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ABSTRACT 

The use of  a c l a s s  o f  antimicrobial  agent5, the  bisbiguariidez, 

i n  o ra l  hygiene and t h e i r  involvement in the forination o f  t a t h  

s t a in ing  a r e  reviewed. Particu:ar attenticin i s  placed on a 

d i scuss ion  of  the mechanism o f  bisbiyuanide-irduced s t a in ing  

from a molecular leve l  and the  approaches taken to  resolve t h j s  

s t a i n i n g  pro51 en. 

BISBIGUANIDE CCP!POLWS -.__- -- 

The aeneral chemical s t r u c t u r e  3 f  t he  bisbiqu;r,ide 

comDonnds .i s:  

113 
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114  YANG AND BANKER 

NH N H  N H  N H  
I1 I1 I $  I1 

R- N H  - C - N H  - C - N i l  - X - N H - C - NH - C - ?/ H - R 

Members of t h i s  s e r i e s  of  compounds were f i r s t  synthesized by the  

Imperial Chemical Industry Inc. i n  E n g l a n d  in 1954 (1 -3 ) .  The 

chemical syn thes i s  of t hese  bisbiquanide compounds i s  shown in 

Fiqure 1 .  Table 1 ind ica t e s  t h a t  t h e  s e l e c t i o n  o f  the  group Q 

and X from ma?v ooss ib le  chemical groups leads  t o  a g rea t  number 

of bisbiquanide analogs.  

These b i s h i g u a n i d e  compounds were found t o  possess a n t i -  

microbial a c t i v i t y  a n d  a r e  e f f e c t i v e  aga ins t  a wide range o f  

vegetable b a c t e r i a ,  bo th  Gram-pasitive and Gram-negative. Of 

these  bisbigudnide compounds, chlorhexidine (R=p-chlorophenyl, 

NH N H  
I1 I I  

NEC-NH- C- NH- X-NH-C-NH-CZN 

NH NH FiH N H  
II I I  1 1  I 1  

R-NH-C-NH-C-NH-X-NH-C-NH-C-NH-R 

FIGURE 1 

Chemical synthes is  o f  bisbiguanide compounds 
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BISBIGUANIDE INDUCED STAINING 115 

Table 1 

B i s b i g u a n i d e P.n a 1 og s 

Reference 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

Reference 

3 

3 

3 

3 
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116 YANG AND BANKER 

X=hexamethylene) il'as f r t u n d  t o  have the g r e z t e s t  an t in i c rob ia l  

a c t i v i t y  ( 3 )  and l a t e r  a l ex id ine  (R=Z-ethj/l hexyl , X=he;!methylene) 

was found t o  h2ve ant imicrobia l  a c t i v i t y  cocparab:e t o  ch lor -  

hexidine ( 4 )  - 

Many bishiquanide % d l  i s  r i r  I? :-eported in the 1 i t e i -a ture .  

These include the  fol!ouinq form f o r  ch lorhexid ine :  d ;hydro- 

ch lor ide  ( 3 ) ,  l i a c e t a t e ,  d ia luconate ,  di-L-glutamate (5,6), 

d i s t e a r a t e ,  i i  1 aura te ,  rd io lca te ,  1 in21 e'te ( 7 ) ,  di ql vcosaccharo- 

1 ,4- lac tone  s a i t  ( 2 : l  s31t, monohydrate) ( 8 j .  var'ous bis(hydro:<v- 

benzcates) ( a ) ,  N-(h:o?~oxVethyl j e tny lene  d iamine t r i ace t a t e .  

N ,N-bi s [ 2- [ b i  s (carboxyethy1 j arxi no] ethyl q l  uci n f  sal  t ( 3  : 2 sal  t ) , 

N , N - b i s ( c a r t o x y ~ , ~ t ~ , y 1 ;  glyc ine  (1  :: : a l t ) ,  N,V- l  ,?-ethanedi;;; 

b i s [ N - ( c a r S o x ~ ~ ~ e t h y l ) l  Glycine s a l t  (1 : l  an3 1:2 s a l t s ) ,  N,N-bis 

(2-hydroxyethyl) g lyc ine  s z j t  ( 1 : Z  s a l t )  ( l o ) ,  disuccinamate 

b i  s (  iminodiace ta te )  , b i  s iS-ace tamido~exanoate)  (6), d i a c e t a t e ,  

diglycoate (1 1 ) ,  di s a rcos ina te ,  and monoflurophosphate ( 1 2 , I j ) .  

A 20% aqueous so lu t ion  of ch lcrhexid jne  digluconate i s  marketed 

under the  t r a d e  name o f  HIBITANE. 

