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Fleming's lysozyiiie (10, 11) is a basic protein of low iiiolecular 
weight. It functions as  a niucolytic enzyiiie by breaking down 
aininopolysaccharides in the cell walls of bacteria. This causes 
the release of cellular contents (29) .  Lysozyiiie is active against 
many species of bacteria; among these are the following coiiinion 
oral microorganisms: Neisseria, Micrococcus, Sarcina, Klebsiella, 
Streptococcus, Staphylococcus, and Mycobacteriuiii (26 ) .  Epstein 
& Chain  (9) found that the enzyme may kill bacteria without 
dissolution; however, the usual bactericidal effect is lytic. In 
either case, the enzyme affects the cell wall. 

Tears, sputum, and nasal, gastric, and intestinal secretions ex- 
hibit strong lysozynie activity, whereas saliva and serum have re- 
latively little activity (10, 3 8 ) .  The lysozynie activity of saliva 
varies considerably. Some authors (6, 12)  have reported it to be 
about the saiiie as  that of blood; others (18) have found the ac- 
tivity to be eight times greater in saliva. These variations may be 
partly attributed to different handling of the samples. Simmons 
( 3 5 )  reported that uncentrifuged saliva was 50 per cent inore 
active than centrifuged saliva. He explained that the lytic agent 
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formed :I coinplex with inncin and that  the entire coinplex, not 
niucin alone, w;is 1)recipit:ited :ind reinoved on centrifugption. 
Other wriat ions in lysozyiiie activity of saliwi ni:iy he due to the 
v:irying ~iiuco~~olys:iccli:iri~le content of the  s:iliv:iry fluid ( 1 7 ) .  

The highest Iysozyiiie xtivi t ies  in ni;iiiini:iIian tissues have been 
described ( 2 3 ,  27) for p:irts of the gastric :ind duoden:il niucos:i 
and for nonspecific g r a n i h t i o n  tissue. The values were from 20 
to inore than 500 tiiiies ;is high :is seriiin values and occusionnlly 
re:iched those nieasured in tears. Few studies have dealt with 
lysozynie in gingival tissues. Il i irnrt t ,  GoziyP c t  TO!JP ( 5 )  found 
that  norinal rat gingiva cont:iined 17,662 pg lysozynie per gram, 
whereas ra t  kidney, spleen, and liver contained only 3 7 0 ,  163, and 
40 !4g per grani, respectively. They reported :I very wide range of  
lysozgnie concen1r:itions (43 to 9,036 pg per grain) in 14 speci- 
inens of inflnnied 1iuin:in gingivn. App:irently, the only values for 
1ie:ilthy 1iuiii:in gingiva have been reported by Berntrrdini & 
dlingnri ( 2 ) .  According to these authors, the mean lysozynie con- 
centration in noriii:il gingiva was 2.7 p g  per grniii; in  infl:inied 
gingiva, 4.5 u g  per grain. These niensurenients obviously differ 
from those of Uzzrnett e t  r r l .  (Yj), b u t  the increase of Iysozyiiie ac- 
tivity in inf1:iined tissues conforins with accepted opinion (6) .  
Several workers (10, 16, 3 8 )  1i:ive stated that  high concentrations 
of lysozyiiie :ire present in infl:iiiiiii:itory :ire:is and exudates. Brrr- 
tels & Rirchhintler ( 1 ) found that  iuost specinlens of exudate 
collected f r o m  root canals exhibited Iysozynie activity; they con- 
cluded that  this w:is an indication of :in inflammatory reaction 
at  the apes of the root. 

Froni inflaiiietl :IS well :IS f r o m  clinically healthy gingival 
pockets, there is  :I continuous outflow of  fluid ( 3 ) .  This tissue fluid 
exerts :I 1riec1i:inic:il washing effect on bacteria and other sinall 
particles introduced into the pocket (3,  15, 41).  Through its  con- 
tent of leukocytes ( 8 ,  21) and plasnia proteins (4, 2 2 ) ,  probably 
including mtihodies, the pocket fluid in:ry a l s o  :ittack local hac- 
teria by p1i:igocytosis and other iiiiniune niech:inisnis. 

