Newton JM. The release of a model
111de drug {riboflavinel from hard gelatin capsule formula-
tions} Plum: Pbumtacol 1979; 31: 1-6.

1 Chamber: 2?, Chi L—H. Drug—excipierit interactions resulting
lrom powder mixing 11]: solid state properties and their effect on
fine dissolution. ,1 Pharm Sci 1986; 75: 534—541. _
Butt-dams IE. Augsburger LL. Disintegmtirtg agents In hard

fillfln capsules part 1: mechanism of action. Drug Dev lmlout 1983; 14:1}: 29—41-
Hamil“ Ill—M. Mai-vols M, jons M. Release of ibuprofen from
“"1 gelatin capsule formulations: effect of modern disintegtams-

5 Ana Plum Farm 1989; 98: 189-196.
WWI“ M, Hannula A-M, Ojantakanen S, et al. Effect‘of
Wm bicarbonate and sodium starch glycolute on the m 1!“th
mnttgiation of hard gelatin capsules r a radiological study inthe d

“u 03. Am Phat-m Nerd 1989; 1: 355—362. h
“all K111. Rnoke DJ. Effect of disintegtant UPC FPO“ f e
{Fftlm‘ll'il bemeeri compressional pressure and dissolI-It!m1

i Eggnog} Purim Pkarmcof 1976; 28: 6334636. me
dings? MH, Price E}. In vim) evaluatlion of {EB rifts: 2011113“'3 011 the bioavailabili of rosemi 8 mt h 0’

1 airlift??? Pbammcol 1977;29:51'. A Th influence
f .. a i olomboP,Coute U,LaManna - c . .

:oddllililegran“ 0n the characteristics of coated acetylsalscyllc
{itl'ire blag-Janina? {Pl-all 1978; 33: 295350113 Evaluation of[he ._ m . innemollerM,Sc on t .
mgflmeztation efficiency of a sodium starch glycglate
[implied from “MEI starch in compressed tablF-tSA Eur} P am

‘1 Cid if“ 1.996: 42121: 124-132.
and sdggmfl F- Influence of adjuvarits on the

h Fifi-mil} I? ”F aCCtylSaiicylic acid to compress;
‘ foam; ”“31 Belg 1971; 26: 38—43. .1. and

l'tgm M51 (-Jl'lowhan 2T Fffect of tablet mm“ W -
la'l 590"“ch on d' ' ' y ' ' direct compressw"

ll 1min ter tsmtegrant cfficrency It] ‘ 76' 907409.
Kill-1;, F 1 ”is (If dissolution. ] PKG”?! 561 1987! .' [1d 83]
l‘mni ' “”5““ HL Lehr CM, er at. Disintcem‘w“ " d s

“g be attitu- of “mm, d ' dium Salt “5‘3 3IS _ Er an “5 50 . 996' 6(6):
h 8 . Or direct compression. STP 1’me 5“ l '

dissolution rate
d tablets lIn

IPR2018-0039O

Sr . r .
JdlUI‘Tl .Jlt'JFtT'h Glycolute

14 Se
1.

15 Bolhius tiK' -‘41‘15'l‘15“-_ _ - mum-ta ' "‘_ -_ . .
dissolution of poorly llolllhlelc Wlml‘ UH. Improvement oi
so Cr d',‘ . ‘IWB5 by solid de I "
etlrtltruilqugmnl’ ""F' 2- Clmtt‘t‘ Ill super (llslllI:|:.trll:lllllT‘iu:n(al

1E. 10:“:th iéFEI'IIflatioii. 12m} Phat?" Sci 199?; 5121-. iii—119. I
in Wet gttlnul- all“? l" Joachim G. t't oi. Prugelunnized Hatches
2- (1“ch lation.‘e1tpcrimcittal design and data Jllfll}'hlh. Pan

17 Kllan-KA Riders. lsTl" Eliamm Sci I994: 4(6l: 432—436.
pltate d”)! Hades (.T. Dismtegtation properties of calcium phos-
Khan Kim dlhydraie tablets. i l‘barm .‘i‘ci 19mm: trio—163.
dis' . . Rhodes (.T. Water-sorption properties or tablet

is ui'mffii'.”“- J Pharm Sc: 1975; 64: 447—451.
' l (1“ ltCu Prasad KI’P. Uptake of water by excrpients in tablets.

20 Ht} Pbmm 1989; SO: |47_153_
Thihert R. Hancock BC. Direct visualization of superdisintegrant
hydratiiinlusing environmental scanning electron microscopy. j
lbtimi hr.- 19911; 85: USS—415R.

18

"J . " .r ' '

..l Enrlcy LA. Lund W buspending agents lot cxtempurimeous
Ispensnig: evaluation of alternativus to trugacanth. Phat-m I

2.1 197%; 216: 562—5661.
.‘ttnith (Ii, McIntosh lliE. Suspending iigents for exteniporaneous
dltnt‘nsms [letter]. i’barm } 19m 217; 41

23 HOFlmm ST. Burgio j, Lonski L, Rhodes CT Effect of storage at
specified temperature and humldity on properties of three
directly compressible mhlel formulations. l Phat-m Sci 193's;
55: 1?46—1749_

24 Sheen P—(J, Kim 5-[. Comparative studyr of disintegrating agents
in tiaramitle hydrochloride tablets. Drug Di’t' ind ”Jam: 1939;
15(31: 4lll—4l4.

25 Gordon MS, Chowlisn ZT. The ellect of aging on disintcgtant
efficiency in direct compression tablets with varied solubility and
hygroscopiciry, in terms of dissolution. Drug Der! ln‘u' Pharm
1990: 1613}: 43T—44?

26 Bothn SA, Lotter AP, Du Prcct JL. DEC summing for drug—
excipient arid excipient—excipient interactions in polypharma~
ceuticals intended for the alleviation of the symptoms of colds
and flu. Ill. Drug Dev ind Pbiirm 1937’: 13(7): 1 1974215.

27 Btilhuis GK, van Kan-1p H'V. Letlt CF. ()n the Siffulariq' of
sodium starch glycolare from different sources. Drug Dev hid
Pbrtrm 1986; 12(4): {121-630.

20 General References

Avebe.Teclinic.1l literature: Primoiel. 1.992. . . . .
Bharia RP‘ Desai Kll. Sheth BB. idiom]Egrationilcompressrhlliry of

tablets using CLD and other exert-items: Drug (.rismet Md 1973;
12214;: 311. 39. 42. 44. in. 51. iii—1r». \ _ ‘

Candolf't A. DtMncsschnlck R. Mavis-arr [)L. rt ul. Identification of
pharmaceutical excipients using NlR spectroscopy and SIMCA.
} Pliam: Biomed Anal 1999; 19: 9.1 3—5135. .

Claudius JS. Nenu 5H. Kim-tic "."Ll equilihrium characterization of
interactions hcrween glycnpeptidu :‘tlll‘ll‘llil'l'ltfj iind sodium carhnxy-
methyl starch. int} Plum: 1996: 14%: -1--’9- ‘ .- _ he

Claudius J51, Neat: SH. boliitioii iii-ability of vancurnycin in t
resencc and obscure oi sodium tilrhtmy'll'leljl'lyl starch. Int }

$bumlfl98;168:dl-45. . _ 11 b0 D'- D V l'd- .-
CordolIO-anrefi“ M‘ (,urdoho-Dioz M‘ t .or o -' in: . a i .uinn

. hi h performance hound chromatographic method tor the
of l iiaiion of norfloxncin and its application to stability studies
ljehiitfistahiliw study of riorfloxacini. I 1’th Rimmed Anal 1998;
1P3: 919—926, _ . l h .. t

Belu AM. Potter U]. I?! at. ( hemitn t _affictefls.dllgnnn
Edge 5-? h lycolntt' particles. int if Plum: 21102; 140: 61—41.

swim“ “a": g ‘11 VS, Dani K, (Showham ZT. Effect of the moth-
Gordon MS. “Silhlgliram incorporation on dlhaulllllnn .11 war

M “13:11 tii‘blt‘IS- j Pharm Sci 1993; 32: ZIP-221‘... .
Igrami‘naier 5C Sohne. Technical literature: Viuastiir sadism: starchJ Rerten

S'lj'comahzulljil-CT. Further studies of the effect of compaction
Khan KA’ the dissolution efficiency of direct compresston

Pressure on Add Helt'l974:49:253'261‘

M

Page 5501188

 #
I-MAK 1012



IPR2018-00390 Page 56 of 88 I-MAK 1012

584 Sodium Storch Glycola te 

Kolarski 1-:, Kr6waynski L, Nowak-Goss M. Evaluation of sta rch 
sodium glycolate (Primojel) as a disintegrating substance for 
tablets lin Po lish!. Farm Pol 1974; 30: 989-992. 

Mantovani F, Grassi M, Colombo l , Lapasin R. A combination of 
vapo r sorption and dynamic laser lighr scattering methods for the 
determination of the Flory parameter chi and the crosslink density 
of a powdered polymeric gel. Fluid Phase Equilib 2000; 167(1): 
63-81. 

Mend~IJ E. An evaluation of carboxymethyl starch as a tab let 
d1smtegranr. Pharm Acta Helu 1974; 49: 248-250. 

Penwest Pharmaceuticals. Technical literature: Explotab sodium 
starch glycolate, 1999. 

Rudnic EM, Ka nig J L, Rhode~ CT Ef' 
. . · recr f 

vana tw n o n t he d!Sintegranr action of 0 . llloi~1 J Pharm Sci 1985; 74: 647-6 50. sod,tun \larch' \tr~ 
gJ}Ccf It 

'itt. 

21 Author 

RW Miller. 

22 Date of Revision 

15 October 2002. 



IPR2018-00390 Page 57 of 88 I-MAK 1012

Talc 

roprietary Names 
1 NOI1P 

• pun'fied talc 

. )ale 
f 

sP: 

~£ur: Talcum 
J t~P: Talc 

J 

J 2 synonyms . . 
, /!Jic; ES53b; hydrous magnesiUm calcmm silicate; hydrous 

,i ium silicate; Luzenac; Luzenac Pharma; magnesium 
magnes .. M '[0 h M ·t . 

0 
en metasthcate; agsz smant us; agst Star; pow-

:;~d ~ale; purified French chalk; Purtalc; soapstone; steatite; 

j 
Sllperiore. 

3 Chemical Name and CAS Registry Number 

Talc !14807-96-6] 
f 

Molecular Weight j 4 Empirical Formula 
j Talc is a purified, hydrated, magnesium silicate, approximat
.J ing to the formula Mg6(Si20 5 )4(0Hk It may contain small, 
j variable amounts of aluminum silicate and iron. 

I 
l 5 Slructural Formula 
j See Section 4. 

i 
' 6 Functional Category 
j 

Antiraking agent· glidant· tablet and capsule diluent; tablet 
I a·l ' ' 
1 

''11 capsule lubricant. 

) 1 Applications in Pharmaceutical Formulation 
i or Technology 

Tak was · . .d d f ulations as a! b. once Wtdely used moral soh osage orm · . . 
1 u ncanr and diluent see Table I (1-3 ) although today It IS .ess 

CO/runo 1 ' ' d' lutJOn 
reta d 0 Y used. However it is widely used as a 15d50 

1 Prodr anr., ,in the dev~lopment of controlle -re ease 
Ucts.'""'' 

In topical . . d · g powder, 
aJtt0 h preparations talc ts used as a ustm 

rt ug . h ' . I 1 ves· see 
lttri tt s ould not be used to dust surgtca g 0h ' f 
frequ~n 

1
14· Talc is a natural material; it may t er.j.~:~ 

~~'hfn nt Y contain microorganisms and should be sren 1 

lal~sed as a dusting powder see Section 11. d in 
cOslllet' IS additionally used to d~rify liquids and i.s also use er
~es. ICS and food products, mainly for its lubncant prop 

~1: u 
lise ses of~ta~lc:_:. ______________ _ 

Concentration (%) ~Sij 
Gi~01lg Powder 
~bl nt Ond lobi 90.0-99.0 

eland et lubricant 1.0-10.0 
COpsule diluent 5 .Ch30.0 
~-~~---

8 Description 
Talc is a very fine h' . able ' w lte to gray1sh-whire odorless impalp-

, unctuous crystallin d 1 db' d.'l skin d · t ' e pow er. t a eres rea 1 y to the 
an IS 50 t to the touch and free from grittiness. 

SEM: 1 
Excipient: Talc {Pmtalc) 
Manufacturer: Charles B Chrystal Co., Inc. 
Lot No.: 1102A-2 
Magnification: 1200 x 
Vnft,1gi': I 0 k V 

9 Pharmacopeia! Specifications 

See Table II. 

1 0 Typical Properties . 
. . H _ l -10 for a 20% w/v aqueous dtsper-

Acidiry/alkalimty: p -

sion. : l.0-1.5 ... 
Hardness (Mohs) 1 bsorbs insigmhcant amounts of water 

. onteot: ta c a b 90o' 
.MOJstur~ c d larive humidities up to a out t o. 

at 25 Can. r\ . . varies with the source and gra Je of 
Particle size dJstn utt.onj grades are ~ 99% through " .. 4 tLffi 

material. Two/~~;% through a 44 1-lm (#325 mesh). 
(#200 mesh) 0 

20 _ 1 54-1.59 .. 
Refractive index: 110

11 
-in~oluble in dilute acids and alkahs, 

b·)·ry· pracnca Y 
Solu J 1 .' I ts and water. 

organiC s~ v~~ 7-2.8 2 

Specific grurfaVI!Y· r~a: 2.41-1.42m lg 
·fie 5 ace a Speer 

64 1 

g 5W5
1&4le 5553?;Ihydrou5 magnesium calcium silicate" lwdr -
Wrsium 5111cIaIte; Luzenag; Luzermc Pbarma; magficgiom
“man metasfllcate; M0331! Osmanrlms; Maggi] Star ‘ um

|¢; purified French chalk; Pmtalc; soapstnne; “535::Ml ta

‘ “parlor-‘3’

——.__...._, 3 chemical Name and CA5 Registry Number

yak [14807-9661

:1 Empirical Formqu Molecular Weight

Talcisapurified hydrated magnesium silicate a ‘. , . , , pprOlear-
mgtothe formula MgslSuOsMOHh. It may contain small.

. variable amounts of aluminum silicate and imn.
g
l

l

l
l

5 Shudurul Formula

I ll Funcfionulcmegory
. A.“ ' . _

mak'ng agent; glidant; tablet and capsule diluent; tablet
and capsule lubricant.

‘7 . . .
. Wltuhons In Pharmaceufical Formulafion

Tal; "I, I
aluminium ”Eddy used in oral solid dosage formulations asn and dduent, see Table 151—3" although today it is Icss
9111mm}.

retardant> “TQEd- HOWever, it is widely used as a dissollm‘m
In the development of cclntrolled—rl‘l'lt'aSe

”dung“;

Cd as a dusting puwder,
l gloves; 5.26

32 therefore

I] .

a1“'“llll'ftalfel’alrarions, talc is us
5%” 14‘ sToiddfiOt be used to dust surgica

v.- nrly mug? '5 Ia natural material; '
hm 56d as tam {mCIOOrganisn-ls and shou

~ Talcisadd-a-dusnng POWder; see Section 11. .Lam] “Innafly “58d to clarify liquids and is also used In
bricant proper-| “in a

1‘51 “d f°0d products, mainly for its lu

mu
M

W
' ' m""33!"

hue, '0th We” _ 90.0—99.0
“M m ubncam 1 0—1 0 o

”5"“! diluen! 50—30.!)

IPR2018-0039O

a Description
Talc 'Is a verv fj -, "9, Whlte [u , " '
able, uncruous‘ crm ll' g"lllSlT'W'hluu odorless. impalp—
skin and is mfi I l} a ”1“ PUWdt'l’. lt adheres :cadilv m :110 l 9 much and free from grinincsa ‘ 6

SEM: l

Iii-clpifm: Tall; l I’m-Mfr].‘Imdmffn‘rcr: {Iharl ‘ " ' '
Ln! Nu..- lllllc’i—l H H Chnhml CUM 1m:-
I'llfdgmfh‘nn'mr: Ill)“ ‘
l'ufhagr: lfllcV

 
9 Phannacopeial Spacifitnfians

See Ta [116 ll.

10 Typitll' ”We,
Acidity/alkalinity: pH = 7—10 fur a 10?;- My aqueous diSW”

sion. .

Hardness (Mobs): 1.0—1”?
Moiswre content: talc abmrI _ . .

1t 25”C and relunve humlIdmcs-I‘ n: lr'ill'lffi “‘lI

ha maigmficmr amounts of water
up In ahmn 93%..
h rhu- suuruc JI'Itl gm-lr: at

‘ lc size distfibutifl .. ‘- . -
Pamcrerial Two nrpical grades are a L’s-"s” throng-'1 d 4W”ma ‘ '2) 990,5 Tlil’i'lugh a 44 PI" [#125 (T165l'll.

(#209 mesh} f" 26 , 1 544.59
Refractive Index. ”DI: Insomble in.. ,: racricall
Solubil'ti P ms, and watch

dilute acids and alkalis;

64!
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642 Talc 

Table II: Pharmacopeia! specifications for talc. 

Test JP 2001 PhEur 2002 USP 25 

Identification + + + 

Characters + + 
Acid-soluble substances ,;2.0% ,;2.0% 

Production + 
pH - 7.0-9.0 

Water-soluble substances - ,;;0.2% ,;;0.1% 

Aluminum ,;; 2.0% 

Calcium ,;0 .9% 

Iran ,;0 .25% 
Lead ,;; 10ppm 
Magnesium 17.0-19.5 
Loss on ignition ,; 5 .0% ,;7.0% ,;;6 .5% 

Microbial contamination + ,;500/g 

Aerobic bacteria 100/g 
Fungi 100/g 

Acid and alkali-soluble ,;4 .0mg 
substances 

Water-soluble iron + + 
Arsenic ,;;4ppm ,; 3ppm 
Heavy metals ,;; 0 .004% 
Lead ~0.00 1 % 

11 Stability and Storage Conditions 

Talc is a stable material and may be sterilized by heating at 
160°C for nor less than 1 hour. It may also be sterilized by 
exposure to ethylene oxide or gamma irradiation. <7J 

Talc should be stored in a well-closed container in a cool, 
dry place. 

12 Incompatibilities 

Incompatible wit~ quaternary ammonium compounds. 

13 Method of Manufacture 

Talc is a naturally occurring hydropolysilicate mineral found 
in many parts of the world including Australia, China, Italy, 
India, France, and the USA. (SJ 

The purity of talc varies depending on the country of origin. 
For example, Italian types are reported to contain calcium 
silicate as the contaminant; Indian types contain aluminum 
and iron oxides; French types contain aluminum oxide· and 
American types contain calcium carbonate (California),' iron 
OXlde (Montana), aluminum and iron oxides (North Carolina) 
or aluminum oxide (Alabama).<9J ' 

. Natura~ly occurring talc is mined and pulverized before 
~emg . s.ub)ected to flotation processes to remove various 
~mpurlt!~s such as a.sbestos (tremolite); carbon; dolomite; 
tr~n oxtde; and vanous other magnesium and carbonate 
mrnerals . . Foll?wing this proc~ss, t.he talc is finely powdered, 
theated ':"Lth dilute hydrochlonc actd, washed with water, and 
t en dn~d. The ~rocessing variables of agglomerated talc 
strongly mfluence Its physical characteristics}IO-l 2J 

14 Safety 

~~!c ~t:~~e~a~~~e~~~~;r ;o~~~~~ul~:~r~ulati?ns. Tale !s 
therefore regarded as an essenriall . mgestu~n and ts 

. 1 . Y nontoxic matenal How ever, mtranasa or mtravenous ab f d · -
use 0 pro ucts containing 

talc can cause gran~lomas in body tissues, panic~lariy th 
( 13- 15) Contammauon of wounds or body cav1tie . e 

lungs. 1 h f · s With 
l ISO cause granu omas; t ere ore, 1t should n b 

ta c may a h I . f I ot e 
d d t Surgical g loves. In a anon o ta c ca uses irr·1t use to us < d. . . f atton 

d Se severe respiratory 1stress 10m anrs.! l ~l se 
1 an may cau • ea 50 

Section 15 · · 1 · · 
AI I h talc has been extens1ve y mvesngated fo . 

t l OUg . b r ItS 
. ·c potential and 1t has een suggested that the carCLnogem ' . . . re 1s 

. sed risk of ovanan cancer m women us1ng talc th an mcrea . (17 18) H 1 • e 
evidence is inconclusive. ' owever~ ta c ~o~tarninated 
with asbestos has been proved to be carcmogemc ~n humans, 

d Sbestos-free grades should therefore be used m pharrn . an a n9J a 
ceutical products. . 

Also, long-term toxic effects of talc conram.mated with large 
antit ies of hexachlorophene caused sen o us Irreversible 

~~urotoxicity in infants accidentally exposed to the sub
stance. <201 

15 Handling Precautions 

Observe normal p recautions appropriate to the circumstances 
a nd quantity of material ha ndled. Talc is irritant if inhaled and 
prolonged excessive exposur~ m ay cause pneu.m?coniosis. 

