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INTRODUCTION AND LITERATURE REVIEW

During one episode in the British quest for antimalarial
agents a class of compounds was discovered to have antibacterial
activity.12

Investigators at Imperial Chemical Industries Ltd.,

Manchester, England found that certain bisbiguanides, especially
chlorhexidine, were effective in this latter respect.
Bisbiguanide compounds were examined extensively at ICI
from the late nineteen forties but the results of these invest
igations were not published until 1954 when G.E. Davies et.al.*^
reported the bacteriostatic, bactericidal and toxic effects of
chlorhexidine.

Both gram positive and gram negative bacteria

were susceptible but only a very weak action against bacterial
spores was observed.

Action against hemolytic streptococci in

infected artificial wounds was good.

Attempts to establish

resistant bacterial strains were unsuccessful with their experi
mental methods.

In mice extremely low oral toxicity (LD50 2,000

mg/kg) was found although intravenous toxicity (LD50 25 mg/kg)
was comparatively high.

There was no interference with phagocy

tosis of staphylococci by human leucocytes in vitro.
Reports appeared in the British medical liturature in the
late nineteen fifties and early nineteen sixties about trial of
chlorhexidine as a local antibacterial agent in various clinical
applications.

It was tried as a disinfectant to prevent post

cystoscopy cystitis in urological out patients5 and as a
local antiseptic to prevent bacterial complications of healing

3

tissue after burns and scalds.22

Chlorhexidine reduced the

incidence of post-operative infections in abdominal surgery when
used in operating room splash bowls® and was recommended as the
antiseptic of choice in midwifery.®

It has been marketed in

Great Britian as an antiseptic cream, an obstetrical cream and
as an udder wash for veterinary medicine.18
In the middle nineteen sixties several investigators exam
ined chlorhexidine's antibacterial mode of action; particularly
its effects on such cells as Escherichia coli, Bacillus megaterium and Staphylococcus aureus.

In several of these experiments

suspensions of bacterial cells were exposed to the drug, centri
fuged and the supernate was examined by spectrophotometer for the
quantity of cellular exudate present.

These experiments have

demonstrated that chlorhexidine has a biphasic effect on bacter
ial cells correlatable to drug concentration.

Hugo and Longworth

reported that leakage of cellular content in Escherichia coli
cells increased with increasing concentration of chlorhexidine
to a maximum leakage at 90 pg/ml and that higher concentrations
of the drug produced less cellular leakage.

Above 150 pg/ml of

chlorhexidine leakage of cell content was less than one half that
which occurred at 90 pg/ml.

They also observed a similar pheno

menon when Staphylococcus aureus was exposed to chlorhexidine
although maximal cell leakage occurred at 40 pg/ml of the drug.
Wiseman52 reported that 32 pg/ml of chlorhexidine produced
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maximal leakage of Micrococcus lysodiekticus cells and that
greater concentrations also produced less leakage in this strain
of bacteria.

Davies and Field13 reported that 33 yg/ml of chlor

hexidine produced maximal leakage of Escherichia coli cells and
that greater drug concentrations produced less cellular leakage.
The configuration of the leakage curve was similar in the above
cited experiments.

The difference in the concentration at which

maximal leakage occurred is probably attributable to differences
in experimental conditions or to differences in the bacterial
cell wall.
Electron microscopic examination of bacterial cells treated
with chlorhexidine has produced evidence which supports the
spectrophotometric observations cited above.

Hugo and Longworth27

have described the appearance on electron micrographs of Escheri
chia coli cells exposed to 90 yg/ml and 200 yg/ml chlorhexidine.
At 90 yg/ml many cells lost all their cytoplasmic electron den
sity leaving only outlines of the cells believed to represent the
cell walls.

At 200 yg/ml chlorhexidine there was no evidence of

loss of cell content but the cytoplasm assumed a course granular
appearance quite distinct from the control cells.
Some investigators have tried to determine the relationship
between chlorhexidine's bactericidal activity, its ability to
cause cellular leakage and its ability to precipitate bacterial
cell proteins.

Hugo and Longworth30 measured the mean single
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survivor time of Escherichia coli suspensions exposed to Chlorhex
idine concentrations from 300 pg/ml to 800 pg/ml.

From data

derived by extrapolation of observed results they concluded that
at concentrations causing maximal cellular leakage (90 pg/ml)
there was no relationship between amount of cell contents lost
and the number of bacteria killed.

Rye and Wiseman^ examined

Escherichia coli cells exposed to Chlorhexidine and found that
below 32 pg/ml Chlorhexidine the cells could lose a large portion
of their cytoplasm and remain viable provided that the drug was
removed in 5 minutes.

Above this concentration most of the cells

were rendered non—viable within 5 minutes.

The authors concluded

that some of the cells could recover even after loss of much of
their metabolic pool.

Hugo and Longworth^^ examined the ability

of Chlorhexidine to precipitate proteins and nucleic acids
derived from Escherichia coli.

They reported that 90 pg/ml

Chlorhexidine, which causes maximal leakage from Escherichia
coli, caused no precipitation of proteins derived from Escheri
chia coli cells.

Chlorhexidine concentrations from 200 pg/ml to

500 pg/ml, which caused less cellular leakage of Escherichia coli,
precipitated 90% of the nucleic acids and 50% of the proteins
derived from Escherichia coli cells.
similar results were obtained.

For Staphylococcus aureus

The authors concluded that higher

concentrations of chlorhexidine, which are more rapidly bacteri
cidal, coagulate the cytoplasmic contents thus decreasing cellular
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leakage.

This concept is supported by the observed inability of

bacterial cells treated with chlorhexidine (200 yg/ml or more) to
respond to osmotic shock by disruption.28
The observations of Rye and Wiseman51 together with those of
Hugo and Longworth29 suggest that coagulation of the cytoplasm
may be the principal mechanism of chlorhexidine1s bactericidal
activity.