1 he present investigation was unt1ert:ilten to furnish data on 
the occurrence of lysozyiiie in  the pocket fluid fro in  gingivae with 
greater o r  lesser inflaiiiin;ition, and  to c o i i i p r e  the lysozynie con- 
centr:itions in three 1)ody fluids f rom the wine subjects. It was 
expected that, if Iysozyine is detected in  gingival fluid, a coin- 

7 7  



LYSOZYME ACTIVITY 443 

parison with saliva and serum levels may indicate its source. 
Correlation with the degree of inflaniniation may provide some 
insight into its function. 

MATEIIIALS ANI) I1IETHOI)S 

Gingival pocket fluid, blood, and saliva were obtained froiii 
each of 12 apparently healthy subjects with various periodontal 
conditions. Ages ranged froin 20 to 60 years. 

Gingival fluid was collected by capillarity into 0.002 1111 dis- 

Fig. 1. Collection of gingival  pocket fluid. 
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~~os:ible gluss micropipettesf) (Fig. 1 ). After the gingiva WRS 

isolated :inti dried, the microdrops of fluid were transferred to 
non-wettnhle microcentrifuge tubesr) until :I total of approxi- 
iiiately 0.05 nil was accuniul:ited. This required 45 to 90 minutes. 
Hlood was obtained Prom the p t ien t ' s  fingertip and placed into 
:I microcentrifuge tube. Whole saliva was expectorated into a test 
tube without preceding stiniulation. All  specimens were collected 
:it rooni teniperature. 

Saliva w:is iiiii1iedi:itely refrigerated (4" C )  and centrifuged in 
the cold for 10 minutes a t  3,000 rcf. The lysozyiiie activity inelis- 
ureiiients for saliva were iiiade on the day of collection since 
storage in some cases seemed to decrease the activity. Blood and 
gingival fluid were left at rooiii temperature for one hour and 
then centrifuged for 4 minutes :it 15,000 rpni in a iiiicrofuge.2) 
Occasional storage of these specimens for 24 hours a t  4" C did 
not affect lysozyiiie ~i~:isureiiients. 

Lysozyiiie activity nieasureiiients were based on the change in 
turbidity of a cell suspension of Idled and lyophilized Micro- 
cocciis ZgsoclPikticus.:*) Turbidity was estiiiiated by a Beckman 
Spectrocoloririieter.4) The color of the gingivd fluid and seruiii 
specimens wr ied  through several shades of yellow and, in the 
presence of lysed erythrocytes, assuiiied a reddish hue. Therefore, 
a wavelength of 625 i i iu  was selected at which the specimen colors 
had the Ienst influence on the light absorbance (Fig. 2 ) .  At this 
wavelength, the substrate turbidity was reduced, but remained 
large enough for measuring the changes induced by the enzyme. 
Also, when lysed erythrocytes were added to  mixtures of sub- 
strate :mi  seruiii or saliva, the initial optical density was only 
slightly increased anti the net decrease in optical density, pro- 
duced by lysozyiiie, was hardly affected. 

The substrate concentration of 0.35 ing bacterial cells per nil 
of phosphate huffer (pH 7.0; ionic strength 0,148)s) gave an  op- 

1) I<cnsingtoii Scientific Corp., 1 7 1 7  Fifth St., 13crkelcy 10, Calif. 

2 )  Spinco I)ivision, 13cckman Instruments, Inc., Stanford Industrial Park, 
I'alo Alto, Calif. 

: I )  \\'orthington 13iochcmical Corp., Freehold, N .  J .  