In the UK, the occupational exposure ilm1t for talc is 
1 mglm3 of respirable dust long-term (8-ho ur T\XIA).1211 Eye 
protection, g loves, and a respirator are recommended. 

16 Regulatory Status 

Accepted as a food additive in Europe. Included m the FDA 
Inactive Ingredients Guide (buccal tablets; oral capsules and 
tablets; recta l and topical preparations). Included in nonpar
enteral medicines licensed in the UK. 

17 Related Substances 

18 Comments 

Various different grades of talc are commercially available that 
vary in their chemical composition depending upon their 
source and method of preparation. <8•22·231 

Talc derived from deposits that are known ro comain 
associated asbestos is not suitable for pharmaceutical use. 
Tests for amphiboles a nd serpentines should be carried our 
to ensure that the product is free of asbestos. 

The EINECS number for talc is 238-877-9. 

19 Specific References 
1 Dawoodbhai S, Rhodes CT. Pharmaceutical and cosmetic uses of 

talc. Drug Dev lnd Pharm 1990; 16: 2409-2429. . 
2 Dawoodbhai S, Suryanarayan ER, Woodruff CW. Oprimizaoon 

of tablet formulations containing talc. Dntg Der• Ind Plwm 
1991; 17: 1343-1371. 

3 Wang DP, Yang MC, Wong CY. Formulation development of 
oral controlled release pellets of diclofendc ,.,,)ium. Drug Dt11 
lnd Pharm 1997; 23: 1013-1017. 

4 
Fassrh, RA, McPhill ips AM Uraizee SA Sakr Atvl. Potencial usrh 
of m · ' ' ' · t e agnesJum stearate and talc as dissolutinn retardants 10 
development of controlled release drug deliven ~\·stems. pbornl 
lnd ~994; 56: 579-583. · · .. 

5 Fass1hi R F b. ] 5 kr surlJ•e • a Jan , a AM. Application of response · 1 
methodology d · . . . . . f n.•prca to es1gn optimization m formulanon o a . , )· 
controlled release system. Drugs Made Ger 1996· 39(0cr-DeC. 
122-126. ' 
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642 Talc

ark

Identification + + :
Charoclots + + o
Acid-soluble substances 5 2.0% — a. '2 .0 ti:
Production _. + _

pH — 7.0.9.0 —
Water-soluble substances — 50.2% 50.1%
Aluminum _ g 2 0% _
Calcium _ g 09% _
Iron a some _
l-Wd - s l 0 ppm —

Magnesium — 17.0—19.5 —
loss on ignition g .5 .036 a, 7.0% a 6.5%
Microbial contamination — + g 500/9

Aerobic bacteria — 100/9 _
Fungi — 100/9 —

Acid and alkali-soluble $4.0 mg — _
substances

Water-soluble iron + _ +

Arsenic $4,me - $331,136
L92? — — $000136 

11 Stability and Storage Conditions

Talc is a stable material and may be sterilized by heating at
160°C for not less than 1 hour. It may also be sterilized by
exposure to ethylene oxide or gamma irradiation.m

Talc should be stored in a well-closed container in a cool,
dry place.

12 Incampafibilifias

Incompatible with quaternary ammonium compounds.

13 Method of Manufacture

Tale is a naturally occurring hydropolysilicare mineral found

in many parts of the world including Australia. China, Italy.
India, France. and the USAF“

The purity of talc varies depending on the country of origin.
For example, ltalian types are reported to contain calcium
silicate as the contaminant; Indian types contain aluminum
and iron oxides; French types contain aluminum oxide; and
American types contain calcium carbonate {California}, iron
oxtde {Montana}, aluminum and iron oxides {North Carolina}
or aluminum oxide [ittlabantald‘lJ ,

‘Narurally occurring talc is mined and pulverized before
being ’s'ubiected to flotation processes to remove various
impurities such as asbestos ltrernolite}; carbon; dolomite
tron oxrde; and various other magnesium and carbonatd
mtnerals. Following this process the talc is fine] d cl
treatedwithdiluuehdr hi ‘ ,' _ypow ere,

y no Ortc acrd, washed wtth water, and
then dried. The processin '_ ‘ 3 variables of a lome
strengly influence its physical characteristics.‘ 0—121 fatal talc
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‘1

talc can cause grannlurnas in itodydtissiien p‘ln'CUlurlt th»
lungs_i1.i-—I‘I contamination "f.“imiln. sfor bud}- ”ml“ \t'lri.
talc may also cause granulomas; t_ Ll't‘ ore. .n shullld M ii

I gloves. Inhalation of talc causes "Than”:I
' ‘a

used to dust 5mg“. ‘ _ . . . . . . ru.
and may cause severe rchpll‘atnl‘y‘ distress In Infants; -5(,i,‘_“,s“
Section 15. -. . . .

Although talc has been extensneli ll‘ili't'sflg'dlt'r'l {w n
potential. and IT has been suggesmd that Thrn- Iti I - '1

' ‘ ' '. l' 11 cancer in womt-n us _

an increasednsk of Glr'ir‘tllT‘lw H ”v t- J dug ”it. 1h?
evidence is inconcluswe. out er? .1 c .‘r’mi‘mmartd
with asbestos has been proved to be carcinogen“- 1n hilluan,
and asbestos-free hrradcs should therefore he used in pliarnn. 9 ..

ccurical products. . _ . .
Also, long-term toxic elfecrs or talc contammutcd with lime

quantities of hexachlorophenc caused nt'noub ”rm-Tram]?
neurotoxicity in infants accidentally exposed to thr- mt.ll
stance.” ’

carcinogen“C

15 Handling Precautions

Observe normal precautions appropriate to the circumslanccg
and quantity of material handled. Talc is Irritant it inhaled and
prolonged excessive exposure may cause l‘ti‘IE‘uI‘i‘lUL'i}[]m§|5_

1n the UK, the occupational exposure limit fur mic h.

li1u;,;"tn3 of rcspirablc dust long-term ill-hour Tut-1MP" Ft:
protection, gloves. and a respirator are recommended.

16 Regulatory Status

Accepted as a food additive in Europe. Included In the FDA
Inactive Ingredients Guide {buccal tablets; oral capsules and
tablets; rectal and topical preparations}. included in nonpar-
enteral medicines licensed in the UK.

13" Related Substances

18 Comments

Various different grades of talc are commercially available that
vary in their chemical composition depending upon thtlr
source and method of preparation.‘“'u'”'

Talc derived from deposits that are known to contain
assocratcd asbestos is not suitable for pharmaceutical usfv
Tests for amphiboles and serpentines should be carried mil
to ensure that the product is free of asbestos.

The EINECS number for talc is 238-3773.

‘9 Specific References

1 Dawoodbhai S. Rhodes CT. Pharmaceutical and L'n‘ml’li‘ ”“5 n!
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2 Dawoodbhsi S, Suryanarayan ER, Woudruit i'\“.’. Uifli'mwmn
of tablet formulations containing talc. firm! ”3" Md '0th
1991; 17: 1343—1371. '-

Wang DP, Yang MC, Wong CY‘ Formulation development nl
oral controlled release pellets of diclr-it-nm '“'""”“' print [ln'
lad Room 1997; 23: 1013—1017. '
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:f miagnt'sium stcarate and talc as dissolution it'l'1‘d‘nn In in:

5 I - ‘ 'ct
Fass'hl R‘ Fabian JI 53]“ AM. Application of MPH” 511“" l
methOdology to dcs'gn BPtII'I‘Ilzaticm in ftmnnlntiou 0* 3' Wt.. l-

$335131? release system. Drugs Made GP, loss; WIOLI‘D“
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162 Colloidal Si li con Dioxide 

Specific surface area: 200-400 m2/g (Stroehlein apparatus, 
single point); 50-380m2/g (BET method). See also Tables 
lll to V. 

Several grades of colloidal silicon dioxide are commercially 
available, which are produced by modifying the manufacturing 
process. The modifications do nor affect the silica content, 
specific gravity, refractive index, color, or amorphous form. 
However, particle size, surface areas, and densities are 
affected. The physical properties of three commercially avail
able colloidal silicon dioxides, Aerosil (Degussa), Cab-0-Sil 
(Cabot Corporation), and Wacker HDK (Wacker-Chemie 
GmbH) are shown in Tables Ill to V, respectively. 

Table Ill: Physical properties of Aerosi/. 

130 
130vs 
200 
200vs 
300 
380 

lal &ET method. 

130 ± 25 
130 ± 25 
200 ± 25 
200 ± 25 
300 ± 30 
380 + 30 

Oensi~ (tapped) 
(g/cm) 

0 .05 
0.12 
0.05 
0.12 
0 .05 
0.05 

Table IV: Physical properties of CobOS;J.t10i 

Grade 

LM-5 
lM-50 
M-5 
H-5 
EH-5 
M-70 

lot 8ET mothod. 

130 ± 25 
150 ± 25 
200 ± 25 
325 ± 25 
390 ± 40 
200 + 25 

Densi~ (tapped) 
lg/cm) 

0.04 
0.04 
0.04 
0.04 
0.04 
0.10 

Table V: Pnysical pro rt· 1 pe les o Wacker HDK. (11 I 

Grade 

Sl3 
V15 
N20 
T30 
T40 
H15 
H20 
H30 
H2000 
H3004 
H2015 
H2050 

loi SET method. 

s 'jfj pee c surface arealol 
lm2/g) Densi~ (lapped) 

(g/cm) 
125 ± 15 
150 ± 20 
200 ± 30 
300 ± 30 
400 ± 40 
120 ± 20 
170 ± 30 
250 ± 30 
140 ± 30 
210 ± 30 
110 ± 30 
110 ± 30 

0 .05 
0.05 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.22 
0.08 
0.20 
0.20 

SEM: 1 
Excipient: Colloidal silicon dioxide (A r erostl A 2() 
Manu1acturer: Degussa · 0) 
Lot No.: 87A-I (04 169C) 
M,tglli{icatirm: nOO X 

Volt,1gc: 20 k V 

SEM: 2 
Excipient· Coil · d 1 T M r · 01 a Sl 1con dioxide (Aerosil A-)0()) 

anu1acturer: Degu5sa -
Lot No:: 87A-l (04169C) 
Magm{tcation: 2400 x 
Voltage: 20 kV 

11 s tabilit.. and St d" · c 
1 

. ··' orage Con 1t1ons ll;: 
o hdal silic d. . . I Jdsor~~ .,,,1' 

quantities f on lo_x tde IS hygros..:oplt lll t d io ~qu• 1~ 
~YStems at 0 water Wtthour liquefying. When. us~ cfi·~·ll'1~1 
Increasing::/~ 0-7.5, colloidal silicon dwxtde 

15 plHrj·~,,: 
than 7.s the ~ .vtscosity of a system. Howevef, ~Jloid.Ii ~ '' 

tscostty-increasing propcrries 0 c 

m'

k

‘61 Colloidal Silicon Dioxide

i t - . tus.
Specific surface area: 200400111“? [E‘tm'flhl'fln app'll’a‘. a [5

single pain”; 50.330 mzl'g {BET Il‘lt‘i'l'IOdl. 5w also Till I:
ill to V.

- - , . --':ill\‘

Several grades of colloidal silicon dioxide are L-Onlflilrliirilié
awailable. which are produced by modifying the Ilialtlu _ intent
Process. The modifications do not affect the Sllltifl ti form:
specific gravity. refractive index Cfilm. 0f “mmdP 103:?“ are
However, particle size, surlace areas. and 6115;] ‘avail-
affected. The physical properties of three commercta l; O-Sil
able colloidal Silicon dioxides, Aerosil {DegiJlSSfils C“ " .1
{Cabot Corporation}, and Watcher HDR iWaeker-Chemlt
6111le are shown in Tables [11 to V‘ respectively.

 

 

 

Table Ill: Physical properties of Aeroxii'.

Grade Specific induce area“ Densilz {lapped}
lmiz'sl lgfcml

l30 l30 i 25 0.05
130v: I30 i 25 0]?
200 200 i 25 0.05
200% 200 i 25 0.]2
300 300 i 30 0.05
330 380 i 30 0.05

*1 new method.  

Table IV: Physical properties of CobOSil.“°] 

 
 

  
Grade Specific surface mini Densiiz [tapped]
_ __ ‘m’i’sl lglcm i

W no i 25 004
M0 150 i 25 004
M5 200 i 25 004
H‘5 325 i 25 0'04
EH6 390 i 40 0.04
M70 200 1 25 0.10

table V: Physical properties of Wanker litml1 1'

m
ll'l'I Isl [gfcm

513 125 1- IS

ms 150 i 20 3%:
N20 200 1r 30 o
T30 300 i 30 034
T40 400 1 40 o 04
H15 120 i 20 0 4
H20 170 i 30 03‘
2:0 250 i 30 Q 0::
H3333 140 i 30 022210 1 30
H2015 110 j: 30 0 03
H2050 l 10 + 30 0 2O
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SEM: l

Excr'prt'm: Colloidal Sillmn dilixidi- l-‘lf'?'rml
i’t-lrmirfin'riri't’

Fl '3FHJ';
r: Dt'guxs'u

Ln! .Nlllu' $7A-I [UME‘FCI

.Xltrgrrrfii'.rn'mfi film
l'iilitrgr.‘ Jill:

'a-l
l 201ml

SEM: 2

Recipient.- Col
Manufacturer.-

\-"

loidal SIlIL‘fln dioxide [:lr'n._c.-.|' 4.3.“.
Degussa

Lo! No; ETA—l [FM-169(7)
Magitifimrirm: 2400 x
Voltage: 20 l-tV

couoidal sili
quantities of

Stability and Slorage Conditions
iii 1‘1””
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-~ ... ~and at a pH greater than 10.7 this ab·t· 
• !'('~- •t• d' ··d . ltty .:~t' . _1 . sin'-""e the st tcon toxt e dtssolves to f 
~fCl' . . d. ·d d orm 

f!. t·?' (t~loidal sthcon toXt e pow er should be stored 
~P.. :k ~ ,'()numer. 
•-ttl' \~ ot colloidal silicon dioxide have hydroph b. ~ ..... J .. !P I . . . h . 0 lC 
·"' .,.. tyTlfllts rhat great y mmtmtze t eir hygroscopici 
~~ ~ 

r 
110 

Relative humidity (%) 

9n 1: Sorption-<le5orption isotherm for colloidal silicon dioxide. 

(): Sorplion 
• : Desorption 

Particle size (um) 
P<lrfide Jize di~tribution of colloidal silicon dioxide (Aerosil 
A-2oq_ 

ll 

~'V""~ilitieJ 
bit With d ' b · till Jet ylstilbestrol preparanons. 

Collordol Si li cu 11 D1 oxide 163 

13 Method of Manufacture 
Colloidal silico d. ·d · . 
Chl 

.
1 

11 IOXJ c JS prepared by the vapor hy.drolysts of 
orost anes such ·1· h d , as Sl 1con tetrachloride at 1800 'C using a 

Y rogen-Qxygen fl ame. ' 

14 Safety 

Colloida l silicon diox ide is widely used in oral and topical 
phan~aceutical products and is generally regarded as an 
ess~nnatly nontoxic and nonirriranr excipient. However, intra
pertt~neal and subcutaneous injection may produce local tissue 
reactions and/or granulomas. Colloidal silicon dioxide should 
therefore not he administered parenterally. 

LDso (rat, IV): 15 mg!kg(l.l) 
LDso (rat, oral): 3.16glkg 

15 Handling Precautions 

Observe normal precautions appropriate to the circumstances 
and quantity of material handled. Eye protection and gloves 
a re recommended. Precautions should be taken to avoid 
inhalation of colloidal silicon dioxide. ln the absence of 
suitable containment facilities, a dust mask should be worn 
when handling small quantities of material. For larger quan
tities, a dust respirator is recommended. 

Inhalation of colloidal silicon dioxide dust may cause 
irritation to the respiratory tract but it is not associated with 
fibrosis of the lungs (silicosis), which can occur upon exposure 
to crystalline silica. 

16 Regulatory Acceptance 
GRAS listed. Included in the FDA Inactive Ingredients Guide 
(oral capsules, suspensions, and tablets; transdermal and 
vaginal preparations). Included in nonparenteral medicines 

licensed in the UK. 

17 Related Substances 

18 Comments 
The incidence of microbial contamination of colloidal silicon 

dioxide is low. 
The ElNECS number for colloidal silicon dioxide is 231-

545-4. 

19 Specific References 
Lerk CF, Bolhuis G~, Sm~dema SS. Interaction of lubricilnts and 
colloidal silica dunng mlxmg wtth exc1ptenrs I: 1ts effect 011 

tabletring. Pharm Acta Helv 1 9~7; 52: 33-39. 

2 
Lerk CF, Bolhuis GK. lntera.cnon of lubncanrs and .:olluidal 
Tea during mixing with exc1p1ents ll: 1ts effect on wenability 

Sind dissolution velocity. Pharm Acta Helv 1977; 52: 39-44. 

3 
~ore AY, Banker GS. Surfa~e chemistry of colloidal sihca and.~ 
possible application to stab1t.ze aspmn m sohd matrixes. j Pharm 

Sci 1979; 68: 197-202. . . 

0 
niels R Kersriens B, T1shmger-Wagner H, Rupprecht H. The 

4 sc:bility of drug ahsorbates on silica. Dmg Deu Jnd Pharnr 1986; 

12: 2127-2156. . 
Sherriff M, Enever RP. ~eological an.d ~ug release proputies 

5 of oil gels containing collmdal s1hcon d10x1de. J Pharm Sci 1979; 

68: 842-845. 

1d: and a, l'PH greater than 10.? this ab'l'
33,??ng thf silltjlml dioxtde dissolves to flag);
r: cf. (modal silicon dIOX'ldt‘ powder should he stored
er!- _ _ mitt-line“ . . - -

sol colloid-“l silicon dioxide have hydrophobic
‘flia (S that greatly minimize their hygroscopicity

  
ll 10 20 30 4D 50 60 70 80 90 100

Relative humidity (343}

Sorptiowdewrpiion isotherm for colloidal silicon dioxide.

 

 
3E!8

Mightova-um.['25] 338583
ii ,_._

100

‘1 Particle size [uml
ml“dimlblim cl colloidal silicon dioxide

{Aer-05H

With diethrlstilbesttol Pflpflmdons'lm

IPR2018-0039O

_‘

163l'-"]ll‘-lll.lUF 1) |li-Z_,t_iii [,l|r_|,x_|d-_j-

‘3 Muhfid of Manufamm
C I . _ _. . _ . . _

6533:}: silicon (.liUXItlL‘ I‘.-. prepared by the "EFL" I‘YJF‘JIlISlS 0‘
h d J ant-5, such as silicon tetrachloride. 3' 1800 C using ay rogenwxygcn flame.

”Safety

Collotdal SillCUl'l dioxide is widely used in oral and topical
PharmaCeunca| ptodocrs and is generally regarded as an
Essentially r1Untoxic and nonirritumchcipient. However. intra—
peritoneal and subcutaneous injection mar produce local tissue
reflcflons andIor grannlomas. Colloidal silicon dioxide should
therefore not be administered parenterally.

Ll)” (rm, W]: l5 nigflig” 11
1.175;; (rat, oral}: 3. I F: gfkg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances
and Quantity of material handled. Eye protection and gloves
are recommended. Precautions should lie taken to avoid
inhalation of colloidal silicon dioxide. In the absence of
suitable containment facilities. a dust mask should be worn
when handling small quantities of material. For larger quan—
tities, a dust respirator is recommended.

Inhalation of colloidal silicon dioxide dust may cause
irritation to the respiratory tract but it is not associated with
fibrosis of the lungs lsilicosisl, which can occur upon exposure
to crystalline silica.

16 Regulatory Acceptance

GRAS listed. Included in the FDA Inactive ingredients Guide
(oral capsules, suspensions, and tablets; trans-dermal and
vaginal preparations}. Included in nonparenteral medicines
licensed in the UK.

17 Related Substances
,—

18 Comments

The incidence of microbial contamination of colloidal silicon
d'o ide is low. . . . .

I "light- EINECS number for colloidal Silicon dioxide is 231-
545-4.

t9 Specifi‘ Mam”
Lerk (1:, Bull-[ms 0K, hmedema SS interaction of lubricants and
colloidal sillca during mixing with excipicnts 1: its effect on
tablettll'lg- Pbflm‘ Agra Help J977: 52: 33—39

2 Lark (IF, Bolhuis (3K,- Interact-Ion of lubricants and colloidal
5511;; during mixing .wnh excipicnts ll: its effect on “'l‘nnl'lllll}
and dissolutim‘l velocrty. Pbamr Add Holt! [9771 52: 39—44.

3 Gorc JAY, Banker GS. Surface chemistry of colloidal silica and a
possible application to Stabilize aspirin in solid n1 atrixes. j Pharm
Sci 1979: 68: 197—101 , . ,

4 DaniElS R, Kerstiens B, Tishmgcr—W agner H. Rupprccht H. Thi-
stability of drug absorhates on SlliL‘a. Drug Dev Ind Pharm 1986;
121212712156- .

