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Cytotoxicity Testing of Topical Antimicrobial Agents 
on Human Keratinocvtes and Fibroblasts for 
Cultured Skin ~ r a f t s ~  

Steven T. Boyce, PhD, Glenn D. Warden, MD, and Ian Alan Holder, PhD 
Cincinnati, Ohw 

Cultured epidermal skin has become an adjunctive therapy for treatment of major burn 
injuries, but its effectiveness is greatly limited because of destruction by microbial 
contamination. To evaluate candidate antimicrobial agents for use with cultured skin, a 
combined cytotoxicity-antimicrobial assay system was developed for determination of 
toxicity to cultured human keratinocytes and fibroblasts and for determination of 
susceptibility or resistance of common burn wound organisms. Candidate agents including 
chlorhexidine gluconate, polymyxin B, mupirocin, sparfloxacin, or nitrofurazone were tested 
separately for inhibition of growth of human cells and for inhibitory activity to 
microorganisms with the wet disk assay. The data showed that (1) chlorhexidine gluconate 
(0.05%) was uniformly toxic to both cultured human cells and microorganisms; (2) 
nitrofurazone (0.02%) had dose-dependent toxicity to human cells and limited effectiveness 
against gram-negative microorganisms; (3) sparfloxacin (30 pglml) had low toxicity to 
human cells and retained antimicrobial activity against both gram-positive and 
gram-negative bacteria; (4) polymyxin B (400 Ulml) was not toxic to human cells and had 
intermediate effectiveness on gram-negative bacteria; and (5) m u p i d m  (48 pglml) had no 
toxicity to skin cells and had uniform effectiveness against Staphylowcczcs aurezcs including 
methicillin-resistant Staphylowcczts aurezcs. Selection of topical antimicrobial drugs by these 
assays may improve effectiveness of cultured skin for burns and may be used to control 
other surgical wound infections. (J BURN CARE REHABIL 1995;16:97-103) 

Recent advances in the grafting of burns and giant 
congenital nevi indude cultured alone 
or in combination with biopolymer implantsP6 or 
allodermi~.~.~ However, incomplete epidermal barrier 
and lack of vascular and immune components at the 
time of grafting make all models9-" of cultured skin 
more subject to destruction by burn organisms than 
native skin grafts. These biologic deficiencies also 
make cultured epidermal keratinocytes more subject 
to cytotoxicity of topical antimicrobial agents. Most 
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parenteral antimicrobial drugs are effective and have 
low toxicity, but topical use may induce resistant or- 
ganisms that complicate treatment of sepsis. There- 
fore requirements for topical antimicrobial agents for 
cultured skin are low toxicity to cultured human skin 
cells, high activity against common burn wound or- 
ganisms, and no overlap of activity with parenteral 
drugs. 

Assays for agents that meet these requirements 
have tested cytotoxicity to cultured human 
fibroblasts12 or keratinocytes,13 antimicrobial activity 
on rni~roorganisms,~~'~ or spectra of toxicity to com- 
binations of fibroblasts and burn  organism^.'^-^^ This 
artide describes a combined cytotoxicity-antirnicro- 
bid assay system in which candidate agents may be 
tested for toxicity to cultured human epidermal ker- 
atinocytes and fibroblasts and for antimicrobial ac- 
tivity to common burn wound organisms. Results of 
this study also identifjr candidate agents that qualifjr 
for evaluation in vivo with cultured skin. 
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Table 1. Antimicrobial agents tested 

Agent 
Highest test 

concentration 

Antiseptic 
Chlorhexidine gluconate 0.5% (wtlvol) 

Antibiotics 
Polyrnyxin B 4000 Ulml 
Mupirocin 160 (*.g/ml 
Sparfloxacin 100 yglrnl 
Nitrofurazone 0.2% (wtlvol) 

*pH and osmolarity of highest test concentrations in culnue medium for epidcrm 

MATERIAL AND METHODS 

Experimental Design. The experimental algo- 
rithm by which candidate antimicrobial agents are 
qualhed as having no or low toxicity to cultured 
human skin cells, and antimicrobial activity to com- 
mon burn wound organisms has been described else- 
where.'' After determination of the highest concen- 
tration of a candidate antimicrobial agent that was 
not cytotoxic to cultured keratinocytes and fibro- 
blasts, an equal or lower concentration was tested for 
antimicrobial activity on representative samples of 
microorganisms isolated from burn wounds. 