This is not certain as the role played by membrane

disruption at the higher concentrations has not been established.
Hugo and Longworth29 found that, even at levels of drug
adsorption several times greater than required to form a monolayer around the cell, chlorhexidine failed to neutralize the
charge on thy Escherichia coll cell.

This and a previous finding

by the same authors,27 that high chlorhexidine concentrations
(over 200 yg/ml) resulted in the formation of swellings on the
surface of Escherichia coli cells, suggest that chlorhexidine is
not adsorbed in a monolayer but rather at localized sites on the
cell surface.
In summary chlorhexidine acts by adsorbing to the bacterial
cell membrane at discretely localized sites and disorganizing
the permeability barriers at that point.29

Low concentrations

result in cellular leakage and higher concentrations coagulate
cellular contents stopping leakage and rendering the cell non
viable.
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Chlorhexidine1s molecular structure (Fig. 1) imparts to the
compound some unique and incompletely understood physico-chemical
activity.

The counter-ion used to form the salt also influences

the molecule's binding and adsorbtive properties.

The digluconate

salt forms micelles at lower concentrations (0.0066 M) than the
diacetate salt (0.011 M) .

It is believed the micelles form by

aggregation of individual molecules and are similar to those
micelles formed by certain dyestuffs rather than those formed by
nonspecific colloidal surfactants.

Some investigators have hypo

thesized that this aggregation is due to a specific hydrogen
bonding associated with the diguanido-groups,24

They also state

that the molécule contains alternate hydrophilic and hydrophobic
moieties and that it cannot be construed to be a simple amphipathic molecule exibiting a polar head and a non-polar chain.
Other investigations seem to contradict this latter position in
that their results suggest the intermediate saturated carbon
chain imparts the ability to reduce surface tension.15

These

results do not, however, conflict with the evidence for formation
of micelles at very low chlorhexidine concentrations.
Investigation of the structure-activity relationships of
bisbiguanide compounds has revealed two points.

The primary

determinant of antibacterial activity in any bisbiguanide is the
hydrophilic-lipophilic balance of the molecule.

The geometry of

the molecule is of secondary importance only, in determing
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antibacterial activity.

These asessments of antibacterial

activity were made by the broth dilution test.12
In the early nineteen seventies investigators became enamor
ed with chlorhexidine's ability to suppress plaque formation.
Only a few experiments done with animals have been reported.23’
31,32,44

was applied as toothpaste or mouthwash in rice

rats, monkeys and dogs.

Plaque indices were used to analyze

results and gingival indices were employed to record the changes
in gingival health expected with decreasing plaque scores.

These

investigations demonstrated nearly one hundred percent plaque
suppression which was usually positively correlated with reduc
tion of gingival inflammation.2 3
A considerable amount of similar work has been done with
humans.

Concentration, method of application and duration of

application has varied widely in these investigations.

A two

tenths percent solution applied twice a day is the most common
concentration used as a mouthrinse and a two percent concentration
is frequently used for topical application daily.4’16,20,38,39,
40>41

However, Bonesvoll et. al. reported that as little as

five hundredths percent chlorhexidine was effective in plaque
inhibition when used twice daily in mouthrinse form.7

Tooth

paste concentrations have ranged from two hundredths percent to
one percent chlorhexidine.2’3,10,21,35,49
tion has varied.

Duration of applica

In some cases time has been strictly controlled;
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in others the subjects were permitted to use the agent ad. libitum.
Results ranged from thirty to one hundred percent plaque suppres
sion.

Although all reports demonstrated statistically significant

plaque suppression, a range of results exists because of differ
ing concentration, duration, frequency and method of application.
Gumming and Loe11 made an effort to determine optimum concentra
tion, quantity and frequency when using chlorhexidine as a daily
mouthwash.

Fifty milliliters of a one percent solution used

once daily was reported optimal as a mouthrinse but four hundred
milliliters of a .025 to .05 percent solution applied as a topical
once daily was the preferred method overall.
One of the earliest toxicologic observations involving
chlorhexidine was that of adhesive arachnoiditis and vascular
blockage caused by spinal injection of chlorhexidine in monkeys.32
In one four-month study in humans the chief complaint was des
quamation and soreness of the oral mucosa during the period the
drug was used as a mouthrinse.1^

Foulkes states that discomfort

of the oral mucosa has been reported many times in investigations
of this type.18

In attempts to determine the effects of chlor

hexidine on epithelium and the cause of dermal discomfort several
investigators have measured lactic dehydrogenase activity in
humans,19»48 epithelial maturation in humans42 and epithelial
regeneration and maturation in mice.43

None of these studies

produced conclusive evidence of the cause of dermal discomfort.
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Lindhe37 observed that the drug will not pass through intact
epithelium, but, when applied to areas of epithelial defects,
caused a variety of potentially injurious effects.

These effects

were reduced corpuscular flow, granulocytosis, endothelial swell
ing, stasis, micro thrombi formation, erythrocyte color fade,
rouleaux formation and spherocyte formation.

The effect of

chlorhexidine on granulation tissue has been examined by inject
ing a two tenths percent solution into wound chambers implanted
subcutaneously in rats.
chambers.

Saline was injected into the control

Only slightly greater inflammation was observed in

the experimental group.

"Stromatic" material was found in the

wound chambers in which chlorhexidine was introduced.

It was

thought to consist of precipitated proteins and to form a template
for proliferating cells.26

Another recurring observation is

discoloration of teeth and silicate restorations with use of
chlorhexidine mouthrinses.17 >1+7
jn vitro analyses of cellular effects have demonstrated a
variety of reactions indicative of toxic potential.