. M. Enever RP. Rheological and drug release properties
. raining colloidal silicon dioxide. ] Pharm Sci 19?9;

l
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164 Colloidal Sil icon Dioxide 

6 Tukker JJ De Blaey CJ. The addition of colloidal silicon dioxide 
to suspen;ion suppositories II. The impact on in vitro release and 
bioavailability. Acta Phamt Techno/1984; 30: 155-160 . ... 

7 Realdon N, Ragazzi E, Zotto MD, Fini GD. Effects of sillctum 
dioxide on drug release from suppositories. Drug Dev l11d Pharm 
1997; 23: 1025-1041. 

8 Ettlinger M, Ferch H, Mathias J. Adsorption at the surface of 
fumed silica [in German]. Arch Pharm 1987; 320: 1-15. 

9 Callahan JC, Cleary GW, Elefant M, eta/. Equilibrium moisture 
content of pharmaceutical excipients. Drug Dev lrzd Pharrn 
1982; 8: 355-369. 

10 Cabot Corporation. Technical literature: Cab-0-Si/ fumed 
silicas, the performance additives, 1995. 

11 Wacker-Chemie GmbH. Technical literature: Wacker HDK 
fumed silica, 1998. 

12 Joh~nsen H, ~0ller N. Solvent deposition of drugs on excipients 
II: I.Ilterpretatton of dissolution, adsorption and absorption 
charactensncs of drugs. Arch Pharm Chem (Sci) 1977; 5: 33-42. 

13 Lewis Rj, ed. Sax's Dangeruu I' 
10th edn. New York: Wiley, 

5

20~6~erties r1[ lttd 
· 32.04. lfsr11Q/!,j 

4~~ 

20 General References 

Yang KY, GlenlZa R, Jarowski CI. Effe 
dwxtdes on drug dissolution 1· Ph Cts of alll 

. arm Sci 1979 or~h% 

21 Authors 

E Morefield, J Seyer. 

22 Date of Revision 

22 October 2002 . 

; 68:s~ ,,~ 
lis. 



IPR2018-00390 Page 64 of 88 I-MAK 1012

Calcium Stearate 

1 Nonproprietary Names 

BP: Calcium stearate 
]P: Calcium stearate 
PhEur: Calcii stearas 
USPNF: Calcium stearate 

2 Synonyms 

Calcium distearate; HyQual; stearic acid, calcium salt. 

3 Chemical Name and CAS Registry Number 

Octadecanoic acid calcium salt [1592-23-0] 

4 Empirical Formula Molecular Weight 

C36H1oCa04 607.03 (for pure material) 
The PhEur 2002 describes calcium stearate as a mixture 

of calcium salts of different fatty acids consisting mainly 
of stearic acid [(C17H35COOhCa] and palmitic acid 
[(CtsH 3IC00hCa] with minor proportions of other fatty 
acids. It contains the equivalent of 9.0- 10.5% of calcium 
oxide. 

5 Structural Formula 

H 

I 
H-C-- (CH:z)16 

I 
H 

6 Functional Category 

Tablet and capsule lubricant. 

0 

II --c-o-

2 

7 Applications in Pharmaceutical Formulation 
or Technology 

Calcium stearate is primarily used in pharmaceutical formula
tions as a lubricant in tablet and capsule manufacture at 
concentrations up to 1.0% w/w. Although it has good anti
adherent and lubricant properties, calcium stearate has poor 
glidant properties. 

Calcium stearate is also employed as an emulsifier, stabiliz
ing agent, and suspending agent, and is also used in cosmetics 
and food products. 

8 Description 

Calcium stearate occurs as a fine, white to yellowish-white, 
bulky powder having a slight, characteristic odor. It is unc
tuous and free from grittiness. 

80 

SEM: 1 
Excipient: Calcium stearate (Standard) 
Manufacturer: Durham Chemica ls 
Lot No.: 0364 
Voltage: 20 k V 

SEM: 2 
Excipient: Cakium steara te (Precipitated) 
Manu(11.:turer: Wirco Corpor~tion 
Lot N o.: 0438 
Vo/t,l)!•': 12 kV 

Calcium Stearate
:EIIII"-lI-l?.-'M

» : 1

1 Nflflpmpflmw Hams iEflg-m: Calcium etc'nriitc (Stilliiltlrtll
BF: Calcium stcarate _.\-t.nm,fltctm‘crr Durham LIhcmiL—ais
jP: Calcium stcarate Lot .-\"r:.: {1,354

l’hEur: Calcii srearas mm?“ 1:} M.
USPNF: Calcium stcarate - r3

2 Synonyms

Calcium distcatatc; HyQtrai; stcatic acidi calcium salt.

3 Chemical Name and CAS Registry Number

Octadecanoic acid calcium salt [1592—23-0]

4 Empirical Formula Molecular Weight

C36H70Ca04 60?.03 ifur purc material}
The PhEur 2002 describes calcium steamtc as a mixture

of calcium salts of different fatty acids consisting mainly
of stearic acid [{Cnl'lssCOObCal and palmitic acid
[(C15H31C0011Ca] with minor proportions of other fatty
acids. it contains the equivalent of 9,0405% of calcium
oxide.

5 Strucle Formula

 
T ll

H C (CH2)‘|5 0—0— Cab SENI: 2
I I-Lt-tipi'wit; Calcium stt-iri ' ' '—_ . . . tr il’rt'citur It - l}
H .fi-litm-‘fitt'mn‘r- Kim ("0 l u, l . II Or. I

lit! Nu; 0-135 0 II" n
2 ‘i-"nhitgr‘: ll lt\"

'6 Functional Category

Tablet and capsule lubricant.

, .3

i . WF’ 1. a .- '

7 Applications in Pharmaceutical Formulation
or Technology

Calcium stout-ate is primarily used in pharmaceutical formula—
tions as a lubricant in tablet and capsule nmnufacrure at
concentrations up to 1.0% wiw. Although it has good anti-
adherent and lubricant properties, calcium stearatc has poor
glidant properties.

Calcium stearate is also employed as an emulsifier, Stabiliz-
ing agent. and suspending agent, and is also used in cosmetics
and food products.

3 Description

Calcium stcarate occurs as a Fine, white to yellowish-white,
bulky powder having a slight, characteristic odor. It is unc-
tuous and free from grittiness.

 
80
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9 Pharmacopeia! Specifications 

See Table I. 

Table 1: Pharmacopeia! specifications for calcium stearate. 

Test JP 2001 PhEur 2002 USPNF 20 

Identification + + + 
Characters + 
Microbial limit 1000/g 
Acidity or alkalinity + 
loss on drying ""4.0% ""6.0% "" 4.0% 
Arsenic ""2ppm 
Heovy metals ""20ppm "" 10ppm 
Chlorides ""0.1% 
Su~ates ""0.3% 
Cadmium "" 3ppm 
leod "" 10ppm 
Nickel ""5ppm 
Organic volatile impurities = + 
Assay las CoO) _ 9.0-10.5% 
Assay los Ca) 6.4-7.1% 6.4-7.4% 

to l . I YP•ca Properties 
A 'd 

CJ value: 191-203 
Ash: 9.9-10 3o' ChJ . . IO 

De~~de: < 200 ppm 
Den ~ty (bulk and tapped): see Table II. 
Pi sny_ (_true): 1.064-1.096 g/cm3 

Fr~:~bihty: 21.2-22.6% (Carr compressibility index) 
Melti atty a.cid: 0.3-D.5% 
Mois ng l'Otnt: 149-160oC 
~arti~re. content: 2.96% 

(#2~ SIZe distribution: 1. 7--{50 ~m; 100% through a 73.7~-Lm 
Shear 0 rncsh); 99.5% through a 44.5~-Lm (#325 mesh). 

strength: 14.71 MPa 

Calcium Stea rate 81 

Table II: Density !bulk and topped) of calcium stearate. 

Bulk density (g/ cm3) Tapped density (g/ em~ 

Durham Chemicals 
Standard 
A 
AM 

Witco Corporation 
EA 
Fused 
Precipitated 

0.21 
0.38 
0.16 

0.26 
0.45 
0.33 

0.27 
0.48 
0.20 

Solubility: practically insoluble in ethanol (95%), ether, and 
water. 

Specific surface area: 4.73~.03 m2/g 
Sulfate: < 0.25% 

11 Stability and Storage Conditions 

Calcium stearate is stable and should be stored in a well-closed 
container in a cool, dry place. 

12 Incompatibilities 

13 Method of Manufacture 

Calcium stearate is prepared by the reaction of calcium 
chloride with a mixture of the sodium salts of stearic and 
palmitic acids. The calcium stearate formed is collected and 
washed with water to remove any sodium chloride. 

14 Safety 

Calcium stearate is used in oral pharmaceutical formulations 
and is generally regarded as a relatively nontoxic and non
irritant material. 

15 Handling Precautions 

Observe normal pre.:autions appropriate to the circumstances 
and quantity of mar~:rial handled. Calcium stearate should be 
used in :1 well-venribrt•d environment; eye p rotection. gloves, 
and a respir:~tor are recommended. 

16 Regulatory Status 

GRAS listeJ. lndudeJ in the FDA Inactive Ingredients Guide 
(oral capsules and tablets). Included in nonparenreral medi
cines licensed in rhe UK. 

17 Related Substances 

Magnesium stearate; stearic acid; zinc stearate. 

18 Comments 

See Magnesium stearate for further information and refer
ences. 

The EINECS numher for calcium stearate is 216-472-8. 

19 Specific References 

‘f-nlciiirri EIIE‘UTUIE‘ 8‘

  
Shh-$3!“ Calcium “came {Fluted} Table ll: Density [hull and topped} ol colcuum sfeorale
finalili'flm‘r: Win-u Curpomtimi BU“! density [SIMS] TuppulldOI'ISWlQlcmal 
'.'.1i'r.i_i:c: l 5 k\‘

  
E1445 lEl.BU

9 Pharmacopeial Specifications

 

See Table I.

Hi! I: Phormocopeiol specifications for calcium sieorote.

Ten 1? 2001 NEW 2002 usmr 20

identification + + +
Characters - + —

Microbial limit _ l 000/9 —
Acidity or alkolinity — + ..
[ms on drying $4.095 36.0% g 4.0%
Arsenic g 2 ppm _ —
He“? metals $20 ppm _ g lOppm
Chloride: .. S 0. l % '-
sums _ gum —
Cadmium __ g 3 ppm —
“Pd — s 10m -

organic volatile impuritiea — — +
in: Cuoi _ _. 9.0—10.5%
l0! Ca} 6.4—7.1 % 6.4-7.4% -w

10 ”Pica! Properties
Add Valuc: 191—20

fish: 533—10394, 3
hlol'lde: (200 ppmI) .

Di?” {bulk and tapped): see Table 11.
Wailig‘l'tmel: 1054.1 396 glans ’
Flee? flit“ 21-2—2169": (Carr compressibility malexl
“chatty arid; 0_3_0_5%
Mogul-i Pmnt: 149E160t-C
I"artistimci°""*°nt= 2.96%

lilii IR distribution: 17-60 pm; 100% through a 73.7pm
shear so mesh}; 995% through a 44.5 pm {#325 mesh}.

truism: 14-71 MP3

IPR2018-0039O Page 65 of 88

Durhom Chemicals
Standard - 0.26
A _ 0.45
AM — O 33

Witco Corporation
EA O_2l 0.27
Fused 0.38 0.43

Precipitated 0.16 0.20 

Solubility: practically Insoluble in ethanol {QWEh Etht-‘f- and
water. ‘

Specific surface area: 4.73—8.03 m‘i'g
Sulfate: <0.15”-;.

1 I Stability and Storage Condifions

Calcium stearatc is grahlc and should be storcd in a well—closed

container in a cool. dry plane.

12 Incompatibilifies

13 Method of Manufacture

Calcium stearatc is prt’parcd by the reaction of calcium
Chloride with a mixturc of the sodium salts of stcuric and

palmitic acids. The calcium stcatatc formed is collected and
washed with water to remove any sodium chloride.

14 Safely

Calcium stcarate is used in oral pharmaceutical fori‘nulatium
and is generally regarded as a relatively nontoxic and mm-
irrittlnt material.

15 Handling Precautions

Observc Ilurmul precautions appropriate to thy L'I'rciunsldnccfi
and quantity of I'llthL’l‘iJl handled. Calcium atcnmtc should hr-

used in .1 wall-\rcnriltucd t'lI\.'irl}l'|l‘l‘lL'n'[; ci-c prmcamm ;I_|.,\-L.c_
and a respirator arc rccummcmlcd.

16 Regulatory Status

GRAB listcd. Included in tin: FIJA Inactive Ingredients Guide-
(oral capsuln .iml mhlctsi. Included in ntmparcnnxrnl mcdi
tines licenscd in thc UK,

17 Related Substances

Magnesium stcaratc; stearic acid: Zinc stcaratu

18 Comments

See Magnesium srearate for further information and refer-EI'ICCS.

The EINECTS number for calcium stearare is 216-411—3‘

19 Specific Reformat;
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82 Calcium Stearate 

20 General References 
Biisch G, Neuwald F. Metallic soaps as water-in-oil emulsifiers [in 

German]. ] Soc Cosme/ Chern 1973; 24: 763-769. 
Phadke OS, Sack MJ. Evaluation of batch-to-batch and manufacturer

to-mamLfacturer variability in the physical and lubricant properties 
of calcium stearate. Pharm Techno/1996; 20(Mar): 126-140. 

21 Author 

LV Allen. 

22 Date of Revision 
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Magnesium Stearate 

1 Nonproprietary Names 

BP: Magnesium stearate 
JP: Magnesium stearate 
PhEur: Magnesii srearas 
USPNF: Magnesium stearate 

2 Synonyms 
Magnesium octadecanoate; octadecanoic acid, magnesium 
salt; stearic acid, magnesium salt. 

3 Chemical Name and CAS Registry Number 

Octadecanoic acid magnesium salt [557-04-0] 

4 Empirical Formula Molecular Weight 

C36H7oMg04 591.34 
The USPNF 20 describes magnesium stearate as a com

pound of magnesium with a mixture of solid organic acids that 
consists chiefly of variable proportions of magnesium stearate 
and magnesium palmitate (C32H,;2Mg04). The PhEur 2002 
describes magnesium stearate as a mixture of magnesium salts 
of different fatty acids consisting mainly of stearic acid and 
palmitic acid and in minor proportions other fatty acids. 

5 Structural Formula 

[CHJ(CHzh6C00]2Mg 

6 Func6onaiC~ory 

Tablet and capsule lubricant. 

7 Applications in Pharmaceutical Formulation 
or Technology 

Magnesiurn_srearate is "'_'idely ~sed in cosmetics, foods, and 
pharmaceuncal formulations. It IS primarily used as a lubricant 
m ca.psule and 

0
tablet ma~ufacture at concentrations between 

05·2~ Yo and 5.0 Yo wlw. It IS also used in barrier creams See also 
ection 18. · 

8 Description 
Magnesium stearate is a f hi . 
impalpable powder of low b:~k w r:, prectpirated . or milled, 
stearic acid and a ch . . density, havtng a famt odor of 

aractenst1c taste Tb d . 
the touch and readily adheres to the ~kin~ pow er IS greasy to 

9 Phamtacopeial Specifications 
See Table I. 

354 

Tobie 1: Pharmacopeia/ specifications for magnesiu 
rn stecrOie 

Test JP 2001 PhEu~ 
SPNf 20 

Identification + + ---.:.z 
t 

Characters + 

Microbial limits + + t 
Aerobic microbes :::;; 1000/g 

Fungi and yeasts ~500/g 

Acidity or alkalinity + + t 
Acid value of the fatty acid 195-210 
Freezing point ;;,53 c 
Nickel :::;5 pprn 
Cadmium ~3 pprn 
Specific surface area + 
Loss on drying ~ 6.0% ~6.0% ~6.~. 
Chloride :::;: 0 .1% ~0. 1 % ~0.1% 
Sulfate :::;: 1.0% ~0.5% ~ 1 .0% 
Lead ~ 10ppm ~0.001~. 
Heovy metals :::;20ppm 
Relative stearic/palmitic + + + 

content 
Organic volatile impurities + 
Assay (dried, as Mg) 4.Ch5.0% 4.0-5.0% 4.0-5 0'4 

1 0 Typical Properties 

Crystalline forms: high-purity magnesium stearate has boo! 
isolated as a rrihydrate, a dihydrate, and an anhydrare. 

Density (bulk): 0.159g/cm3 

Density (tapped): 0.286 g/cm3 

Density (true): 1.092 g/cm3 

Flash point: 250°C 
Flowability: poorly flowing, cohesive powder. 
Melting range: 

117-150°C (commercial samples) 
12~-:-130°C (~gh pu.rity magnesium stearate) 95~•1• 

Solubility: practtcally msoluble in ethanol, ethanol ( and 
ether and water; slightly soluble in warm benzenr 
warm ethanol (95%). 

Specific surface area: 1.6-14.8m2/g 

11 Stability and Storage Conditions n 
d . a ll't~~" 

Magnesium stearate is stable and should be srore lll 

closed container in a cool, dry place. 

12 Incompatibilities Al"()lJ 
I . bJ . . d . ron salCS· rJrt 
ncompan e With strong acids alkahs, an 1 . J11 sre•·· 
. . . h ' . I M gnestU !ll'~s. IDIXlng Wit strong oxidizing marena s. . ~ rne virJ 

cannot be used in products containing asptnn. 50 

and most alkaloidal salts. 

I Nonpmpfim"? ”um"

BF: Magnesium stearatc
JP: Magnesium stearate
PhEur: Magnesii stcaras
USPNF: Magnesium stearare

2 Synonyms

Magnesium ocradecanoate; octadccanoic acid. magnesium
salt; stcaric acid, magnesium salt.

3 Chemical Name and CAS Registry Number

Ocradecanoic acid magnesium salt 1557—04~0]

4 Empirical Formula Molecular Weight

C35H70M304 5 91.34
The USPNF 20 describes magnesium stearate as a com-

pound of magnesium with a mixture of solid organic acids that
consists chiefly of variable proportions of magnesium stearate
and magnesium palmitate {C‘uHnggOril The PhEur 2002
describes magnesium stearate as a mixture of magnesium salts
of different fatty acids consisting mainly of stearic acid and
palmitic acid and in minor proportions other fatty acids.

5 Structural Formula

[CHleHzltsCOOleg

6 Functional Category

Ta blet and capsule lubricant.

7 Applications in Pharmaceutical Formulatim
or Technology

Magnesium-Stewart is widely used in cosmetics, foods, and
pharmaceutical formulations. It is primarily used as a lubricant
in capsule and tablet manufacture at concentrations bemeen0.2 ‘ . .

smilialnél 5.0% wtw. It is also used In barrier crea ms. 39,, also

IDosci-iptlon

Magnesium steal-ate is a fin ' '. e, white. preci itated '
impalpable powder of low bulk density, havlJng a faifll 33::
stearic acid and a characteristic taste. ‘

the touch and readily adheres to the 3:51: WWder 15 greasy to

9 Phannucw Spas-iii I' s
See Table l.

354
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'luble l: Phormocopeiol specifications for mognesmm “an' |'Oh

fa
Identification + + +
Characters — + a

Microbial limits + + +
Aerobic microbes of WOO/g ‘ H

Fungi and yeasts 2:500/9 _ H
Acidity or alkalinity + +
Acid value of the lofty acid —- 195:2“) ..

Freezing point +— 353 C _
Nickel — 5:5 ppm _

Cadmium — c 3 PW" ‘

Specific surface area — ._ +
Loss on drying g 6.0% g 6,023 ctr.
Chloride {20.1% 30. its, sort:
Sulfate s; l. 33 £0.53; : l 0?:

190d _ s Toppm (000::
Heavy metals :8: 20 ppm — _
Relative steoric/pnlmilic + + t

content

Organic volatile impurities — _ .
(LO—5.0% 40—50% 4.04 o:Assay [dried ns Mgl
 

10 Typical Properties

Crystalline forms: high-purity magnesium stearatc has but
isolated as a ttihydratc, a dihydrarc. and an anhvdrttr.

Density (bulk): 0.159gzem‘ ‘
Density {tapped}: 0.286 gfcm‘
Density {true}: 1.092 91cm"
Flash point: 2502C

Flowability: poorly flowing, cohesive powder.
Melting range:

117—15013 (commercial samples!
126—130”C (high purity magnesium stearartl

Solubility: pracrically insoluble in ctlmmil, crhanu
ether and water; slightly soluble in “arm hem-5"“
warm ethanol [95 %_‘I.

Specific surface area: l.6—l4.8 ”‘1'sz

[ r9.i"v'-

I 1 Stability and Storage Conditions

MagfleSium steamte is srablc and should he 5mm"
closed container in a cool, dry place.

in '3 "fir

l2 lneompufibilifios Aat:
. , - salt" ' .1

Incompatible with strong acids, alkaiis. NJ "011- sit-1”e — . . p a I I S!

mixing with strong oxtdlzmg alarm-“'5' Mf‘flime
cannot be used in Products containing “Firm"
and most alkaloidal salts.

vii-“mm
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r 

13 "' th \ia _e od of Manufacture 
• &nesuun st · · · f 
'~Jileou . earate IS prepared either by the mteracuon ° 
l~ '-· shsolutions of magnesium chloride with sodium stearate 
. uy t e tnt . d 'd 
-<~bonate . eractwn of magnesium oxide, hy rma e, or 

With Stearic acid at elevated temperatures. 