Antimicrobial Agents. Table 1 lists antimicrobial 
agents tested, the highest test concentrations, and 
their pH and osmolarity values in cell culture me- 
dium. All agents tested except sparfloxacin are used 
as active antimicrobial compounds in formulations 
available for clinical use: chlorhexidine in Hibiclens 
antimicrobial skin cleanser (Stuart Pharmaceuticals, 
Wilrnington, Del.); polymyxin B in Neosporin GU 
irrigant (Burroughs-Wellcome & Company, Re- 
search Triangle Park, N.C.); mupirocin in Bactroban 
ointment (SmithKline Beecham, Philadelphia, Pa.); 
and nitrofurazone in Furacin soluble dressing (Rob- 
erts Pharmaceuticals, Eatontown, N. J.) . Sparfloxa- 
cin, an experimental quinolone antimicrobial, was 
supplied by Parke-Davis Company, Ann Arbor, 
Michigan. All antimicrobial agents in pure powder 
form were diluted to the experimental concentrations 
with sterile saline solution for susceptibility testing 
against microorganisms or in aqueous culture me- 
dium (see following) for cytotoxicity testing. To in- 
crease the solubility of nitrofurazone the initial 
amount of dry powder was dissolved in 1 ml pro- 
pylene glycol before it was diluted in saline solution 
or culture medium to the experimental concentra- 
tions. For human cell assays each agent was diluted 
serially at half-log concentrations to 100 times the 

la1 keratinocytes. 

highest test dose into respective growth media for 
keratinocytes or fibroblasts. For antimicrobial assays 
the clinically relevant concentrations were tested 
on clinical isolates of burn organisms (see fol- 
lowing). 
Human Cell Assay. Human cpidermal keratino- 

cytes and dermal fibroblasts were isolated from sur- 
gical discard tissue obtained with approval of the 
University of Cincinnati Institutional Review Board. 
Epidermal keratinocytes were grown as described 
p rev io~s ly~ ' ,~~  in serum-free MCDB (molecular, cel- 
lular, and developmental biology) 153 medium with 
0.2 rnrnol/L calcium and increased amino acids23; 
they were supplemented with 0.5% bovine pituitary 
extract, 1 nglml epidermal growth factor, 5 pglml 
insulin, and 0.5 ~ g / m l  hydrocortisone. Dermal fi- 
broblasts were grown in Dulbecco's modified Eagle 
medium supplemented with 10% fetal bovine serum, 
1 nglml epidermal growth factor, 5 pglml insulin, 
and 0.5 pglml hydrocortisone. Keratinocytes or fi- 
broblasts were inoculated into 60 rnrn petri dishes at 
2 x lo4 cells/dish (1 x lo3 cells/cm2) into the re- 
spective culture media described previously. 
These media also contained a combination of peni- 
cillin (10,000 Ulml), streptomycin (10,000 pglml), 
and amphotericin B (25 pglml). Cells were incu- 
bated 4 days at 37" C in 5% C 0 2  with saturated 
humidity. Cell counts were performed on a Coulter 
model Z,, particle counter (Coulter Electronics, Inc., 
Hialeah, Fla.). On day 4 media were changed to 
remove penicillin-streptomycin-amphotericin B, 
baseline cell counts were performed, and test com- 
pounds were titrated into the cell cultures. Cells were 
incubated 4 additional days, harvested, and 
counted.13 Each experimental condition was per- 
formed in triplicate, and each experiment was re- 
peated once (n = 6). 

Wet Disk Assay. Representative strains of gram- 
positive (Staphylococcw aurew) and gram-negative 
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Figure 1. Dose response of cultured human keratinocytes and fibroblasts to chlorhexidine 
gluconate. Test conditions were initiated on culture day 4. M concentrations are cytotoxic to 
both cell types. Apparent reduction of toxicity at concentrations of 0.15% and 0.5% is artifactual 
counting of chemical precipitate in culture medium. 