4 1  Motlcl 151, I ~ l t l a m i c r o  Analytical Sysfrm; Spinco Division, I3eckman 

5 )  N o .  I ~ - 1 5 R d  1'; Hellige, Inc., Garden City, N.Y. 
Iiistrunieiits, Inc., StitinFord Industrial Park, I'alo Alto, Calif. 
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tical density of 0.35 a t  the wavelength of 625 ni,u; 0.10  1111 of this 
suspension was transferred to the cuvette o f  the spectrophoto- 
meter. Graded solutions (1.56 to 75.00 pg/inl) of crystalline egg- 
white lysozynies) were prepared in phosph:tte buffers) pH 7.0; 
0.02 in1 of these solutions was added to the cuvette and the con- 
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Fig. 2.  Spectral absorbance C U ~ V C S  f n r  human serum, 1ium:in serum with  
lysed erythrocytes, and the substrate (.%f. lysodeikticrzs, 0.35 mg/ml) .  

tents were rapidly mixed with w I’asteur pipette. The decrease 
in  optical density during the first two iiiinutes of reaction was 
recorded and :t calibration curve was constructed from the aver- 
age values of triplicate deteriiiinations (Fig. 3 ) .  This nietliod W:IS 

a n  adaptation of the niacroniethod of  Shrrgar (34) .  
Gingival fluid, serum, and saliva were diluted 1 :  2 with the 
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s:iiiie buffer :ind their lysozyme activities were measured in the 
way described for egg-white lysozyine. Each specimen was ineas- 
ured in triplicate. The average decrease in optical density was 
used to determine the lysozynie activity by ineans of the calibra- 
tion curve. All measurements were perfornied after the spectro- 
photonieter had been :tilowed to w:mn up and the fluids had 
reached rooin teinperature. 
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Pig. 3. C;ilii)ration curve for estimation of lysozymr concentration by 
decrease in optical density of suhstrate. 

RESULTS 

Lysozynie-like activity was measurable in all 12 gingival fluid 
specimens. Because of the difficulties in collecting the necessary 
voluiiie of pocket fluid from subjects with clinically healthy gin- 
givae, norinn1 controls coiild not be ineasured. The subjects were, 
therefore, divided on the basis of severity of disease iiianifest a t  
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the loci of collection into a periodontitis group and a gingivitis 
group. The gingivitis group served a s  a relative control group. 

There was a n  apparent trend toward higher lysozynie activity 
in gingival fluid with increasins severity of periodontal inflani- 
illation and destruction. The average activity was approximately 
50 per cent higher in the periodontitis group than in the gingivitis 
group (Table I ) .  

1 Periodontitis Severe 
2 Severe 
3 Mod-Sev. 
4 Mod-Sev. 
5 Moderate 

Table I 
L y s o z y m e  dct iui t ies  ( p g l m l )  of Gingionl  IJIiiid, Serum,  and Sulii)ci 

75 
47 
47 
38 
34 

' 36 

12 

16 
6 1 
23 

l 5  
18 

6 Gingivitis Srvcrc 
7 Iloderat c. 

8 hIild-Mod. 
9 Mild-Mod. 

10 Mild-Mod. 
1 1  Mild-Mod. 
12 Mild 

Mean & S. I). 

11 
6 

11 

13  
11 

6 

8 

148.2 & 16.02 

13 
90 
67 

8 
28 
23 
3 6 

I 37.9 * 30.00 

The average lysozynie activity of seruiii was slightly higher in  
the periodontitis group, whereas the average :ictivity of sdiva was 
about 34 per cent higher in the gingivitis group. However, for 
both serum and saliva, the values overlapped greatly between the 
two groups (Table I ) .  On repeated sainpling on different days, 
lysozyine activities varied little in gingival fluid and serum of the 
same subjects, whereas saliva values fluctuated greatly. 

The activity of the pocket fluid was higher than the serum 
activity in all but one subject. The comparison between gingival 
fluid and saliva values cannot he sunim:irized a s  siniply. Three of 
the subjects in the periodontitis group had much higher activities 
of gingival fluid than of saliva; the reiilaining two subjects h:~d 
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similar values for the two fluids. In the gingivitis group, three 
subjects had gingival fluid activities higher than saliva activities, 
whereas in four cases the saliva values were higher. No correla- 
tion was observed :inlong the activities of the three body fluids 
in either group. 