I n  au toc lav ing  ch lwhex id ine  digluconate aqueous so lu t ions ,  

i t  was discovered t h a t  a very small anount o f  p-chlorani l ine  

was forroed d u 2  t o  the  hydrolysis of chlorhexidine ( i4-17) .  The  

decomposition i s  the l e a s t  a t  pH 5-6 a n d  increases  a s  the pH i s  

r a i sed  o r  lowered (15-17). The decompasition was found t o  

increase  sharp ly  a t  temperatures hiaher that1 110' (16,17).  

concluded, bcwever, t h a t  t he  low leve l  of  p-chloroani l ine  thus 

I t  was 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BISBIGUANIDE INDUCED STAINING 117 

formed could not induce any toxic e f fec ts  a n d  the loss  of the 

antimicrobial ac t iv i ty  of chlorhexidine so treated was negligible 

(15). 

The dissociation constants (DK, va:ues) of chlorhexidine 

a re  given as 10.3 and 2 .2 ,  corresponding t o  the forrnation o f  a 

mono- and di-cation, w i t h o u t  any specific detai l  on the method 

of the determination (18). 

alexidine were determined to  be 11.49 and 2.47 using a spectro- 

photometric method (99). For purpose of comparison, the disso- 

c ia t ion constants of a number of diprctonated bicjuanides were 

compiled by Ray fig), and the pKa values ranged from 10.7 t o  10.8 

fo r  one arid 2.0 t o  3.0 for  the other depending on the sdbsti-  

tuents attached. 

The cor-responding pKa values for  

Like biguanides, bisbiguanides can be complexed with metal 

ions. S i lver ( I I1)  ethylene bisbiguanide s a l t s  have been synthe- 

sized from ethylene-bisbiguanide sulfate  and a s i lver  s a l t  i n  the 

presence of potassium or sodium persulfate (20) .  

The uses and drug  delivery systems which were found in the 

l i t e r a tu re  fo r  various bisbiguanides are  shown in Table 2 .  

SORPTION OF B ISBIGUAN I DES 

As noted previously the bisbiguanide compounds are  primarily 

used i n  s a l t  forms. 

dihydrochloride, and  digluconate for  chlorhexidine and dihydro- 

chloride f o r  alexidine. 

The most widely used s a l t  forms are  diacetate,  

T h u s  bisbiguanides ex i s t  in aqueous solution 
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118 YANG AND BANKER 

Table 2 

Uses and Drug Delivery Systems o f  Bisbiguanides 

Formu 1 a t  i on Use References 

Aqueous Mouth rinse for  
Solution plaque inhibit ion 

Topical application 
for  plaque inhibit ion 

Ophthalmic 

Bactericide for  paper 
towels and diapers 

Instrument s t e r i l i za t ion  

Bladder i r r igat ion 

Di s i nfec t i  on of f 1 oor 

Disinfection of telephone 
mouth- and ear-piece 

Disinfection o f  skin 

Hand washing for  
disinfection cleaning 

Mouthwash for  t a r t a r  
treatment 

Acne treatment 

Preservation f o r  sof t  
contact lens 

Burn treatment 

21, 22, 23, 24, 25, 26, 27, 
28, 29, 30, 31, 32, 33, 34, 
35, 36, 37, 38, 39 

31, 40  

41, 42 

43, 44, 45, 46, 47 

48, 49, 50 

51 

52, 53 

54 

55 

53, 56, 57, 58 

34, 59 

60, 61, 62 

63, 64, 65 

66 
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BISBIGUANIDE INDUCED STAINING 119 

"Table 2 Cont." 

Formu 1 ati on Use References 

Alcoholic 
Solution 

Dentifrice 

Mol d 

Aerosol 

Tablet 

Cream 

O i  n tmen t 

Lozenge 

Preservation of 
histological slides 

Suture preservation 

Teeth cleaning 

Plaque inhibition 

i. Bactericidic 
i i . Agricultural and 

Horticultural 
nematocide 

i. Teeth cleaning 
i i . Agricultural and 

Horticultural 
nematocide 

Disinfection of skin 

Antiseptic for surface 
wounds on animals 

i. Plaque inhibition 
ii. Treatment o f  throat 

infection 
iii. Treatment of 

aesophagitis 

Tartar treatment 

67 

68 

12, 13, 22, 23, 24, 33, 36, 
38, 69, 70, 71, 72, 73, 74, 
75, 76, 77, 78 

79 

80, 81 
82 

36, 38, 83 
82 

51 

84 

85 
66 

66 

G um 34 
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120 YANG AND BANKER 

as the mono-pos i t i ve lv  charged species a t  PH cond i t i ons  t y p i c a l l y  

found i n  pharmaceutical p repara t ions ,  and the  ca t i ons  a re  capable 

o f  being bound by an ion i c  substances w i t h  the  e l e c t r o s t a t i c  

a t t r a c t i o n  as the  d r i v i n g  fo rce .  

be bound by hydroxyapat i te  (86-go), t o o t 4  surface ( 8 8 , 9 0 ) ,  

an ion ic  m a t e r i a l s  such as CP-11 c e l l u l o s e  (phosphate), CM-sephadex 

