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A b s t r a c t  

At phys i o Logical hydrogen-i on concen t ra Lion , I)- hyctroqhenzon 1, (2  

esters have been found to exert a synerg.i.stic eyfect: on the lyiic 

activity of lysozyme; the effect being increased with itncre:ihirig 

the size of the aliphatic chain. Although the investigated para- 

hens were proved to bind in sipificant quantities with lysozyric., 

however, such additives fail to mask the formation of s u h s t m t e  - 

lysozyme complexes. The observation was further extended t LI su rw 

organic rnercurials with essentially similar results. 

At hff'erenl enzyme concentration levels, i,hcnyLrnc>rcuric 

acetate w a s  proved to be the most superior potentidtor, whtreds, 

methyl paraben &splayed a negligible role. 

in the light of the findings obtained, the synergistic C f f ' c c l  

was interpreted on the basis of the preferential orientalion (if 

the substrate on the enzyme binthng sites. 

seems to be more accessible in presence of preservdlives. 

5uch dn o r i t r i t i i t i t , n  

Lysozyme is a low molecular weight cationic protein rhch plays 

a mjor role in the hygiene of the eye via endowing the Lac1 i n k i l  fluids 
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4 7 4  EL-NIMR 

with a na tu ra l  iminnulological system capable for. destroying nwiiy poLen- 

t i a l l y  harmful microorganisms. 

lysozyme has been Lhe subjec t  of vas t  invcst.igai.ions ( 2 ) .  

recent yea r s ,  evidences on drug - lysozyme i r i t c : r x L  ions,  1zwt icu lnr iy ,  

those of ophthalmic i n t e r e s t ,  began t o  emcrge ( 3 - 7 ) .  A t  physiologi - 

c a t  hydrogen-ion concent ra t ion ,  El-Nimr e t  a1 ( 3 )  showed t h a t ,  para- 

bens can bind i n  s i g n i f i c a n t  quantities t o  lysozynic:, wher 

mei-curials do no t .  Furthermore, the  binding af-fini Lies 01' (lie difi-c:r- 

cnt p-hydroxybcnzoate esters w e r e  found t o  be inrlepc~r-iclcnt on the size 

01' the  ester grouping. 

Since i ts  discovery by Fleming ( 1 1 ,  

( h l y  i in  

Akin Lo other tear p ro te ins ,  t he  bjricling of drugs t o  lysozynre 

could be expected t o  influence t h e  p h a m c o k i n e t  i c s  of those th-ugs 

used for  ophthalmic purposes. However, i l -  is still not. w ( ? 1 1  e s t a b l i -  

shed, whether, t he  preserva t ives  - lysozyme intt3rnc L i ons cou 1 d it I so  

he r e f l e c t e d  on the  na tu ra l  b a c t e r i o l y t l c  :I< vi t.y of thci enzynie ? 

and i f  t h i s  is t h e  case, t o  what ex ten t  would Lhe paraben csLer, branch- 

ing  p a r t i c i p a t e  ? 

The ob jec t ive  of t h e  present conLribuLion i s  to t i s s i s t .  i n  

answering the rai s i n g  ques t ions .  

Materials and Methods 

Hen e_=-white lysozyme, 2 - t i m e s  crysLal l i7,cd,  Lot N o .  EE-3431  

( s p e c i f i c  acL iv i ty  14,170 un i t s /%) ,  Schwarz/M;mn, O r ; u ~ g ~ ~ I x i I g ,  N .  Y .  

Dried c e l l s o f  Micrtroccus lysodeik t icus  (M-O128j, lot  N o .  YXC-0266 ; 

methyl, e t h y l  and propyl parabens, a l l  obtained f'r,om S Lgmi Chcmiail C o .  , 

SL. Louis, MO. Phenylmercuric acetate and n i t r a t e ,  Eas t r rvun  I<odiilt Co. , 

Rochester, N. Y. Other reagents are of analytical gradc .  
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L Y T I C  A C T I V I T Y  OF LYSOZYME 4 75 

In all cases, buffer solutions used throughout, were pr'cparcd 

by using triple &stilled water from all glass appdrdtus, c l n c t  then 

sterilized by autoclaving at 15 lb. for  20 minutes. 

Stock solutions containing 1 x lo-% lysozyme were mdc up i n  

0.1M phosphate buffer, the pH being aQusted at 7.4 with d 131-meter 

model 7020 (Electronic Instruments Ltd. - England). The molecular 

weight of the enzyme was taken at 14,400 ( 8 , 9 ) .  When first prepwed, 

lysozyme solutions were filtered through 0.45 uni pore size MI llipore 

filter (Millipore, Bedf'ord, MAI(10). These solutions when stored in 

a refrigerator showed no appreciable loss of activLty within one 

month (11). 

Dried cell suspensions of M. lysodeikticus (s 5 rnp,/20 ml), 

were also prepared in the same buffer system, withouL and with the 

correspondng preservatives, at concentration levels as thost. popul- 

arly used in ophthalrmc formulations. 

substrate suspensions devoid of adhtives, hdve been found to retain 

all of their original absorbance, as well as, entire susceptibility 

towards lysozymewithin 10 days (12). 

