. i 2005
Zagazjg 1. Pharm. SC]., December 2005 ISSN 1110-5089

Vol. 14, No. 2, pp. 11-17

ENHANCEMENT OF ANTIBACTERIAL ACTIVITY OF TETRACYCLINE HYDROCHLORIDE BY
NIOSOMAL ENCAPSULATION

Omaima A. Sammogr, Hanan M.. El-Nahas, Nagia A. El-Megrab, and *Mohamed 1. Husseiny
Dept. of Pharmaceutics and Industrial Pha.rmacy,* Dept. of Microbiology, Faculty of Pharmacy , Zagazig
University, Zagazig, Egypt.

ABSTRACT:
Topical use of antibiotics is currently a widely accepted effective and safe treatment for topical infections. One potential

srategy for improving topical administration of drugs is to encapsulate the drug in a colloidal carrier. Nonionic surfactant
vesicles (niosomes) are_promising drug carriers since they have potential applications in the delivery of hydrophobic or
amphiphilic dru_gs. In }hls study niosomes encapsulated tetracycline hydrochloride (TC-HCI) were prepared by using lipid film
hydration technique. The effect of procgssing variables such as surfactant structure, drug concentration, lipid concentration and
charge inducing agents .. stearyl amine (SA) and dicetyl phosphate (DCP) on the percentage drug entrapped (PDE ) and in-
yitro release of TC-HCI has been determined. The results showed that niosomes prepared from span 60 and 40 gave the highest
PDE, (34.6, 30.29% respectively) followed by span 20 and span 80 (15.6, 14.6% respectively) using 300 pmole total lipid.
Increasing the total lipid concentration from 150-500 pmole for span 60 resulted in an increase in PDE from 33-38.7%. Changing
drug concentration from 23 to 100 mg produced non significant effect on PDE, Moreover, concerning the charge inducing agent,
incorporation of DCP and  SA showed an increase in PDE to 67.14 and 46% respectively. Niosomes mean size showed a
dependence on the HLB of span used. The lower the HLB the smaller the niosomal mean size. In-vitro release studies indicated
that niosomal vesicles could retain a considerable amount of TC-HCI over prolonged period of time (24 hrs) for span 60 : chol
(L:1) niosomes. The in-vitro antimicrobial activities of niosomes-encapsulated TC-HCI in comparison with that of free TC-HCI
against clinical isolates isolated from skin infection showed that, TC-HCI encapsulated in either cationic or anionic niosomes
was more active than TC-HCI encapsulated in neutral niosomes. The minimum inhibitory concentrations (MICs) for niosomes-
encapsulated TC-HCI were significantly lower than those of the corresponding free TC-HCI. Niosomes-encapsulated TC-HCI
showed greater antimicrobial activities than the free form. In conclusion, these drug formulations may have potential in the
treatment of topical bacterial infections.

psoriatic lesions and was shown to be quite effective
in treating patients without any side effects™,
Niosomes forming non-ionic  surfactants are
chemically stable, available by synthesis in pure form
at lower cost compared to liposomes forming
phospholipids. Among various non-ionic surfactants
used to formulate niosomes, spans are most suitable
for commercial exploitation since they are safe and
widely used as emulsifiers in food and pharmaceutical
industry®.

TC-HCI is a broad spectrum antibiotic produced by
streptomyces aureofaciens and indicated for use
against many bacterial infections. It is commonly used
to treat acne. Topical use of antibiotics is currently a

INTRODUCTION

To pursue optimal drug action, functional molecules
could be transported by a carrier to the site of action
and released to perform their task™. In the formulation
of topical dosage forms, more attention has been
devoted to new structures, which can ensure either
adequate localization of drug within the skin to
enhance the local effect or can increase the penetration
thrgugh the stratum corneum. For these purposes
;2”095 Systems such as niosomes and liposomes have
i ving o s i ah o
fl'posomES or ni P . -

Conyen .o Miosomes have distinct advantages over
citional dosage forms because the particles can

a0l a3 . s
8 drug containing reservoirs.