(carboxy l ) ,  and  SP-sephadex ( s u l f a t e )  (91,02). Lh lo rhex id ine  

showed s i g n i f i c a n t  i o n i c  assoc ia t i on  w i t h  the  s tea ra te  a c i d  f i l m  

(92). The p r o t e i n  i n  s a l i v a  and serum were Grec ip ia ted  by 

ch l c rhex id i vz  (90,93). A h i s t o c h m i c a l  sta'q!ng method f o r  c h l o r -  

hex id ine  w i t h  azocarmine B revealed t h a t  the  arefis o f  t he  

b a c t e r i a l  c e l l  where ch lo rhex id ine  accumulated were those areas 

known t o  con ta in  nega t i ve l y  charged chemical groups (94).  I t  was 

concluded t h a t  a ch lo rhex id ine - res i s tan t  bac te r ia  migh t  have 

acquired i t s  res i s tance  t o  ch lo rhex id ine ,  a t  l e a s t  i n  pa r t ,  by a 

decrease i n  sur face  phosphate groups (95,96). 

so rp t i on  o f  ch lo rhex id ine  by b a c t e r i a  was cons is ten t  w i t h  the  

e l e c t r o s t a t i c  a t t r a c t i o n  hypothesis (18) .  

Ch lorhex id ine  has been shown t o  

The e f f e c t  o f  pH on 

Since l o c a l l y  h igh  concent ra t ions  were observed on the  t o o t h  

surface a f t e r  us ing  ch lo rhex id ine ,  i t  was suggested t h a t  ch lo rhex i -  

d ine  molecules may be i nvo l ved  i n  the  development o f  s t a i n i n g  

products (97 ) .  One observa t ion  which i s  cons i s ten t  w i t h  t h i s  

thought i s  the  f a c t  t h a t  upon d i s c o n t i w a t i o n  o f  t he  use o f  

ch lo rhex id ine  the  s t a i n i n g  disappears ( 9 8 ) .  

the  adsorp t ion  and desorp t ion  o f  ch lo rhex id ine  and a l e x i d i n e  by 

An ex tens ive  study on 
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BISBIGUANIDE INDUCED STAINING 121 

hydroxyapatite and extracted human teeth showed t h a t  the sorption 

obeys Langmuir theory (99) .  

slowly desorbed from the tooth surface following i t s  f a s t  adsorption 

has been t h o u g h t  t o  be a prophylactic principle in the prevention 

of periodontal diseases (100,101). 

The f ac t  tha t  chlorhexidine can be 

MODE OF ACTION OF BISBIGUANTDES AS 
ANT IN 1 C ROB I AL AGEFITS -- 

The mode of action o f  bisbiguanides as  antimicrobial agents 

can be summarized as follows (100): ( a )  Adsorption of bisbiguanides 

to  the surface o f  the bacterial  c e l l ,  

adsorption was previously described a s  an  e lec t ros ta t ic  a t t rac t ion  

between the posit ively charged bisbiguanide species and the 

negatively charged bacterial surface. ( b )  The damage of the cel l  

membrane to  a l t e r  i t s  premeability and thus f a c i l i t a t e  the entry 

of bisbiguanides (102-105). 

and the prevention of the repair  of the cel l  membrane (106-109). 

The driving force for  t h i s  

(c )  The precipit3tion of the cytoplasm 

THE USES OF BISBIGUANIDES IN ORAL HYGIENE 

As can be seen i n  Table 2,  chlorhexidine has been extensively 

investigated for  i t s  use i n  oral hygiene, mainly i n  the form of a 

mouthwash. Various short term studies on human subjects revealed 

ac t iv i ty  in inhibit ing dental plaque formation (110-112). 

two year study of the oral use of chlorhexidine i n  120 human 

subjects has been conducted in Denmark (98, 113-117). 

A 

The re- 
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1 2 2  YANG AND BANKER 

su l t s  showed t h a t  when compared to  a placebo solut ion,  chlorhexidine 

treatment substant ia l ly  reduced the formation o f  plaque and 

the incidence of q ingiv i t i s .  There were no local side e f fec ts  

o r  a l te ra t ions  of the s t ructure  of the oral mucosa, tonaue, 

salivary glands a n d  pharynqeal comlex following the prolonged 

use of ch orhexidine (98,115). The chlorhexidine treatment 

resulted n a 30 t o  50 percent reduction in the number of the 

bacteria 

bacterial  f lo ra  (113).  One study, however, showed t h a t  chlorhexi- 

dine treatment produced a s l i gh t  change in the d is t r ibu t ion  toward 

those organisms which were less  sensi t ive to  chlorhexidine (114). 

n saliva without producing a detectable s h i f t  in the 

BISBIGUANIDE-INDUCED TFETH STAINIF!& IF; ORAL H Y G I E X  

One corlsistent side e f f ec t  ex i s t s  when chlorhexidine i s  

used in the oral hygiene a rea .  

surface (98, 115, 118-121) and sometimes the staining of the tongue 

(119, 120).  

used in the oral  hygiene. 

health problem. 

action would be objectionable to  some users. 

possible re la t ionship between the discoloration and smoking or the 

intake of cer ta in  food s tu f f s  have been inconclusive (101). T h e  

staining on the teeth i s  reportedly re la t ive ly  eas i ly  removed by 

brushing, polishing o r  other mechanical Drocedures (101;. 