Extremely

low concentrations (30 pg/ml) enhance Ehrlich ascites cell
detachment from glass surfaces45 and two percent concentrations
inhibit adhesion of Ehrlich ascites cell attachment to enamel and
dentine.46

Inhibition of cell division is reported at 30 pg/ml

chlorhexidine and no cell growth occurs at 4000 pg/ml.46

Poly

morphonuclear leukocytes undergo membrane disruption and fixation
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of cell cytoplasm at two tenths percent chlorhexidine.34

One

hundred percent hemolysis of erythrocytes is seen at one millimolar concentration and Na+-K+-ATPase activity was inhibited at
0.002-0.2 mM concentrations.25
Chlorhexidine has been employed as an ingredient in perio
dontal packs and as a mouthrinse following periodontal surgery.
One investigation, which concluded there were no detrimental
effects on healing tissue, used only two dogs; one drug treated
animal and one control.36

The wounds were created by biopsy of

vestibular gingiva and chlorhexidine was applied once daily as a
two percent spray.

Gingival exudate measurements of the healing

tissue were used to measure the drugs effect.

Pretreatment

biopsies and rebiopsies taken from the same areas forty-two days
later were also evaluated by crevicular leukocyte counts.

Based

on the criteria used the results were excellent, but it may be
argued that both gingival exudate measurements and crevicular
leukocyte counts reflect suppression of plaque by the drug and
provide little information about the direct effect of the drug
on healing tissue.

Moreover the duration of each daily applica

tion of the spray was not stated.

Also, two animals are not

sufficient numbers to constitute a statistically sound study.
In another study full thickness flap surgery was done around
one hundred teeth in ten patients and packs containing chlorhexi
dine were used for post-surgical dressing.1

Mouthrinses were
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also employed.

The criteria used to evaluate the results were

gingival exudate measurements, bleeding tendency and gingival
index scores.

As in the previous study gingival exudate and

gingival index scores probably reflect reduced inflammation due
to plaque suppression more than anything else.

Bleeding tendency

was measured by a standardized probing technique designed to
determine the tendency to bleed on normal probing.

At best the

bleeding tendency measurements were only crude clinical evaluations
of the tissue response and contributed nothing to the understanding
of histologic events associated with the drugs use.

It may be

argued that bleeding tendency measurements reflect an inflammatory
condition created by two separate mechanisms.

Plaque formation is

one mechanism and the second is the normal healing process with
its associated inflammatory condition.

Plaque formation can be

suppressed by chlorhexidine; the second mechanism may or may not
be altered by chlorhexidine. Whether chlorhexidine usage produces
lower bleeding tendency measurements by plaque suppression or by
alteration of the healing process cannot be precisely determined
from this study.

The chlorhexidine mouthrinse employed probably

had little effect on the healing tissue, other than plaque suppres
sion, because it was not begun until day eleven post-surgically.
By this time the wounds should have been well epithelialized, thus
preventing drug penetration.
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There is sufficient evidence to indicate that chlorhexidine
has very little toxic potential when used on intact epithelium37»43
because it does not penetrate to the underlying connective tissue.
Lack of toxicity when it is applied to exposed connective tissue
has not been determined.

Despite this paucity of hard evidence it

has been proposed as an ingredient in periodontal dressings for
human use.

The purpose of this study is to examine the toxicity

of chlorhexidine on blood, vasculature and connective tissue
under conditions in which results will not be disguised by an
acute inflammatory response initiated by something other than the
drug.
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PART I
Thirty-two female white mice, weighing 35 to 40 grams each,
were obtained from Sasco, Inc., Omaha, Nebraska and were used as
the experimental animals in this portion of the investigation.
The animals were housed in the laboratory and allowed a standard
laboratory chow diet and water ad libitum.
Chlorhexidine digluconate was obtained from Imperial Chemical
Industries, Limited under the trade name Hibitane.

Experimental

solutions of this were diluted with distilled water to 2.0%, 0.75%,
0.2%, 0.1% and 0.05% (w/v) for use in both parts of the experi
ment.

Distilled water was used as the diluent because attempts

to make chlothexidine solutions with any physiologic salts in
variably resulted in the formation of a dense precipitate.

The

osmolarities of these various chlorhexidine solutions are pre
sented in the results section and the significance of these
factors is discussed later.

(p. 28)

The mice were randomly divided into the treatment groups.
Each mouse was anesthetized by an intraperitoneal injection of
0.03 ml of Nembutal Na (50 mg/ml, Abbott, Labs.).

The mice were

then laid on their backs and the four paws were taped down to
the table top.

Mid-line ventral incisions through the abdominal

wall permitted portions of the intestines to be spread outside
the body cavity.

The intestinal spread was arranged so that the

portion to be removed from the animal was easy to keep flooded
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with the experimental solutions.

The intestines of the 10 control

animals were flooded for 5 minutes with 0.9% saline solution and
Kodachrome slides were taken.

Flooding with a 4% gluteraldehyde

solution in 0.1 M phosphate buffer at pH 7.25 followed.

The intes

tines of 10 animals were flooded with 2.0% chlorhexidine diglucon
ate in distilled water (weight/volume) and those of 12 animals were
treated with 0.2% chlorhexidine digluconate in distilled water
(weight/volume) for 5 minutes.

This was followed by flooding with

0.9% saline to remove the excess chlorhexidine solution and term
inate the duration of drug application.

Kodachrome slides were

taken of the intestinal spread at this point.

Flooding with 4%

gluteraldehyde solution followed immediately.
The desired section of intestine was removed from the animal
and placed on a wax slab on the bottom of a petri dish.

The

section was kept moist with 4% gluteraldehyde and diced into
pieces approximately 1.5 mm to 2.0 mm square.

The diced pieces

were returned to ice cold gluteraldehyde solution for a total
time of approximately 15 minutes.

Tissues were rinsed in ice

cold phosphate buffer containing 0.1 M dextrose solution and then
post fixed for one hour in ice cold 1% osmium tetroxide in phos
phate buffer for one hour.

