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'l'h . 
h e effects of several chemothcmpeutic agents on thc 

c emoh · fh • XIS o uman leukocytes were studied in an in vitro 
a n in vitro system, using concentrations of a ntibiotics below, 
within, and a bove the range oftherapeutic semm Ievels . Also 
included in these assays are two chemotherapeutic agents 
(dapsone a nd sulfapyridine) that are prescribed frequently für 
a variety of inflammatory skin diseases. 

system u · S t , ·h . smg a ykes-Moo•·c chamber and a doublc-filtcr 
. ect. mque. Chemotactic factor was genemted by the inter-
ac •on of 1 t' norma human scrum and zymosan . At concentra-
t iotns comparablc to and bclow therapeutic blood Ieveis, e •·acy r H Were alc 1.nc . ~1, e~·ythr~mycin base and clin~amycin HCI 

I lflhibJtory, causmg marked suppresswn of leuko-
METHODS 

Gell Preparations 
cyte chemotax· · d 1· h d · · · t' p . . . IS an s 1g t re uctwn of random m1g1·a 1011. 
w~~:cllhn G-Na, dapsone, and sulfapyridine did not alter 
. . 1 e cell motility at thc concentrations of dmg tested. 1t ;s :o~tulated that the Capacity of somc of these agents to 

On the day of assay, venous blood was coll ected from hea lthy 
human vol unteers in a hepa rinized syringe. One ml of P lasmagel 
(HTI Corpora t ion , Buffa lo, N . Y.) was added für each 10 ml of b lood 
collected , and th e syringe was incubated a t 37oC in a n inverted 
position for 2 hr to permit Sedimenta tion of ce lls . The leukocyte- r ich 
plasma was sepa ra ted from the erythrocytes a nd cen t rifuged at 900 
rpm tor 10 min . The cell pe ll et was suspended in minima l essentia l 
media (MEM) (Gra nd Is la nd Biologica l Company, Gra nd Isla nd , 
N. Y.) wi t h 10% feta l ca lf ,'erum rFCS) rReheis Chemica l Corpora-
tion, Phoenix , Ar iz.), washed twice with MEM a nd resuspe nded in 
5 ml of MEM-FCS für coun ting. Th e fin a l leukocyte concentra tion 
was adjus ted to 2.5 x 10"/m l by di lu t ion with MEM-FCS, a nd a ce ll 
vi a bility of at least 99% was esta blished , us ing th e trypan blu e dye 
exclusion method. 

thn ~bJtf ~eukocyte chemotaxis may account, in part, for 
e1r e flca · · 1 . cy lfl mf ammatory skin di seases such as acnc vulgans . 

ce~\a l admini stration of certa in antibiotics a nd, more re-
c . ·~' .topJca l apphcatwn of these antibiotics have been 01181 et ed effective therapeuti c rneasures for pa tients with acne vulg·a · s . . · n s. uccess w1th these agents has been attnbuted, ln part t th . . f1 ' 0 e reductwn m numbers of n01·mal cuta neous 
w~;~·tharticularly Cor:ynebacterium acnes , and to interfe rence 
3J. Thu e actwn of bacteria l lipases on sebum triglycerides /l -
and b s, by. reducmg the popu lations of specifi c orga msrns 
th Y pa rtJally suppressmg the formation of free fatty ac1ds, 

P e nlatura] Progression of acne lesions frorn comedones and 
apu es to p t I d . . b . ru t d . us u es a n cysts theorebcal ly rn1ght e mter-

thp e · Although nurnerous investigators have documented 
e effects of a t.b . t. · t ' h n I 10 1cs on cutaneous flora and on quantita-

d~e c a nges in suJ·face Iipids, not a ll of these studi es have 
d monstrated a direct relationsh ip between admini stration of 

rug and r d t· · . . . · 
t . ~ uc IOn 1n bacten a l coun ts a lteratwn 111 cornposi-Jon of suda 1· ·d . . . ' . . 
14-13 /. So ~e .1P1 s, a nd chmcaiimprovement of skm l esJ.~n s 
e . . me of the d1screpancws may be expla med by dlfler-
u~~es, In rnet~odol ogy; however, the parti cipation of additional 
T~scnbed factors may account für the therapeuti c eftect. 