This i s  the s ta ining o f  the teeth 

The s ta ining was a lso observed when alexidine was 

The staining i s  a n  es the t ic  ra ther  than a 

However the high incidence of the s ta ining re- 

Inquiries into the 

A number of sugqestions and approaches have been directed a t  

the resolution of the s ta ining problem with chlorhexidine. The 
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BISBIGUANIDE INDUCED STAINING 123 

stained material has been scrapped off the teeth and analyzed; "but 

it has an amino acid combination of pellicle material and nothing 

else. It's just the protein you find on the teeth" (66). It was 

suggested that the brown staining might be due to the formation 

of mucin salts or their degradation products (90). The staining 

has also beer, related by some to the denaturation of protein (90, 

120). 

when chlorhexidine was incubated with certain aldehydes and 

ketones, such as acetaldehyde, benzal dehyde, formaldehyde, 

In an in vitro test, yellow to brown colors were observed 

D-glyceraldehyde, acetone, acetoacetic acid, pyruvic acid, a-keto- 

glutaric acid, glucose, fructose, galatose, sucrose, and lactose 

(122) .  

chlorhexidine and carbonyl compounds, which are intermediates 

normally found in both mammalian and microbial metabolism was 

responsible for the color formation. 

also observed for alexidine in a similar in vitro test (99). 

Brown colored compounds were isolated from the incubation mixtures 

of alexidine and chlorhexidine with acetaldehyde respectively, 

using preparative thin layer chromatography. 

compounds have been identified to be Schiff base type compounds 

using NMR and IR spectroscopic data (99). 

It was proposed that a Schiff base formation between 

This color formation was 

These colored 

MECHANISM OF STAIN FORMATION AND ITS PREVENTIOY 

It was proposed (99) that the mechanism of the stain formation, 

when either chlorhexidine or alexidine is used in oral hygiene, 

involves the following steps: (a) The cationic chlorhexidine or 
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124 YANG AND BANKER 

a lex id ine  spec ies  i s  adsorbed onto the  nega t ive ly  charged too th  

surface due to  the  e l e c t r o s t a t i c  a t t r a c t i o n .  (5)  The biguanidc 

group a t  t he  o the r  end o f  the  molecule then r e a c t s  with a carbonyl 

compound n o m a 1  to  tne f l o r a  of the mouth t o  form a colored Schiff  

base type compound. This mechanism i s  i l l u s t r a t e d  i n  Figure 2 .  

According t o  t h i s  model, prevention of s t a i n i n g  should be 

d i r ec t ed  to  a search f o r  a n t i s t a i n  agents capable o f  i nh ib i t i ng  the 

Schiff  base fortnation, while a t  the same time re t a in ing  the  a n t i -  

microbial a c t i v i t y  of t he  bisbiguanide.  The poss ib le  ways t o  achieve 

this goal a r e :  

( a )  Modi f i ca t im  of  the Sisbiguanide Fblecule:  Schi f f  bare 

i s  formed when a carbonyl group r e a c t s  w i t h  a primary amino group, 

thereby ccnver t ing  a C = O  double bond t o  a C = N  double bond: 

t I 

I l l  R ,  I l l  

I I, C=N-R R ,  
R '  R 

i t  C=O i- H 2 N - R  - 

Theorec t ica l ly  i t  would be poss ib le  t o  modify the chemical s t r u c t u r e  

of the bisbiguanide so t h a t  the cont r ibu t ion  of a primary amino 

group i s  decreased. I t  should be borne in  niind, however, t h a t  

any modification o f  the chemical s t r u c t u r e  should not decrease 

the ant imicrobia l  a c t i v i t y .  I t  was found t h a t  t h e  major f a c t o r  

influencing the antimicrobial  a c t i v i t y  of the  bisbiquanide was the 

hydrophi l ic - l ioophi l ic  balance (HLG\ ( I ; ) .  I t  i s  thus q u i t e  poss ib le  

t o  reso lve  t h i s  s t a i n i n g  problem by a s t r u c t u r e  modification 

process,  provided  a proper HLB i n  the chemical s t r u c t u r e  i s  

maintained. 
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R 
I 

R 
I 

NH NH 
I ' /  R '  

Ii R" C = N H  / R '  C - N=C, 

N O=C \ R" I 
N H 
1 - 1  
C = N H  C = N H  
I 
N ti 

1 
NH 

FIGURE 2 

A model which shows the  adsorpt ion o f  a bisbiguanide 
on to  a s o l i d  surface and the  format ion o f  a S c h i f f  
base w i t h  a carbonyl compound 

A m o d i f i c a t i o n  o f  the biguanido group t o  a carbonylyuanido 

group was repor ted  

t i o n  tendency wh i l e  r e t a i n i n g  the  an t im ic rob ia l  a c t i v i t y  (123). 