.
“'iz‘é;);ogsg-or non-ionic surfa'ctant- vesficles are now
Prodyce sulfd- as an alternative to liposomes and
increasjng nzalged relean: 9f drug topically. An
fbund to fm er of non-ionic surfactants have bgen
- Mdrophopi, orm vesnclgs_ capable of entrapping

Wrfaotant "e"',“d hydrophilic solutes. Thesg non-jonic
ahemanives 51fc1es are regarded either as inexpensive
pey] in:v? non-brologic.:al origin, to liposomes, or
Wlecule lik v]q as a Cafler system to carry drug
MOSQ g € lposOmes( S)'
M by anreks.uPPOSed to give desirable interactions
i 'fovins In when applied in topical preparation
l‘f““auerisﬁg especially the horny layer

\;(3 and incrces" both by reducing transepidemal water

i lipige N8 sSmoothness via replenishing lost

gy N

» “Sﬁdosomal Methotrexate (0.25%) in a chitosan

# lopical agent significantly resolved

widely accepted effective and safe treatment for acne.
Several articles revealed that topical application of
antibiotic such as tetracycline showed clinical

effectiveness for mild fo moderate inflammatory

acne™?.

Staphylococcus aureus and  coagulase-negative
staphylococci (Staphylococcous  epidermidis) are
commonly found in acne vulgaris and ciprofloxacin,
penicillin, erythromycin, tetracycline, clindamycin,
fusidic acid and gentamicin had potent activity against

these organisms‘l !

Several diseases and lesions such as lacrimal
canaliculitis, ~caries and periodontal disezfse.
inflammation following use of intrauten:ine pessaries,
various types of abscess, septicaemia, anq acne
been attributed to the direct or indirect:

vulgaris have ! ‘
ffects of fermentative actinomycetes,
(13)

pathogenic € ne
propionibacteria, or eubacteria’ .
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i ssing variables on the cnu.lpmgm_
filorent  Processing Varadies - s of
\:ﬂ'\:i:wc\ and to asses the release propert e
s s inavitro. (0) To evaluate the in-vitie
entrappad drug mevitro. (8 e
atimicrobial activity of niosomes enrpped 14 s
:o'-mxrc-d with the free drug against clinical isolates
R

| g R R
isolated trom human shin infection.
EXPERIMENTAL
Materials:

Tetracycline hydrochloride, Sorbitan nmnt\l;uu".ue
(span 20, Sorbitan monopalmitate (span 40), Sorbitan
monostearate (span 60), Serbitan moneoleate (span
80), cholesterol (chol), Stearvalamine (SA) ':md
dicety Iphosphate (DCP) were purchased from Sigma
Chemical Co., St-Lowis, Mo, USA. All chemical were
of analytical grade and wused without further
purification. Methanol and Chloroform were obtained
from El-Nasr Company for pharmaceutical chemicals.
Cairo, Egypt. Semi-permeable Cellophane Membrane
3032 was purchased from Fisch Scientific Co..
London, England.

Methods:

Preparation of non ionic surfactant vesicles (NSV):

Niosomes were prepared by using the lipid film
hydration technique™.  Non ionic surfactants and
cholesterol  with or without charged lipid were
weighed as indicated in Table 1 and dissolved in
chloroform methanol system (2:1) in a 100 ml round
bottom flask. The solvent mixture Was evaporated in a
oy evaporator under a vacuum at a t

23 L

-3 = 2°C and the flask was ro
smooth, dry lipid film was obtained. The film was
hydrated with 3 ml of TC-HC} aqueous solution for 43
min at 60°C with gentle shaking, The niosomal
suspension was further hydrated at 2-8°C for 24 h.
Niosome pellets were  then separated by
centrifugation at 14000 pm for 30 min. ’
Entrapment efficiency:

The entrapment efficiency of niosomes  was
determined by centrifugation of the refrigerated
niosomes (2-8°C) suspension at 14000 rpm for 30 min,
The prepared niosomes were analvzed for percent
drug entrapment by spectrophotometric methog (-~

335 free drug according to the

emperature of
tated at 100 rpm unti} a

333 nm) after separation of

following equation:
PDE = D-D;/D,
Where D, = total drug amount
Dy = concentration of free drug

The effect of variables on the entra
and in-vitro release rate were investig
surfactant as span 20, span 49, span 60 and span 80,
the ratio of lipids, concentration of drug and presence
of charged lipid. The volume of the aqueous phase
was kept constant unless other wise indicated.