The diced specimens were allowed to

come to room temperature and dehydrated through graded alcohols
followed by two changes of propylene oxide and placed in a solu
tion of 50% propylene oxide and 50% Maraglas overnight.

The
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next day the individual tissue specimens were embedded in Maraglas
in BEEM capsules and cured for 24 hours at 37°C and another 24
hours at 60°C.
Semi-thin sections 1 or 2 microns thick were cut on an LKB
XII ultramicrotome, stained with 0.5% toluidine blue for 1 minute
and examined with the light microscope.

Representative sections

of each experimental group were photographed using Kodak Highspeed
Ektachrome Tungsten film.
Selected areas were thin sectioned at a thickness which gave
a silver color.

The sections were collected on unsupported copper

grids, stained with uranyl acetate and lead citrate and examined
in a Philips 201 electron microscope.

Representative electron

photomicrographs were taken of each experimental group.
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PART II
Forty white mice, weighing 35—40 grams, were obtained from
Sasco, Inc., Omaha, Nebraska, and were used as the experimental
animals in this part of the investigation.

The animals were

housed in the laboratory and allowed a standard laboratory chow
diet and water ad libitum.
The chlorhexidine solutions used in this part of the inves
tigation are described under Materials and Methods — Part I
(p. 15).
The mice were randomly divided into the treatment groups.
Each mouse was anesthetized by an intraperitoneal injection of
0.03 ml of Nembutal Na (50 mg/ml, Abbott, Labs.).

With the

animal on its back the front paws were taped down to the table
top.

A heparinized 23 gauge needle on a graduated syringe was

passed through the chest wall and into the heart.

All the blood

available up to 1.0 ml was removed (usually 0.8 to 1.0 ml).

The

needle was removed from the syringe and the blood was expelled
slowly into a centrifuge test tube.
Enough of a dilute solution of chlorhexidine digluconate
was added to the whole blood sample to bring the plasma chlor
hexidine concentration to the desired level.

For example, if a

plasma chlorhexidine concentration of 0.2% was desired, and
1.0 ml of blood was drawn, 0.06 ml of a 2.0% chlorhexidine diglu
conate solution was added.

The hematocrit was always assumed to
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be 40 leaving a plasma volume of 0.6 ml in the above example.
Several random hematocrit measurements were done which yielded
a mean hematocrit value of approximately 40 for the mice tested.
This value was accepted for all the mice as studies have shown
that within a given strain the hematocrit from animal to animal
exhibits little v a r i a t i o n . T h e exact amount of chlorhexidine
digluconate added was calculated for each blood sample drawn
based on the individual sample volume and a hematocrit of 40.
The 8 control samples were treated with 0.06 ml of a 0.9% saline
solution per 1.0 ml of whole blood.

Eight samples were treated

to obtain a 0.2% chlorhexidine plasma concentration, 6 were treat
ed to obtain a 0.075% chlorhexidine plasma concentration, 6 were
treated to obtain a 0.02% chlorhexidine plasma concentration, 6
were treated to obtain a 0.01% chlorhexidine plasma concentration,
and 6 were treated to obtain a 0.005% chlorhexidine plasma con
centration.

The foregoing chlorhexidine concentrations were the

final plasma concentrations; not the concentration of the solu
tions added to the blood samples.

In each case the concentration

of the chlorhexidine solution added to the blood sample was 10
times as great as the desired plasma concentration.

Five one-

hundredths ml of the treated blood was then drawn off with a blood
dilution pipet and reserved for later examination of the red blood
cells.
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The remainder of each treated blood sample was centrifuged
at 2000 rpm. for 7 minutes to separate the red blood cells and
the plasma.

Twenty-five hundredths ml of the plasma (supernate)

was removed and the osmolarity determined in a freezing point
depression osmometer and recorded.

The remaining plasma was

used to dilute the blood withdrawn, before centrifugation, in
the blood dilution pipet to approximately 200 to 1.
cell dilution was used to charge a hemacytometer.

This red
Slides of the

cell dilutions on a hemacytometer were taken with Kodak High
Speed Ektachrome Tungsten film.

The numbers of normal vs. abnor

mal cells were counted and changes in cell size were measured by
examination of the projected slides.
To collect data on cell diameters all the cells in one cell
dilution from each animal were measured and the measurements were
grouped according to cell type (normal, crenated, small).

When

available a maximum of 120 cells of a given type were measured
and the mean diameter was computed and appears in Table (2).

All

the available cells of a specific type were counted when fewer
than 120 were evident.

To collect data on the relative percen

tage of cell types, the cells from one cell dilution from each
animal were counted and catagorized; the percentage of each cell
type for that animal was computed.

The mean percentages for

each cell type from all animals in a given treatment category are
given in Table (2).
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The experimental mean osmolarity values (Fig. 16) were com
puted from the osmolarity readings obtained from all animals in
a given treatment catagory.
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Fig. (2) shows the intestinal spread of an animal treated
with 0.9% saline.

No gross reactions to the solution are obser

vable and the animals treated with 0.2% chlorhexidine appeared
similar.

Fig. (3) shows an animal treated with 2.0% chlorhexidine.

The treated portions of the intestine appear white in color com
pared to those treated with saline or 0.2% chlorhexidine.

The

elasticity of the tissue treated with this drug concentration was
also altered.

The mesentery surrounding the intestine became

brittle and was easily torn in handling.
Fig. (4) is a light micrograph (500x) of a cross section
through a capillary from intestine exposed to 0.9% saline for 5
minutes.

Fig. (5) is a similar light micrograph (500x) taken

from an animal treated with 0.2% chlorhexidine for 5 minutes.
The structure of the red blood cells, endothelium and connective
tissue appears similar to that seen in the saline treated animals.
In Fig. (6), a light micrograph (500x) taken of a capillary
from an animal treated with 2.0% chlorhexidine, the erythrocytes
are round and the luminal surface of the endothelial cells is
irregular in some areas.
Fig. (7) is an electron micrograph (10,000x) of a capillary
and adjacent connective tissue of an animal treated with 0.9%
saline.