(Pseudomonm my inosa ,  Klebsiella pneumoniae, En- 
terobacter cloacae, Escherichia coli) bacteria were iso- 
lated from wounds of patients with burns at the 
Shriners Bums Institute, Cincinnati Unit. Petri 
dishes (150 x 15 mm) containing Mueller-Hinton 
agar (Becton-Dickinson Microbiology Systems, 
Cockeysville, Md.) were inoculated by uniformly 
swabbing the plate surface with a suspension of each 
organism dlluted to 0.5 McFarland density units. 
Sterile 6 mm filter paper disks were placed on the 
microbial lawns and received 25 p1 of the highest 
test dose of antimicrobial solution. Dishes were in- 
cubated at 37" C overnight, and zone of clearing was 
measured in diameter.I5 

Data Collection, Analysis, and Interpretation. 
Data collected from human cell assays were tested 
for significance (p < 0.05; analysis of variance) com- 
pared with cultures that received no drug. Antimi- 
crobial agents tested in wet disk assays were scored 
as effective, if the zone of clearing was 2 rnm or 
greater in diameter. This zone diameter indicated 
whether the test agent demonstrated antimicrobial 
activity. By evaluation of combined results from both 
assays, dosages of test agents that had no significant 
toxicity to cultured cells and retained antimicrobial 
activity in wet disk assays could be considered for 
topical use with cultured skin. 

RESULTS 

Human Cell Assays. Table 1 lists the pH and 
osmolarity of the highest concentrations of agents 

tested on human skin cells. Ranges of pH were 7.36 
for chlorhexidine to 7.66 for sparfloxacin. Osmolar- 
ity ranged from 328 for polymyxin B to 335 for 
mupirocin except for nitrohazone, which was very 
hypertonic at 744 mOsm. Figure 1 shows that chlor- 
hexidine gluconate at concentrations as low as 
0.005% (wt Ivol) inhibits growth of both fibroblasts 
and keratinocytes. Higher concentrations of chlor- 
hexidine gluconate (i.e., 0.15% to 0.5%) generated 
counts that were increased by artifact. Those con- 
centrations formed particulate precipitate that was 
counted by the Coulter counter but contained no 
cultured cells. Titration of polymyxin B (Figure 2) 
over two log dilutions cause no inhibition of growth 
of fibroblasts, but did cause significant growth in- 
hibition of keratinocytes at the highest test dose 
(4000 Ulml). Figure 3 shows that mupirocin (160 
pglml) was completely nontoxic to both fibroblasts 
and keratinocytes at the concentrations tested. Sim- 
ilarly sparfloxacin was nontoxic to cell growth at all 
concentrations up to 100 pglml as shown in Figure 
4. Nitrofurazone (Figure 5) showed concentration- 
dependent toxicity to both fibroblasts and keratin- 
ocytes and had very limited solubility at contentra- 
tions higher than those clinically relevant (0.02% 
Iwt). Although these results do not distinguish 
whether detected cytotoxicity results from nitrofur- 
azone or the propylene glycol vehicle, toxicity of the 
formulated agent at clinically relevant concentrations 
disqualifies this compound for use with cultured skin 
grafts. 

Wet Disk Assays. Table 2 summarizes results of 
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Figure 2. Dose response sf  cultured human keratinocytes and fibroblasts to polymyxin R. Test 
conditions were initiated on culture day 4. Cytotoxieity to keratinocytes is detected at 4000 
Ulml. 
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Figure 3. Dose response of cultured human keratinocytes and fibroblasts to sparflsxacitl. Test 
conditions were initiated on culture day 4, Low but significant amounts of growth inhibition 
to keratinocytes occurs at 100 p,g/ml. All otl~er concentrations tested are nontoxic to both cell 
types. 

wet disk assays of  clinical isolates of microorganisms 
from burn wounds. Cldorhexidine (0.05% wttvol) 
is uniformly effective (141 14) against all Staphylococ- 
cw aureus strains tested and against eight of 13  gram- 
negative organisms. Polymyxin B (400 Ulml)  is 
moderately cffective (12122) against gram-negative 
organisms and is known not to  be active against 
gram-positive organisms. Sparfloxacin (30 pglml) is 
uniformly effective against 12 Staphylococcus aureus 
and against 22  gram-negative bacteria tcstcd. Mu- 
pirocin (48 p,g/ml) is uniformly effective against all 

eight Staphylococcus aurew strains and was not tcstcd 
against gram-negative organisms. Nitrofurazone 
(0.02% wttvol) is moderately effective (four of 
eight) against Staphylococcus aureus and was not tcstcd 
against gram-negative organisms. 