The general chemical s t r u c t u r e  of t h i s  type of compound i s :  

t o  be e f f e c t i v e  i n  reducing the  s ta i r !  forma- 

0 NH NH 0 
II II II I1 

R-NH-C-NH-C-NH-X-NH-C-NH-C-NH-R 

(b) Pro tec t i on  of the  Reacting S i t e s  i n  Bisbiguanides: The 

o the r  poss ib le  way t o  b lock  the  s t a i n i n g  r e a c t i o n  based on the 

hypothesis proposed above cou ld  be t o  use a l a r g e  counter i o n  t o  
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block the approach of the carbonyl compound t o  the r eac t ive  s i t e s  

i n  the adsorbed bisbiguanide.  

of pol y (met hyl v i  nyl e t  her/ma 1 e i c an hydr i de ) and pol y ( e t  hyl m e /  

maleic anhydride) i n  a mouthwash formulation was e f f e c t i v e  i n  

reducing t h e  s t a i n  formation tendency. 

the former polymer ha; been patented (124).  

I t  was found t h a t  t h e  incorporation 

A formulation containing 

Other methods were reported t o  reduce the  s t a i n  formation 

tendency. 

w i t h  the bisbiguanide was used in  one proposed formulation (125).  

Others h a v e  dsed reducing agents such a s  g a l l i c  acid o r  dihydro- 

coumarin (20) ,  ascorb ic  ac id  (211, inso luble  s a l t  forms (12, 13, 

126) ,  o r  amino carboxylate compound; such a s  n i t r i l o  t r i a c e t i c  

ac id  (22,23).  

claimed t o  reduce 

Chelating agents suchas  ko j i c  ac id  which can r e a c t  complete1 

The incorporation of urea in to  t h e  formulation was 

the s t a in ing  tendency ( 2 4 ) .  

-___ REFERENCES 

1.  F .L .  Rose a n d  G .  Swain, B r i t .  Patent 705,838(1954) 

2. F . L .  Rose and G .  Swain. U.S. Patent 2,684,924(1954) 

3. F .L .  Rose a n d  G .  Swain, J .  C h w .  SOC., 4422(1956) 

4. R . A .  Cut te r ,  G.3 .  Diana, and S. Scho l i t ,  Soap and Chemical 
Special t i p s ,  February 1966 

5. Imperial Chemical Indus t r ies ,  S .  African Patent 03,688 (19721, 

6. P.N. Edwards, "Chlorhexidine S a l t s " ,  Ger. Offen. 2,230,031 (1972) 

Chemical Abstracts,  80, 52380 (1974) 

Chemical Abstracts , 78, 110979~  (1973) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BISBIGUANIDE INDUCED STAINING 127 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

Imperial Chemical Industr ies  Ltd. Brit. Patent 843,676( 1960) 

I .  Flatsunaga, Japan Patent 05,718(1971) , Chemical Abstracts,  
- 74, 1303563 (1 971 ) 

J.  Rey and H .  Cousse, Fr. Demande, 2,193,588(1974), Chemical 
Abstracts,  82, 86230c(1975) 

R.A.  Stephenson, B.L.  Laursen, and O.H. Mattson, Ger. Offen., 
2,223,766( 1972) Chemical Abstracts,  78, 15541 1 i (1973) 

0. Grablowitz, Ger. Offen. , 2,373,830(1974) Chemical Abstracts,  
- 80, 133090c(1974) 

11. Harrison, Ger. Offen. 2,158,102(1972) Chemical Abstracts,  
- 77, 523396b(1972) 

M. Harrison, U.S. Patent,  3,397,805(1976) 

R . R .  Goodall, J .  Goldman and J .  blools, Pharm. J.,2OJ, 33(1968) 

F. Jaminet, L.  Delat t re ,  J.P. Delporte and A. Moes, Pharma. 
Acta Helv, 45, 60 (1970) 

J. Dolby, B. Gunnarsson, L .  Kronberg and H .  Winkner, J .  Hosp. 
Pharm. , a, 223(1973) 

J. Dolby, B. Gunnarsson, L. Kronberg, and H .  Winkner, Pharm. 
Acta Helv, ffL, 615(1972) 

W.B. Hugo, and A.R. Longworth, J .  Pharm. Pharmacol., 16, 
655 ( 1964) 

P.  Ray, Chem. Rev., 61, 313(1961) 

P. Ray and A.R. Chakravarty, J .  Indian Chem. S O C . , ~ ,  47(1944) 

J .  Donohue, U.S. Patent,  3,925,543(1975) 

J.W. Haefele, U.S. Patent 3,934,002(1976) 

J.W. Haefele, U.S.  Patent 3,937,807(1976) 

R. Blendax-Werke Schneider und Co., Austrian Patent, 
327 , 393( 1976) Chemical Abstracts , 84, 14061 9 t  ( 1976) 

J.H. Nachtigal , U.S. Patent,  3,887,701 (1975) 

R.M. Frank, P.M. Caken and P. Klewansky, J .  Biol. Buccale, 
- 1 ,  87(1973) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



128 YANG AND BANKER 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36 

37 

3%. 