I)ISC"SSION 

Fluid froin inflamed gingivae exhibited a bacteriolytic activity. 
The activity was measured by lysis of Micrococcus lysocleikticus. 
Suspensions of this test orpnis i i i  :ire cleared proportion:illy by 
egg-white lysozyiiie. It is custoinnry to express the activities of 
analogously acting enzymes :IS if one had ascertained their iden- 
tity with egg-white lysozyme. 

Since the lysozyiiie activity of gingival fluid showed no quanti- 
tative relation to the activities of seruiii or saliva, the latter body 
fluids n ~ t y  be excluded :IS the principal sources of the lytic en- 
zyme in gingival fluid. Sliflrnes & W a t s o n  ( 3 7 )  believed that anti- 
iiiicrobial tissue factors do not exist, as such, in noriiial tissues, 
but arise in response to physiological changes which accompany 
stress on the tissues. Gingival tissues are continuously subjected 
to 1xicteri:il influences. As a result, there is a n  inflamniatory in- 
filtration even in clinically healthy gingivae (42) .  It is :issuiiied 
(8 ,  20, 23)  that gingival pocket fluid is an  exudate caused by a11 
underlying inflaiiimation. This concept may be supported by our 
finding of relatively high concentrations of lysozynie in the fluid, 
since inflaiiiniatory exudates in general are said to be rich in this 
enzyme (1,  10, 16, 38). The lysozynie activity of the gingival fluid 
is shown (Table I )  to rise with the severity of inflaiiiniation, 
which, in turn, seeiiis to intensify in response to increased hac- 
terinl irritation of the tissues. 

I t  niay be permissible to conclude that a t  least part of the lytic 
enzyine in the pocket fluid originates in leukocytes which infil- 
trate the gingivae and niigrate out through the pocket epitheliuiii 
(8, 21, 33 ) .  Lytic enzymes froiii two types of leuliocytes have 
convincingly heen shown to correspond to the definition of lyso- 
zyine. First, Rrrlsion, Brier & Elberg ( 2 8 )  found that in rabbits 
oil-induced peritoneal exudates, which are very rich in iiiono- 
cytes, contained large ainounts of material lytic for M .  lysodeikti- 
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cus .  Second, Zeyn k S p i t m a g e l  (43) denioiistrated, by inems of 
zone electrophoresis, the presence of lysozynie in lysosoiiies of 
neutrophilic granulocytes. Furtherinore, Hirrtt e t  c d .  ( 16) and 
Kerhy (19) reported that injured granulocytes released :11i active 
enzyme which behaved like lysozgnie, and the foriiier authors 
concluded that the high concentration of lysozyiiie in stools of 
patients with ulcerative colitis was derived priinarily from inwid- 
irig granulocytes. EgeZherg ( 8 )  recently observed that the nuinher 
of disintegrated leukocytes was much higher in fluid froin chron- 
ically infhiiied gingivae than in fluid from clinicnlly healthy 
gingival pockets. Thus, an increased nuinber of leukocytes in the 
gingival tissues and in the pocket fluid may explain the trend 
toward higher lysozyiiie activity of gingiral fluid with increasing 
severity of periodontal inf1anim:rtion. 

It appears (Table I )  that  there were three exceptions (in sub- 
jects no. 7, no. 11,  and no. 12)  to this trend. In subject no. 7 ,  the 
lysozyiiie activity was surprisingly low. This subject’s oral hygiene 
was much poorer than would usually correspond to  a niodernte 
degree of gingivitis. It is possible that the large bacterid Iiiasses 
in his gingival pockets or soiiie acidic ~nncromolecules (36)  iiiay 
have lowered the measurable lysozyiiie activity. The wlues  for 
this subject were verified by a second saiiipling. In subjects no. 
11 and no. 12, the lysozyiiie activity of the pocket fluid was higher 
than expected. Both these subjects had persistent inflaiiiiiiation 
of their interdental papillae although their oral hygiene was very 
good. These exceptions suggest that the association of high lyso- 
zyiiie activity of gingival fluid with periodontal disease mag be 
complex. Inflainnintory infiltration iiiay explain the presence of 
lysozyiiie; the enzyme may, in turn, be hnrniful to  the tissues 
and accelerate the inflaiiiiimatory and destructive processes. 