The erythrocytes in the lumen appear normal as do the

endothelial cells and the adjacent connective tissue structures.
Note the narrowness of the ground substance separating the
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endothelium from the underlying connective tissue and glandular
structures.
lumen.

A fine filamentous precipitate is observable in the

These filaments appear oriented in a pattern suggestive

of some electro-motive attraction between the structural elements
of the capillary wall and erythrocytes, and between erythrocytes.
Fig. (8) is an electron micrograph (10,000x) of a capillary
and adjacent connective tissue from an animal treated with 0.2%
chlorhexidine.

The erythrocyte in the lumen appears normal

as does the endothelium.

There appears to be some disorganiza

tion of the connective tissue and an expansion of the space
occupied by fluid or ground substance adjacent to the endothe
lium.
Fig. (9) is an electron micrograph (4,500x) of tissue from
an animal treated with 2.0% chlorhexidine.

Note the spikes

appearing on the surfaces of the erythrocytes.

The luminal

surface of the endothelial cells is quite irregular when com
pared to the luminal surface in Fig. (7).

There is also con

nective tissue disruption next to the vessel wall evident as
decreased density in the ground substance band and fracturing
and displacement of the collagen bundles.

Fig. (10) is a higher

magnification electron micrograph (20,000x) of a portion of the
capillary wall shown in Fig. (9).

Note that the erythrocyte

membrane at the tip of the spike appears discontinuous and the
contents appear to be leaking out.

The luminal surface of the
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endothelium is very irregular.

Connective tissue disruption

adjacent to the cell wall can be seen as a loss of distinct demar
cation of outline and electron opacity between the collagen fibers
and the surrounding ground substance.

The changes in shape of

the erythrocytes appeared consistently in every animal but not
in every blood vessel in animals treated with 2.0% Chlorhexidine.
The changes in the luminal endothelial cell surfaces and the
connective tissue disorganization appeared only irregularly in
the sections from animals treated with either 0.2% or 2.0%
Chlorhexidine solutions.

Such aberations did not appear in any

of the animals treated with 0.9% saline.
Fig. (11) s"hows erythrocytes on a hemacytometer which have
been exposed to 0.9% saline in vitro.

On a hemacytometer the

erythrocyte appears as a round disk dark at the periphery and
lighter at the center.

Eighty-one and two tenths percent ±13.37

percent of the red blood cells were normal when exposed to 0.9%
saline.

The percentage of normal cells decreased with increasing

Chlorhexidine concentration until at 0.2% Chlorhexidine no normal
cells were observed.

The mean diameter of the normal cells was

found to be 6.3±0.37p in the saline treated blood samples.

When

normal cells were present in the Chlorhexidine treated blood
samples their mean diameter and standard deviation was the same
as that of the normal cells in the saline treated group.
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Fig. (12) shows erythrocytes on a hemacytometer which have
been exposed to 0.02% chlorhexidine.
crenated cell forms.

These are representative of

In the saline treated samples 18.5±13.51%

of the red blood cells were crenated.

The percentage of cren

ated cells increased with increasing drug concentration until
a maximum of 60.3±11.16% crenated cells was observed at 0.02%
chlorhexidine.

From this drug concentration upward the percent

age of crenated cells decreased.

At 0.2% chlorhexidine only

4.6±4.59% of the cells were crenated.

The mean diameter of

the crenated cells was 5.2±0.67y in the saline treated blood
samples.

With increasing drug concentration the mean diameter

of crenated cells decreased.

At 0.02% chlorhexidine the mean

diameter of crenated cells was 5.1±0.68y and at 0.2% chlorhexidine
the mean diameter of crenated cells was 4.8±0.37y.
Fig. (13) shows erythrocytes on a hemacytometer which have
been exposed to 0.2% chlorhexidine.

The cells are smaller and

darker than the normal cells in Fig. (11) or the crenated cells
in Fig. (12).

No small cells were observed in the blood samples

treated with 0.9% saline.

Small cells were first observed at

0.005% chlorhexidine and the mean percentage was 1.5%.

The

mean percentage of small cells increased with increasing drug
concentration.

At 0.2% chlorhexidine 94.8±5.0% of the erythro

cytes had become small cells with the remainder all crenated forms.

27

The mean diameter of the small cells was found to be 4.2±0.35y
at 0.02% chlorhexidine and 4.3±0.32y at 0.2% chlorhexidine.
Table (1) shows the mean cell diameters and standard devia
tions in microns.

The diameters of the three cell types (nor

mal, crenated, small) were measured in 3 different treatment
groups (saline, 0.02% chlorhexidine, 0.2% chlorhexidine). Mul
tiple t-tests were performed on the mean cell diameters given in
Table (1).

Statistically significant differences were obtained

at a probability level of p < .001 in all cases except the follow
ing.

All normal cells were found to be from the same population

regardless of treatment.

All small cells were from the same

population regardless of treatment and crenated cells showed no
differences between the saline treated group and the 0.02%
chlorhexidine treated group.
Table (2) gives the mean percentage and standard deviation
of each cell type at each concentration of chlorhexidine.

Fig.

(14) is a histogram showing the relative percentages of the 3 cell
types at each concentration of the drug examined.

Note the rapid

decline in mean percentage of normal cells and the rise in mean
percentage of crenated cells to a maximum at 0.02% chlorhexidine,
followed by a rapid decline as the mean percentage of small cells
increased.

The relationships between cell forms are more evident

in Fig. (15) which shows the cell form percentages on individual,
comparable line graphs.
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Fig. (16) is a graph of plasma osmolarity vs. drug concen
tration.

The solid line represents the experimentally determined

mean plasma osmolarity at each drug concentration while the
broken line depicts a calculated plasma osmolarity vs. drug con
centration.