39 

40. 

41 

42. 

43. 

44. 

H. Luoma, J .  Ainamo, S. Soderholm, J .  Meurman, and S.Helminen 
Scand. J .  Dent. Res., 3, 52311973) 

B . R .  Cumming and H .  Loe, J .  Periodontal Res., 8, 57(1973) 

C . R .  Sch io t t ,  J .  Periodontal Res., S, Suppl. 12,  7(1973) 

S.G. Hesselgren, Ger. Offen. , 2.338,031(1974) , Chemical 
Abstracts,  @, 112646y(1974) 

S. Yamaha, M. Hirota,  Y .  Nagatu, F. Umezawa and R .  Yamaki, 
Koki. Eisei .  Gakki. Zasshi . ,  1974, Chemical Abstracts,  81, 
145967~ (1 974) 

M.J .  Lover, Bri t .  Patent,  1,365,030(1974) 

J.W. Haefele, Ger. Offen., 2.410,132(1974) Chemical Abstracts,  
- 82 , 35037n (1 975) 

J.W. Haefele, J.W. , Ger. Offen. , 2,332,383(1974), Chemical 
Abstracts,  so. 100120j(1974) 

L . P .  Cancro, D . B .  Paulovich, S. Bolton, and A .  Picozzi,  
J .  Dent. Res., 53, 765(1974) 

R .  L'Orange, Ger. Offen., 2,338,177(1975jY Chemical Abstracts,  
- 83, 120851p(1975) 

N .  Agarback, B .  Melson, and G.  Rolla, Scand. J .  Dent. Res., 
- 83, 284(1975) 

R .  L'Orange and H .  Harth, Ger. Offen., 2,442,712(1976) 
Chemical Abstracts,  8, 184919v(1976) 

H .  Raaf, Ger. Offen. , 2,430,280(1976), Chemical Abstracts, 
- 84, 1695649 (1 976) 

S.E. Hamp, J .  Lindke and H .  Loe, J .  Periodontal Res., 8, 
63( 1973) 

N .  Harb, Egypt Pharm. J . ,  3, 47(1971), Chemical Abstracts,  
- 75, 80226g(1971) 

K. Anderson, S. L i l l i e ,  and D .  Crampton, Pharm. J . ,  192, 
593(1964) 

W .  Hurka, Ger. Offen., 2,351,893(1974) , Chemical Abstracts, 
- 82, 47765m(1975) 

T.L. Blaney, Ger. Offen., 2,408,296(1974), Chemical Abstracts,  
- 82,  21 835j (1 975) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BISBIGUANIDE INDUCED STAINING 129 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

M. Kayano, T. Ohmoto, and K. I i j n a ,  Japan Kokai, 18,617(1975) 
Chemical Abstracts,  82, 160272m(1975) 

fvt. Kayano, T. Ohmoto and K. I i j i m a ,  Japan Kokai, 18,616(1975) 
Chemical Abstracts, 160273n(1975) 

W. Harka, Ger. Offen., 2,351,894(1974), Chemical Abstracts, 
- 82 , 64552g( 1975) 

M. Kienholz and H. Hennes, Gesundheitsw Def infek,  61, 
173(1969), Chemical Abstracts,  72, 108239k(1970) 

W. Jurczyk, B. Kedzia, W. Kedzia, J .  Masiakowski, and 
I. Salus, Anest, Rennim., Intensyrona Ter. , 5, 329(1974) 
Chemical Abstracts,  82, 144931v(1975) 

W. Keana and G.A. Thomas, Ger. Offen., 1,923,889(1970) 
Chemical Abstracts, 73, 16631 (1970) 

W.S. Madsen, J. Hosp. Pharm., 26, 53(1969) 

G.A.J. A y l i f f e ,  B.J. Co l l i ns ,  and E.J.L. Lowbury, B r i t .  
Med. J .  , 442(1966-11) 

B. Kedzia, H. Konior, W. Kedzia and I .  Twarowska, Anest. 
Reanim. , Intensyrona Ter. , 5, 299(1973) , Chemical Abstracts, 
- 80, 128759y(1974) 

A.B. Wilson, B r i t .  Patent, 1,164,631 (1969) Chemical Abstracts. 
- 71 , 128720t.17969) 