When stored i n  a refrigerator, 

Substrate samples, each 3 ml volume, were pipetted iri a d r y  

spectrophotometer silica cell, 1 cm light path. Lysozyne solution 

was injected by an Eppendorf micropipette of 100 u l  volume (Eppendorf, 

Hamburg, W. Germany), then mixed quickly. Starting froni if fixed absor- 

bance value of 0.950, the lytic course of the enzyme, on the different 

substrate samples was simultaneously followed turhidirnetriciilly for 

10 minutes, at 450 m and 2 1  2 l0C. 

on a Cecil Double Beam Digital U. V. Spectrophotorneter, model CE 595, 

fitted with CE 500 Control - Record Module (Cecil. Instruments - England), 

arranged to give a rate of one chart unit/minute. 

Lysozyme assays were carried out  
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476 EL-NIMR 

Lytic activity of the enzyme were expressed as percentages of 

inhibition relative to the original activity of lysozyme in absence 

of the preservatives (blank), induced after 3 minutes incubation tiinc 

with substrate. 

methodology adopted, as well as, computation of the data obtained, 

were entailed in a previous article ( 1 2 ) .  

A more detailed description of' the experimental 

RL5ULTb ANI) DISCUSSION 

Figure 1 demonstrates the &fferent potentiation pittern5 exerl- 

ed by the various preservatives, on the lytic activity of ly5o~yme. 

It should emphasized that, no lytic activity w a s  noted i n  cot~,j~rn~ti~ri 

with any OF the preservdtives so far investigated. A% r 

p-hydroxybenzodte esters, i t is apparent LhdL, a mixtur~e of p,ir<ibms 

exert a well marked synergism on the lytic activily of' ly+otyriic, hhere- 

as, no appreciCtble change could be detected in presence of- nicathyl p r a -  

ben alone. The other members show an intermediate c a f f e c l .  It is 

also interesting to  note that, the synergistic effect of thc. individual 

pdrabens is strongly dependent upon the size of iIw '11 ir jhatic ch'iir? ; 

being increased with increasing the chain bramchiny. 

The data obtained in relation to phenytmerruric n i t r a t e  recall 

a close similarity to those observed in presence of parabens (Figure 1). 

At various Lysozyme concentration levels, the catalytic action of' pheiiyl- 

mercuric nitrate was found to increase in proportion to the preservative 

concentration. 

Comparing the catalytic role displayed by the di ff'erernt- preserva- 

tives at various enzyme concentrations, it is quite clear that, of all 

investigated preservatives, phenylmercuric acetate has been proved to be 

the most superior. Furthermore, Table 1 shows that, the potentiating 

action of the different preservatives is generally less pimnounced at 
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LYTIC ACTIVITY OF LYSOZYME 4 7 9  

-5 
CL higher enzyme concentration level (2.5 x 10 M) .  Such iu? efl-c,ct Is re- 

flected, in turn, on the deviation of the representative [points f r o m  the 

linear trend of the corresponding runs (Figure 1). 'The devi ation of 

these points which proceeds in proportion to the synergistic effect is 

mainly attributed to the fact that, the linear range permissible by t.hcx 

present assay is quite limited beyond 2.5 x 10-5M 

Under these circumstances, enzyme dilution is required. 

tysozyme coriccmtration. 

In a precedins comication, it has been reported that, p-hydroxy- 

benzoate esters can bind to lysozyme and that such iriteractioils are in- 

dependent on the aliphatic chain length, whereas, organic mercurials do 

not. 

parameters for the three parabens were also quantitated, undtr c i l m o s t  the 

same experimental conditions, followed in the preseint inve<,i ig'it 1un .  

The stoichioinetry of the reactLon( n ) , bindinq const ,ant  ( K ) 

ener_gy of fornlation (A- G ) , were derivated and found to be 1 

interaction, 15,000 _+ 500 mol-' and -5650 C a l  mol-l, respectively (3). 

Using a fluorescence quenching technique, 1 he di f ferent 131 ridmg 

,and free 

: 1 type of 

In the light of these findings, it was anL1cipatt.d that, pdrutwns 

- lysozyme interactions, could exert a s o m e  sort of' inhibition on the 

formation of substrate - lysozyme complexes. In contrast, the exper- 

imental findings collected, revealed in all cases, a catalytic role 

of varying degree, rather than an inhibitory action ; regardless of 

whether, the preservative considered shows a binding tendency tuwards 

lysozyme (parabens) or not (organic mercurials) . The incapabi 1 i ty of 

the parabens to interfere with substrate - lysozyme interactLons, In 

spite of, the presence of excesc, from both competitive ligands in the 

reaction medium, namely, drug and substrate, at a reldtively higher 

molar ratios compared with that o€ the enzyme, could be attributed to 

the preferential orientation of the substrate on the enzyme active sites. 

On the other hand, although the preservatives so far investigated are 
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480 EL-NIMR 

not considered as bacteriolytic agents per se, however, in the prwm-i i :e  

of such additives, a synergistic action on the lytic activity OF lyso- 

zyme revealed itself. Again, such observations could be ii-iterpreted 

on the basis that, the substrate - enzyme interactions become more 

accessible in the presence of the preservatives. This accessibility, 

in turn, was found to increase with increasing Lhe hydrciphohicily of 

the preservative. However, in the scope of the present study,  i t is 

still rather difficult to explain the mechanism of synergism hetween 

these antimicrobials and lysozyme, this needs a further investigation. 
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