This calculation assumes the amount of drug added

to the whole blood sample simply diluted the plasma and did not
interact with the plasma constituents in altering plasma osmo
larity.

The osmolarities of the chlorhexidine solutions added

to the blood samples were measured.

These values were 0.2%-67

mOs, 0.075%-29m0s, 0.02%-12m0s, 0.01%-9m0s and 0.005%-7m0s.
osmolarity of 0.9% saline was 297mOs.

The

The calculation was based

on a normal plàsma osmolarity for mice of 350m0s which was
obtained by testing random samples of untreated mouse plasma in
a freezing point depression osmometer.
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FIGURE 1. Diagram of the structure of the chlorhexidine
molecule.
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FIGURE 3. Photograph of intestines of a mouse immed
iately after flooding with a 2.0% chlorhexidine solution.
Note the change in color and the absence of the smaller
blood vessels as compared to Fig. 2.

IGUUE 4
Light micrograph (500x) of a 1 2 macron
™
Of mouse intestine treated with 0.9% saline and
tained with 0.5% toluidine blue. The center of the
holograph shows a capillary containing essentially
[ormal appearing erythrocytes
This capillary is sur-_
rounded by connective tissue elements and dar£ * „ ^ h e
ng glands - all appear essentially normal. Note t
listinct endothelial cells and their nuclei.

FIGURE 6. Light micrograph (500x) of a 1-2 micron
section of mouse intestine exposed to 2.0% chlorhexidine
and stained with toluidine blue. Note the shape of the
erythrocytes as compared to Figs. 4 and 5. There is
suggestion of irregularity of the luminal endothelial
cell surface.

FIGURE 7. Electron micrograph (10,000x) cross section
of capillary wall after exposure to 0.9% saline. The
dark area at the center is a staining artifact. All
structures are essentially normal. Portions of two
erythrocytes and a fibrinous precipitate in the capil
lary lumen are seen at the top. Two typically thin
endothelial cells in tight approximation with overlap
at the cells junction appear in the central portion of
the photograph. The lower portion shows the usual
organization and close approximation of the surrounding
connective tissue elements.
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':•----FIGURE 8. Electron micrograph (10,000x) cross section
of capillary wall after exposure to 0.2% chlorhexidine
solution. The portion of an erythrocyte seen at the
left is essentially normal. The fine fibrinous precip
itate seen in the lumen of the saline treated animals
is not evident here. The endothelium in the central
portion of the photograph is not distinguishably differ
ent from the controls. The right portion of the photo
graph shows some evidence of decreased density of the
ground substance and apparent expansion of the ground
substance area.
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FIGURE 9. Electron micrograph (4,500x) cross section
of capillary wall after exposure to 2.0% chlorhexidine.
Note spikes on the periphery of the erythrocyte appear
ing at the top of the photograph. The endothelium in
the central portion of the photograph shows an irregu
lar luminal surface and has lost its distinct electron
opacity. In the lower portion there is considerable
evidence of disruption of the collagen bundles.
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FIGURE 10. A higher magnification (20,000) of Fig. 9
which has been rotated 90° counter clockwise. Note spike
tip on the erythrocyte at the upper left corner. The
central portion of the photograph shows a junction be
tween two endothelial cells with evidence of widening of
intercellular spaces. Note the lack of distinct elec
tron opacity of the endothelial cytoplasm.

FIGURE 11. Light micrograph (500x) of erythrocytes
on a hemacytometer after exposure to 0.9% saline in
vitro.
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FIGURE 12. Light micrograph (500x) of erythrocytes on
a hemacytometer after exposure to 0.02A Chlorhexidine
in vitro. Note typical crenated cells with the irregu
lar peripheral densities and smaller diameters.

FIGURE 13. Light micrograph (500x) of erythrocytes
on a hemacytometer after exposure to 0.2% chlorhexidine. Note decrease in diameter as compared to the
cells in Fig. 11.

C E LL FORMS

C oncentration ol Chiorbe» idine in

o'?

S alin e

002

0.20

N o rm al

Cre noted

S m a ll

6.3 ±0.37

5.2 ±0.67

none

N =12 0

N=105

6.3±0.37

5.1 ± 0 68

4.2±0.35

N=120

N = 120

N= 120

4.8±0.37

4.3 ±0.32

N = 39

N=120

none

TABLE 1. Mean cell diameters for three different
treatment groups. N represents the number of cells
measured.
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CELL FORMS
N o rm a l

C re noted

0.0 0 5

C oncentrotion ol C h lo rh e x id in e in

o'?

0.010

0 020

0 075

0 20

TABLE 2. Mean cell percentages for all treatment groups
N represents the number of animals observed.
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FIGURE 14.

Histogram of the relative percentages of the cell types at each

treatment.
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Graph of plasma osmolarity vs. drug concentration.
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The change in color of the intestinal tissues shown in
Fig. (3) and their loss of elasticity noted in handling strong
ly suggest that the drug had some effect on the connective
tissue elements.

The disorganization of the connective tissues

adjacent to the vessel walls seen in Fig. (8) and Fig. (9)
supports this contention.

The irregularity with which this

phenomenon appeared on the electron micrographs could have one or
more of the following explanations.

First, given the method of

application of the drug in Part I it is doubtful that the intes
tinal tissues were uniformly perfused with chlorhexidine.

It is

reasonable to assume that in the mesenteric areas of the intes
tines a higher drug concentration was established as these areas
were closer to the surface on which the drug was applied.

By

the same reasoning those areas of tissue adjacent to the lumen
of the intestine should experience lower drug concentrations.
Sections taken from these areas of lower perfusion would be ex
pected to show reduced drug effect or possibly no effect.

Second

other investigators have reported reduced blood flow as a result
of chlorhexidine application to the vasculature.37

Our obser

vations of the absence of the fine capillaries on the intestinal
surface after application of 2.0% chlorhexidine (Fig. 3) could
be interpreted as collapse of the smaller vessels.

