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ABSTRACT

I studied the effects of LC ointment made of Solbase and heat-killed Lactobacil-
lus casei YIT 0003 on the healing of thermal injury wounds and the elimination of
bacteria from infected wounds in mice. LC ointment promoted the healing of the unin-
fected thermal injury wounds and thermal injury wounds infected with Pseudomonas
aeruginosa alone or with mixed bacterial suspension of Staphylococcus aureus, Es-
cherichia coli and P. aeruginosa and resulted in the elimination of infecting bacteria.
Histopathologically, the formation of collagen fibers in wounded subcutaneous tissues
to which LC ointment was applied was more remarkable than that of tissues treated
with Solbase (ointment base). The clearance of bacteria and promotion of healing of
the infected thermal injury wounds due to LC ointment were superior to those of Ek-
salb ointment, Azunol ointment and Mafatate (mafenide acetate) cream, and almost
the same degree as that of Geben (silver sulfadiazine) cream. These effects of L. casei
were nearly the same or somewhat superior compared with that of other lactobacilli,

and were enhanced by the addition of gentamicin or ofloxacin.

The topical therapy of thermal injury is usually
done for protection of the wound, prevention of
infection and promotion of healing. The preven-
tion of infection of burn wounds influences
greatly the prognosis of patients. It is thought
that the application of topical therapy with oint-
ments containing antibiotics or antibacterial
agents is more effective than systemic adminis-
tration of antibiotics, especially in full thickness
extensive burns*'"*”, However, in spite of the
development of many antiobiotics in recent
years, satisfactory effects have not always been
achieved, especially against Pseudomonas aer-
uginosa.

We previously reported that Lactobacillus, es-
pecially L. casei has the ability to enhance host
resistance to infection due to extracellular®®,
and intracellular parasites®* in mice, and also

clarified that this is due to the accumulation of
macrophages at the infected site and accelera-
tion of their function®*°.

It was considered that the activity of L. casei
as an immunostimulant could be useful for the
promotion of healing and/or prevention of infec-
tion of burn wounds. Thus, I studied the effects
of L. casei-containing ointment (LC ointment) on
prevention and healing of wounds infected with
opportunistic pathogens, especially with P. aer-
uginosa in experimental burn wounds in mice.

MATERIALS AND METHODS
Animals
Five-week-old female ddY mice weighing 20 +
2 g were purchased from the Shizuoka Union for
Experimental Animals, Shizuoka, Japan. The
animals were fed, kept in an air-conditioned
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room and given food (MF, Oriental Yeast Co.,
Tokyo) and water ad libitum.
Burned animals

The dorsum of mice anesthetized by in-
traperitoneal injection of thiopental sodium (63
mg/kg; Tanabe Pharmaceutical Co., Osaka,
Japan) were clipped, and a trowel (2 x 3 cm)
(Fig. 1) heated in a Bunsen burner was put in
its central part for 3 sec. The full thickness burn
covering 10% of the body surface was produced
by this method, and the calculation of percen-
tage of burned area was done by the method of
Freireich et al.'.

Fig. 1. Photograph of trowels used for prepara-
tion of thermal injury wounds in mice.

Bacteria

L. casei YIT 0003 grown in Rogosa’s broth?
at 37°C for 18 hr was washed twice with sa-
line, suspended in saline and heat-killed at 80°C
for 30 min. P. aeruginosa PAO 3047 was em-
ployed as the challenge organism, but each
strain of Staphylococcus aureus (originated from
pus) and Escherichia coli (originated from urine)
isolated freshly from clinical materials was also
employed in some experiments. P. aeruginosa
and E. coli grown in heart infusion broth (Ei-
ken Chemical Co., Tokyo) and S. aureus grown
in trypto-soy broth (Eiken Chemical Co.) at 37°C
for 18 hr were washed twice with saline and sus-
pended in saline.
Ointments for burn wound

LC ointment was prepared by mixing at a ra-
tio of 4:1, Solbase® ointment (Macrogol oint-
ment, Dainippon Pharmaceutical Co., Osaka,
Japan; sterilized at 121°C for 15 min) and heat-
killed L. casei suspended in saline (1x 10'/ml).
In some experiments, L. acidophilus ATCC