. . ere lsevJdence in the li te1·ature to suggest that cer tain dntJmJcrobJ· 1 . . . 114 15 . a agents may suppress leukocyte chemotax1s 
S ' J .. Smce mfla mrnatory acne lesions which are most usceptib l t . ··b· . . , . ol e 0 anti IOtJc therapy, are the resu lt ofan wflux of 
~ Ymorphonuclear leukocytes /16 1 it seemed z·easonab le to cons1der th h ·h · · ' . . ta . . e ypot es1s that suppress1on ot leukocyte chemo-
Thx~s ~ght account, in pa rt, for the effi cacy of these agents. 
eft' ,t sent study represents an atternpt to measure the 

ec s of severa l of these agents on leukocyte chemotaxis in 

29.~~~~script received May 5, 1977; accepted for publication Ju ly 
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MEM: minima l essen tia l medi a 
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Chemotactic Factor 
Chemotactic factor was gene ra ted by in cuba tion of fresh or frozen 

( - 70°C) norma l huma n serum with zymosa n !Sig ma Chemi ca l Co., 
St. Loui s , Mo. ) in a concen tration of 2 mg/ml für 1 hr at 37°C. The 
zymosan was re moved by centrifugation, a nd th eserum was hea ted 
to 56°C for 30 min to terminate t he reac tion I17J. 

Prepara.tion o/ Antibiolies 
The füllowin g drugs we re tes ted in chemotax is assays: e rythro-

mycin base lAbbott Laboratori es, North Chi cago, 11 1. ), tetracycline 
HC I ILederl e Labora tories, Pea rl R iver , N . Y.), clinda mycin HCI 
(Upjohn Compa ny , Ka lamazoo, Mich. ), pe n icill in G-Na rU pjohn 
Compa ny, Ka la mazoo, Mi ch .), da psone IAyerst La borato ri es, New 
York, N. Y .) , a nd su lfapyridine rLilly La boratories, lndi a napo li s, 
l nd. ) . Stock solutions of each a ntibiotic were prepa rcd in MEM a nd 
appropriate a mounts added to ach ieve t he desircd concen tra tion in 
the chamber. High concentra tion s tock solutions of su lbpyridine 
a nd da psone were prepa red in absolute e thanol a nd diluted with 
MEM. Tetracycline HC I a nd e rythromycin basc were assayed 111 

concentra tions of .01 J.Lg/ml, 1 J.Lg/ml , 10 J.Lg/mi, a nd 300 J.L glm i. 
Clinda mycin H CI was added in concentrations of .2 J.Lg/ml , 2 J.Lg(m i, 
20 J.Lg/ml, and 200 J.Lglm l; peni cill in G-Na in w ncentratwns of .01 
J.tg/m l, .1 J.tg/ml, 10 J.tg/ml, a nd 100 J.tg/ml. Sulfa pyndme was tcsted 
at 50 J.tg/ml a nd 100 J.tg/m l a nd da psone a t 25 J.tg/ml a nd 50 J.tg/ ml. 
Antibioti cs were added to the lowe r (attrac ta nt) compartme ~1t ofthe 
cha mber in the firs t set of experirnen ts. In il second se t of ex pe n -
ments th e antibiotic was added to the leukocyte Suspens ion in the 
uppe r 'compa rtme n t. Chemotactic assays with each concent ra t ion of 
drug were perfünned in duplicate or tripli ca te. 

Chemotaxis Assays /1 8/ 
The cha mbers used for the assays we re of the Sy kes-Moore type 

lßellco B iologica l Glasswa re and Equiprnent, Vineland , N.J. ) I lHI . 
Two Millipore filt ers IMi ll ipore Corporation , Bedfü rd, Mass .) 25 
mm in di a me t.er a nd 3 1-' porc size were inser ted between the t.wo 
compa r tments a nd he ld in p lace by a rubber gasket 1201 . The 
cha mber was sea led at both e nds by a 25-mm circul a r g lass cover 
s lip macbes te r Scie ntifi c Co ., Rochcste r , N. Y .). lnjcction of materi -
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CONCENTRATIONS OF TETRACYCLINE HCL 

F1c 1 Chemotact1. · . t. ·t I' h . · . c ac IV I y o uman leukocytes with dif'l·, . , • cuncentrat1ons of letr 1 . . 1. , e1 enc of the chamber . c tyt tne HCI added to the lower compa rtment 
I. . .. : C!eUI bars represent thc rnean of 8 assays r + 1 SO) 
01 1 andom m1grat10n of 1, k . t . D -v· I . I + 1 SO . . . eu ocy es. arh bars represent mea n 
a ues - ) l01 neutroph d chemotaxis. 