G. Reybrouck and H. Van de Voorde, T i j s c h r .  Geneesk., 
- 3, 400(1968) Chemical Abstracts,  9, 11872a(1968) 

C. H a r r i s  and E.R. Meacham, Ger. Offen. , 2,060,439(1971) 
Chemical Abstracts , 2, 507253’ (1971 ) 

R.W. Ruhen and W.G.R.M. De Boer, Med. J. Anst., 1, 222(1972) 
Chemical Abstracts,  77, 57018f (1972) 

W .  Hurka, Ger, Offen. , 2,310,989(1974) , Chemical Abstracts,  
- 80, 112645x(1974) 

P.L. Block, E.E. Howe, and M.J. Lover, Ger. Offen., 1,964,196 
(1970), Chemical Abstracts,  3, 48552h(1970) 

R.A. F e r r a r i ,  Ger. Offen. , 2,417,872(1974) , Chemical Ab- 
s t rac ts ,  82, 77112p(1975) 

S.W. Cur t i s ,  Ger. Offen. , 2,529,149(1976) , Chemical Abstracts, 
- 84, 140726a(1976) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



130 YANG AND BANKER 

62. M.J. Lover, Ger. Offen. 2,263,130(1973), Chemical Abs t rac ts ,  

63. R . K .  Browne, A . N .  Anderson, B.W. Charvez and R.J. Azzarello,  

64. M.P. Boghosian and M . V .  Blanco, U.S. Pa ten t ,  3,888,782(1975) 

65. R . E .  Phares,  J r . ,  U.S. Pa ten t ,  3,689,673(1972) 

66. D.M. Foulkes, J .  Periodontal  Res., 8, Suppl. 12,  55(1973) 

- 79, 70235k(1973) 

Toxicol . Appl . Phannacol . , 2, 621 (1975) 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 

81. 

G.A. Heydon, Ger. Offen. , 2,207,787(1973) Chemical Abs t rac ts ,  
- 79, 123330w( 1973) 

American Cyanamid Co., Ger. Offen. , 1,111,780(1957) 

S. tlashimoto, Japan Kokai, 76,243(1975) Chemical Abs t rac ts ,  
- 83, 136736r(1975) 

K. Tomlinsen, U.S. Pa ten t ,  3,804,946(1974) 

D .  Colodney, U.S. Pa ten t ,  3,842,168(1974) 

H. Loe, I n t .  Dent. J . ,  1, 41(1971) 

Colgate-Palmolive Co. , Brit. Pa ten t ,  1,305,353(1973) 

E.T. Eriksson, A.H.J. Gillners and K . R . R .  Sjobery,  Swed. 
Pa ten t ,  355,494(1973) Chemical Abs t r ac t s ,  so, 112627t(1974) 

H.W. T i k u s ,  Helv. Odontol. Acta, 1z_, 105(1973) Chemical 
Abs t r ac t s ,  80, 52342j(1974) 

R.  Blendax-Werke Schneider und Co., Austrian Pa ten t ,  
324,571(1975) Chemical Abs t rac ts ,  84, 19581w(1976) 

D. Colodney, Ger. Offen., 2,212,257(1972), Chemical Abs t rac ts ,  
- 78, 7763v(1973) 

D .  Colodney and J .  Nor f l ee t ,  Ger. Offen., 2,212,258(1972) 
Chemical Abs t r ac t s ,  78, 7761t(1973) 

S.G. Hesselgren, Ger. Offen. , 2,403,105(1974), Chemical 
Abs t rac ts ,  82, 21506a(1975) 

M.J. Holmes, Fr. Demande, 2,026,873(1970), Chemical Abs t rac ts ,  
- 75, 25365j(1971) 

Parco Chemicals Pty. Ltd. ,  Aus t ra l ian  Pa ten t ,  254,337(1964) 
Chemical Abs t rac ts  , 66, 752703 (1 967) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BISBIGUANIDE INDUCED STAINING 131 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99. 

100. 

M. Fujimoto, Y .  Kawasem and H. Taya, Japan Koka'i, 43,690(1972) 
Chemical Abs t rac ts ,  80, 44721s(1974) 

C .  Schoedel, Ger. Offen., 2,341,176(1975) , Chemical Abs t rac ts ,  
- 83, 15509k (1 975) 

Anon, Fed. Regist . ,  38, 10714(1973) 

M. Dobrenic, A.  Cekic-Arambasin and V. Bukovac, B u l l .  Sc i . ,  
Cons. Acad. Sc i .  Arts BSF Yougoslavie, Sec. A ,  17, 79(1972) 
Chemical Abs t rac ts ,  77, 83726e(1972) 

G. Rol la ,  H .  Loe and C . R .  S c h i o t t ,  Arch. Oral Bio l . ,  16, 
1109(1971) 

C.G.  Emilson, T h . ,  Erickson, G. Heydon and B.C .  Magnusson, 
3. Periodontal  Res., S ,  Suppl. 12,  17(1973) 