19992 (YIT 0075), L. bulgaricus ATCC 11842
(YIT 0181), L. buchneri ATCC 4005 (YIT 0079),
L. fermentum ATCC 9338 (YIT 0129), L. lactis
ATCC 12315 (YIT 0086), L. plantarum ATCC
8014 (YIT 0101) or L. salivarius ATCC 11739
(YIT 0079) instead of L. casei was employed as
an immunostimulant. Furthermore, 0.5 g of LC
ointment containing 1 or 3 mg of piperacillin
(Toyama Chemical Co., Tokyo), cefoperazone
(Taito Pfizer Co., Tokyo), gentamicin (Shionogi
Pharmaceutical Co., Osaka), ofloxacin (Daiichi
Pharmaceutical Co., Tokyo) or AT-2266 (Dainip-
pon Pharmaceutical Co.) were also employed. In
order to evaluate the efficacy of LC ointment
on burn wounds, the following commercially
available ointments were comparatively em-
ployed; Eksalb® ointment (Maruho Co., Osaka),
Azumol®  ointment (Nippon Shinyaku Co.,
Kyoto, Japan), Silverden® (Geben® ) cream (sil-
ver sulfadiazine; Tokyo-Tanabe Pharmaceutical
Co., Tokyo) and Sulfamylon® (Mafatate® )
cream (mafenide acetate; Torii & Co., Tokyo).
Criteria for therapeutic effects of ointments
In experiments with uninfected burn wounds,
the eschar was carefully removed with sterilized
pincette and scissors 24 hr after thermal inju-
ry, and 0.5 g of LC ointment or 0.5 g of Sol-
base ointment (control) was applied to the wound
surface with a sterilized spatula. In the experi-
ments on infected thermal injury, ointment (0.5
g) was applied on the eschar removed wound
surface, and 0.1 ml of bacterial suspension (1 x
10°ml) of P. aeruginosa PAO 3047 or 0.1 ml
of the mixed bacterial suspension of P. aerugino-
sa, E. coli and S. aureus (1 x 10%ml each for
multiple infections) was inoculated onto the
wound surface 24 hr after the application of
ointment. In both experiments with or without
infection, the wound surface was sketched on
tracing paper once a week after initiating the
treatment, and its area was measured with a
modulator system for semiautomatic quantitative
evaluation of images (MOP-AM 03, Kontron Bil-
danalyse Co., W. Germany). The days required
for complete healing of the wound were also de-
termined. In the case of infected burn wounds,
the infected wound surface was wiped off with
a sterilized cotton swab immersed into sterilized
saline (2 ml) every 7 days after infection, and
this swab was shaken in 2 ml of saline to free
the attached organisms. Each sample was seri-
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ally diluted 10-fold with saline, and 0.2 ml of
each was plated onto a nalidixic acid-cetrimide
(NAC) agar (Eiken Chemical Co.) plate for P.
aeruginosa, a desoxycholate agar (Eiken Chem-
ical Co.) plate for E. coli or a Staphylococcus
110 agar (Eiken Chemical Co.) plate for S.
aureus, and spread with a Conradi rod. The
number of colony-forming units (CFUs) reco-
vered were counted 24 hr after incubation at
37°C. The number of CFUs per ecm” of burned
area was calculated by dividing the number of
CFUs by the burned area.

On the other hand, tissues immediately after
thermal injury and LC ointment- or Solbase
ointment-applied (control) tissues 21 days after
thermal injury (3 mice for each group) were ex-
cised and fixed with 10% formalin solution. The
sections were stained with hematoxylin and eo-
sin or Masson’s technique, and observed by
microscopy.

RESULTS

Effects of L. casei on healing of thermal injury

As shown in Fig. 2, the wound areas in the
group applied with Solbase ointment (Solbase
group) and the non-applied group (control group)
decreased with time after injury, and no signifi-
cant differences were noted in both groups
through the entire experiment. Although no sig-
nificant differences were noted in the wound
area between the group applied with LC oint-
ment (LC group) and the above two groups at
the 7th and 14th day after thermal injury, a sig-
nificant reduction (p<0.05) was noted in LC
group at the 21st (Fig. 3) and 28th day. The
time required for complete healing of the wound
in Solbase, control and LC groups was 29.7 +
1.1, 31.5 = 1.2 and 26.0 = 1.2 days (p<0.05),
respectively.
Effects of L. casei on clearance of P. aerugino-
sa from infected burn wounds and healing of
wounds

The time courses of the number of CFUs of
P. aeruginosa and of wound areas in each ex-
perimental group (LC, Solbase and control
groups) are shown in Figs. 4-A and -B. No sig-
nificant differences were noted in the number
of CFUs and wound areas between control and
Solbase groups through the entire experiment.
The differences in the number of CFUs and
wound areas were hardly noticeable among LC,
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Fig. 2. Changes in the uninfected burned area
caused by topical administration of LC ointment.

A full thickness burn (about 10% of total body
surface) was induced with an iron trowel (2 x 3
cm) heated in a Bunsen burner flame, to the
clipped dorsum of 5-week-old anesthetized female
ddY mice and 0.5 g LC ointment (10° of heat-
killed L. casei + Solbase) or 0.5 g Solbase alone
was spread over the eschar removed wound 24 hr
after burn. Every seven days, the shape of the
wound was transcribed onto tracing paper and the
area (cm®) was measured with a modulator sys-
tem, as described in the text. None (O——O),LC
ointment (@— — —®), Solbase alone ( A—-—-—A )-
p values were calculated by Student’s t-test. Bar:
mean = S.E. (n=10), *p<0.05 against untreated

group.