:l l4 Safety \t. 
> &nesjll!n st . . I . 
. 'tllt and · earare 1s widely used as a pharmaceunca exci-

: .~'1 adn/ generally regarded as being nontoxic following 
:Jantititsllltstration. However oral consumption of large 

nnay od , I . . . 
pr uce a laxative effect or mucosa Irrttanon. 

Magnesium Stearate 355 

No · · · tOXICity mformatio . 'I 
routes of occupat' 

1 
n IS avat able relating to normal 

1ona expo L' · f magnesium stearat h b sure. trntts or heavy metals in 
sium stearate w e ave een evaluated in terms of magne-
. . orst-case dail · k d h smon.Ol Y mta e an eavy metal compo-

Toxicity assessme t f . 
indicated th t · . n s 0 magnesmm stearate in rats have 
when ad . a It Ids not trntaung to the skin, and is nontoxic 

mmtstere orally or inhaled.<2,3) 
Magneswm stearate h b h . . wh · 1 . as not een s own to be carcmogemc 
en rmp anted mto the bladder of mice. (4) 

LDso (rat, inhalation): >2 mg!L'2l 
LDso (rat, oral): >lOg/kg 

1 5 Handling Precautions 

Observe n?rmal precautions appropriate to the circumstances 
and quantity of material handled. Eye protection and gloves 
are recommended. Excessive inhalation of magnesium stearate 
dust may. cause uppe~ respiratory tract discomfort, coughing, 
a nd chokmg. Magnestum stearate should be handled in a well
ventilated environment; a respirator is recommended. 

16 Regulatory Acceptance 

GRAS listed. Accepted as a food additive in the UK. Included 
in the FDA Inactive Ingredients Guide (oral capsules, powders, 
and tablets; buccal and vaginal tablets; topical preparations). 
Included in nonparenteral medicines licensed in the UK. 

17 Related Substances 

Calcium stearate; stearic acid; zinc stearate. 

18 Comments 

Magnesium stearate is hydrophobic and may retard the dis
solution of a drug from a solid dosage form; the lowest possible 
concentration is therefore used in such formulations. (S-lOl 
Capsule dissolution is also sensitive to both the amount of 
magnesium stearate in the formulation and the mixing time; 
higher levels of magnesium stearate and long mixing times can 
result in the formation of hydrophobic powder beds that do 
not disperse after the capsule shell dissolves.P 1' 

12l 
An increase in the coefficient of variation of mixing and a 

decrease in the dissolution rate have been observed following 
blending of magnesium stearate with a tablet granulation. 
Tablet dissolution rate and crushing strength decreased as 
t he time of blending increased; and magnesium stearate may 
also increase tablet friabi lity. Blending times with m~esium 
stearate should therefore be carefully controlled. (!3-l 

The existence of various crlstaUine forms of magnesium 
stearate has been establishedY -321 A trihydrate, a dihydrate, 

h d h b · I t d ts,3o,3 t,33l d and an an y rate ave een tso a e , an an amor-
phous form has been observed. '

341 
While the hydrate forms are 

sta ble in the presence of m~tsture, the anhy~rous form adsorbs 
moisture at relative hmrudtty up to 50 Yo, and at higher 
h midities rehydrates to form the tribydrate. The anhydratc :n be formed by drying either of the hydrates at 105oc .<311 
c It has not been conclusively established which form of pure 

gnesium stearate possesses the best lubricating proper
~a (29.30,34,35) Commercial lots of magnesium stearate gener-
ues. . f 11. f (30,32,36-38) 11 consist of mixtures o crysta me orms. Because 
~f ythe possibility of conversion of. crystalline forms during 
heating, consideration should be g1ven to the pretreatment 

- --------111111 

,.___....;.__._i_.-..--

__...-iumwmb‘

 
SE“: 3
Li "ptent.' Magnesium stearate

I'tdfrrm: 1400 X 

 
gleam“? 15 prepared either by the interaction of

e 1.1mm of magnesium chloride with sodium s'tearate
1marathon of magnesium oxide, hydromclc. or

w" “Citric acid at elevated temperatures.

‘ soil

{in?“ . -
741113113? stearate is widely used as a pharmaceutical reiter—
_ [Farrier-.111}, regarded as being nontoxic followmg
"intro“ I“summit. However oral consumption of W93

may pmducc a laxative effect or mucosal il’nmtlon'
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Nu toxicity information is and
route» of occupational exposure ‘
magncsnnn stearare have been c-
sruni stearnte worst—
sii'ion.' '3

able relating to normal
[units for heavy int-rah in

. valuated in terms of magne-
can: dull); intake and heavy metal compo-

Toxicity asse-_ _ figment» of IlluInCSjl . . ._ - . ._ \ lot are. — i
lIldtcntetl that it E. ”trait. IrI rm. have
Wh , 'd . . 1" not ”milling [U the skin. and is nontoxic

{.11 .1 ministered (mile or inhaled ii.““a . . , . '
wl i‘ Igrteslum arc-irate has not been shown to he carcinogen“:

1m implanted into the bladder of I‘lIiL‘L‘.I4I

LDm {ran inhalation]: altllgflr'l"
1.13m it'flt‘ oral}: >|il gfkg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances
and quantity oi material handled Eye protection and gloves
are recimimended. Excessive inhalation of i‘ilagnesium Stearfltf.‘
dust may cause upper respiratory tract discomfort. coughing.
and choking. Magnesium stearate should he handled in a well—
vcmilated environment; a respirator is recommended.

16 Regulatory Accephnce

(ERAS listed. Accepted as a food additive In the UK. Included

in the FDA Inactive Ingredients Guide [oral capsules. powders.
and tablets; initial and vaginal tablets; topical preparationsl.
Included in nonparenteral medicines licensed in the UK.

'7 Related Substances

Calcium stearate; stearic acid; zinc stearai’c.

18 Comments

Magnesium stearate is hydrophobic and may retard the dis—
solution ofa drug from a solid dosage form: the lowest possible
concentration is therefore used in such foriilulal'ions.'"H”

Capsule dissolution is also sensitive to both the amount or
magnesium steararc in the formulation and the muting; time;
higher levels of magnesium stearare and long mixing times can
result in the formation of hydrophobic powder Wheels that do
not disperse after the capsule shell dihstflvcs.” l" "’-

An increase in the coefficient oi variation ot mixing and a
decrease in the dissolution rate have been observed loihiwing

blending of magnesium atearare with a tablet granulation.
Tablet dissolution rate and crushing strength decreased as
the time of blending increased: and magnesium wtearnte may

tease tablet friabilit)‘. Blending. time» with magnesium
also inc d ll t—2.-tsteatate Should therefore be carefullr coon-oily

The existence of various cztg'altfillint-‘totms of magnesmm
stearate has been established: _ “' Alfiflfiifiljm‘m It chhydrntc.
and an anhydrfll'c liflVC‘ been isolated, ' " " ' and an amor-

. ' \ 1 .. . ,‘ 4] While the hvdrat ': tor .
phons iotm has been ohbcrved . . _ t ms are
stable in the presence at moisture. the anhydrous term adsorbi-
moisture at relative humidity up [.0 30%, and at higher
humidities tehydtates to form tht‘ mhydrate. 1hc.a’.'.h.yfiilil.k
can be formed by drying either of the hydrates: at IUD 1.: '

It has not been conclusrvely CfitflbllfihEd Wthl't form 0! pure
magnesium stearate possesses the best lubricating proper-
ties_r29.3tt,34.35! Commermal lots Of magnesrdtr’nusrfigglte gener-
ally consist of mixtures ofcrys‘talline forms. " BecauSe

]ity of conversmn of crystalline forms during3 OSSlbl .
giattlingp Consideration should be given to the pretreatment3
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356 Magnesium Stearate 

conditions employed when determining physical PGWerries of 
. m stearate powders such as surface area. 

ma~~~~~i~al pro~erries of magnfesium sr(~~fa~~;:~ls;acl;e a~~Yrci~ 
batches from d1fferent manu acturers f 
state characteristics of the powder are influe~ced by manu ac-

- 1·ables (l9l Variations in the physiCal propernes of 
runng var · h dor 
different lots of magnesium stearate from t e same ve~ 
h ve also been observed. (38l Presumably because of oese 
v:riations, it has not been possi~le to conclustvely co1~g~ate 
the dissolution rate retardanon wtth observ~d lubnctty. f 

However, various phystcal propernes of different b~tche~ o 
magnesium stearate such as specific surface area, ~arncle s1z:, 
crystalline structure, moistu~e content, and ~a tty a(~~~3~3~f8~!t 
tion have been correlated wtth lubncant efficacy- . 
45l Reduction in dissolution caused by the effects of magnesmm 
stearate in some cases can be overcome by including a hjghly 

[ d. · . I f l . (46l swe ling 1smtegrant m t 1e ormu anon. _ 
There is evidence to suggest that the hydrophobtc nature of 

magnesium stearate can vary from batch to batch owmg to the 
presence of water-soluble, surface-active impurities such as 
sodium stearate. Batches containing very low concentrations 
of these impurities have been shown ro retard the dissolution ?f 
a drug to a greater extent than when using batches that conram 
higher levels of impurities. (40) One study related lubricity to the 
fatty acid composition (stearate: palmitate) of lubricant lots 
for tablet formulations based on compaction data and tablet 
material properties.(4S) However, other studies have indicated 
that fat~ acid composition has no influence on lubricant 
activity(3 l and high-purity magnesium stearate was as effec
tive a lubricant as the commercial material. (tO) 

The EINECS number for magnesium stearate is 209-150-3 . 
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ployed when determining phystcal properties ofconditions cm H

magnesium stearate powders such as surface area. a‘ among
Plivsical Properties of magnestum mitigate L311 V lly' olid—

batchés from different manufacturers because til. 5 f --
State characteristics of the powder are mflucnced by manu “if
turing variables."°’ Variations in thC Physic-”ll Pr'ill’m'ml‘dIL
different lots of magnesitim‘stearate from the same ven or
have also been observedml Presumably because of these
variations, it has not been possible to conclusively-correlate
the dissoluticin rate retardation with observed lubricity.

However, various physical properties of different batches of
magnesium Ste-a rate such as specific surfacearea, particle 512e,
crystalline structure, moisture content, and tarry alililfiliql soil:
tion have been correlated with lubricant efficacy. " " _'
‘5' Reduction in dissolution caused by the effects of magnesrum
stearate in some cases can be overcome by including a highly

swelling disintegrant in the formulationdm _
There is evidence to suggest that the hydrophobic nature of

magnesium srearate can vary from batch to hatch owing to the
presence of water-soluble, surface—active impurities such as
sodium Stearate. Batches containing very low concentrations
of these impurities have been shown to retard the dissolution or
a drug to a greater extent than when using batches that contain
higher levels of ilnput'itics.Hm One study related lubricity to the
fatty acid composition {stearate :palmitate) of lubricant lots
for tablet formulations based on compaction data and tablet
material properties.“m However, other studies have indicated

that fattg acid cornposition has no influence on lubricant
activity:3 1 and high—purity magnesium stearate was as effec—
tive a lubricant as the commercial materialfml

The EINECS number for magnesium stearatc is 209—150—3.
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Polyethylene Glycol 

1 Nonproprietary Names 

BP: Macrogols 
JP: Macrogol 400 

Macrogol1500 
Macrogol 4000 
Macrogol 6000 
Macrogol 20000 

PhEur: Macrogola 
USPNF: Polyethylene glycol 

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

3 Chemical Name and CAS Registry Number 

a-Hydro-ro-hydroxypoly( oxy-1,2-ethanediyl) [25 322-68-3] 

4 Empirical Formula Molecular Weight 

HOCH2(CH20CH2)mCH20Hwhere m represents the average 
number of oxyethylene groups. 

Alternatively, the general formula H(OCH2CH2),0H may 
be used to represent polyethylene glycol, where n is a number 
m in the previous formula + 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. 

Table 1: Structural formula and molecular weight of typical poly· 
ethylene glycol polymers. 

Grade 

PEG 200 
PEG 300 
PEG 400 
PEG 540 (blend) 
PEG 600 
PEG 900 
PEG 1000 
PEG 1450 
PEG 1540 
PEG 2000 
PEG 3000 
PEG 3350 
PEG 4000 
PEG 4600 
PEG 8000 

454 

m 

4.2 
6.4 
8.7 

13.2 
15.3 
22.3 
32.5 
28.0-36.0 
40.ChSO.O 
60.0-75.0 
75.7 
69.0-84.0 
104.1 
181.4 

Average molecular 
weight 

190-210 
285-315 
380-420 
500-600 
570-613 
855-900 
950-1050 
1300-1600 
1 300-1600 
1800-2200 
2700-3300 
3000-3700 
3000-4800 
4400-4800 
7000-9000 

5 Structural formula 

H H 

I I 
HO-~- (CH2-0-CH2)m-~-OH 

H H 

6 Functional Category 

Ointment base; plasticizer; solvent; suppository base; rabl~ 
and capsule lubricant. 

7 Applications in Pharmaceutical Formulation 
or Technology 

Polyethylene glycols (PE<?sl ar.e wid~ly used in a variery 01 
pharmaceutical formulations mclud.mg parenteral, tOpical. 
ophthalmic, oral, and rectal preparations. 

Polyethylene glycols are stable, ~ydrophi lic. substances that 
are essentially nonirritant to the skm; see Sectton 14. They do 
not readily penetrate the skin, although the polrerhykoe 
glycols are water-soluble and are easily re~oved from tht 
skin by washing, making them useful as omt~enr bases. 
Solid grades are generally employed in topical omrmems. "1tb 
the consistency of the base being adjusted by the addmon ol 
liquid grades of polyethylene glycol. 

Mixtures of polyethylene glycols can be used as suppomo~ 
bases 12' for which they have many advantages over fats. for 

' fh · bemade example the melting point o t e suppository can . 
higher t~ withstand exposure to warmer climates; releas~ 0

1
1 

. d I . . r· rhe phnKJ the ?:ug ts not depe~ ent upon me tmg ~0111. ' r~adlh 
stabtlity on storage 1s better; and suppoSitories are . he 
miscible with rectal fluids. Polyethylene glycols ha1e_t:,

1 
following disadvantages: they are chemically more re~~·oid 
than fats· greater care is needed in processmg ro oi 

' . . s rhe rate inelegant contraction holes in the supposJtone ; h the 
release of water-soluble medications decreases lwnl· anJ 
increasing molecular weight of the polyethylene g yeo ~cou, 
polyethylene glycols tend to be more irritating tO m 
membranes than fats. sed either a> 

Aqueous polyethylene glycol solutions can be u . rency ol 
suspending agents or to adjust the viscosity and consiS n 

1
,·1th 

h . . d · llJ.WlCtlO ot er suspendmg vehtcles. When use tn co muls1on 
other emulsifiers, polyethylene glycols can act as e 
stabilizers. miscible 

L. "d I h d as water· r 
I qUI po yet ylene glycols are use Howeve · 

solvents for the contents of soft gelatin capsules. ferenf131 

they may cause hardening of the capsule shell by pre 
absorption of moisture from gelatin m the shell. 

1 
pEG J{ll: 

In concentrations up to approximately 30% f~rv,parenrerl 
and PEG 400 have been used as the vehicle h! 
dosage forms lar·'''e1~ 

I t· · · h molecu bk1 
n so 1d-dosage formulations, hig er-. ess of 1~ ., 

P?lyethylene .glycols can enhance the effe~_nv~owe'•er. .;~ 
bmders and Impart plasticity to granules. 

1 
nc. and' 

hovo only limitod binding ootion whon osod ' 0 ~ 

-1.” y t. \I -

I Nonpropfimfl Names

BP: Macrogols

IP: Macrogol 400
Macrogol 1500
Macrogol 4000
Mactogol 6000
Macrogol 20000

PhEur: Macrogola
USPNF; Polyethylene glycol

2 Synonyms

Carbowax; Carbowax Sentry; Lipo; Lipoxol; Lutrol E; PEG;
Plrrriol E; polyoxyethylene glycol.

3 Chemical Name and CAS Registry Number

u-Hydro—tu—hydroxypolyioxy-1,2-ethanediyl} [25322-686]

4 Empirical Formula Molecular Weight

H0CH2(CH20CHzlmCH20Hwhete it: represents the average
number of oxyethylene groups.

Alternatively, the general formula HtOCH;CH;),,OI-I may
he used to represent polyethylene glycol, where n is a number
m in the previous formula + 1.

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

Table I: Structural Formula and mole ] . hi f _
Elhyiene glycol polymem CU Of WEIQ O IYPICCII Pal)!-
____________________
Grade

an Average mdewlcir
weight

________________________

PEG 200 4.2 190210
PEG 300 6.4 235415
PEG 400 3.7 380—420
PEG 540 {Hand} — 500-600
PEG 600 13.2 570-613
PEG 900 15.3 355—000
:g 1300 22.3 950-1 050
PEG 1533 32.5 1 300.1 600
PEG 2000 ig'gg’g l 300—] 600. . 1

:EG 3000 60.0—75.0 2 3333 200
E6 3350 75.7 a 000.3 300

iii: 4000 09.0—34.0 3000—403
4000 104.1 4400—4

PEG 8000 181.4 7000.9%

454
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5 Structural Formula

H H

| l
HO—C_ {CHE—O—CHflmfiC *--—OH

H H

6 Functional Category

Ointment base; plasticizer: solvent; supposiror- l' hair; up,
and capsule lubricant. \ ..

7 Applications in Pharmaceutical Formulation
or Technology

Polyethylene glycols (PEGs) are widely used In a main-..-

pharmaceutical formulations including parenter.1|.u.r.L-_-,:
ophthalmic, oral. and rectal preparations.

Polyethylene glycols are stable. hydrophilic SLIlJSTJTICt-tnu'
are essentially nortirritant to the skin; see Section H. The. Q.

not readily penetrate the skin. although the pnltcrhtliz
glycols are water-soluble and are easily removed l'rnm
skin by washing, making them useful as ointment into
Solid grades are generally employed in topical ointmentmei
the consistency of the base being adjusted by the addtutrnn-i
liquid grades of polyethylene glycol.

Mixtures of polyethylene glycols can he used .15 suppnilm'f-
basesalz' for which they have many advantages over his. F~--’
example, the melting point of the suppository can httmdr
higher ro withstand exposure to warmer climates; rrltihtt
the drug is not dependent upon melting point; [hr Phi-“fl"
Stability on storage is better: and suppositories .m’ unit'-
miscible with recral fluids. Polvethvlene glyu'lls h“ ”T
following disadvantages: they are chemically 91"“? man‘s
than fats: greater care is needed in processlflii “3 N:
Ellelf—‘lfi‘fiint contraction holes in the suppositories: the faith-
release of water-soluble medications decreases “'Illl If":
Increasing molecular weight of the polyethylene Ellwllh
POIYCthleHE glycol; tend to he more irritfltlllg ‘0 "1

membranes than fats. 110-“
Aqueous Pf’ll’mhylene glvcol solutions can he med, r” .r." '

SusPending agents or to adjust the viscosity and '-' .
“the: S“5"13'31'ldil1g vehicles. When used in conjuncil
”he? emulsifiers, polyethylene glvmls can act :15 ”'1
stabilizers. '

Liquid POIYthYlfinc glycols are used as W
solvents for the contents of son gelatin capwlcs'
‘hey may cause hardening of the capsule shell bi P"
absorpt'ofl of moisture from gelatin in the shtfll- .

in (Pncentrations “P to approximately 30"?" if!“ a
and PLG 4'00 have been used as the vehiclf‘ wt 1‘!
dosage forms.

In solid-dosage formulations. hig _ . 0
afllyethylenc BlYCOls can enhance the cflc'flf‘finjicvcr. [hi-i
hfiders [and Impartplastieity‘to yanullfis- d alflflc' min.

I: (my llmlted binding action when 115':

if
UIEIJ‘ "

. I .

ater‘nn-‘iil‘ll
llnuf‘rli

{Eli-fir”

PEG
[cl-”(fl

.11:
.u'l‘ll' .

her-molecularf [JHL-
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r 

d 
.. regration if pn:sent in concentrations great h 
tSIU f h I . er t an 

..rt~onS .vJhen used or t ermop asttc granulation (4--6) 
I' ·/W· W J d . . s, a 
;•. 11 

1
. rhc pow ere constttuents With 10- lSo' 1 · · rc 0 70 75·C Th 

10 
w w m•~ 00 is hc.ned .to . - . . e m~ss becomes pastel ike 

rft• 60 .,nnules tf snrred wlnle cool mg. This techn· . 
d tor111S .- ' · f d f tque IS 

1o. . rhe prepa ration o osage orms such as lo 
lui tor . . . . d zenges 

ui! rolnnged dismtegratton 1s reqUire . 
,(nen

1
P.thrlene glycols can a lso be used to enhance h 

Po )t . .I. d' I . h . . t e . solubt 1ty or 1sso unon c aractensttcs of 1 
,,u(OU> d b k' I'd d' poor Y 

J, c] compoun s Y ma mg so t 1spersions with 
•Jltw e h I I I t7 l A . I an . ropri<He polyet y ene g yeo . mma studies have also 
~n performed .using polyethylene glycols as solvents for 

'd· 1·11 osmottc pumps. 
srtro' ' I'd d f In lilm coatings, so 1 gra. es o polyethylene glycol can be 
used alone for the. film-coat~ng of tablets or can be useful as 
h,·drophilic pohshm~ mate~tals .. sohd ?rad~s are also widely 

1~ as plastrctzers m con]unctton w1th film-forming poly
ntefS·'"I The presence of polyethylene glycols in film coats, 
e;pe.:ially of ltqmd grades, tend~ to mcr~ase their water perme
a~iliry and may reduce protectton agamst low pH in enteric
coanng films. Polyethylene glycols a.re useful as plasticizers in 
microencapsulated products to av01d rupture of the coating 
film when the mtcrocapsules are compressed into tablets. 