In the lower

left hand corner of Fig. (6) a collapsed arteriole can be seen
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which is surrounded by a space created when the vessel separated
from the drug damaged adjacent connective tissue.

Where this

occurs blood flow would certainly be inhibited causing vascular
and tissue fluid stagnation resulting in high local concentration
of the drug producing greater local connective tissue effects.
In those areas where flow was not impaired normal blood and
fluid transport would tend to keep the local concentration of
the drug down by dilution and transport to the general circula
tion.

Thus, sections taken from areas of vascular stagnation

would be expected to show greater drug effects and sections
from areas of unimpaired flow would be expected to show less
drug effect.i Third, in dicing the tissues into 1 to 2 mm. blocks
necessary for preservation for electron microscopy, the origin
of tissue blocks relative to their proximity to either the
serosal or luminal surface of the intestine was lost.

Because

of this it was not possible to group sections for examination
according to their original position in the intestinal wall.
Therefore, the effects appeared to occur only irregularly in the
chlorhexidine treated animals.

The absence of any connective

tissue disorganization in the saline treated animals further
supports the case for a drug induced phenomenon despite the
apparent irregularity of effect.
Alteration of erythrocyte morphology appeared much more
consistently than did the connective tissue changes in the
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in vivo portion of the experiment.

One explanation for the pres

ence of altered erythrocytes in areas not exhibiting connective
tissue damage is that they moved from an area of higher chlorhexidine concentration and stopped there at the time the tissues
were fixed in situ.

Such an occurrence would result in a more

uniform distribution of altered erythrocytes throughout the
vascular tree.

An alternative explanation for this is that the

erythrocytes are probably susceptable to lower concentrations
of the drug than the connective tissues or the endothelial cells.
The lower concentration required to alter erythrocyte morphology
may have been uniformly attained in the lumen of most of the
blood vessels examined.

Note that in the in vivo portion of the

experiment erythrocyte morphology was consistently altered only
when a 2.0% chlorhexidine solution was applied to the intestines.
Yet in the in vitro portion the erythrocytes displayed signifi
cant alterations of morphology when the plasma concentration of
chlorhexidine was as low as 0.01%.
It should be pointed out that the concentrations referred
to in Part I of this study, are the concentrations of the chlor
hexidine solutions (0.2% and 2.0%) applied directly to the in
testines in vivo.

For the reasons given in the preceeding

paragraphs the actual tissue concentration of the drug which
produced the observed effects was not known.

Obviously it must

have been something less than the concentrations of the solutions
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applied.

The second part of the experiment was designed to

ascertain what those concentrations which caused erythrocyte
damage might have been.
The erythrocyte response to increasing concentrations of
chlorhexidine is clearly shown by the histogram in Fig. (14) and
by the line graphs in Fig. (15).

The first evidence of a drug

induced response by these cells is an increase in the percentage
of the crenated forms which is significant at a plasma concentra
tion as low as 0.01%.

As the concentration increases not only do

more normal cells become crenated but the crenated cells also
become smaller in diameter.

This is shown by the statistically

significant change in crenated cell diameter between the plasma
concentrations of 0.02% and 0.2% given in Table (1).

The reduc

tion in cell diameter could be the result of loss of cell content
(hemolysis) upon crenation.

This loss of cell content is consis

tent with that loss of cell content observed in bacterial cells
when they are exposed to chlorhexidine.30’ 51> 52

The bacterial

cells were also seen to form spikes on their outer cell surface27
similar to those of the erythrocytes shown in Fig. (9), Fig. (10)
and Fig. (12).

As in the bacterial cells we believe these spikes

to be the site of adsorbtion of chlorhexidine to the cell surface29
and as shown in Fig. (10) the point of leakage of the cells con
tents to the outside.

Leakage of bacterial cell contents after

exposure to chlorhexidine has been established by other investigators.29
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Investigators of the physico-chemical properties of chlor
hexidine have suggested that the compound forms micelles at very
low (0.0066 M) drug concentrations.24

Because the micelle is

an aggregation of several chlorhexidine molecules in a solution
its formation creates a small area of extremely high drug con
centration.

Possibly the micelles contact the erythrocyte mem

brane and their high focal drug concentration causes membrane
rupture and the formation of spikes seen in Fig. (9) and Fig.
(10).

This would explain why the drug effects appear localized

on the erythrocyte surface.

A localized effect of chlorhexidine

on bacterial cell surfaces has also been reported by others.
Given that chlorhexidine causes rupture of the cell membrane
and that leakage of cell contents follows, the appearance of
ghost cells would be expected in the cell dilutions photographed
on the hemacytometer.

The most likely explanation for the

absence of ghost cells is that they left the plasma layer during
centrifugation of the chlorhexidine treated blood samples.

A

layer of undetermined nature was observed floating at the surface
of the plasma after the blood samples were centrifuged.

It is

possible that this layer consisted of ghost cells and fragments
of ruptured cell membranes.
When the blood samples were centrifuged in Part II to
separate the plasma from the cellular elements the supernate
(plasma) was nearly clear in the saline treated samples and
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always red in the chlorhexidine treated samples.

It became dark

er with increasing chlorhexidine concentration.

This observation,

although empirical, tends to support our contention that hemoly
sis was occuring during crenation and that the smaller cell
diameters associated with higher drug concentrations were the
result of increased hemolysis.
The small cells seen at 0.2% chlorhexidine plasma concentra
tion are the result of coagulation of the cells remaining con
tents.

This is directly analagous to the bacterial cell response

to chlorhexidine.13’29

The erythrocytes at this point most

likely are not capable of recovery and should be considered dead.
The presence of crenated cells in the saline treated blood
samples can be attributed to trauma inflicted on the cells by the
experimental techniques.