Drug release studies:

The in-vitro release of TC-HCl from niosomal
vesicles was determined bv a simple  dialysis

pment efficiency
ated. The type of

{4 One mi of the \‘csiclcs‘Suspcnsiun after
method"™™ f free drug was placed into glass tube ¢
S“p."mmm{ ollnhmc membrane was attached 10 one
\\"luch nfjul(‘l‘ was suspended in 250 ml begyg,
51?‘:‘{1““1;;0 IOD ml distilled water. The beaker Wag
[NUR =)

intained at 37£2°C and stirred at 100 rpm in a Water
maint at

bath shaker. Three milliliter samples \\'L;re Withdrawy,
1{ specified interval ;n}d replace_d With an equq
volume of fresh distilled water at the same
\olun:umlre to keep the volume constant during the
Li;f:i‘;wm. The  samples were axlal_\r?e d
spectrophotometriclly —at )\an\ 33-3.: I‘lm- against
distilled water as a blank. Each experiment were
carried out in triplicate and the mean values were
taken.

Optical microscopy: .

Photo micrographs of the prepared vesicles were
taken with an optical microscope (Zeiss, Me 63 C,
West Germany). The mean diameter for 100 vesicles
was determined, Each experiment were carried out in
triplicate and the mean values were taken.

Sizing of the vesicles:
Vesicles were mounted on a glass slide and viewed
under a phase contrast microscope ( MISR-FATRMO

2001, EGYPT) with a magnification of 400y to
determine the size | using a stage micrometer.

Microbiological study:

Determination of Tetracycline-HCI concentration
encapsulated into the niosomes,

The amount of TC-HCI encapsulated
fuosomes was determined by
Previously  described(n. Brefly, 100 W from an
m:e.might culture of Staph. aurens grown in Muller-
Hinton broth were transferred aseptically on to 3 ml
saline to obtain turbidity visually coménrable to 05
McFarland of about 108 CFU / ml

100 wl of standardized broth cultures of test bacteria
Were dccunately spread an to the surface of Miller—

00 agar plates using glass spreader. The surfaces of
the seedeq media were allowed to dry at room
‘empcmur_e for 30 min. Wells (cups) of 7 mm diameter
were epucally made in the seed Miller—Hinton agar
Using Slen!e cork borersts), Accurately measured 100 ul
125, 605 1:23 ~5I1:1;1_dard‘ free TCTHCI Solllti?l\.i (50- 25,
added into. e i = ug/ml) or.luoson}:ll antibiotic were

. €Specuve wells in duplicates.
Tz;I(}c:Z ‘g‘i’:gg’les. ',\\-‘ere ﬁrst L\‘SFd by adding 2(? Pq of 10‘;
ity md(\ ¥, with PBS) o 150 ”], of nlusom.x)
release theis then mcubated for 15 min at DU"C-f‘\.
ufficient o :ﬂont‘ent. This level of Triron X-100 was
A APE ase all encapsulared tetracychne without
20y effect o the pert, ‘p e csav and this 1§
the only expetin, Pertormance of the assay an he
Plates were jneny T Where a detergent was used. R
e r® Incubated fo, 24 h at 37°C and the vones ‘,’}
the known concentrations of T¢-HE!
Senerate standard curve, The unknowsd

\ofe. o . - od DY
biotic Loncentmnons were determined by
On an.'ll.\’sis_ p -

mto the
A microbiological assay as

were used o
fu0somal apg
linear regress
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. terial strains and growth conditions:
Ba¢ L o .
The four clinical samples of bacterial isolates used

Jis study were iS()I{\lL‘d from skin swabs, The
isolates were morpho]ogu.:all_\,'. microbiologically and
t;iochcmicall,\’ character 'Zt’fj 85_ ‘Slaphylococwux
qrens, Smpln'10(‘(u.'cuus epidermidis, Corynebactreq
jeikeim and Actinomyces  spp according to
‘Cruickshank ¢t al and Buc.hanan et al."' Bacteria
were routinely cultured in nutrient broth and on
qurient agar plates. The isolates used in this study
were maintained and characterized in Microbiology
senartment, Faculty of Pharmacy, Zagazig University,

Qe
Zagazig, Egypt.

in U

Determination of minimum inhibifory concentrat-
ion (MIC) of TC-HCl:

The MIC is defined as the minimum inhibitory
concentration of antibiotic sufficient to prevent
bacterial growth in-vitro. The MICs of free or
niosome-encapsulated tetracycline against tested
organisms were determined using the cup plate agar
diffusion method"**%. Briefly, serial dilutions of free
or niosomes-encapsulated tetracycline (50, 25, 12.5
and 6.25 pg/ml) were prepared. Wells (cups) of 7 mm
dizmeter were made in the seeded Miiller-Hinton agar
using sterile cork borers as previously mentioned. 100
ul of each of the free or niosomes-encapsulated
tacycline dilutions were transferred into the
pective wells in duplicates. The plates were
dllowed to stand for about 30 min at room temperature
© allow for proper diffusion of the noisomes to take
Place. The free tetracycline and plain niosomes
(without tetracycline) were used as positive and
"egative controls, respectively. The inverted plates
Vere then incubated at 37°C for 24 h after which
diameters of zones of inhibition were measured and
*Corded. The minimum inhibitory concentration
U:LCQ Was determined by linear regression analysis.
& “Parate experiments were performed to confirm
€ results,

Cat_;"cal significance between niosome-encapsulated
Cland the free TC-HCI was tested with Student

lest )
deﬁnfor Unpaired values. Statistical significance was
tdasy p value of <0.05.

The iy LSULTS AND DISCUSSION

"epare ni Im hydration technique was selected to
Min g Os?s'}les_ containing TC-HC! as reporfed by
¥ esia' With slight modification. Experiments
Usip ipign ' to incorporate TC-HCI into niosomes
iy (Hy, ﬁlm. hydration technique by changing the
%V‘"S. ke ophilic Lipophilic Balance) using different
('rab‘el), e.pl_ng cholesterol concentration the same

Table 1: Composition of TC-HCI niosomal batches
Lipid composition |Surf: Chol : SA

g in molar ratio :DCP [Drug

I a1y . .

E Surf :“éll’l]:ll): SA: \qvu:ﬁ:;::;,l t('::lg(') HLB

’ DCr (mg)
Span 20 [150:150 519580:0 | 50 [8.6
Span 40 [150:150 6:5.8:0:0 50 (6.7
Span 60 [150:150 6.4:5.8:0:0 50 4.6

Span 80 [150:150 6.43:5.8:0: 0 50 4.3
Span 60 |148.5:148.5:0: 2.97 |6.4:5.87:0:0.016| 50 |4.6
Span 60 |148.5:148.5:2.97:0 |6.4:5.74:0.053:0] 50 |4.6
Span 60 [75:75 3.23:2.9:0:0 50 |1.6
Span 60 {250:250 10.7:9.67:0: 0 | 50 |4.6
Span 60 [150:150 6.4:5.8: 0:0 25 4.6
Span 60 {150:150 6.4:5.8:0:0 100 14.6 |

The prepared niosomes were analyzed for percent
drug entrapment (PDE) and results are recorded in
table 2. The highest entrapment (34.7% +0.2) was
observed with span 60, this may be attributed to the
surfactant structure. It is known that span 20, span 40,
span 60 and span 80 have the same head group and
different alkyl chain. For these nonionic surfactants
only span 80 has unsaturated alkyl chain. The
introduction of such double bond made the chain bend
and adjacent molecules cannot be tight when they
form the membrane of niosomes. Span 40 and span 60
are solid at room temperature and have highest phase
transition temperature (Tc)*". The surfactant having
the highest Tc produces the highest entrapment
efficiency, so the results her investigated the influence
of Tc on the entrapment efficiency. Hao er al®®
reported that the length of alkyl chain of non-ionic
surfactant is an important factor for permeability of
the membrane. Accordingly, span 60 was the selected
surfactant in further experiments. As for vesicle size,
mean size of niosomes showed a regular increase with
increasing HLB from Span 80 (HLB 4.3) to Span 20
(HLB 8.6), Table 2.

Niosomal vesicles prepared from Span 20 had the
greatest vesicle size and vesicles prepared from Span
80 had the lowest vesicle size, table2. This effect is
related to the inverse relationship between
hydrophob{mty of tl]e nonagt;]‘l)c surfactant and
vesicular diameter of niosomes™™*",

Table 2: Effect of surfactant structure on percentage
drug entrapped of TC-HCL

Particle

Span Structure HLB|*PDEx**SE size (um) |

Sorbitan 8.6 (14.6£0.01 6.86
20 monolaurate

Sorbitan 6.7 [30.29+0.09 5.21
40 monopalmitate

'Sorbitan 46 [34.66£0.02 | 447
60 monostearate .