A detriiiiental effect of lysozyme on aniiiial tissues has  been 
investigated by M e y e r  e t  al.  (25 ) .  They succeeded in  producing 
ulcerations in the intestines of dogs by oral administration of 
egg-white lysozyine. The high concentrations of lysozyine i n  
stools of patients with ulcerative colitis indicated to these workers 
that lysozyiiie inay initiate the local lesions in this disease. How- 
ever, Hiat t  e t  d. (16) held that the concentration of lysozynie in 
the bowel merely reflected the extent of leultocytic infiltration 
and that the enzyme did not initiate the lesions. They adinittcd, 
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though, that the enzyme might contribute to the continuation of 
the inflaiiiiiiatory process. 

Hoernzrrn, Englander k Shklrrir ( 1 7 )  speculated that a high 
parotid lysozyme titer could play an  important role in the etiology 
of ulcerative gingival disease. One may siiiiilarly conjecture that 
lysozyriie in gingival fluid may exercise a histolytic activity on 
the lining of the gingival pocket and thus produce ulcers in the 
pocket epitheliuiii. Furthermore, lysozyme may, by its niucolytic 
activity, reduce epithelial stickiness and thereby jeopardize the 
optimum contact between pocket epithelium and tooth surface. 
Epithelial detachment is thought to be the initial step in the 
pathogenesis of periodontal disease ( 3 2 ) .  

These hypotheses derive their justification from the probable 
occurrence of the lysozyiiie substrate in iiiaiiiin:ilian tissues a s  
well as  in bacterial cell walls. According to Snlton (30) ,  the iiiole- 
cular substrate in the cell wall of M .  lysodeikticus is a polyiiier 
which is split a t  the bonds between N-acetyl-iiiuraiiiic acid avid 
N-acetyl-glucosaiiiine. Similar polyiners are present in gingival 
tissues (31, 39, 40).  However, it remains to be investigated 
whether lysozyiiie can affect these substances in iiiaiiiiiialian 
tissues. 

Lysozyiiie of gingival fluid iiiay also exert adverse effects 
through its bacteriolytic activity. Although priinarily lytic for 
gram-positive organisiiis, lysozyiiie can also lyse certain gram- 
negative bacteria ( 14, 37) under suitable conditions. Many gram- 
negative gingival bacteria contain endotoxins (24) .  These may 
conceivably be released in locally injurious quantities by the tic- 
tion of lysozyiiie in the gingival pocket. In a similar way, lyso- 
zyiiie of gingival fluid may accelerate the local release of endo- 
cellular bacterial enzymes. Hyaluronidase, chondroitin sulfatase, 
gelatinase ( 7 ) ,  and collagenase (13) of gingival bacteria are  
iiiainly endocellular enzymes and are freed during lysis of bac- 
terial cells. All these endocellular toxins and enzyiiies may play 
:I role in  the etiology or perpetuation of periodontal disease. 

It is more coiiiiiion to attribute to lysozyiiie functions which 
are protective. The lytic effect on oral bacteria has been nien- 
tioned in  the introduction. In addition, lysozynie also acts on bac- 
teria by agglutination (29), thus preparing them for phagocytosis. 
Lysozyiiie in the pocket fluid iiiay help to reduce the numbers of 
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gingival bacteria or their virulence. This  may, to soiiie extent, 
account for the coininonly insidious and chronic, rather than 
acute, character of periodontal disease. 

SUMMARY 

The lysozyiiie activities of gingival pocket fluid, seruiii, and 
saliva of 12 systeiiiically healthy individuals with various perio- 
dontal conditions were deteriiiined by a turbidinietric micro- 
method using M. 1~sodeilcticit.s as a substrate. The average activity 
of the gingival fluids from seven subjects with gingivitis was 24.4 
,ug/ml; the averiige for five subjects with periodontitis was 48.2 
pg/nil. The seruni activities were 9.4 and 13.4 pgjiiil for the two 
groups respectively; and the average values for saliva were 37.9 
and 25.2 pg/iiil. There was :in apparent trend toward higher ac- 
tivity of gingival fluid with increased severity of periodontal in- 
flainiiiation and destruction. No such trend was noticeable for 
the two other body fluids. Lysozyiiie values in the three fluids 
were not correlated. Therefore, the enzyme in gingival fluid is 
assumed to be priimrily of local origin, possibly derived froiii 
leukocytes. 