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

In addition, polyethylene glycols have been used in the 
preparation of urethane hydrogels, which are used as con
rrolled-release agents. 

8 Description 

The. ~SPNF 20 describes polyethylene glycol as being an 
addmon polymer of ethylene oxide and water. Polyethylene 
glycol grades 200-{)00 are liquids; grades 1000 and above are 
sohds 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 oc.cur as a solid at ambient temperatures. 

Sohd grades (PEG>1000) are white o r o ff-white in color, 
~drange in consistency from pastes to waxy flakes. They have 

famt, sweet odor. Grades of PEG 6000 and above are 
available as free-flowing milled powders. 

9 
Pharrnacopeial Specifications 

See Table 11. 

10 1' • yPtcal Properties 
Density: 

::; ~-1.14 g/cm3 at 25°C for liquid PEGs 
Flash · -.1.21 g/cm3 at 25"C for solid PEGs 

I 
potnt: 

82° 213:~ for PEG 200 
23 • . for PEG 300 d.c for PEG 400 

l'r~· C for PEG 600 
•ng Point: 

..; -Gs··c - Is t PEG 200 sets to a glass 
i-.S··c ~ - 8''C for PEG 300 
1 S-z .. or PEG 400 5 C for PEG 600 

Polyethylene Glycol 455 

Melting point: 
3 7-40 C for PEG 1000 
44-48"C for PEG 1500 
40-48 C for PEG 1540 45-so·c for PFG 2000 
48-54' C tor PEG 3000 
50-58 C for PEG 4000 
55-63 C for PEG 6000 
60-63 C for PEG 8000 
60-63 ·c for PEG ~0000 

Moisture co r 1· 'd 1 . n cnt: •qut po yerhylene glycols are very hygro-
scopic, althOL~gh hygroscopicity decreases with increasing 
molecular we1ght. Solid grades, e.g., PEG 4000 and above, 
a.re no.t hygroscopic. See Figures 1-3. 

Particle s1zc distribution: see Figures 4 and 5. 
Refractive index: 

n2' = 1.459 for PEG 200 
"£5 

= 1.463 for PEG 300 
n~ = 1.465 for PEG 400 
nd = !.467 for PEG 600 

Table It: Pharmacopeial specifications for polyethylene glycol. 

Test JP 2001 PhEur 2002 USPNF 20 

ldenti~cation + + 
Characters + 
Appearance of + + 

solution 
Density See Table IV 
Freezing point See Table Ill See Table IV 
Viscosity See Table IV See Table V 

Average molecular See Table Ill See Table V 

weight 
pH (5% w/v See Table Ill 4.5-7.5 

solution) 
Hydroxyl value See Table IV 

Reducing + 

substances 
Residue an ignition See Table Ill ~0. 1 % 

Sulfated ash ~0.2% 

limit of ethylene ~025% ~ 0.4% ~0.25% 

glycol and 
diethylene glycol 

Ethylene oxide ~ 1 ppm ~ 10ppm 

1 ,4-Dioxane ~ lOppm ~ 10ppm 

Heavy metals ~ 20ppm ~ 5ppm 

Organic volatile + 

impurities 
~ 1 .0% ~ 2 .0% Water 

Formaldehyde ~ 15ppm 

Table Ill: Specifications from JP 2001 . 

Type of Average Freezing pH (5% w/v Residue on 

PEG molecular point (·q solution) ignition 
weight 

400 38~20 4-8 4.0-7.0 ~0 . 1 '70 

1500 
37-41 4.0-7.0 ~0. 1 % 

4000 2600-3800 53--57 4.0-7.5 ~0.25% 

6000 7300-9300 56-61 4.5-7.5 ~ 0.25% 

20000 15 000-25 000 56-64 4.5-7.5 ~0.25% 
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Table IV: Specifications from PhEur 2002. 

Density (g/cm3) Freezing point (oC) Hydroxyl value 
Type of PEG 

340-394 
300 1.120 264-300 
400 1.120 178-197 
600 1.080 15-25 

107- 118 35-40 1000 1.080 
70-80 

1500 1.080 42-48 
34-42 

3000 1.080 50-56 
30-38 

3350 1.080 53-57 

4000 1.080 53-59 25-32 
16-22 

6000 1.080 55-61 
12-16 8000 1.080 55-62 

20000 1.080 ~57 

35000 1.080 ~57 

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 ?f 
higher-molecular-weight grades may form gels. L1qmd 
polyethylene glycols are soluble in acetone, alcohols, ben
zene, glycerin, and glycols. Solid polyethylene glycols are 
soluble in acetone, dichloromethane, ethanol, and metha
nol; they are slightly soluble in aliphatic hydrocarbons and 
ether, but insoluble in fats, fixed oils, and mineral oil. 

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

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

11 Stability and Storage Conditions 

Polyethylene glycols are chemically stable in air and in solu
tion, 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 g!ycols and aqueous polyethylene glycol solu
~IOns. c~n ~;l stenhzed_ by autoclaving, filtration, or gamma 
lffadiatlon. Srenhzatwn of solid grades by dry heat at l5Q°C 
for 1 .h?ur may in~uce oxidation, darkening, and the formation 
of a~Idic de?rada:10n products. Ideally, sterilization should be 
earned out m an mer~ at~?sphere. Oxidation of polyethylene 
glycols. may also be mh1b1ted by the inclusion of a suitable 
antiOXIdant. 

If heated tan~s are used to maintain normally solid poly-
ethylene glycols m a molten state care must be taken t 'd · . . h. ' 0 aVO! 
contammano n w1t Iron, which can lead to discoloration. The 
temperature must be kept to the minimum necessary t 
flu'd'ty ·d · o ensure 

1 1 ; oxt anon m~y occur if polyethylene glycols are 
exposed for long penods to temperatures exceedin sooc 
H~wever, storage under nitrogen reduces the poss·bg·l· f. 
OXIdatiOn. I I lty 0 

. Poly~thylene glycols should be stored in w II- I d 
t~mers m a cool, dry place. Stainless steel alum~nu~ose con
lined steel containers are preferred f 'h 'glass, or 
grades. or t e storage of liquid 

12 Incompatibilities 

The chemical reactiviry of l h I 
c~::mfinecl to the two terminal ~o J:~ y ene glycols . is mainly 
either esterified or etherified Hy xyl groups, which can be 

. owever, all grades can exhibit 

Viscosity (dynamic) [mPa s (cPJl Viscosity (kinernotic) [ 
rnrnl; 

71 94 SkS!jj 
80 105 
105- 130 94 116 

15-20 13.9-18.5 

22-30 20.4-27.7 
3 1-46 34-50 

75- 100 69-93 

83-120 76-110 

110-170 102-158 
185-250 200-270 

260-510 240-472 

2 700-3 500 2500-3200 

11000-1 4000 10 000-13 000 

som e oxidizing activity owing to the presence of 
impurities and secondary products formed by autoxid~roxlde 

Liquid a nd solid polyethylene glycol grades may be Ion. 
pa tible with some coloring agents. mcom. 

The antibacterial activity of certain antibiotics is reduced 
polyethylene glycol bases, particularly that of penicillin a 

1~ 
bacitracin. The preservative efficacy of the parabens mar at"' 
be impaired owing to binding with polyethylene glycols~ 10 

Physical effects caused by polyethylene glycol bases mclud~ 
softening and liquefaction in mixtures with phenol, ranru, 
acid, and salicylic acid. Discoloration of sulfonam1des anc 
dithranol can also occur and sorbitol may be precipi!oieJ 
from mixtures. Plastics, such as polyethylene, phenollormal
dehyde, polyvinyl chloride, and cellulose-ester membranes m 
filters ) may be softened o r dissolved by polyethylene glrcoll. 
Migration of polyethylene glycol can occur from rabler film 
coatings, leading to interaction with core components. 

13 Method of Manufacture 

Polyethylene glycols are condensation polymers formed b) Ite 
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 phannJ· 
ceutical ~ormulations. Generally, they are regarded as nonroxi• 
and nomrnrant materials. (10-I:tl 

Adverse reactions to polyethylene glycols have ~:. 
reported, the greatest toxicity being with glycols of l?w ~0 

.. 

cular weight. However the toxicity of glycols are relaovel) 
01
:e 

P I h 1 1 ' · II maY cau . ? yet y ene. g ycols administered top1ca Y br:Jnrl· 
stmgmg, especially when applied to mucous mem hed 
Hypersensitivity reactions to polverhvlene glycols apP.0d 

· II · · · cana .. top•ca Y have also been reponed, includmg urti 
delayed allergic reactions.U3l . h ol)'(rh) 

The most serious adverse effect~ .1ssociare~ WJ~ ;nd renJI 
lene glycols are hyperosmolarity metabolic acidosiS, l · j,ur!l 

failure following the topical use ~f polyethylene glycol 
5 1~1 Ient Pat' (14) . . . . pover h 

Ients. Top1cal preparations conramwg : rs 1111 

glycols should therefore be used cautiously in panen 
renal failure, extensive burns, or open wounds. 

1
• 1hylene 

Oral administration of large quantities .of po ~~co 41. 
glycols can have a laxative effect. Therapeunc~lly, Iecui,Jf 
of an aqueous mixture of electrolytes and h•g~-~~ under· 
w~ight polyethylene gly~ol is consumed by panen 
gomg bowel cleansing. C1~ l 
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f igure 3: Equilibrium moisture content of PEG 6000 at 25 C. 
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458 Polyelhylene Glycol 
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Figure 5: 
Particle size {!J m) 

Particle size distribution of PEG 4000 and PEG 6000 
powder. 
0 : PEG 4000 powder 
6 : PEG 6000 powder 

Liquid polyethylene glycols may be absorbed when taken 
orally, bur the higher-molecular-weight polyethylene glycols 
are not significantly absocbed 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 10 mg/kg body-weight.116> 

In parenteral products, the maximum recommended con
centration 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. 

15 Handling Precautions 

Observe normal precautions appropriate to the circumstances 
and quanrity of material handled. Eye protection is recommended. 

16 Regulatory Stotus 

Included in the FDA Inactive Ingredients Guide (dental pre
parations; 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. 

17 Related Substances 

Polyoxyethylene alkyl ethers; polyoxyethylene sorbitan fatty 
acid esters; suppository bases. 

18 Comments 

--------

Table V: Specification for viscosity of polyeth 
1 nominal molecular weight at 98.9 C + 0 3 trene glycol of !I. 

- - ----------=:-........:.· rom th "<e 
. ~~ ~ Type of PEG (nom mal average Viscosity (kinetnq . iiiF 2o 

molecular weight) lk) rlllflll/r,, 

200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1450 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3250 
3350 
3500 
3750 
4000 
4250 
4500 
4750 
5000 
5500 
6000 
6500 
7000 
7500 
8000 

I""'] 
3.9--4.8 
5 .4--6.4 
6.8-a.o 
8.3-9.6 
9.9-11.3 
11.5-13.0 
12.5-14.5 
15.0-17.0 
16.0-19.0 
18.0-22.0 
20.0-24.5 
22.0-27.5 
24-30 
25-32 
26--33 
28-36 
31-39 
33-42 
35-45 
38-49 
40-53 
43-56 
46-60 
49-65 
51-70 
54-74 
57-78 
60-<33 
64-·B8 
67-93 
73-105 
76-110 
87-123 
99-140 
110-158 
123-177 
140-200 
155-228 
170-250 
206--315 
250-390 
295-480 
350-590 
405-735 
470-900 -25 Cand99C. Table Vl: Viscosityaf selected polyethylene glycols at ----

Type of PEG Vi~mity~ 

PEG 200 
PEG 300 
PEG 400 
PEG 600 

PEG 1 000 solid 
PEG 2000 solid 
PEG 4000 solid 
PEG 6000 solid 
PEG 20000 solid 

2s·c ~ 
39.9 
68.8 
90.0 
131 
19.5 
47 
180 
580 
6900 

4.4 
5.9 
7.4 
11.0 
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l200 20 0~24 .520 1300 220—27 5
I400 2443010 M50 25—32
1500 20—330 1600 28—360 4° 3° 12° '60 200 1700 3 LavParticle size (pm) 1300 33.42Figure 5: Particle size distribution of PEG 4000 and PEG 6000 1900 35,45powder. 2000 38—490: PEG 4000 powder 2 l 00 40453A: PEG 5000 powder 2200 434::
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Polyethylene Glycol 459 

v'll' Mir!lOI toxicity date (LDsol for various grades of polyethylene glycoi.II7J 

~ LDso (g/kgl 

fEGgtede --Guinea pig (oroO Mouse (IPl Mouse (IV) Mouse (oral) Rabbit (oral) Rabbit (IV) Rat (IP} Rat(M Rat (oral) 

7.5 34 

t;G1fJ 
pEG300 

19.6 
10.0 

]5.7 
8.6 28.9 

1fG400 47 
1fG600 20 
1fG 1()00 

28.9 ~G !500 
PfG 4000 50.9 16 

pEG6COO 50 
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toxicity data [L050] for various grades of polyalhyleno glycol.“ n
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Sodium Stearyl Fumar t . .. " 

I Moi'Proprfetary NarN~I 
Sod unr ~rearyl fumarate 

&P: r· ~arnl ~r~:ar)·li~ fumara~ 
Pb~~ .;.: ~(ldium ~rcaryl fumarate 
t ~P~• .. 

2 SynO"Y"'• 
lunurtc acid, c>'tadecyl ester, sodium salt; Pruv; sodium 
ClOn~tcaryl fumarate. 

3 Chemical Name and CAS Registry Number 
;.B~tcneJ1uic acid, munooctadeql ester, sodium salt 14070· 

10-SI 

4 Empirical Formula 

LuH.19Na04 

5 Structural Formula 

H 0 

Molecular Weight 

390.5 

I II 
~-C-(CHV17-0-C / H 

I "c===c 
/ ' -H H' c-o 

II 
0 

6 Functional Cat . 8fO'Y 
fahfer d . an ca~ule lubm:ant. 

7 ~· in Phannaceutfcal formulation 
~ •. ~Or~ d 

'~~•um ~~. 1 f . · ·a""'ule an ~l~fet 
1
, tary umaraU: i.o, u~M:d a!> a lubru.:ant 10 

.' ~'(i-"1 It is 
•I·· mnulati!m~ at () 5-., O'IJ wlw conccnrranon. 
~'fl\ed . . ' .. .... 1" • 16 

10 cmarn food applica rion~; see Secnon · 

_To_blt_ l_: "'--Phcl_rrM~~Ial ~lhr$Qtl~ IOf ~ivm ww~ ~~ 

Tott 

ldonlifrwlivn 
Charut:IMt 
Wot., 
lAud 
Heavy rrr.tol• 

Jlf6r1.00Z 

~ .. 
dO'% 

... 

VWt4f 'JJJ 

• 
dO% 
< 0001% 
o(() 002% 

<025% 
~0.5% 

Relol!'d J•Jb~tarx•• 
Sodium ~leoryt maleate 
Stearyl alcohol 
Saponifir.otion value (anhydrout 1.422-1460 

bo•i•l ... Organic volotile impurities 
Aatoy (onhydroul bofil) 99.0-JOT .5% 99.0-101 .5% 

1 0 Typical Propettiet 
Acidity/alkalinity: pH = 8.3 for a 5% wlv aqueous liOluuon at 

90 c. 
Den~iry: 1.1 07 glcm J. 

Den~ity (bulk): 0.2-0.35 glcm
3 

Density (tapped): 0.3-{).5 glcmJ . . 
Melting point: 224-245 ·C (with decomposmon) 
Solubility: see Table II. 

Table II: Solubility of sodium steoryl fumarole 

Solveflt 

Acetone 
Chloroform 
Ethanol 
Methanol 
Water 

-

Solubili1y crt 20 c 
unless otheNfise staled 

Procllcolly insoluble 
Proct•colly in$oluble 
Procllcolly insoluble 
Slightly soluble 
I in 20000 ot 25 C 
I in 10 at 80 C 
I in 5 ot 90 C 

Specific surflce area: t .~-2.0 ml/g. 

11 
Stability and Storage Conditions 

b 
.. 1 p~rawrc ;odwm .n~aryl !..1t 1arate i::. >table for 

At am tent t~·' ~ , t.. I , . s when <;tlJreJ in :~ml ·~ r gla;' hordes W'T•· po y· 
up ro >)ear 

hyl ·ne screw caps. l I d er The bulk material should be M<t!ed m a we 1-.- o,c .::on-
. ·n 3 wol dry place. ramer 1 • 

12 Incompatibilities . . _ 
. 1 fumarate is reported ro be mcomp.w ~>lt: W1th 

Sodtum steary . no• 
chlorhexidme alcta tc:. 

Method of Manufacture 
13 _ h 1 ·s rea.:red widt maleic anhydride. The producr 
StearYI ako. 0 ~hen undergoes an isomerization step followe<:l 
of this reacno~ to produce sodium stearyl fumarare. 
by salt formanon 

585 

 
“1.3m slcaryl Iumarau:

I?” Nam: marylis fumarau.r:

h udium wary! fumaratc

1 WI

Mum and, (mildew
momma-l fun-Jame.

I ester. ”dim" 531‘; I’m“; sodium

3 WI Name and CAS Rogiltry Number
1-Bu4mdmic acid . monuoctadecyl cater, sodium salt [407“
Ml

‘ Winnie: MolowlardeI-fl
lyanNaO; 390,5

5 Mmlfwmula

l oHue—lCHZJUHO—fl H
>c==c< - +

H H c——o Na

' apsulf andId...” 5 _ . , ‘
.; ff"Icarfrl lumarau: I: used as a Iubrwam In} ”4” l is‘1‘“ n {Hulazmm 3" (LS-2.034, m'w cunccnrratwm T ‘

tn “m"?! fond applications; :9: Samoa 16-

' M
Hm} [“391ng with swam.. In: . .

”195 "f 2:“ lumararc n a (inc. white
I Uf‘fllaf-‘hapcd paniclcfl.
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5H__ ._|:_ _ P‘rjrlmrypg'mnl thu-nnms [or sodium my l'va-‘m

I" _ _ _ m zoo: m an
ldenfilmulim , ,
Charmin-u . -

Warm <_ a my .1 s 0*);
had , ,__ r; 00 I a;

Heavy metal. _ a 0 002?;
hinted mini-gnu: . -

Sodlum flarlryl mulwla — f 0.25”!»
Shawl alcohol r c O 5%
Soponihmlion value [anhydrwg _ I42 2-M6 U

brm'll

Organic volohlo impuriliu -- ‘
Anny {anhydrous bum} W.0—101.5% 9‘? O—IOI 5’};- -—-——___—,________-——

'IO Wpical Properflu

Acidilyfalkalinily: pH = 8.3 for a 5% WW aqurous KllUIIIJU at
90 L.

Demity: Lungcm‘.
Density (bulk): I).2~U.3c‘5g;‘ccm3
Density (tapped): 0.341.5gcm‘
Melting point: 224—245 '(J lwirh dmmpmuion}
Solubility: see Table II.

  
 

 

 

‘I’uble ll: Solubility of sodium sleoryl lumraha

Sol-van! Solubilfly a! 20 C
unlessmand

Acetone Predically Insoluble
chloroform Pracncolly IHSDlUble
Ethanol Prochcully insoluble
Methanol Slightly soluble
Walar l m 20000 01 2.5 Cl in 10 0130 C

l in 5 0+ 90 I:

I;

e area: Ll-EJ) ”11?.

ll Stability and SW Conditions
rule, sudwm nary] lu mrmc .;, subh- to:

red in amt-vr gm.“ [mules w-rh Wh-

Spccific surfac

At .Jml'au'm {UiIIpL'I'a
up w .1 )“curs whcn my

lum‘ SL'rfW L“F“-
ethgfiw hulk man-rial should be stuccd In a Wt'll-clméd :nn-
{aim-r m a wol. dry plan;

(I m be Inmmpm'nlr 'mrin
Sodium stcaryl fumaraltri 15 report:
chlorhcxidinc anctarc.‘

13 Mod 0“ Manufocwre
with maleic anhydridc. The produc;who] is real-Tedall, . . . _Slaw] rgoes an lsumenzanon step rollowcdtion than uncle _

b alt formarinn to Pf Ufl‘ Sodium stearyl fumarare.y a
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586 Sodium Steoryl Fumarate 

SEM: 1 
Excit>ient: Sodium stearyl fumarate. 
Manufacturer: Penwesr Pharmaceuncals 

Lot No.: 255-01 
M.lgmfic.tti" tt: ;oo x 

SEM: 2 
Excipient: Sodium stearyl fumarate 
Manufacturer: Penwest Pharmaceuticals 
Lot No.: 255-0'1 
Magnific.lti()lt: SOO x 

14 Safety 

Sodium stearyl fumarate is used in oral pharmaceurical for· 
mulations and is generally regarded as a nontoxic and non
irritant material. 