Sorbitan mono- (4.3 |15.8+0.013 3.12
80 oleate

*Percent drug entrapped
** Standard error
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i entrap-
Effect of total lipid concentration on the p

ment efficiency: . " fhe

The effect of total lipid conccc]mritllor;p:;l 0.
emrapment efficiency of TC-H ' le\:amined by
cholesterol (1:1) niosomal \-'esuclcs_\\ as '};'le keepill"_'
changing the total lipid concentration W ::«'ml) .
the drug concentration constant (30 mg 66 and
results are shown in table 3, for span r
cholesterol in the molar ratio 1:1, the PDE mcreiq.sn.d
from 3320.031 to 38.720.1 as }he total l_pxo
concentration was increased from 150 __umol to 30
pmol. A similar increase in the PDE by mcreasmg‘(l:lls
lipid concentration was observed by Helmi™™
However, the amount entrapped of TC-HC] mg per
mmol lipid decreased as the total lipid concentration
increased. This means that the amount of lipid tak‘m_g
part in the encapsulation decreased as the lipid
concentration increased.

Table 3: Effect of total lipid concentration on the

percentage drug entrapped of TC-HCl in span 60:
cholesterol (1:1) niosomes.

Total lipid conc. *PDE2**SE |mg : mmol lipid
(pmol) =
150 330.031  {72.0=.03
300 34.66£0.02 [35.3320.012
500 38.7+0.1 28.58+0.025

"Percent drug entrapped
"
Standard error

Effect of drug concentration on th
efficiency:

The effect of dru
efficiency of TC

¢ entrapment

g concentration on entrapment
-HCl in the niosomes was examined
by changing the amount of drug incorporated while
keeping total lipid concentration constant (300 pumol),
the results are shown in table 4, For span 60 .
cholesterol (1:1), the PDE scarcely increased as the
drug concentration in the aqueous phase was
increased. This means that the tota| aqueous volume
has nearly constant value, As the percentage of drug
encapsulation depends upon the amount of aqueous
phase enveloped in the niosomal vesicles during
preparation, this result suggested that the envelopez
aqueous phase was the same irespective of dryg
concentration®. However, the amoup f

t entra
TC-HCl mg per mmol lipid increase pped of

d as the drug
0 mg/ml. This
¢ has a ncarly

concentration increased from 25 to 10
means that the total aqueous volum
constant value. As the percent d
depends upon the amount of th

enveloped in the niosomal vesicles during Preparation
Table 4: Effect of drug concentrations on the

percentage drug entrapped of TC-H()| i s :
cholesterol (1:1) niosomal formulations, ban 60:

€ aqueous phage

Drug (c;ngc/c;r;g)atlons *PDEL*+SE
25 31.2+.03
50 34.66+0.02
100 36.3+.02
. Percent drug entrapped
Standard error

inducing agents on the ¢
Effect of charge inducing agents on the entrapmen
efficiency:
The effect of charge on the entrapment ¢ fficien
N

.
4

P

43

(DCP) for induction of negative charge, ".-e re
shown in table 3. .\eg:m\-el);c.} arged

showed the highest entrapment‘ ef icleney 1
positively charged nisomes and ncximl nicsomes
likely that increased entrapment of TC-HC] is .
the formation of lipophilic ion pair between TC-HQ
and DCP, which partitions into the lipid bilavers. Ty
increased efficiency of drug entapment in
presence of charges may be auributed to the presenc
of charged interface, so there is an electrostan
rcpulsioﬁ between adjacent bilavers causing i
increase in the distance between the hilavers. This

2 o
143 "!
i

-’
—
-
<
-
-
1
f#
[ of
‘-

,
> &=

v (b T4 4 .

r

f,
&
7

leads to a rise in the volume of the internal aqueous
compartment of the vesicles. The presence of charges
also prevents aggregation of niosomal vesicles an
increases the stability of niosomal dispersion™™ .

E
(%

Table 5: Effect of charged lipid on the percentage
drug entrapped of TC-HCI in span 60: cholesterol
(1:1) niosomal formulations.
Lipid composition
Span60 : Chol
Span60 : Chol :DCP

Span60 : Chol : SA

. Percent drug entrapped
Standard error

*PDE=**3E
, 34.0620.02

67.14=0.08

46 2003

In-vitro release studies:

From the data of in-vitro release of TC-HCl (figurs,
1), the rate of TC-HCI release through a dinl_\SIf
membrane, for all the prepared formulation, W=
slower than that obtained from TC-HCl solution. &
Was noticed that there is an efficiency of the nios\*j'fi‘l
Preparations in slowing down the rate of release }" ‘f
drug compared with the free drug solution. \\"!n!s‘!uj
release from the solution was about 920 with in © mi
the releage from the vesicles was 44.0, 34, 208 ;m\]
611 from spans 20, 40, 60 and SO nicsomd
formulations respectively after 6 hrs.