<~ I ~ ~as, madc. w.i t~ a 25_gauge needle through the chamhcr ports . 
I I.tcement ol .1 second ~agauge ncedl e 1n the opposite po1·t al lowed 
n1r to e~capc dunng III IIng, result ing in a hubb le-free charnbcr. 
One-ha ll ml ol lcukocytc suspension 11.25 x 10n cc lls) was addcd to 
the uppcr compa rtment, a nd a n 0.8 ml aliquot of fl uid 11 part 
human scrurn w1th or w1thout zy rnosa n plus 1 part MEM-FCS with 
or without drugJ wu s added to thc lower chamher. In the second set 
of expcriments, appropriate concentrat ions of dru g in MEM were 
added to thc lcukocyte suspension in th e upper compartment . Thc 
chambers were incubated a t :l7°C for :l hr. The lilters were removccl , 
li xed and sta ined in an eth a no l, hcmatoxy li n, ethanol, xylene 
sequence, a nd mounted with Permount on slides for counting. The 
ce ll s on each hottom li lte r were counted in :10 ra ndom fi elds us in g a 
IOx ocu lnr and 40 x ohj ective. 

All suspensions werc prcpa red in a steri le fashion, and th e 
cha mhers werc nutoclavcd prior to use. No prohlems with bactcrial 
" rowth were cncountered. Ce ll viahi lity was checket! aga in with 
Lrypan bluc dye a t t.hc tcr rn in at ion of each ex perim ent and rern a ined 
grea tcr thnn ~)9'/r in nll charnhcrs. . , 

S tat isticu l a na lys iswas perform ed us1ng Stud ent s I = lest. 

RESU LTS 
T he mca n v;d ues :!:: 1 S O für thc che motaxis assays w i ~h 

te tra cyc li nc- H C I are dep icted in F ig 1. The m can va lue for 
random migration of' ccll s f'rom 8 huma n vo luntee rs 18 sepa-
ra te assaysJ was 2.9 :!:: 0. 8 cc ll s/hpf', whereas th e mea n Wiih 
chemotactic factor was 10.8:!:: 2.5 cc ll s/hpf' lp =< .0005l . Wh e n 
tetJ·acycline was added in concentrntions of' .01 fLg/ml , 1 fLg/ 
rn l a nd 10 fLg/ml , thc1·e was s trik ing supp ress ion of'che mota x1s 
lp =< .0005), most ma rkcd a t conce ntrations of 1 (Lg and 10 
':"[!;/ml. Minim a l inhibition of nt ndom migration was ohserved 
at the sa me concentrations lp =< .025 with I (Lg/m l of dru g; 
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other values not s ig n ifi cant). However, a t a concentration of 
300 fLg/m l, there was no e ffect on chemotax is (mean of 11 .7 ::!: 
2.1 cells/h pf) or ra ndom migra tion lm ean ~f 3.3 :!:: 0 .7 cell s/ 
hpf) . 

The effects of erythr omycin base on leukocyte chemotaxis 
as shown in Fig 2 were s imi lar to th ose of t e tracycli n e . T he 
mca n value for ra ndom m igra tion of cell s in 8 assays w as 3.0 
:!:: 0.4 ce ll s/hpf and that for ch e motax is 14.0 :!:: 1.0 cell s /hpf 
lp =<: .005). Concentrations of .01 fLg/ml , 1 (Lg/ml , and 10 p..g/ 
m l of et·ythromycin cau sed s ignifica nt suppt·ession of chemo-
ta~ Js lp = < .0005 for a ll concentrations) a nd b ad a minimal 
~flec t on nmdom migration lp = < .01 für .01 fLg/m l; p = < .ü05 
for l (Lg/ml a nd 10 fLg/m l). Erythromycin at 300 fLg/m l fa i led 
to m h1b1t chemotaxis or ra ndom m igration, a nd the v a ]ues 
obta med w 1th th is concentration of drug were not s ign ifica ntly 
dtfferent fi·om thc mean contml values 13.0 :!:: 0.4 cells/hpffor 
random m igration a nd 14.0 :!:: 1. 1 cell s/hpf für chemotax is). 