J..:fet~bolic studies of sodium stearyl fumarate in the rar and 
dog mdtcated that approximately 80% was absorbed and 35'', 
was rapidly m etabolized. T he fraction absorbed was h)'dro· 
lyzed to stearyl a lcohol and fumaric acid, with rhe srear~·/ 
alcohol further oxidized to stea ric acid. In the dog, sodium 
stearyl fumarate that was not a bsorbed was excreted 
unchanged in the feces w ithin 24 hours. II 11 

Stearyl alcohol and stear ic acid are naturally occurnn~ 
constituents i_n various food p roducts, while fumaric acid is J 

normal constttuent of body tissue. Stearates and stearyl CJtt~te 
~lave been reviewed by the WHO and an acceptable dati) 
mt~ke for Stearyl citrate has been set at up ro 50 mglkg body· 
wetght.n 2',The establishment of an acceptable daily inrakefor 
stear~tes(l -> and fuma ric acid(l 3 l was thounht unnecessary. 

D d' f " · · not ISO 1um umarate has been reported to have a toXICitY 

greatly exceeding that of sodium chloride.' 14' 15' 

See ~umaric Acid, Stearic Acid, and ~teary! Alcohol for 
further mfonnation. 

15 Handling Precautions 
0 bserve n 1 · · 01srance> orma precautwns appropria te to rhe cucu rr 
ahd quantity of materia l handled. Sodium stearyl funl.ar:ye 
s ould be handled in a well-ventilated environment, · 
protection is recommended. 

16 Regulatory Status J 
GRAS!' d . · · cofoo 
f 

Jste · Perrrutted by the FDA for direct addiuon geot 
or hu . b ')' ng a man consumptton as a conditioning or sea 1 JZl 

#—

586 nodium Sleoryl Fumorole

SEM: l

Err'ipn'm: hndium stenryl I'umurare
Mnnnfnetnn‘r: Penn-cit l‘lmrn‘taeeumnla
I'Ju' NFL: .15 i-lll

.-'-'l.iyrtr,ftt .mnn: 3m] x 

SEM: 2.

Excipimr: Sodium stearyl furnarate
Manufacturer: l’enwest Pharmaceuticals
Lot No; 255-0]

Mttgmfit‘nn'mt: 500 x
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SEM: 3 .

lit't‘rpn‘irt‘: Sodium stmry'l lunmrnto
.-\Lmnfin-tmer: l"l."[l“'t':'~l.' PberJerutiLJL
I'll! .\'t1..' .15 5-“!

.-'\l.:l:;m,“h'.lr.um: lIHJU 3‘

 
14 Safety

Sodium stearyl tumor-ate is used in oml pliarmnt'L-unei "
mulations and is generally regarded .1; .1 minimum .imlo-i
irritant material.

Metabolic Studies of sodium Sri'al‘yl {mat-m in [he or .n'--.‘3
dog indicated that approximately SIP?“ was absorbed and “"-
wzls rapidlyr metabolized. The fraction dl‘hUl'l‘k'tl we iT‘Ll-W'
lyzed to stearyl alcohol and humane acid, with thy \lL‘.|."-|
alcohol further oxidixed to stenrie and. In the due, wu'mv
5‘91"“ fumarnte that was not :il)H(!['l‘L't'l “nil. cxm'rz'u'

unchanged in the feces within 14 hours.“

Stearyl alcohol and xtearic acid .m- naturzlll.‘ ‘Tc‘l‘lrr‘l‘l
COHSIimt‘nfS in Various food prodml's. \\llllk' inmate. _1L"...’|“-i
normal constituent of bodv I’lSSHL‘. Sremutre» and hl‘L'dTll “"3“.
have been reviEWed by tbe WHO -lllLl .m -,1c.:el"-‘l‘!“' Ll‘llli
intake for stenryl citrate has been get in up In “JUN-"ii? hm}-
weigh:_”-‘-’ The establishment of ill—I JL‘LL‘lel‘lt' dull." "”i‘l‘rw
steatntes‘m and fumnric acid' ' l' \\'.1.~ 11.1-u11_.:bt unneci‘MU‘ “

Disodium finnarate has been I'L‘thI'IL J to hm): a ““1"“ n"
greatly CXCCcding that of sodium Cllltn'i-th‘. '4'“

See Fumaric Acid. Stearie Acid. :md ‘azmrjtl Alwll
ful’ther information.

(ll. 3: I‘.

15 Handling Precautions

Observe normal precautions apprtlptidk' 1w I'llt‘ C”- , ' , i 7 ”1:1ij
and quanmy 0f material handled. .‘mtbiim hIL'LII')! “1 .. L-U'

should-be handled in a well—w:milau'll “"Virnnnwm I
protection is recommended.

16 Regulatory Status "5‘‘ , . L‘Ii

ERAS listed. Permitted by the FDA for direct addtn-(IHEIJKN
or hurl-tan ConSumption as a Conditioning m stabilizlnh .
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k y products, flour-thit:kened foods, dehydrated 
orious bad errocessed cereals up to 0.2-1.0% by weight of 

~~ an P I d' · 1· tafoes, l ded in nonparentera me 1cmes tcensed in the 
~~ foOd. ldncd\ rhe FDA Inactive Ingredients Guide (oral 

. (ndu e I 
t'l\· 

1 
.111d t:lblets). 

,1psu es, 

"elated substances 
11 " 

8 
comments 

1 t aryl fumarate is supplied in a pure form and is often 
,.XUJTIS e, . lU"~alue when the Jess . pur~ stearate-~ype lub: tcanrs are 
01 . ble owing to chemJcal mcompaubtltty. Sodtum stearyl 
unsuJtJte is less hydrophobic than magnesium stearate or 
tumaraacid and has a less retardant effect on tablet dissolution 
sreanc 
h n magnesium stearate. 
1'\he EINECS number for sodium stearyl fumarate is 203-

;43·0. 

19 Specific References 
Suren G. haluarion of lubricants in the development of tablet 
formula. Dm1sk Tidsskr Farm 1971; 45: 331-338. 
Holzer AW, Sjogren J. Evaluation of sodium srearyl fumarare as 
a tablet lubricant. lnt J Pharm 1979; 2: 145-153. 
Holzer AW, Sjogren J. Evaluation of some lubricants by the 
comparison of friction coefficients and tablet properties. Acta 
Pbamr Suec 1981; 18: 139-148. 
Saleh Sl, Aboutaleb A, Kassem AA, Stamm A. Evaluation of 
some water soluble lubricants for direct compression. Lab Phamz 
Prob Tec/1 1984; 32: 588-591. 
Chowhan ZT, Chi L-H. Drug-excipient interactions resulting 
from powder mixing IV: role of lubricants and their effect on in 
l'itro dissolution. j Pharm Sd 1986; 75: 542-545. 
Shah NH, Sriel D, Weiss M, eta!. Evaluation of rwo new tablet 
lubricants sodium stearyl fumarate and glyceryl behenare. 
~easurement of physical parameters (compaction, ejection and 
residual forces) in the rablering process and the effect on the 
dissolution rare. Drug Dev b1d Pharm 1986; 12: 1 329~1346 . . 
Dav1es PN, Storey DE, Worthington HEC. Some p1tfalls In 

accelerated stability testing with tablet and capsule lubncants. f 

8 
Pharrn Phannacol1987; 39: 86P. . . 
Mu X, Tobyn MJ, Stanforth JN. Investiganons l!ltO the food 
effect on a polysaccharide dosage form. Eur] Phamt Set 199

6
; 

4(Suppl.1): 5184. 

Sodium Stearyl Fumarate 587 

9 Michocl A, Romb,\ut P, Verhoye A. Comparanve evaluation of 
co-processed I.Kto~e .tnd microcrvsrallinc cellulose with their 
physicalmixrures in the fornmlati<;n of folic acid tablets. Pbamt 
Deu Techno/ 2002; 7( II: 79~7 . 

I 0 Pesonen T, Kanerva H, Hirvonen J, et a/. Jncornpatibiliries 
between chlorlwxidine diac.:ctate and some tablet excipienrs. 
f?,rug D~u !ltd Pbarnt 199S; 21: 747-752. 

11 hgdor SK, Pin'llll It The• absorption and metabolism of orally 
administered tnrium labelled sodium stearyl fumarare in the rar 
and dog . ./ Agric Foud Chem 1 970; 18(5): 872--877. 

12 FAO/\'iiHO. Toxicological evaluation of certain food addirives 
with <l review of general principles and of specifications. 
Seventeenth report of the joinr FAOIWHO experr comm1rree 
on food additives. \'(/arid Health Orga11 Tech Rep Ser 1974; No. 
539. 

13 FAO/WHO. Ev;1luarion of certain food addirives and contami-
nams. Thirry-fifth report of the FAOf\>qHQ expert commirrce on 
food addirives. World Health Organ Tec/1 Rep Ser "1990; No. 

789. 
14 Bodansky 0, Gold H. Zahm W. The toxidry and laxarivr action 

of sodium fumarate. jAm Pharm Assoc (Sci) 1942: 31: l~. 
15 Locke A, Locke RB, Schlesinger H, Carr H. The comparative 

toxicity and carharric efficiency of disodium tartrate and 
fumarate, and magnesium fumarate, for the mouse and rahbic. 
JAm Pharm Assoc (Sci) 1942; 31: 12-14. 

20 General References 
j apan Pharmaceutical Excipients Council. Supplement to ]apa11ese 

Pharmaceutical Excipie11ts /998. Tokyo: Yakuji Nippo, 1998: 77-

78. 
Nicklasson M, Brodin A. The coating of disk suriaces by tablet 

lubricants, determined by an intrinsic rare of dissolurion method. 
Acta Pharm Suec 1982; 19: 99-1 OS. 

Zanowiak P. Lu bricarion in solid dosage form design and manufac
ture. In: Swarbrick J, Boylan JC, eds. Encyclopedia of Phanna
ceutical Technology, vol. 9. New York: Marcel Dekker, 1994: 87-

111. 
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stearic Acid 

P
roprietary Names 

, Not' 
srearic a~id 

~5 3ric acid . 
,t. If Acidum sreancum 
!ilf~r. 'd 
t-sPNf: Srearic ac1 

2 synonyms 
j,)d.Jcid; ES70; Emersol; Hystrene; Industrene; Kortacid 
~!'95; Pristerme. 

3 chemical Nome and CAS Registry Number 

(l.udecanoic acid [57-11-4] 

4 Empirical Formula Molecular Weight 

1 
C

1
;H3602 284.4 7 (for pure material) 
The VSPNF 20 describe stearic acid as a mixture of stearic 

"'idjC18H3601l and palmitic acid (C16H3202 ). In the USPNF 
~0. tbe content of stearic acid is not less than 40.0% and the 
sumoftherwo acids is not Jess than 90.0%. The USPNF 20 
lhocontains a monograph for purified stearic acid; see Section 
li. The PhEur 2002 contains a single monograph for stearic 
acid bur defines stearic acid 50, stearic acid 70, and stearic acid 
95as containing specific amounts of stearic acid (C18H 360 1 ); 

SttSection 9. 

5 Slnlctural Formula 

OH 

6 Functional Category 
Emulsify· I I b . :anr. mg agent; solubilizing agent; tablet and capsu e u n -

, 
~flications in Pharmaceutical Formulation 

echnology 
tearic acid . . . I 
>nnu/ . 15 Widely used in oral and ropical pharmaceuuca 

anons It · · 1 u1 · tablet lrlcapsu/ · ~s mam v used in oral form auons as a 
td as b~ lubricam;1 1-~1 see Table I although it may also be 
· a Inder<4l · . · ' · h 11 tablet Qnog 1 h or 10 combmanon wnh s e ac as a 

a sus~t ~also been suggested that stearic acid may be used 
In topi~~ /elease ?rug carrier. IS/ • _ 
:and soJub?rmulations, stearic acid is used as an emulsttY 
:a/is or t · !hztng agent. When partially neutralized With 

nofcrear~t~:~~lamine, stearic acid is used in the prepara
;eallly bas:· ~ The. partially neutralized stearic acid. formf 
tous liqu·t en m1xed with 5-15 times irs own weJght 0 

~&deterrn~ ; the appearance and plasticity of the cream 
11taric ac~~e~ by the proportion of alkali used. . 
~-'Sitories 15 used as rhe hardening agent in glycerm 
~ltaric : 
jh~. acid is also d f od 
.... LS widely used in cosmetics an ° 

SEM: 1 
Excipient: Srearic acid, 95% (Emersol 153) 
Manufacturer: Emery Tndustries 
Lot No.: 18895 
Magniji"c,l/ion: 120 x 
Voft<~ge: IOkV 

SEM: 2 
Excipient: Stearic acid, food grade (Emersol 6332) 
Manufactllrer: Emery Industries 

Lot N o.: 18895 
Mag11iji"nttimr: 120 x 
Vofhlgl": ., 0 k V 

615 

 
 

! WW”
_ mail" 5570; Emersof; Hystrene; fudusrrene; Kortaridn ' '

Egflj; Prisrereue.

3 Wk“! Home and CA5 “wish? Number
Lludrcanoic acid [57-1 1 4]

4 milieu! Formula Molecular Weight

' CHH;§03 234-47 (for pure material}
hie USPNF 20 describe Stearic acid as a mixture of stearic

aidfcisH'fiOl} and palmitic acid [C15H3202J. In the USPNF
monument of stearie acid is not less than 40.0% and the
emofrhe two acids is not less than 90.0%. The USPNF 20

domains a monograph for purified srearic acid,- see Secrion
IT. The PhEur 2002 contains a single monograph for srea ric
:ddbutdefmes stearic acid 50, stearic acid 70, and stearie acid
iJ'astontaining specific amounts of stearic acid (C13H3602.}§
wSccrion 9.

5 Mural Formula

We”

6 F‘-"'|flicumlCai'agory'
:rfsiffing 385m; solubflizing agent,- tablet and capsule lubri-
I’

WWII: in Pharmaceutical Formulation
"M'Mlosy

Icar - . _ .

W123?!“ Widely used in oral and topical Pharmaceutgg‘al
Id capsule ? It is main! used in oral formula nous a5 a ‘3 I:
613$ 3 hi Ebrfim‘if‘l" ’ see Table I, although It may 315%]
mouth: " or In combination with shellac as a ta er
3m; inc; 3150 been suggested that arcane and may be use
1‘ - ‘mlEase drug carrier!” 'f

T? so ubfif’fiuhfions, srearic acid is used as an'efiélllfiig
”no - 2‘93 agent. When partxally neutrallzfi. nc . . . . . ra—

mfcrcamfiggfflammfi. stearrc acnd 15 used :11 the pfi‘gims
rum.» he partial! neutralized stearic aei _
“0'13 [Efdwhm miXed Witi 5—15 times its own “"3131“ 0“
Mom-m3 i the aI'Hlit‘aramze and plasricity of the crfam
”can't mg“! by the proportion of alkali used. .
P"‘"fllri “ used as the hardening agent i” ycei‘lfl

"c a - .
iuflg Gd 15 aim Widely used in cosmetic-5 and food
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SEM: I

bxnpiem: Stearic acid. 95% [ Iinwrsnl' 1' H1
Manufacturer: Enwn' Industries
{.01 Non: 138‘”

Mdgnifi. .m'. m; ISBN
lhffdyc': IUL'V

SEM: 2

Exciprem: Srco ric and food grade {Ewe-r51)! (.3335
Manufacturer: Emery Industrieh
Lot No; 18893

Mn‘gm'fimtimr: LII-I .V.
Mahdgl’: [ORV

Page 80 of 88

 

 



IPR2018-00390 Page 81 of 88 I-MAK 1012

616 Stearic Acid 

Table 1: Uses of stearic acid. 

Use 

Ointments and creams 
Tablet lubricant 

8 Description 

Concentration (%) 

1-20 
1-3 

Stearic acid is a hard, white or faintly yellow-color~d, so~e
what glossy, crystalline solid or a white or yellowish wh1te 
powder. It has a slight odor and taste suggestmg tallow. 

See also Section 13. 

9 Pharmacopeia! Specifications 

See Table II. 

Table II: Pharmacopeial specifications for stearic acid. 

Test JP 2001 PhEur 2002 
(Suppl4.1) 

Acidity + 
Acid value 194-210 194-212 

Appearance + 
Characters + 
Content of stearic acid 

Stearic acid 50 40-60% 

Stearic acid 70 6MO% 
Stearic acid 95 ;..90 .0% 

Content of stearic and 
palmitic acids 
Stearic acid 50 ;.. 90.0% 
Stearic acid 70 ;.. 90.0% 
Stearic acid 95 ;..96.0% 

Congealing temperature 56.0-n .o·c -
Freezing point 

Stearic acid 50 
Stearic acid 70 
Stearic acid 9 5 

Iodine value ,;:;4 .0 
Stearic acid 50 
Stearic acid 70 
Stearic acid 95 

Nickel 
Residue on ignition ,;:; 0 .1% 
Heavy metals .;;; 20ppm 
Neutral fat or paraffin + 
Mineral acid + 
Organic volatile impurities -

10 Typical Properties 

Acid value: 200-212 
Density (bulk): ~ 0.537 g/cm3 

Density (tapped): 0.571 g/cm3 

Density (true): 0.980 g/cm3 

Melting point: ;:;: 54•c 

+ 
53-59•c 
57-64•c 
64-<>9·c 
+ 
,;:;4 .0% 
,;:;4 .0% 
.;;; 1.5% 
,;:; 1 ppm 

Mois~~e c~ntent: contains practically no water. 
Sapomf1catwn value: 200-220 

USPNF 20 

;..40.0% 

;..90.0% 

;;:;: 54·c 

,;:; 4.0 

,;:; 0 .1% 
,;:; 0 .001% 
+ 
+ 
+ 

Solubility: freely soluble in benzene, carbon tetrachloride 
chloroform, and ether; soluble in ethanol h ' 1 1 1 . , exane and 
P:~PY ene g yeo ; practically insoluble in water ' 

Spectftc surface area: 0.51-0.53 m2/g · 
See also Section 17 and Table III. 

11 Stability and Storage Conditions 

St aric acid is a stable material; an antioxidant rn 
adeded to it; see Sectio~ 13._ The bulk material shouldbealso ht 
in a well-closed contamer m a cool, dry place. stored 

12 Incompatibilities 

Stearic acid is incompatible with most metal hydroxid 
'bl . h 'd' . es and rnay be incompatl e w1t ox1 1zm~ agents. 

Insoluble stearates are formed wtth many metals· oint 
. . 'd h 'd ' rnenr bases made w1th steanc ahc1 rna y s owhevt ence of drying our 

or lumpine~s due to sue a reaction w en compounded With 
zinc or calc1um salts. 

A number of differential scanning calorimetry studies h 
investigated the compatibility of stearic acid with druave 

d. h gs. 
Although such laboratory stu

8 
tes ave suggested incompat-

ibilities, e.g., with naproxen,' 1 they may not necessarily be 
applicable to formulated products. 

Stearic acid has been reported to cause pitting in tbe film 
coating of tablets coated using an aqueous film-coating tech
nique; the pitting was found to be a function of the melting 

. f h . 'd (9) pomt o t e steanc ac1 . 

13 Method of Ma nufacture 

Stearic acid is manufactured by hydrolysis of fat by continuous 
exposure to a countercurrent stream of high-temperature 
water and fat in a high-pressure chamber. The resultant 
mixture is purified by vacuum steam distillation and me 
distillates are then separated using selective solvents. 

Stearic acid may also be manufactured by the hydrogena· 
tion of cottonseed and other vegetable oils; by the hydrogena· 
tion and subsequent saponification of olein followed by 
recrystallization from alcohol; and from edible fats and oils 
by boiling with sodium hydroxide, separating any glycerin, 
and decomposing the resulting soap with sulfuric or hydro· 
chloric acid. The stearic acid is then subsequently separared 
from any oleic acid by cold expression. . . 

Stearic acid is derived from edible fat sources unless 11 IS 

intended for external use in which case nonedible fat sources 
may be used. Stearic acid may contain a suitable antioxidant 
such as 0.005% w/w burylated hydroxytoluene. 

14 Safety 

Stearic acid is widely used in oral and topical pharmaceutical 
f ul . . . I d . . d f d products. orm anons; 1t IS a so use m cosmetics an oo .. nr 
Steari~ acid is generally regarded as a nontoxic and nontrnr~b< 
matenal. However, consumption of excessive amounts mal 
harmful. 

LDso (mouse, IV): 23 mg/kg(101 

LDso (rat, IV): 21.5 mg/kg 

15 Handling Precautions 1 . umsraoce 
Observe n<_>rmal precautions appropriate _roth~ ctrc 

1 
maY l1l' 

~n? quantity of matenal handled. Steanc actd dus e pror~· 
t~ntant to the skin, eyes, and mucous membranes. J[cl. Sreafl' 
t10n, gloves, and a dust respirator are recommen 
acid is combustible. 