The increase in crenated cells seen at

lower concentrations may be due to an increased susceptability
of the cells to experimental trauma and not directly to drug
action.

Certainly the crenated cells seen at higher concentra

tions must be the products of direct drug action as the diameter
is decreasing until they become the small cells which predominate
at 0.2% chlorhexidine shown in Fig. (13).

This is occuring in

spite of concurrent decreasing plasma osmolarity which would tend
to increase erythrocyte diameter.
Hemolysis of red blood cells upon intravenous injection of
chlorhexidine has been ascribed to the resultant hypotonicity of
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the plasma and specifically not to direct drug effect.18

The

graph of Fig. (16) shows that the plasma osmolarity determined
experimentally closely parallels that which would be expected by
simple dilution of the plasma with the amount of drug given.
The plasma osmolarity never drops below 316mOs; an osmolarity
which is still greater than that which will cause erythrocyte
disruption due to hyposmolarity.6

Change in cell size which is

due only to decreasing osmolarity is always an increase and
never a decrease in cell diameter.

This portion of the experi

ment shows that the diameters of the altered cell forms decreased
at all experimental levels of hypotonicity.

This indicates that

the crenated forms and hemolysis are not the results of hypotonicity but are caused by a direct drug effect.

5
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The purpose of this study was to examine the toxicity of
chlorhexidine on blood, vasculature and connective tissue under
conditions in which results would not be disguised by an acute
inflammatory response initiated by something other than the drug.
Thirty-two female white mice were used in Part I.

The mice

were anesthetized and mid-line ventral incisions through the
abdominal wall permitted portions of the intestines to be spread
outside the body cavity.

The intestinal spreads of 10 animals

were flooded with 0.9% saline, 10 were flooded with 2.0% chlor
hexidine and 12 were flooded with 0.2% chlorhexidine.

Portions

of the intestines were removed and prepared for routine light
and electrtin microscopy.

Light micrographs and electron micro

graphs were made of the experimental tissues and examined for
evidence of drug effects.
In Part II, 40 white mice were anesthetized and blood
samples were drawn by cardiac puncture with a 23 gauge needle
and syringe.

One ml. of blood was drawn from each animal and

treated with 0.06 ml. of 0.9% saline or enough of a dilute
solution of chlorhexidine to obtain the desired plasma concen
tration of chlorhexidine.

Six samples were treated to obtain a

0.005% chlorhexidine concentration, 6 to obtain a 0.01% concen
tration, 6 to obtain a 0.02% concentration, 6 to obtain a 0.075%
concentration and 8 to obtain a 0.2% concentration.
were treated with 0.9% saline.

Eight samples

Five hundredths ml. of the
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treated sample was drawn off in a blood dilution pipet and set
aside.

The remainder of the sample was centrifuged to separate

the plasma from the cells.

After centrifugation 0.25 ml. of the

plasma (supernate) was drawn off to determine osmolarity with a
freezing point depression osmometer.

The remainder of the plasma

was used to dilute the portion of whole blood previously drawn
off in the blood dilution pipet.
charge a hemacytometer.

This cell dilution was used to

Color slides were taken of the various

cell dilutions on the hemacytometer.

The slides were projected

and the three forms of erythrocytes observed (normal, crenated,
small) were counted and their diameters were measured.

The data

was tested for significance with multiple Student's t-tests.
This information and the results of the plasma osmolarity measure
ments are presented in the form of tables and graphs.

Photo

micrographs and electron micrographs of the experimental tissue
sections are also shown.
The conclusions were:
1)

Chlorhexidine causes severe disruption of the connective

tissue adjacent to the vasculature and endothelial cell altera
tions when applied in two percent concentration for five minutes
in vivo.

The lowest concentration at which the connective tissue

and vascular damage occurs was not determinable by the methods
used in this experiment.
2)

The observed effects of chlorhexidine on the erythrocytes
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are essentially similar to previously reported effects of the
drug on bacterial cells, namely membrane disruption and loss of
cellular content.
3)

Chlorhexidine causes crenation and hemolysis of erythro

cytes in vitro at concentrations as low as 0.01%.
4)

At 0.2% chlorhexidine concentration 94.8% of the erythro

cytes in vitro are significantly decreased in size, appear in
creased in density and assume a spherical configuration which is
indicative of cell death.
5)

The hemolysis of the erythrocytes by chlorhexidine is

the result of direct drug toxicity and not the result of plasma
hypotonicity.
Further investigation is needed to determine if a chlorhex
idine containing periodontal dressing will produce, in the heal
ing wound, the phenomena observed in this study and what effect
these phenomena might have on wound healing.

Also it should be

determined how much, if any, of the drug is released from a given
type of periodontal dressing and what the relationship between
amount incorporated in the dressing and amount released might be.
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THE TOXICITY OF CHLORHEXIDINE
ON MAMMALIAN CONNECTIVE
TISSUE AND VASCULATURE
Martin A. Boudro, B.S., D.D.S.
Creighton University School of Dentistry
Omaha, Nebraska
The purpose of this study is to examine the toxicity of
chlorhexidine on blood, vasculature and connective tissue.
In Part I saline or clinically used concentrations of chlor
hexidine were applied to the instestines of anesthetized white
mice for five minute periods.

Histologic sections of the intes

tines were ,examined with the light and electron microscopes for
evidence of vascular toxicity•
In Part II whole blood samples taken from anesthetized
white mice were exposed to various chlorhexidine concentrations.
Plasma osmolarity changes were measured with a freezing point
depression osmometer.

Treated and control red blood cell dilu

tions on a hemacytometer were examined and photographed.

The

normal and altered erythrocytes were counted and their diameters
were measured.

The raw data was subjected to statistical analy

sis.
The toxic effects of chlorhexidine are a disorganization of
the connective tissues adjacent to the vasculature in vivo and
crenation and hemolysis of the erythrocytes in vitro.