Cli ndamycin H C I a lso caused inhib it ion of' chernotaxis a t 
concentrations of .2 fLg/m l , 2 fLg/ rn l , 20 fLg/ m l , a nd 200 fl.gjrnl 
as demonstrated in Fig 3. The mea n va lue für t·andom migra-
tiOn was 3.2 :!:: 0.5 cell s/hpf and th a t fü r hemotaxi s 12.9 ::!: 1.9 
cell s/hpf (p = < .0005). There was s ignificant suppression of 
ch?motaxis a t a ll concentrations (p = < .0005) a nd a min ima l 
eflect on ra ndorn m igration (p = .01 at .2 and 2 fLg/m l; p = < .l 
at 20 [Lg/ m]) w ith the lower concentrations of drug . 

In contJ·ast, pe n icillin G-Na in concentrations of' .01 f.Lg/ml , 
.1 [Lg/ml , 10 fLg/m l , a nd 100 fLg /rn l fai led to inhib it leukocyte 
moti li ty IF ig 4). Ne ithe r su lfa pyrid ine in concentrations o f 50 
fLg/ml a nd 100 fLg/m l nor dapsone in concentrations of 25 fLgl 
m l a nd 50 (Lg/ml ha d a ny perceptible e flect on leukocyte 
move ment unde t· the condit ions of t he assay IFig 5). 
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CONCENTRATIONS OF ERYTHROMYCIN BASE 

F'tG 2. Chemotactic activity of huma n leukocytes with dif!'erent 
concentrations of' erythromycin hase ndded to thc lower compa ,·tment 
of th e charnber. Cleur hurs represent the mea n of 8 assays I:!:: 1 SD) 
fo r ra ndom mi grntion of leukocytes. Durh bars represent mean 
va lues 1::':: 1 SOl for neutrophi l chemotaxis . 
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CONCENTRATIONS OF CLINDAMYCIN-HCL 

FIG 3. Chemotactic activity of huma n leukocytes with different 
concentra tions of clindamycin H CI added to the lower compa rtment 
of the chamber. Clear ba.rs represent the mean of 8 assays ( ± 1 SDl 
for ra ndom migra tion of leukocytes. Dark bars represent mean 
valu es ( ± 1 SDl for neutrophil chemotax is . 

In the second set of experirnents when the drugs were 
added directly to the leukocyte suspensions prior to incuba-
tion , the results obtained were cornpa rable to those depicted 
in F ig 1- 5 (Ta ble). Tetracycline HCI, erythromycin base a nd 
clinda mycin-HCI a t the s~ rne concentra tions indica ted in the 
fi gures ca used ma rked suppression of chernotaxis a nd minimal 
suppression of m ndom rnig ra tion. The rnean values for ran-
dom rni gra tion fell sli ghtly below the control v~ lues , a nd. 
were the same order of magnitude as in the ftrst set of 
expe rime nts . The only s ignifi ca nt difl"erence noted between 
this set of experirnents and those described above was a 
fa ilure of clinda rnycin HC I to inhibit chemotax is when added 
in a concent1 c~ tion of 200 J.Lg/ml (p = < .0005). Peni cillin G- Na, 
sulfa pyridine a nd dapsone had no efl"ect on leukocyte chemo-
t axis when added to the upper compa rtment of the cha mber. 

DISCUSSION 
A ntimi crobi a l agents are frequentl y used to t reat infl a m-

m a tory di sorders of the skin tha t a re cha t·acterized by a n 
infl ux of poly rn orphonuclea r leukocytes but a re not due to 
bacte ri a l infection. Although severa l hypotheses have been 
a dva nced to account for the eflect of these drugs in infl a mma-
tory conditions , the proposed mecha ni sms of action a re still 
controversia l, owing to confli cting da ta . A poss ible effect on 
]eukocyte migration has r eceived littl e considera ti on in the 
deve lopment of these concepts; therefore , it seemed of i nte rest 
to study the in teraction of a ntimicmbia l drugs and poly mor-
phonuclear leukocytes in a n assay systemfür chemotax is: 

The modjfi ed micropore cha mber has proved tobe a reltable 
systern in which the chemotactic t·esponse of white bl ood cell s 
ca n be assayed in the la bora tory 1211. This technique has 

been utilized in previous studi es to dernonstra te the effect of 
drugs on the migra tion of polymorphonuclear leukocytes . The 
antiinll a rnm atory agents , chloroquine, hydrocorti sone , a nd 
rnethyl predni solone have been shown to suppress chemotaxis 
by direct action on the neutrophil 122 1. Ma fenide aceta te and 
sulfadiazine compounds, widely used for the trea tment of 
burns, a lso appear to cause ma rked inhibition of leukocyte 
rnotility 1191 . 