. ipevitee
Effect of surfactant structure on the i
release of TC-HCY from niosomal vsicles:

; o g syciure Of
Figure 1 shows the effect of surfactant ‘\lm\m.‘\m\\i
the in-vitro release of TC-HC} from the P

. . ooy
niosomes. The rate of release of TC-HC! from vesicie?
Was the lowest from span 40 and span 60 and e
X pes of spans. This finding ™5
altributed to the S
(T for span 40 and span 60 (22). So. span 4 10
s ith less permeable, 15 © 7,
and rigig bilayers than other spans. Moreoy ““-‘ < ot
POSSess an unsaturated alkyl chain which makes

T
from the other ty '
VP . S
higher phase transition temd®
)
SPan 60 form vesicles w it
‘\-!\h'
Permeable bilayer membrane™®.
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—&—Span 20
—— Span 60
‘:‘o‘r —u—Tetracycline

~—O—Span 40
—<—Span 80

s

&

*% Released of TC.HCL
3

<]

0

0 10 20 30
Time {hr)

Figure 1: Effect of span type on in-vitro release of
tetracycline hydrochloride from niosomal
formulations.

Effect of charge inducing agents on the in-vitro
release of the TC-HCI from niosomal vesicles:

Figure 2 shows the effect of charge inducing agents
2 DCP and SA on the in-vitro release of TC-HCI
from prepared niosomes. The neutral niosomes
showed the highest release rate of TC-HCI followed
by charged niosomes. This is ascribed to that charged
lipids may scrve to tighten the molecular packing of
the vesicles bilayers resulting in decreased rate of drug
rclease from charged niosomes®. The negatively
charged niosomes showed the lowest release rate, this
may be due to the dipole attraction force induced
between the positively charged TC-HCl and the
negatively charged DCP.,

|

8 8 8 8

-
o
"

=6 Redemsedd of TC-FICT
—
o

—e— Span 60:chol 1:1
—a— DCP

| —a— SA
o —
o 5
10 15 20 25 30
\ Time (hr)

Figure ».
‘Chag.cé’:‘ﬂw of charged lipid on in-vitro release of

One drochloride from niosomal formulations.
Plica] micmscopy;

Hhoy ighg‘o micrograph of niosomes vesicles are

Vi omgum 3. The vesicles are sphesical in shape

Wby, Multivesicular niosomes. The size
Of vesicles tends to be faidy wide.

Figure 3: Optical micrographs of niosomes vesicles.

Microbiologically assay of tetracycline concentra-
tion encapsulated into the niosomes.

The amount of tetracycline encapsulated into the
niosomes was assayed microbiologically against
Staph. aureus afler noisomal lysis with Triton-X-100,
From the standard curve of free tetracycline, the %
amount of tetracycline encapsulated in neutral,
cationic and anionic niosomes was 37.2+1.4,
46.4+0.24 and 64.6%3.4 %, respectively. The results
are comparable with that obtained by centrifugation
method.

Antimicrobial activity of free and niosomal
encapsulated tetracycline:

Antimicrobial activities of free and niosomal
encapsulated tetracycline against four clinical isolates of
microorganisms isolated from skin are shown in table 6.
The MIC values for niosomal entrapped tetracycline
were significantly lower than those of the corresponding
free tetracycline for all the tested isolates. We found
that, tetracycline encapsulated in cationic and anionic
niosomes was more active than tetracycline encapsulated
in neutral niosomes for all tested organisms.

A highly significant difference in MICs was observed
for Staph. aureus, Staph. epidermidis, Corynebacteria and
Actinomyces which exhibited a MICs of 8.1, 715, 5.7
and 5.5 pg/ml for free tetracycline, respectively, versus
2 and 19, 26 and 23 pg/ml for tetracycline
encapsulated in cationic niosome, respectively, and 2.3,
1.7,2.7 and 25 pg/ml for tetracycline encapsulated in
anionic miosomes, respectively.

O
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