DISCUSSION 

Although various models of cultured skin have been 
demonstrated t o  close wounds permanently,1,4*7 all 
arc more subject to  destruction by common burn 
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Figure 4. Dose response of cultured human keratinocytes and fibroblasts to mupirocin. Test 
conditiolis were initiated on culture day 4. No cytotoxicity is detected at concentrations tested. 

FIBROBLASTS KERATINOCYTES 
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Figure 5. Dose response of cultured human keratinocytes and fibroblasts to nitrofi~razone in 
propylcne glycol. Test conditions were initiated on culturc day 4. Nitrofura7x)nc formulated 
in propylene glycol generates concentration-dependent cytotoxicity to both cell types. 

organisms than arc convcntional skin grafts. This 
gcncral limitation of cultured skin rcsults from in- 
complctc epidermal barricr at grafting, abscncc of 
vascular plexus and immune cclls, and conscqucnt 
protraction of engraftmcnt by scvcral days. These 
biologic deficiencies of culturcd skin account for its 
vulnerability to microbial destruction and impose ad- 
ditional surgical and postsurgical rcquiremcnts for 
protcction of the culturcd cclls, until stable vascula- 
turc dcvclops and epidermal tissuc bccomcs kcratin- 
izcd. Howcvcr, it has bcen shown12*1"19 that topical 
antimicrobial agcnts (i.e., mafcnidc acetate, silver sul- 

fadiazine, clorhcxidine gluconatc [Hibiclens]) that 
are used succcssfilly with native skin grafts are toxic 
to cultured keratinocytcs and are associated with fail- 
ure of culturcd grafts. Therefore quantitative assays 
arc nceded to select antimicrobial agcnts in appro- 
priate dosagcs that have no or  low toxicity to trans- 
planted cells and that rctain a broad spcctrum of 
antimicrobial activity. Results presented hcrc dcm- 
onstrate that a combined assay system can determine 
conccntration rangcs of candidate drugs that have 
low toxicity to human cclls and rctain antimicrobial 
activity against burn wound microorganisms. 
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Table 2. Wet disk assay 

Organisms 
(effectivdno. tested) 

Agent and dose Gram-positive* Gram-negative* Totals 
- - 

No drug 
Chlorhexidine 0.05% (wtlvol) 
Polymyxin B 400 U/ml 
Sparfloxacin 30 ~ g / m l  
Mupirocin 48 pg/ml 
Nitrohrazone 0.02% (wdvol) 

ND, Not determined. 
*Randomly selected clinical isolates from patients with bums at Shriners Bur 
sum. Gram-negative organisms included PscudmMnar aer&gi)2bsa, KlebsiElh 

This combined assay system can both qualify and 
disqualify either individual agents or combinations 
of agents for topical use with cultured skin cells for 
wound treatment. Although chlorhexidine is uni- 
formly effective against a wide variety of burn or- 
ganisms, it is disqualified from consideration, because 
it is also highly cytotoxic to cultured keratinocytes 
and fibroblasts (Figure 1, Table 2). Conversely poly- 
myxin B, sparfloxacin, and mupirocin are qualified 
as antibiotics that. have low toxicity to skin cells 
within certain concentration ranges and retention of 
antimicrobial activity against burn organisms in those 
ranges (Figures 2, 3, 4; Table 2). In related studies 
combined cytotoxicity-antimicrobial assays also iden- 
tified that addition of an antimycotic agent, nystatin, 
to antibiotic formulations does not increase cytotox- 
icity to transplanted cells nor reduce the antimicrobial 
activities of selected antibiotics.17 In addition, am- 
photericin B in low concentrations (i.e., 1 ~ g l r n l )  is 
not cytotoxic to cultured cells24 and can be used to 
manage fungal contamination in wounds. Therefore 
these assays identifjr stringent requirements for se- 
lection of antimicrobial agents that may avoid cy- 
totoxicity to cultured skin. However, it is expected 
that as cultured skin substitutes are developed with 
more biologic homology to native skin (i.e., im- 
proved keratinization and barrier function), strin- 
gency for clinical management of cultured and native 
skin grafts may also become more homologous. 