Martin et a l. observed reduced migra tion of leukocytes 
obtained fi·om human volunteers with Mycopla.sma. pnew rw-
nia.e infection who were receiving tetracycline 1231. Subse-
quent studi es demonstra ted tha t concentra tions oftetracycline 
ranging from 0.01 to 10 J.Lg/ml depressed both random migra-
tion a nd chemotaxis of leukocytes toward Mycopla.smu a nti -
gen 1141. In contras t , concentra tions of tetracyclinc nmging 
from 30-300 J.Lg/ml caused Stimula tion of neutrophil move-
ment. The mecha nisms by which the drug influences white 
cell movement are unknown, but it has been suggested tha t 
these effects may re la te to a ltera tions in white cell metabo-
li sm. 

Although we used zymosa n-induced chemotacti c factor 
ra ther tha n Mycoplasm.a a nti gen as a chemoa ttractant, our 
studies confirm the findings of Ma rtin a nd co-workers . Gon-
centra tions of te tracycline in the ra nge of therapeuti c blood 
Ievels !0.1- 10 J.Lg/m]) appeared to inhibit neutrophil chemo-
taxis whereas tetracycline in very high concentm ti on 1300 
J.Lg"/ml) fa i led to suppress chernotaxis . The effect of tetracycli ne 
on random migra tionwas less pronounced in ow· assay system 
tha n in the study of Ma rtin et a l. Thi s di sparity in t·esults 
rnay be a ttributable to severa l differences in methodology . lt 
is uncl ear whether the tetracycline was added to the upper 
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CONCENTRATIONS OF PENI CILLIN G Na 

F1c 4. Chemotactic activ ity of huma n leu kocytes with difle rent 
concentra tions of penicill in G-Na added to the lower compa rtment 
of the cha mber. C/ea r ba rs represent the mea n of 8 assays I± I SOl 
for ra ndom migra tion of leukocy tes. Dark hars represen t rn ean 
va lues ( ± I SD) for neutrophil chemotnx is . 
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Chemotactic activity oj' hunwn leulwcytes with different concentmtions o{antimicrohia/ agen.ts culded to the upper compartm.ent oj' the 

clwmber. Vulues areexpressedas means o/'8 assays :t:: 1 SD 
----~--~--------~~==~ ~~--~--------~-------Tetracycli ne Erythr omycin Clindamycin Pen ici ll in Su lfapyridin e Dapsone 
None 2.5 :t:: .5 None 3.0 :t:: .:l None 2.2 :t:: .4 
Zyrnosan 12.7 :t:: . 7 Zyrno- 11.2 :t:: .3 Zyrno- 11.0 :t:: 1.0 

san san 
.01 jJ.g 2.2 ::!::: .:3 . 01 jJ.g 2.5 :t:: .8 .2 jJ.g 2.0 :t:: .1 
.01 jJ.g 2.2 :t:: .5 . 01 jJ.g 2.2 :t:: .5 .2 jJ.g 2.2 :t:: .2 

+ Z" + Z +Z 
1 JJ.g 1. 9 :t:: .4 1 jJ.g 2.3 :t:: .2 2 jJ.g 2.2 :t:: .1 
I JJ.g 2.4 :t:: .2 1 jJ.g 2.2 :t:: .1 2 jJ.g 2.1 :t:: .2 

+Z +Z + Z 
10 jJ.g 2.0 ± .4 10 jJ.g 2.4 ± .2 20 jJ.g 2.2 ± .2 
10 jJ.g 2.6 ± .4 10 jJ.g 2.2 ± .3 20 jJ.g 2.6 ± .6 

+Z +Z + Z 
300 jJ.g 2.9 :t:: .4 300 jJ.g 2.:J :t:: .4 200 JJ.g 2.2 :t:: .3 
:100 jJ.g 12.7 ± 1.7 300 jJ.g 12.0 ± .8 200 jJ.g 10.8 ± .9 