H. Nordbo, Scand. J. Dent. Res., 80, 465(1972) 

R . P .  Quintana,  R.G. Fisher and A. Lasslo,  J .  Dent. Res. , 51, 
1687( 1972) 

G. Rolla,  H. Loe and C.R.  Sch io t t ,  J .  Periodontal  Res., 5, 
90 (1 970) 

G. Rolla and 6. Melson, J .  Dent. Res., 54, Special  Issue B,  
57 (1 975) 

R.G.  F i sher  and R.P. Quin tana ,  i b i d . ,  54, 20(1975) 

L .G.  Hje l jord ,  G .  Rolla and P. Bonesvoll, J .  Periodontal Res., 
- 8, Suppl. 12,  l l (1973)  

G. Heydon and G. Rolla,  Arch. Oral Bio l . ,  15, 1387(1970) 

A.  Davis and W. Roberts, Biochem. J . ,  112, 15(1969) 

A.  Davis and W. Roberts, Biochem. SOC. Trans. ,  1, 120911973) 

G. Heydon, J. Periodontal  Res., 8, Suppl. 12,  76(1973) 

H. Loe, C . R .  S c h i o t t ,  L .  Glavind and T. Karring, i b i d . ,  11, 
135( 1976) 

Wu-huang Yang, Ph.D. Thesis, Purdue University (1978) 

A. Davis, J .  Periodontal  Res., 8, Suppl. No. 12 ,  68(1973) 

101. H. Loe, i b i d . ,  8, Suppl. 12,  93(1973) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



132 YANG AND BANKER 

102. 

103. 

104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

112. 

113 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 

R . M .  Rye and D. Wiseman, J .  Pharq. Pharmacol. , 16, 516(1964) 

D. Gliseman, i b i d . ,  Suppl. 16, 56(1964) 

H . C .  Ansel, J .  Pharm. S c i . ,  56, 616(1967) 

J.G.R. El fe r ink  and H.L.  Booij, Biochem. Pharmacol. 2, 
141 3(1974) 

A .  Davis and B.S. F i e ld ,  Biochem. J . ,  106, 46(1968) 

W.B. Hugo and D.C.  Dal t rey ,  Microbios. ,  lJ, 119(1974) 

D . C .  Daltrey and W.B. Hugo, i b i d . ,  lJ, 131(1874) 

E. Szymaniak, W. Kral i sz  and T. Sniezek, Czas. Stomatol.,  
- 29, 9(1976) 

H.  Loe and C . R .  Sch io t t ,  J .  Periodontal  Res., 5,79(1970) 

R . N .  Davis, S. Borglum-Jensen, C.R .  S c h i o t t ,  and H .  Loe, 
i b i d . ,  5, 96(1970) 

L .  F l o t r a ,  P .  Gjermo, G.  Rolla and J .  Waerhaug, Scand. J .  
Dent. Res. , 80,10(1972) 

C . R .  S c h i o t t ,  W . W .  Briner and H. Loe, J .  Periodontal  Res., 
- 11 , 145(1976) 

Chemical Abs t rac ts ,  3, 159574w(1976) 

C . R .  Sch io t t ,  W . W .  Briner, J . J .  Kirkland, and H .  Loe, i b i d . ,  
- 11, 153(1976) 

C . R .  S c h i o t t ,  H .  toe and W . W .  Briner, i b i d . ,  11, 158(1976) 

I.C. Mackenzie, K. Naki, H .  Loe and C . R .  S c h i o t t ,  i b i d . ,  
- 11, 165(1976) 

K .  Naki, R .  Schlenker,  H .  Loe and C . R .  S c h i o t t ,  E., 
- 11, 172(1976) 

L. Flo t r a ,  P.  Gjermo, G.  Rolla and J .  Waerhaug, Scand. J .  
Dent. Res., 3, 119(1971) 

P .  Gjermo and G .  Rol la ,  i b i d . ,  79, 12611971) 

H . M .  Erikseb and P.  Gjermo, i b i d . ,  a, 553(1973) 

V.M. Spolsky, H . L .  Bhatia, A.  Forsythe and L. Daniel,  
J . Periodontol . , 46, 685( 1975) 

122. H.  Nordbo, Scand. J .  Dent. Res., 79, 356(1971) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BISBIGUANIDE INDUCED STAINING 133 

123. J. Diamond, U.S. Patent  4,110,328, Aug. 29, 1978 

124. S.N. Curtis and H . N .  Bhargava, U.S. Patent pending 

125. H.A.  Gieske and P.S. Juneja,  Ger. Offen., 2.534,887(1976) 
Chemical Abs t rac ts ,  84, 169681t(1976) 

126. Imperial Chemical Industry Ltd. , Fr. Damande, 2,115,375(1972) 
Chemical Abs t rac ts ,  78, 102001d(1973) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