.4CI<NOU'LEI)(;~II.:NT 

The authors are greatly indebted to Dr. F. W. Kraus for his 
critical advice and kind help in the preparation of the manuscript. 

11 es u R1 B 

BTUDE COMPARATIVE DE L'ACTIVITR EN LYSOZYME DU LIQUIDE DU 
CUL.DE-SAC GINGlVO.UENTAIRE, DU SeRUM ET DE LA SALIVE 

CHEZ L'HOMME 

Les activit6s en lysozyiiie du liquide d u  cul-de-sac gingivo-den- 
taire, du s h u n  et de la  salive de 12 sujets en bonne santC du point 
de vue de 1'6tat gCnCral inais prksentant diverses affections du 
parodonte ont 6t6 dCterminCes par une micro-inCthode turbidi- 
i n C  tri q u e u t i li  san t M. 1 y sodei li t icu s. 

L'octivit6 inoyenne des liquides gingivwux de sept sujets pr6- 
sentant une gingivite Ctait de 24,4 ,ug/iiil; la nioyenne pour cinq 
sujets pr6sentant une porodontite Ctait de 4 8 2  ,ug/iiiI. Les acti- 
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vitks du skruiii dans les deux groupes Ctaient respectiveinent de 
9,4 et de 13,4 pg/inl; les valeurs iiioyennes pour la salive Ctaient 
de 37,9 et de 25,2 ,ug/ml. L’activitd du Iiquide gingival tendait 
inanifesteiiient a augnienter avec I’aggravation de l’inflaniniation 
et de la destruction du parodonte. Les deux autres liquides ne 
prksentaient pas de signes indiquant cette tendance. Les valeurs 
du lysozyiiie dans les trois liquides ktaient sans corrPlation entre 
elles. I1 est donc A supposer que I’enzynie du liquide gingival est 
principalenient d’origine locale, dkrivant peut-&re des leucocytes. 

ZUSAMMENFASSUNG 

VERGLElCHENDE UNTERSUCHUNGEN DER LYSOZYMAKTIVlTATEN I N  
GINGIVALTASCHENFLuSSIGKEIT, SERUM UND SALIVA BEIM MENSCHEN 

Die Lysozyniaktivitlten in Gingivaltaschenfliissigkeit, Serum 
und Saliva von 12 Individuen ohne Allgenieinkrankheiten wurden 
bestininit durch eine turbidimetrische Mikroinethode, wobei 42. 
Zysodeikficus als Substrat benutzt wurde. Die iiiittlere Aktivitat 
der Gingivaltaschenflussigkeit von sieben Individuen mit Gingi- 
vitiden betrug 24,4 pg/inI; der Mittelwert fur  funf Personen iiiit 
Periodontitiden betrug 4 8 2  ,ug/nil. Die Seruiiiwerte fur  dieselben 
zwei Gruppen waren bzw. 9,4 und 13,4 ,ug/iiil, und die Mit- 
telwerte fur  die Aktivitlten in  Saliva betrugen 37,9 und 25,2 
pg/nil. Eine scheinbare Tendenz gegen hiihere Aktivitat der Gin- 
givaltaschenflussigkeit niit zunehiiiender periodontalen Inflani- 
ination und Destruktion wurde festgestellt. Eine solche Tendenz 
war bei den anderen zwei Kijrperflussiglteiten nicht vorhanden. 
Die Lysozyniwerte in den drei untersuchten Flussiglceiten waren 
nich ltorreliert. Deshalb inuss iiian annehiiien, dass das Enzyiii in 
Cringivaltaschenflussiglteit vorwiegend lokaler Herltunft ist, mag- 
licherweise von Leukozyten abgegeben. 
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