+Z +Z + Z 
~~-

~--- ~-. - - -~----

" Z = zymosan 
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CONCENTRATIONS OF SULFAPYR/0/NE (S) ANO OAPSONE (0) 

FIG 5. Chemotactic activity of human leukocytes with di ffe rent 
concentrations of sulfa.pyridin.e and dap::;one added to the low.er 
compartrnent of the charnber. Clear bars represent the mean o! 8 
assays ( ± J SDJ for randorn mig1·ation of leukocytes .. Durh bars 
represent mean values I ± 1 SDJ for neutroph!l chemotax1s. 

i leukocyte) compartment or the Jower (chemoattractant) com-
partme nt of the cha mber or whether the leukocytes were. 
preincubated with tetracycline prior to assay m the s tudy oi 
Martin et a l. Other investigators 122,24 1 have shown that 
::;u ppression of wh ite cell movement is more pronounced when 
the inhibiting substance is added to the leukocyte rather 
than the chemoattractant side of the micropore ti lter. In 
addition, preincubation of leukocytes with drug prior to injec-
~o~i~nto the chamber rnay augment the effects on leukocyte 

lty 1.24 1. Poss1bly our fai lure to demoostrate a drarnatic 

None 2.4 :t:: . J None 3.7 :t:: .5 None 3.7 :t:: .5 
Zyrno- 13.3 :t:: .5 Zyrno- 13.5 :t:: .9 Zyrno- 13.5 :t:: .9 
san san san 
.01 jJ.g 2.1 :t:: .1 100 jJ.g :L6 :t:: .4 50 jJ. g 3.2 :t:: .4 
.01 JJ.g 13. 1 :t:: .8 100 JJ.g 14.1 :t:: .7 50 jJ.g 13.7 :t:: 1.5 

+ Z + Z +Z 
.1 jJ.g 2.1 :t:: .2 50 JJ. g 3.7 :t:: .9 25 jJ.g 3.1 :t:: .2 
.1 jJ.g 12.5 :t:: .8 50 JJ.g 14.4 ± 1.8 25 jJ.g 13.6 ± 1.3 

+ Z +Z +Z 
10 JJ.g 2.1 ± .2 
10 jJ.g 13.2 ± 1. 6 

+ Z 
100 J.Lg 2.3 :t:: .2 
100 JJ.g 13.7 ± .6 

+Z 

effect on random rnigration may reside in this latter proce-
dura l difference . 

Erythromycin base and clindamycin HCI, Jike tetracycline, 
a lso appear to inhibit leukocyte moti lity in vitro . These data 
support the tindings of P lewig and Schöpf [15J in a study of 
the etl'ects of antimicrobial agents on pustular dermatitis JD 
humans , induced by 40% potassium iodide ointment. Topical 
application of tetracycl ine and erythromycin suppressed the 
pustular reaction whereas penicil lin G-Na and diaminodi-
phenylsu lfone had no effect. Oral administration of tetracy-
cline and erythrornycin a lso inhibited the pustular reaction to 
topical potassium iodide, but ora l penicillin G-Na fa il ed to 
suppress the dermatitis. Systemica ll y admin is tered diamino-
diphenylsulfone exhibited the most pronounced a ntiinflarn-
matory effect in contrast to its inefl'ectiveness when applied 
topically. The concentrations of diaminodiphenylsulfone used 
in our study are h igher than the blood Ievels that would be 
expected from the oral dosages uti lized by P lewig and Schöpf 
125-27 1. A lthough we detected no suppression of leukocyte 
chemotaxis, it is conceivable that suppression m ight be ob-. 
served a t lower concentrations. A lternatively, the effect of 
diaminodiphenylsulfone on the inflammatory response rnaY 
be mediated through mechan isms other tha n chemotaxis 1. 27-
30 I, however, these data are controversial 1. 31]. 

P lewig and Schöpf postulated that their data m ight be 
explained by a n effect of specific drugs on leukocyte rnigratioD · 
Our data support this hypothesis and suggest that inhibit!On 
of leukocyte rnovement may, in some circumstances, be an 
important mechanism by which certain antimicrobial agents 
suppress intl ammatory skin disease . 
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