Other factors not addressed in this study that are 
important to clinical management of microbial con- 
tamination of cultured skin include but are not lim- 
ited to (1) nonoverlapping antimicrobial activity 
with parented treatment of burn sepsis; (2) evalu- 
ation of combinations of agents to cover both gram- 
positive and gram-negative organisms; (3) delivery 
of adequate levels of antimicrobial formulations to 

ns Institute, Cincinnati Unit. Gram-positive organisms included only StqLylucoc~lr 
pncumoniac, Entmbactcr do=, and Escherichia wli. 

the site of the microbial contamination; and (4) mi- 
crobial monitoring of wound sites chosen for patient 
grafting with cultured skin cells to determine the 
types and sensitivities of organisms to noncytotoxic 
formulations of topical antimicrobials. Delivery of 
novel formulations to the site of contamination is a 
complex question that requires dedicated studies to 
address. To understand and regulate drug delivery 
future studies should address wound bed preparation 
and pretreatment, vehicles and protocols for adrnin- 
istration of novel formulations, penetration and half- 
life of compounds in the wound, and effective dose 
at the graft-wound interface. Finally, monitoring of 
patient wounds to determine type and sensitivity of 
microbial contamination is a routine clinical proce- 
dure with which the cytotoxicity-antimicrobial assays 
described here can be easily coordinated. Any novel 
formulations of topical  antimicrobial^^^-^' qualified 
by the assays described here may be added to the 
sensitivity testing of organisms for identification of 
whether the formulations are suitable for use with 
cultured skin in particular patient cases. 

In conclusion this study demonstrates a direct and 
inexpensive assay system by which topical antimicro- 
bial agents may be selected for use with cultured skin 
grafts for burn wound treatment. Data from this as- 
say system show that three antibiotics (polymyxin B, 
mupirocin, sparfloxacin) within specific concentra- 
tion ranges are nontoxic to cultured human cells and 
are effective against a broad spectrum of burn or- 
ganisms and that chlorhexidine gluconate and nitro- 
furazone are cytotoxic to cultured skin cells at clin- 
ically relevant concentrations. The data suggest that 
polymyxin B, mupirocin, and sparfloxacin alone or 
in combination may have prospective use as topical 
antimicrobials on cultured skin for burns. Applica- 
tion of these findings may improve engraftment and 
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survival of cultured skin for bums and may assist in 
the identification of qualified formulations of anti- 
microbial agents for management of other surgical 
infections. 

The authors thank Ms. J o h n  Dodick for performance 
of human cell assays and Mss. Margaret Hartzel and Paula 
Durkee for performance of microbial assays. 

REFERENCES 

1. Gallico GG 111, O'Conner NE, Compton CC, Kehinde 0, 
Green H .  Permanent coverage of large bum wounds with 
autologous cultured human epithelium. N Engl J Med 
1984;311:448-51. 

2. Gallico GG 111, O'Connor NE, Compton CC. Cultured ep- 
ithelial autografts for giant congenital nevi. Plast Reconstr 
Surg 1989;84: 1-9. 

3. Munster AM, Weiner SH, Spence RJ. Cultured epidermis 
for the coverage of massive burn wounds: a single center 
experience. Ann Surg 1990;211:676-80. 

4. Boyce ST, Greenhalgh DG, Housinger TA, Kagan RJ, Rie- 
man M, Childress CP, Warden GD. Skin anatomy and antigen 
expression after burn wound closurc with composite grafts 
of cultured skin cells and biopolymers. Plast Rcconstr Surg 
1993;91:632-41. 

5. Hull BE, Finley RK, Miller SF. Coverage of burns with bi- 
layered skin equivalents: a preliminary clinical trial. Surgery 
1990;107:496-502. 

6. Nanchahal J, Otto WR, Dover R, Dhital SK. Cultured com- 
posite skin grafts: biological skin equivalents permitting mas- 
sive expansion. Lancet 1989; July 22: 191-3. 

7. Cuono C, Langdon R, Birchall N, Barnelbort S, McGuire J. 
Composite autologous-allogeneic slun replacement: devel- 
opment and clinical application. Plast Reconstr Surg 
1987;80:626-35. 

8. Compton CC, Hickerson W, Nadire K, Press W. Acceleration 
of skin regeneration from cultured epithelial autografts by 
transplantation to  homograft dermis. J BURN CARE RE- 
HABIL 1993;14:653-62. 