616 Slearic Acid

1 1 Stability and 510mg; conditions

Tablet: Uses ol stearic actd. Stearic acid is a stable material; an ilnrinxidam may
the Concentmlion l‘lbl added [u it; see Section ISL-The bulk material should h film '5,

20 in a well-closed container In a cool, dry place, '- ‘ainrt-fl
Ointmenls and creams l-
Tablet lubricant 1—3
_____________________——-—-e

8 Description 12 Incompufibilities
Stearic acid is a hard, white or faintly yellow-colored, somc- Stearic acid 15 I[lggrifiillfiligdigiflnjtchiral hl'dro
what glossy, crystalline solid or a white or yellowish white may be incompan t . {5 c g ,. - - ‘ rmed with m. . ., .
powder. It has a slight odor and taste suggesting tallow. Insoluble stearates are fr; . h . ind} Inst-1b. ”mlmun

See also Section ‘13 bases made With stcarlc at] may 5 0“ en ence oi dri'lnt n-i. - I‘I
or lumpincss due to such a reunion when “‘mll’flunded 1W
zinc or calcium salts. - .

A number of differential scanning calorimerry stud.“ liai-
invcstigated the compatibility of Stcnric acid With ding:

X106»; .1 ”d

9 Pharmacopeinl Specifications

See Table 11' Although such laboratory stuglics have suggested intumm
ibilities. e.g., with naproxen. they may: not newton],- h-

Tuble Ii: Pharmacopeial specifications for stearic acid. applicable to formulated products.
. ' ‘d h .- leen rc urted to 'ause 'rr' -.

test JP 2001 H1Eur2002 usmrao Sic-“‘5 3‘“ a“ ‘ P L P1 mg m mum
is 4 1} coating of tablets coated using an aqueous film-coating In.“

uPPl . nique; the pitting was fogmd to be a function of the rut-Jung
point of the stcatic acid.‘ ‘

 

Acidity — + -
Acid value 194—21 0 194—2 1 2 —

Appearance — + —
Characters — + _
Content of stearic acid — —- 240.0% 13 Math“ all: Manufacture

Stearic acid .50 — 40-60% — Stearic acid is manufactured by hydrolysis of {at by continuous
Stearic acid 70 — 60—80% —- exposure to a countercurrent Stream of high-temperimrt
Stearic acid 95 — ;90.0% — water and fat in a high-pressure chamber. The Multan:

Content of stearic and — — 390.0% mixture is purified by vacuum steam distillation and I'l'lt

polmitic acids distillate: are then separated using selective solvents;
Stearic acid 50 — 390.0% — Stearic acid may also be manufactured by the hydruguu-
Steatic acid 70 — 290.0% __ tion of cottonseed and other vegetable oils; by the hydrogen-
Stearic acid 95 — 296.0% — tion and subsequent saponification of olein followed h‘

Congeoling temperature 56.0-72.0°C — ;54“C recrystallization from alcohol; and from edible fats and oili
Freezing min + by boiling with sodium hydroxide. separating any glitch"-

Stearic acid .50 — 53691: a- and decomposing the resulting soap with sulfuric or hid”r
Stearic acid 70 — 57-64%: — chloric acid. The stearic acid is then subsequently 5813210!“
Siearic acid 95 — oil-69°C — from any olcic acid by cold expression.

Iodine Will-IE $4.0 4- $4.0 Stearic acid is derived from edible lat sources unless I“5

Stearic acid 50 — 54.0% — intended for external use, in which case nonedible fat swim“
Shari: acid 70 _ 91.0% — may be USCd. Stearic acid may contain a suitable antioxidani

_Sle°"c “C'd 9'5 -' S l 5% — such as 0.005 “/0 wlw butvlated hvdroxvroluene.
Nlckel — g ] Ppm — ‘ ' ‘
Residue an ignition €0.l% — €0.l%
Heavy metals $20 ppm — $000136
Neutral fol or paraffin + -— + ‘4 Safety
Mineral acid + _ + _ . ‘ _ , [w
Organic volatile impurities _ _ + Stearic acid 15 Widely used in oral and topical pharmal'i”. . . . . ‘ES-

formulations; it is also used In cosmeuu and food Fwd“;
10 T - I . Stcanc and 15 generally regarded .15 a nontoslc and “0mm" 1"I“. Prol as material. HOWCVf-‘nfonsumption ofetttessive amountl‘m“
Acid value: 200—212 harmful.
Density (bulk): e0.537g/cm3. LD , ‘> _ .m.
Density {tapped}: 0.571 glch LDSO E23111?!) [Ell g011;?!”
Density {true}: 0.930 glam3 50 s I i g
Melting point: a 54°C
Maisture content: contains practically no water
Sapornfication value: 2004.20 .

 

15 Handling Precautions
Solubili : free] ' .-,

chloflifom, infillbllllzr-msofifllzeqc’ carbon tetrachloride, Observe normal precautions appropriate 1,, [he circumsta‘l";
Pmpl’l'flle lecol- made 11 ‘ e m filial-101’ hexane, and and quantity of material handled Stearic acid dust “LIE“

S ecific urf ,p a Ylnsoiuble "1 water. ' ' - ' . r. Eve Pr0 -p s ace area: (151—053 mltg ll'l'ltal'll' to the skin, eyes, and mucous membrane- Ided Snaren .

See also Section 17 and Table III. tiOn, gloves, and a dus: reapirator are recammt‘
acid is combustible.

__
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~1eur1c. Acid 617 

·fjo:!tions of different slaoric acid grades. 

~SNoric acid Melting range 1"0 Iodine volue Soponificolion UnJOponifiabl. 

~ ~~~"~--' ~--~----~~~----~------------------~~~l~ue~----~mo~~:r~~~~-----
Acid value 

~4 54.5-56.5 206-210 
..,~ JOIB 68.5 61.0-62.5 200-205 

~0.5 

~0.5 

~0.8 
~ 1.5 
~ 2.0 

206-21 J 
200-206 
196-202 
200-208 
196-202 

~0.2 
" 0.2 
~0.3 
~0.5 
~ 1.5 

'9718 90 66.5-68.0 196-201 
~ 7018 65 58.0-62.0 200-207 
"'*~ 8718 87 64.5-67.5 196-201 
~ 

RegLIIatory Status 18 Comments 
16 • od dd" . . li d Accepted as a to a Jttve 10 Europe (fatty 
GRA5 ~::uded in the FDA Inactive !ngredients G~ide (sub· 
~;·, 

12
bJets; oral capsules, sol~tJOns, suspensiOns, and 

~ ropical an~ vaginal_ preparatiOns). fncluded in nonpar
~al medicines bcensed to the UK. 

A wide range of different grades of stearic acid are commer· 
cially available that have varying chemical compositions and 
hence different physical and chemical propenies; see Table 
lii. (In 

The EINECS numher for stearic acid is 200-313-4. 

19 Specific References 

17 Related Substances 

Calcium stearate; magnesium stearate; palmitic acid; purified 
~earic acid; zinc stearate. 

Iranloye TA, Parrort EL. Effects of compression force, particle 
size, and lubricants on dissolurion rare. J Phann Sci 1978; 67: 
535-539. 

2 Jarosz Pj, Parrorr EL. Effect of tablet lubricants on axial and 
radial work of failure. Drug Dev lnd Phann 1982; 8: 445-453. 

3 Mitrevej KT, Augsburger LL. Adhesion of ra biers in a rotary 
tablet press 11: effects of blending rime, running rime, and 
lubricant concentration. Dmg Dev lnd Phann 1982; 8: 237-282. ~acid 

Empirical formula: CJ6H3202 
.\loll'Cillar weight: 256.42 
C4S number: f 57-1 0-3] 
S.monyms: cerylic acid; hexadecanoic acid; hexadecylic acid. 
A?fle3rance: the pure material is a white, crystalline powder. 

1
. &iliDg point: 2 we 

Dmsity: 0.853g/cm3 at 62•c 
' .\felting point: 63-64"C 

Rtfractive index: n~0 = 1.4273 
Sdubility: freely soluble in chloroform, ether, propan-2-ol, 

and hot ethanol (95%); sparingly soluble in ethanol (95%); 
pucrically insoluble in water. 

Cmuueors: the EINECS number for palmitic acid is 200-
312-9. 

~ stearic acid 
~teal formula: CtsHJ602 
. c ecular weigbt: 284.4 7 
CAs D1111Jber: f 57-JJ-4j 
lyll>o 
{d Yills: octadecanoic acid. 
B o,. value: 195-200 

l
l! ormg point: 361 'C 
n::lly; .0-847 g/cm3 at 7o•c 
.fod· P<>mr: I96~c 
,\feJ~e n~~ber: "' 1.5 
RcfJ Ill~ POint: 66-69•c 

active · d "o 
Sol~· 10 ex: n!) = 1.4299 

Ity: solubl 1 · · b tttrachl . e. m 5 parts benzene, 1 tn 6 parts car on 
. I in 3 orrde, 1 m 2 parts chloroform, 1 in 15 parts ethanol, 

:ipor d~~tyrts erhe~; practically insoluble in water. 
VlllJ!llents· (~ela11ve): 9.80 (air= 1) 

rfnear
1
.' punfied stearic acid contains not less than 96.0% 
c and p 1 · . • 

llot less th a mttJc acid of which stearic acid constitutes 
an 90.0% of the' toral. 

4 Musikabhumma P, Rubinstein MH, Khan KA. Evaluation of 
stearic acid and polyethylene glycol as binders for tablerting 
potassium phenethicillin. Dmg De11 lnd Pbarm !982; 8: 169-
188. 

5 Zhang Q, Yi~ G, Li Y, et .zl. Studies on rhe cyclosporin A loaded 
stearic acid nanopartides. lnt} Pharm 2000; 200: 153-159. 

6 Suzuki K. Rheological study of vanishing cream. Cosmet Toilet 
I 976; 91 (6): 23-31. 

7 Mores LR. Application of srearates in cosmetic creams and 
lotions. Cosmet Toilet 1980; 95(3): 79, 81-84. 

8 Borha SA, Lotter AP. Compatibility study between naproxen and 
tablet excipienrs using differential scanning calorimetry. Drug 
Dcv lml Ph.zrnt !990; 16: 673-683. 

9 Rowe RC, Furse SF. Pitting: a defect on film-coated tablets. Tnt J 
Phamt 1983; 17: 347-349. 

10 Lewis Rj, ed. Sax's D,mgt!rous Propertirs of Industrial Materials, 
lOth edn. New York: Wile)', 1000: 3298. 

11 Phadke OS, Keenq• MP, Norris DA. Evaluation of batch-co
batch and manufacruret-ro-manufacrurer variability in the 
ph)•SrL·al proparies uf t.lk and stearic acid, Drug Dtnt Ind Pharm 
1994; 20: 8.\'9-87 1. 

20 General References 

Allen LV. h,rrurt·d ex.:1pil'llt: CJpsulc and tablet lubricants. fnt J 
p/,,rrm C:nmpound 2000; 4(~): 390-.19.2, 404-405 . 

Pilpd N. Metal ~tl'nrares in pharma~:euticals and cosmetics. Manu( 
Cbrm Am>sol Nell'S 1971; 42(101: 37-40. 

21 Author 

LV Allen. 

22 Date of Revision 

15 October 2002. 
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Wynne
emptied as a food additive in Europe [fatty- A

3835 fififiled in the FDA Inactive Ingredients Guide (sub.
”35-" ”blew: oral capsules, solutions, suspensions, and
M [apical and vaginal preparations]. Included in nonpa r-
aim] medicines licensed in the UK.

17 “and Enlistment I
(Jeni-n siestate; mgnesium stearare; palmitie acid; purified
genie icid; zinc steatare.

Melanie: weight: 256.42
cu number: 15110-3]
5mm: acrylic acid; hexadecanoic acid; hexadecylic acid.
Jemima: the pure material is a white. crystalline powder.
Bailing point: 215"C
Daiiiiy: 0.8533211113 at 62°C
.ih'n'ng point: 63-64‘C
Hittite index: of? e I .42 73
“Wily: fi'cei'y soluble in chloroform, ether, propantz-OL

and hot ethanol [95%]; sparingly soluble in ethanol [95%];
Pftcncally insoluble in water.

cmefltt: the EINECS number for palmitic acid is 200-3128.

Wm «ii
hm loom: Comic;
mm" wright: 234.47

. “Jumbo: {57-114}
.iii'ii m5: OCtadecanoic acid.
lot" Value: 195-200
um‘f'fipoim: 361°C
figmfl'aws’m’ at 70°C

t I"? 3 ME“ I i" 2 Parts chloroform, l in 15 parts ethanol,
up“ ‘lfilti “he'll Pracn'cafly insoluble in water.

.m‘llts: Eultehtive]; 130 lair = I)
D'Il-‘Ean'c “Ted 5f§3ric acid contains not less than 9§.0%

mm“ “id, ofwhich Ste: tie acid constitutes"L‘Itl
as than 90.0% of the total.

IPR2018-0039O

”a!” 3 57 64.5—67.5
firm

l8 Comments

617"ileui IL it“; til

' on: of difimm Illfll'lc acid grades.

git 5’ - - Malti *- ' - -
W mit? "a w t Ci Acid who be... wt... 23”” unmeas-

4‘ 54.5—56.5 205.210
50w ens 20w“ s02

(31.0-62.5 2004295 e 0.5 zoo-20¢ s0 2
50.3:fl’mifi 33.5 66 5-68 0 to

W mm as 58.%2.0 200—20? e l.5 200408 40.5
lilo—201 e 2.0 196—202 e l.5 

Pi wide range of different grades of stearic acid are commer-
cnilly available that have varying chemical compositions and
hence different physical and chemical properties: see Table
"l.” II

The EINECS number for stearic acid is 200-3134.

I9 Specific References

l lranloye TA. Patron EL. Effects of compressmn force. particle
size. and lubricants on dissolution rate. }' Flint-m Sci ”'73: 57:
535-639.

2 Jams: P], Patron EL. Effect of tablet lubricants on axial and
radial Work of failure. Dmg Dei' fuel Phi-rm: 1982; 3: 44S-453.

3 Mll‘l’fl't‘i KT. Augsburger LL. Adhesion of tablets in a rotarjir
tablet press ll: effects of blending time. running time. and
lubricant concentration. Drug Den ind Pharm 1982: 8: 237—232.

4 Musikahhumnia P, Rubinstein MH. Khan KA. Evaluation of
stenrii: acid and polyethylene glycol as binders l'or tablerting
potassium phenethicillin. Drug De: liro' Pharm 1982: 8: 169-
188. -

5 Zhang Q. ‘i'ie (J. L1 T. at of. Studies on the cyclosporin A loaded
srearic acid nanopnrricles. lot I Photo 2000; 200: 153-459.
Suzuki K. Rheological study of vanishing cream. Cosme: Toilet
1976; 91W: 23-31.
More-s LR. Application of steamtes in cosmetic creams and
lotions. Costner Ti'ii'lt-i ”80: 95(3): ?9. 8144.

8 Both: SA. Lotte-r AP. Ciimpatibilin' study between nnproxen and
tablet excipients using differential scanning calorimetry. Drug
Dev liiii' Prion-ii I990; 15; 511.531

Rowe RC, Forse SF. Pirriiig: .1 defect on film-coated tablets. in! ]
Pbdmi 1983: 17: 347—349.
Lewis 8]. ed. S.i.i"$ Dangerous Properties of industrial Materials.
lflrl'l edli. New York: Wilc)’. 3000: 3293.
Phadke US. Keener MP. Norris DA. Evaluation ol batch-tr»
batch and manut'aeturet-ro-manulacruter variability in the
physical properties of mic and steatit Mid. Drug Der ind Phat-m
1994;20: ll Weir”.

6

7

9

ID

I]

20 General Raf-runes:

Mien LV. Featured escipicnl: capsule and Millet lubricants. f," 1
”mm: Coiiiimtiird mill}; 4”}: 390—392, 404—405. '

Pilpel N. Metal etc-flutes lll pharmaceuticals and Cosmetics. Mann!(,‘lrt‘rri Aerosol News l‘l‘i'l; 421‘ llii: P40

2| Author

or Allen.

22 m of Revision
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Sugar, Compressible 

1 Nonproprietary Names 

USPNF: Compressible sugar 

2 Synonyms 

Di-Pac; direct compacting sucrose. 

3 Chemical name and CAS Registry Number 

See Section 4 and Section 18. 

4 Empirical Formula Molecular Weight 

The USPNF 20 sta tes that compressible sugar contains not less 
than 95.0% and not more than 98.0% of sucrose 
(C12H220ll ). It may contain starch, maltodextrin, or invert 
sugar, and may contain a suitable lubricant. 

5 Structurol Formula 

See Section 4. 

6 Functional Category 

Sweetening agent; tablet and capsule diluent. 

7 Applications in Pharmaceutical Formulation 
or Technology 

Compressible sugar is used primarily in the preparation of 
direct-compression chewable tablets. Its tableting prof.erties 
can be influenced by small changes in moisture level;( ·2 ' see 
Table I. 

Table 1: Uses of compressible sugar. 

Use 

Dry binder in tablet formulations 
Filler in chewable tablets 
Filler in tablets 

Sweetener in chewable tablets 

8 Description 

Concentration (%) 

5-20 
20-<>0 
20-<>0 
10-50 

Compressible sugar is a sweet-tasting, h' II 
powder. w tte, crysta ine 

9 Pharmacopeia! Specifications 
See Table H. 

626 

~ 

Table II: Pharmacopeia/ specifications for compressible sugar. 

USPNF 20 ----Test 

Identification 
Calcium 
Chloride 
Heavy metals 
Loss on drying 
Residue on ignition 
Microbial limits 
Organic volatile impurities 

Sulfate 
Assay 

10 Typical Properties 

Density (bulk): 0.492glcm3 

Density (tapped): 0.6 glcm3 

Moisture content: 0 .57% 

+ 
+ 
~0.014% 
~Sppm 
0 .25-1 .0% 
~0. 1 % 
+ 
+ 
~0.010% 

95.0-96.0% 

Particle size distribution: for Di-Pac, 3% maximum retained 
on a #40 (425 J..lm ) mesh; 75% minimum through a #100 
(150 j.lm) mesh; 5 % m aximum through #200 (75 ~m) mesh. 

Solubility: the sucrose portion is water-soluble. 
Specific surface area: 0.13-0.14m2/g 

11 Stability and Storage Conditions 

Compressible sugar is stable in air under normal storage 
conditions of room temperature and low relative hum1d1t)'. 
The bulk material should be stored in a well-closed contamer 
in a cool, dry place. 

12 Incompatibilities 

Incompatible with dilute acids, which cause hydrolysis of 
sucrose to invert sugar, and with alkaline earth hydroxides, 
which react with sucrose to form sucrates. 

13 Method of Manufacture 
C . bl It· . f sucrose ?mpresst e sugar is prepared by cocrysta 1zat10n ° 'ble 
With other excipients such as maltodextrin.tll Compress' 

I 1 · process. sugar may a so be prepared using :t dry granu atwn 

14 Safety 
C · b 1 rivelY non· OI?pressJ le sugar is generally regarded as a rea 
tOX.lc and nonirritanr m aterial. See also Sucrose. 

15 Handling Precautions ces 
Ob . umscan 

serve normal precautions appropriate to the CL!C 

and quanrtty of material handled. See also Sucrose. 

I 

! 
I 
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r 
l 

l Re9"'1atory Status 
16 in the FDA Inactive Ingredients. Guide. (capsules and 
;~Juded eluded in nonparenteral medtcmes licensed in the 1 !lbletsl· ln 

l tt:· 

Related Substances 
11 

. . er's sugar; sucrose; sugar spheres; Sugartab. (1)1\teenon 

l !IJ90rtab e· Sugartab (Penwest Pharmaceuticals Co.) is a 
1 ,),ppearan~s~ible sugar that does not conform to the USPNF 
' coomprct'fication It is an agglomerated sugar product con-~ 2 spe . . 9 o/ h b . 
~ . · g approxtmately 90- 3 / o sucrose, t e alance bemg ~ ratntn 
?.:.

1 
j01·err sugar. 3 

Density (bulk): 0.60 g/cm 3 

Density (tapped): 0.69 g/cm 
EJ.';'ECS number: [64333-34-2} 

~ Aowability: 4 2. 7 g/s 
l \loisrure content: 0.20-D.57%. 

Particle size distribution: 30% through a #20 (850 J.IID) mesh; 
.• J 3% through a #30 ( 600 Jlm) mesh. 