9. Green H, Kehinde 0 ,  Thomas J. Growth of human epidermal 
cell into multiple epithelia suitable for grafting. Proc Natl 
Acad Sci U S A 1979;76:5665-8. 

10. Boyce ST, Hansbrough JF. Biologic attachment, growth, and 
differentiation of cultured human epidermal keratinocytes on 
a graftable collagen and chondroitin-6-sulfate substrate. Sur- 
gery 1988;103:421-31. 

11. Bell E, Ehrlich HP, Buttle DJ, Nakasuji T. A living tissue 
formed in vitro and accepted as a full thickness skin equivalent. 
Science 1981;211: 1042-54. 

12. McCauley RL, Linares HA, Pelligrini V, Herndon DN, Rob- 
son MC, Heggers JP. In vitro toxicity of topical antimicrobial 
agents to  human fibroblasts. J Surg Res 1989;46:267-74. 

13. Cooper ML, Boyce ST, Hansbrough JF, Foreman TJ, Frank 
D. Cytotoxicity to cultured human keratinocytes (HK) of 
topical antimicrobial agents. J Surg Res 1990;48:190-5. 

14. Holder IA, Knoll CA, Wesselman J. Nortloxacin and silver- 
nortloxacin as topical antimicrobial agents: results of in vitro 
susceptibility testing against bacteria and Candida sp. isolated 
From bum patients. J BURN CARE REHABIL 1986;7:479-82. 

15. Holder IA. The wet dsc  antimicrobial solution assay: an in 
vitro method to test efficacy of antimicrobial solutions for 
topical use. J BURN CARE REHABIL 1989;10:203-8. 

16. Holder IA. Wet disc testing of mafenide hydrochloride, chlor- 
hexidine gluconate, and triple antibiotic solution against bac- 
teria isolated from burn wounds. J BURN CARE REHABE 
1990;11:301-4. 

17. Boyce ST, Holder IA. Selection of topical antimicrobial 
agents for cultured skin for burns by combined assessment 
of cellular cytotoxicity and antimicrobial activity. Plast Re- 
constr Surg 1993;92:493-500. 

18. Lineweaver W, McMorris S, Soucy D, Howard R. Cellular 
and bacterial toxicities of topical antimicrobials. Plast Re- 
constr Surg 1985;75:394-6. 

19. Kuroyanagi Y, Kim E, Shioya N. Evaluation of a synthetic 
wound dressing capable of releasing silver sulfadiazine. 
J BURN CARE REHABIL 1991;12:106-15. 

20. Heggers JP, Sazy JA, Stenberg BD, Strock LL, McCauley 
RL, Hemdon DN, Robson MC. Bacterial and wound-heal- 
ing properties of sodium hypochlorite solutions. J BURN 
CARE REHABIL 1991;12:420-4. 

21. Boyce ST, Ham RG. Calcium-regulated differentiation of 
normal human epidermal keratinocytes in chemically defined 
clonal culture and serum-free serial culture. J Invest Dermatol 
1983;81(suppl 1):33S-40s. 

22. Boyce ST, Ham RG. Cultivation, frozen storage, and clonal 
growth of normal human epidermal keratinocytes in serum- 
free media. J Tissue Culture Methods 1985;9:83-93. 

23. Pittelkow MR, Scott RE. New techniques for the in vitro 
culture of human skin keratinocytes and perspectives on their 
use for grafting of patients with extensive burns. Mayo CLin 
Proc 1986;61:771-7. 

24. Boyce ST, Warden GD, Holder IA. Noncytotoxic combi- 
nations of topical antimicrobial agents for use with cultured 
skin [Abstract]. Proceedings of the American Burn Associa- 
tion 1994;26: 103. 

25. Gupta SK, Joshi S, Zhingan S. Topical nortloxacin: a new 
drug for the treatment of Pseudomonas comeal ulcers-an 
experimental study. Med Sci Res 1989;17:769-70. 

26. Strock LL, Lee MM, Rutan RL, Desai MH, Robson MC, 
Hemdon DN, Heggers JP. Topical Bactroban (Mupirocin): 
efficacy in treating bum wounds infected with methicillin- 
resistant staphylococci. J BURN CARE REHABIL 1990;ll :  
454-9. 

27. Monafo WW, West MA. Current treatment recommenda- 
tions for topical burn therapy. Drugs 1990;40:364-73. 