... 18 Comments 

Sugar, Compress ible 627 

l9 Specific References 

Rizzuto AB, Chen AC, Veiga MF. Modification of the sucrose 
crystal structure to enhance pharmaceutical properties of excipient 
~~~drug substances. Pharm Techno/1984; 8(9): 32, 34, 36, 38-

2 Tabibi SE, Hollenbeck RG. Interaction of water vapor and 
compressible sugar. lnt j Pharm 1984; 18: 169- 183. 

20 General References 

Mendes RW, Gupta MR, Katz IA, O'Neil JA. Nu-tab as a chewable 
direct compression carrier. Drug Cosmet Ind 1974; 115(6): 42-
46,130-133. 

Ondari CO, Kean CE, Rhodes CT. Comparative evaluation of several 
direct compression sugars. Dntg Dev Ind Pharm 1983; 9: 1555-
1572. 

Ondari CO, Kean CE, Rhodes CT. Comparative evaluation of several 
direct compression sugars. Drug Dev lnd Pharm 1988; 14: 1517-
1527. 

Shangraw RF, Wallace ]W, Bowers FM. Morphology and function
ality in tablet excipients for direct compression. Pharm Techno/ 
1981; 5: 69-78. 

21 Author 

AW Wood. 

22 Date of Revision 

8 October 2002. 
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a "9th 510st1
ed in the FDA Inactive Ingredients Guidnil _ _ 6 {capsules and

IncludEd in nonparenteral ntcclicmes:n'l licensed in the
:il‘l‘lSl’
[ll-

1 “and Substancesl

‘ winner's sugar; sucrose; sugar spheres; Sugartab.it!“

might: Sugarmb (Penwest Pharmaceuticals Co.) is a
. mpressiblf sugar that does nor conform to the USPNF

L1130trier.ification. It is an agglomerated sugar product con~
inning approximately 90—93 "/2: sucrose, the balance being
- m sugar.

0:12“- {bulk}: 0.60 glcn'i3 3
will {tapped}: 0.69 glam
EKECS number: [64333-34—2]

Howability: 42.7 gls O
llolsnltc content: 0.20—0.57 /o.

lanitle size distribution: 30% through a #20 (850 pm] mesh;
5% through a #30 (600 pm} mesh.

18 Comments
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19 Specific References
1 Rizzuto ABcr 1 Chm Ali. Vtiga MF. Modification of the aucmseystalsttut

pharmaceutical properties; of excipicm
N H'cbiiol' 1.994: 8(le 32. 34. 36. 33-

‘turc to enhance
and drug substances. Plum39.

Tabihi SE. Hollenbeck RC}.
compressible sugar. for _l Phat-i

rxJ

Interaction of water vapor and
1'! 1934; 181 169—133.

20 General References

Mfindfi RW. Gupta MR. Kat: IA. O'Neil .lA» Nu-rab as .1 chewable
direct compression carrier. Drug Cosme! ind 1974: llilfil? 43-45.1304 33.

Ondatl CO. Kean CF“ Rhndes CT. Comparative evaluation of several
direct compression sugars. Drug Dev Ind Pbarm I983: 9: 1555-157.2.

Ondari CO, Kean CE. Rhodes CT. Comparative evaluation of several
direct compression sugars. Drug Deir ind Pharm 1933; 14: 1517—1527.

Shangraw RF. Wallace PW. Bowers FM. Morphology and function-
ality in tablet excipients for direct compression. Pbamt Teclmoi1931: 5: (19—?8.

21 Author

AW Wood.

22 Dale of Revision

8 October 2002.
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Sugar, Confectioner's 

1 Nonproprietary Names 

USPNF: Confectioner's sugar 

2 Synonyms 

Icing sugar; powdered sugar. 

3 Chemical Name and CAS Registry Number 

See Section 4. 

4 Empirical Formula Molecular Weight 

The USPNF 20 describes confectioner's sugar as a mixture of 
sucrose (C12H220 11 ) and corn starch that has been ground to a 
fine powder; it contains not less t han 95.0% sucrose. 

5 Structural Formula 

See Section 4 and Sucrose. 

6 Functional Category 

Sugar coating adjunct; sweetening agent; tablet and capsule 
diluent. 

7 Applications in Pharmaceutical Formulation 
or Technology 

Confectioner's sugar is used in pharmaceutical formulations 
when a rapidly dissolving form of sugar is required for 
flavoring or sweetening. It is used as a diluent in solid-dosage 
formula tions when a small particle size is necessary to achieve 
content uniformity in blends with finely divided active ingre
dients. In solutions, at high concentrations (70% w/v), confec
tioner's sugar provides increased viscosity along with some 
preservative effects. Confectioner's sugar is a lso used in the 
preparation of sugar-coating solutions and in wet granulations 
as a binder/diluent. See Table I. 

Table 1: Uses of confectioner's sugar. 

U$e Concentration (%) 

Sweetening agent in tablets 
Tablet diluent 

See also Section 18. 

8 Description 

10-20 
l 0-,SQ 

Confectioner's sugar occurs as a · f 
odorless powder. sweet-tastmg, ine, white, 

628 

SEM: 1 
Excipient: Confectioner's sugar 
Manufacturer: Frost 
Lot No.: !OlA- l 
Magni(icati011: 60 x 
Voltage: 20 kV 

SEM: 2 
Excipie11t: Confectioner's sugar 
Manufacturer: Frost 
Lot No.: lOl A-I 
Magni{i<<~li<>n: 600 x 
Volt<~gc: .!0 kV 

 

I I

Sugar, Confectioners: . “5- .

”at! Sui-I'd— .‘3 '-_—- 4'I 7 '

lap SEM: l . . ‘ .I Nonp rich” Names Emma-1:1: lf_.ontectmncr 5 sugar
Munnfiirrrm'r: From
in: NH; 10l:\-|

J'iliignifimrmu: (all x

USPNF: Confectioner’s sugar

2 Synonyms

Icing sugar; powdered sugar.

3 Chemical Home and CAS Registry Number

See Section 4.

4 Empirical Formula Molecular Weight
The USPNF 20 describes contectioner's sugar as a mixture oi
sucrose [ClenO] 1] and corn starch that has been ground to a
fine powder; it contains not less than 95.0% sucrose.

5 Structural Formula

See Section 4 and Sucrose.

6 Functional Category

Sugar coating adjunct; sweetening agent; tablet and capsule
diluent.

 
513M: 2

7 Applications in Pharmaceutical FDI'I'I'IUIG'HDI'I Excipicm: Confectitinc'r's sugar
or Technology Mimnfiti'rm’i'i': Frost

LO! Nu: ill I Ail

hia‘gniflcdfirmr [will] x
Voltage: 1!! L\"

Confectioner‘s sugar is used in pharmaceutical formulations
when a rapidly dissolving form of sugar is required for
flavoring or sweetening. it is used as a diluent in solid-dosage
Formulations when a small particle size is necessary to achieve
content uniformity in blends with finely divided active ingre—
dients. In solutions, at high concentrations {70% wlvl. confec-
tioner‘s sugar provides increased viscosity along with some
preservative effecrs. Confectioner’s sugar is also used in the
preparation of sugarcoaring solutions and in wet granulations
as a binderl'diluent. See Table I.

 
 

Table I: Uses oi conladioner's sugar. 

 Use Cormlmlion M]

Sweetening agent in tablets 10—20
Tablei diluenl 10450—___________-__—_-____

See also Section 18.

3 Description

Confectioner‘s sugar occurs as a sweet-tast'n ' '
odorless powder. 1 E" fmC’ Winter

628
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10 Typical Properties 
Density (bulk): 0.465 g/cm3 

Den>ity (tapped): 0.824 g/cm3 

Moisture content: 0.1-0.3 1% 

+ 
::::; 0.014% 
+ 
:::;; 5ppm 
::::;1.0% 
+ 
+ 
::::;0.08% 
~62.6<• 

::::; 0.006% 
::::; 95 .0% 

Particle size distribution: various grades with different particle 
~zes are commercially ava ilable, e.g., 6X, lOX, and 12X 
grades of confectioner's sugar from the Domino Sugar 
Corp. Mean particle size is 14.31-lm. 

For6X, 94% through a #200 (75 ~tm) mesh 
lor!GX, 99.9% through a #100 (1501-lm) mesh and 97.5% 

through a #200 (75 1lm) mesh 
Forl2X,99% through a #200 (75 ~tm) mesh and 96% through 

a #325 (45 j.lm) mesh. 
Solubility: the sucrose portion is water-soluble while the starch 

pornon is insoluble in water although it forms a cloudy 
solution. ' 

11 Stability and Storage Conditions 

~nfectioner's sugar is stable in air at moderate temperatures 
~/ rnay caramelize and decompose above 160oC. It is more 
~Yoscopic than granular sucrose. Microbial growth m~y 
dil~r 011 dry storage if adsorbed moisture is present or m 

ce aqueous solutions 
COntaonfectioner's sugar. should be stored in a well-closed 

1ner tn 1 a coo , dry place. 

12 
lncornp t'b'l' . Con a 1 1 1t1es 

fectione , . . . .1 ·ds which 
cause th r 5 sugar 1s mcompatible wtth dt ute act ' . 1 "· e hvd 1 · . It 1S a so ·~ornPat· bl . ro ysts of sucrose to mvert sugar. . h act 
vi h I e . h I . d .d whtc re n sue Wit a kalme earth hy rox1 es, 

rose to f orm sucrates. 
13 

~ethod f 
Confe . 0 Manufacture . 
r~fi C!toner' d b grindiDg 
"' ned &ra 

1
5 sugar is usually manufacture dy a fine 

1'\)'>'~d nu at d h pro uce 
,

011 
er. Other e . sucrose with corn stare. to . hosphate 

Various l anttcaking agents such as tncalcJUrn p rnrnon. 
St tcates, have also b~en used but are Jess co 

Sugar, Confectioner's 629 
14 Safety 

Confectioner's . 
mac · sugar IS used · 
non;ut~cal formulations. It is tn confectionery and oral phar-

oxtc and non irritant mat gene! raSlly regarded as a relatively 
ena · ee also Sucrose. 

15 Handling Precautions 

Observe normal precautions a . 
and quantity of mate . I h ppropnate to the circumstances 

na andled. See also Sucrose. 

16 Regulatory Status 

Included in the FDA 1 . . 
tablets). nacttve lngredtents Guide (capsules and 

17 Related Substances 

Compressible sugar; sucrose; sugar spheres. 

18 Comments 

Confecti~ner's sugar is not widely used in pharmaceutical 
form_ulatt.ons because the poor-flow characteristics prevent its 
use I~ dtrect-compressJOn blends. However, confectioner's 
sugar ts use.d when a smooth mouth feel or a rapidly dissolving 
sweetener ts required, and when a milled/micronized active 
i~gredient must be blended with a diluent of similar particle 
stze for powders or wet granularions. 

Low-starch grades of confectioner's sugar containing 
0.01% w/w starch are also commercially available. 

19 Specific References 

20 General References 
Barry RH Weiss M Johnson JB, DeRiner E. Srabiliry of phenylpro

panol;mine hydrochloride in liquid formulations conraining 
sugars. J Pharm SCI 1 98~; 71: 116-118. . 

Czeisler JL, Perlman KP. Dduenrs. In: Swarbnck J, Boylan JC, eds. 
Encyclopedia of PIMmltlCeut:cal Te,-hnology, vol. 4 . New York: 
Marcel Dekker, 1988: 37-84. . . 

d d Wp The Science of Sugar Confect:onery. Cambndge: Royal 
E war s · · 

Society of Chemistry. 2000. . 

EB 
d Sugar Confectionery Manufacture. Glasgow: Blackte, 

Jackson , e · 

1990· . AO p·l ·I N. Effect oi r~mperawre changes on the 
Onyekwell . ' 'J~omprt'ssion of griseofulvin and sucrose pow-

denstfKanon an 33 377 381 
Ph Pbarmacu/1981; : - · 

ders. J arm d SD Srumbo PJ eta/. Efiects of diets high in 
Wolraich ML, Lm gren 0~ the behavi~r and cognitive performance 

or aspartame 
sucrose N En I J Med 1994; 330: 301-307. 
of chddren. g 
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{Table . _ I
H91: Pharmacopeicl spec'hmhons For confecfioner’s sugar.

USPNF 20

m

filo" 20.01434,
akiun'u “[5 1% 5 ppm
N"! THE . o
4550” dr‘flng 5. l .013I ' l l +

mohailrmrts . .
niE volatile impurities +

rfidue on ignition g 0.08%
I‘ 'firrolofion 962.6‘
513:” $00062,
WT $95.0 Ar.__'_____—-—v——-—-————.__,_.________

10 Typical Properfies

limit? {hulk}: 0.465 gfcn'r3
Density (tapped): 0.824 glcm3
liuistrtrt content: 0.1—0.31 %

landmine disuibution: various grades with different particle
sitrsare commercially available, e.g., 6X, 10X, and 12K
grades of confectioner’s sugar from the Domino Sugar
Corp. Mean particle size is 14.3 urn.

lotfiX, 94% through a #200 (75 um} mesh
Pm 10X. 99.9% through a #100 (150 um) mesh and 97.5%

rlirnugh a #200 (75 um} mesh
for 12X. 99% through a #200 {75 um] mesh and 96 % through

”325 (45 um} mesh.

Smblllth the sucrose portion is water-soluble while the starCh

pnlrtion is insoluble in water, although it forms a cloudysill-“ion.

ll Stability and Storage Condilions

Erlmwner's sugar is stable in air at moderateetemperatutl)’:
11. “‘33 C§lramelize and decompose above 160 C- It 15 m
.Estcnpm than granular sucrose. Microbial growth may

liq" on Ch? Storage if adsorbed moisture is present or m
Coa‘luetius solutions. _

answers sugar should be stored in a we
in a cool, dry place.
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'JUQUF. {:Uiiiefiirgner's 629

Cnnfe- ' .
Loom-rs r, - .

maceuri' 1 lug“ N “Std In cuni ‘ - .ca formu] t'i'fitmery and oral phar-ntlons. It is gene
non “ - '

tome and nonlrritanr rnarcri-rl
. See also Sucrose.

15 Handling Precautions
Observe normal precaution. . . s .1
and quantity 1)f material handled. See also Sucrose.

‘6 Regulatory Status
Included in th
tablets}, t' FDA Inactive Ingredients

17 Related Substances

Compressible suga r; sucrose; sugar spheres.

13 Comments

Confectioner's sugar IE not widely used in pharmaceutical
formulations because the poor-flow characteristics prevent its
use in direct—compression blends. However. confectioner’s
sugar is used when a smooth mouth feel or it rapidly dissolving
sweetener is required, and when a milledr‘micronized active
ingredient must be blended with a diluent of similar particle
size for powders or wet granulations.

Low-starch grades of criniec‘tioner‘s sugar containing
0.01% wfw starch are also commercially available.

19 Specific References

20 General nefarences
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~~~-r_s_f~~r:es~----------------~~ 

1 Nonproprietary Names 

BP: Sugar spheres 
PhEur: Sacchari spheri 
USPNF: Sugar spheres 

2 Synonyms 
Non-pareil; non-pareil seeds; NPTAB; Nu-Core; Nu-Pareil 
PG; sugar seeds; Suglets. 

3 Chemical Name and CAS Registry Number 

4 Empirical Formula 

See Section 8. 

5 Structural Formula 

See Section 8. 

6 Func~onaiCategory 

Tablet and capsule diluent. 

Molecular Weight 

7 Applications in Pharmaceutical Formulation 
or Technology 

Sugar spheres are mainly used as inert cores in capsule and 
tablet formulations, ~articularly multiparticulate sustained
release formulations. -4) They form the base upon which a 
drug is coated, usually followed by a release-modifying poly
mer coating. 

Alternatively, a drug and matrix polymer may be coated 
onto the cores simultaneously. The active drug is released over 
an extended period either via diffusion through the polymer or 
through to the controlled erosion of the polymer coating. 

Complex drug mixtures contained within a single-dosage 
form may be prepared by coating the drugs onto different 
batches of sugar spheres with different protective polymer 
coatings. 

Sugar spheres are also used in confectionery products. 

8 Description 

The ~SPNF 20 describes sugar spheres as approximately 
sp~encal ~ranules of a labeled nominal-size range with a 
umform d1amerer and containing nor less than 62.5% and 
not more ~han 91.5% of sucrose, calculated on the dried basis. 
The remamder is chiefly starch. 

The PhEur 2002 states that sugar spheres contain not more 
than . 92% of ~ucrose calculated on the dried basis. The 
re~amder conststs of corn (maize) starch and may also con
tam starch hydro~ysates and color additives. The diameter of 
sugar sph~res vanes from 200 to 2000 j.lm and the upper and 
l~~~~ l!mtts of the size of the sugar spheres are stated on the 

630 

9 Pharmacopeia! Specifications 

See Table I. 

Table I: Pharmacopeia/ specifications for sugar spheres. 
~~~~~~~~~~~~~----
Test 

PhEur 2002 USPNF 20 

identification + + 

Heavy metals ~5ppm ~S ppm 

Loss on drying 
~5.0% ~4.0% 

Microbial limits + + 

Organic volatile impurities + 

Particle size distribution + + 

Residue on ignition ~0.2% ~0.25% 

Specific rotation +41 to +61 

Sucrose (dried basis) ~92% 62.5-91 .5% 

1 0 Typical properties 

Density: 
1.57-1.59 g!cm3 for Suglets less than 500 j.lm in size 
1.55-1.58 g!cm3 for Suglets more than 500 !-liD in size 

Flowability: < 10 seconds, free flowing. 
Particle size distribution: sugar spheres are of a uniform 

diameter. The following sizes are commercially available 
from va rious snppliers (US standard sieves): 

45-60 mesh (250-355 ~m) 
40-50 mesh (300-425 ~tm) 
35-45 mesh (355-500 11m) 
35-40 mesh (420-500 ~m) 
30-35 mesh (500-600 ~m) 
25-30 mesh (610-710~m) 
20-25 mesh (710-850 ~m) 
18-20 mesh (850-1000 11m) 
16-20 mesh (850-1180 j.lm) 
14-18 mesh (1000-1400 llm ) 

Solubility: solubility in water varies according to the sucrose
to-starch ratio. The sucrose component is freely soluble in 
water, whereas the sta rch component is practically insolu
ble in cold wa ter. 

Specific surface area: 
0.1-0.~m2/g for Suglets less than 500~tm in size 
>0.2 m lg for Suglets more than 500 11m in size 

11 Stability and Storage Conditions 

~ugar spheres are stable when stored in a well -closed container 
tn a cool, dry place. 

12 Incompatibilities 

See Starch and s f . h · om· 
Pat.b'l · . ucrose or mformation concerning t e me 

J t Jttes of the c · h omponent matenals of sugar sp eres. 
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fhod of Manufclcture . 
1S fl.' are prepared from crysralhne sucrose, which is 

, , 5pberes ar svrup and a starch dusting powder. 
sug [f(l ~sing sug ' 
.~ 

~~~ . 
14 are used in oral pharmaceuocal formulations 

heres f h . · 
c ••• ar sp d srarch components o sugar sp eres are w1dely 
;)'0 ase an d I h . '[11esucrd.bl food products an ora p arrnaceuttcal formula-
useJ ille I e 
non>· d se reactions and precautions necessary with the 

1h a ver h ld b . . e d sucrose components s ou e considered m any 
;~~rch an raining sugar spheres. For example, sucrose is 
p[0(1u~ congarded as more cariogenic than other carbohy
gt~~eral Y ci\n higher doses is also contraindicated in diabetic 
dfateS, an 

pa~t~rarch and Sucrose for further information. 

15 Handling Precautions 
Observe normal precautions appropriate to the circumstances 
andquantiry of matenal handled. 

16 Regulatory Status 
Included in the FDA Inactive Ingredients Gui.d~ (ora.! capsul~s 
and tablets) . Included in non parenteral medtcmes licensed m 
the UK and Europe. The sucrose and starch components of 
sugar spheres are individually approved for use as food 
additives in Europe and the USA. 

Sugar Spheres 631 

17 Related Substances 

Compressible sugar; confectioner's sugar; starch; sucrose. 

18 Comments 

19 Specific References 
Narsimhan R, Labhaserwar VD, Lakhoria CL, Dorle A. Tiroed· 
release noscapinc microcapsules. lndian j Pharm Sci 1988; 50: 
120-122. 

2 Bansal AK, Kakkar AP. Solvent deposition of diazepam over 
sucmse pellets. Indian j Pharm Sci 1990; 52: 186-187. 

3 Ho H-0, Su H-L, Tsai T, Sheu M-T. The preparation and 
characterization of solid dispersions on pellets using a fluidized
bed system. Tnt J Phamz !996; 139: 223-229. 

4 Miller RA, Leung EM, Oates RJ. The compression of spheres 
coated with an aqueous ethylcellulose dispersion. Dn•g Devellnd 
Pharm 1999; 25(4): S03-511. 

20 General References 
Birch GG, Parker Kj , eds. Sugar: Scic11ce and Technology. London: 

Applied Science Publications, 1979. 

21 Author 

RC Moreron. 

22 Date of Revision 

7 October 2002. 
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15 Handing Pmaufions
Glam normal precautions appropriate to the circumstances
aadquantiry of material handled.

15 legquIory Status

included in the FDA Inaetive Ingredients Guide {oral capsules
indobltnl. Included in nonparenteral medicines licensed in
die UK and Europe. The sucrose and starch components of
sugh spheres are individually approved for use as Food
additives in Europe and the USA.
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‘7 Related Substances
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p "““l‘lL “ll-1‘11“; confectioner’s sugar: starch; sucrose.
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