Solbase and control groups 7 days after infec-
tion. They decreased more significantly in the
LC group than in the control group 14 days af-
ter (p<0.05), and than in the Solbase and the
control groups 21 days after (p<0.05) infection
(Fig. 5). The wounds were healed and bacteria
in LC group were not recovered 28 days after
infection. In contrast, 4.6 = 3.3 x 10° CFUs
(1.5 £ 0.7 log CFUs) in the Solbase group and
1.2 = 0.2 x 10° CFUs (2.0 = 0.8 log CFUs)
in the control group were recovered 28 days af-
ter infection (Fig. 4-A) and the wounds in the
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Fig. 3. Photograph of the healing of burn wounds in mice 21 days after burn.

A. Solbase ointment-applied control group.

Solbase and control groups were 0.05 = 0.03
and 0.04 = 0.02 cm® at that time, respective-
ly (Fig. 4-B). The time required for healing of
the infected wound in the Solbase and control
groups was 30.3 * 1.2 and 29.0 = 1.6 days,
respectively, while the time in LC group was
25.1 £ 1.1 days (p<0.05).
Comparison between LC ointment and commer-
cially available ointments for burn wounds
The time course of the number of CFUs from
wounds infected with P. aeruginosa in LC ap-
plied group and each group applied with com-
mercially available ointments for burn wounds
(Eksalb ointment, Azunol ointment and Geben
cream) and in the non-applied control group are
shown in Fig. 6-A. Rather many CFUs were
noted in Azunol group compared with those in
the control group until 14 days after infection,

B. LC ointment-applied experimental group.

but became somewhat fewer, but not significant-
ly so, 21 days after infection in the former. The
recovery of bacteria in the Eksalb group was
almost the same as that of the control group un-
til 14 days after infection, while significant
decreases were noted at the 21st (p<0.01) and
28th day (p<0.05) in the former. However, bac-
terial clearance in the Eksalb group was inferi-
or to that of the Geben group. On the other
hand, a significant decrease in the number of
CFUs was noted in the LC group compared with
the commercially available ointment groups
through the entire course of the experiment
(p<0.01). The time course of the reduction of
the wound areas in groups applied with the
above 4 kinds of ointments and in the non-
applied control group is shown in Fig. 6-B. The
degree of reduction of wound areas hardly
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Fig. 4. Effects of LC ointment on burned mice infected with P. aeruginosa.

(A) Changes in the number of bacteria in the burn wound. The wound was infected with P. aeruginosa PAO
3047 (10% 24 hr after topical application of 0.5 g LC ointment or 0.5 g Solbase alone. Every seven days, the
infected wound was swabbed and the number of CFUs per em? of the burned area was determined on a NAC
agar plate, as described in the text. None (O0——0), LC ointment (@— — — @), Solbase alone (A&—-— —1 A ). Bar:

mean = S.E. (n=5), *p<0.05.

(B) Changes in the burned area. Every seven days, the shape of the wound infected with P. aeruginosa was

transcribed and the area (cm®) was measured, as d

escribed in the text. None (O——0), LC ointment

(@— ——@), Solbase alone (A—-—-—A ). Bar: mean * S.E. (n= 6 — 8), *p<0.05.

changed in Azunol and Eksalb groups compared
with that of control group. On the other hand,
significant reduction of wound areas were not-
ed in the Geben group at the 28th day (p<0.01),
and at the 21st (p<0.05) and 28th day (p<0.01)
in LC group compared with the control group.
No significant differences were noted in the time
required for complete healing of the wounds be-
tween the control group (35.8 = 1.2 days),
Azunol group (36.3 = 2.1 days) and the Eksalb
group (33.9 % 1.6 days), while significant reduc-
tions were noted in the Geben group (33.0 %
0.5 days; p<0.05) and LC group (31.0 = 1.2
days; p<0.01).

The effect exerted on infected burn wounds
by Mafatate cream which is being widely em-
ployed clinically was compared to that of the LC
ointment and Geben cream which were revealed
to be the superior ointments for burn wounds
(Fig. 7). The decrease in the number of CFUs
of P. aeruginosa on the infected wound surfaces
in the Mafatate group was more remarkable
than in the control group, but slightly inferior
to the Geben group and remarkably inferior to

the LC group (Fig. 7-A). The area of wound
reduction progressed almost similarly in the
Mafatate and control groups, but a more signifi-
cant reduction (p<0.05) was noted in the LC
group and the Geben group at the 28th day af-
ter infection than that in control group (Fig.
7-B).

The time required for complete healing of the
wounds was hardly different in the Mafatate
group (33.6 = 1.9 days) compared with the con-
trol group (34.7 + 2.1 days), but significant
reductions (p<0.05) were noted in the Geben
group (30.3 = 1.9 days) and the LC group (29.9
+ 1.4 days).

Clearance of P. aeruginosa from infected burn
wounds and effect exerted by ointments contain-
ing various lactobacilli on healing of wounds

The time course of the number of CFUs reco-
vered from the Pseudomonas infected wound
surfaces in animals applied with ointment con-
taining each of 8 species of Lactobacillus and
non-applied control animals is shown in Fig. 8
(Exps. I and II). The decrease in the number of
CFUs of P. aeruginosa from the wound area in
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Fig. 5. Photograph of the healing of burn wounds in mice 21 days after infection with P. aeruginosa PAO 3047.

A. Solbase ointment-applied control group.

the LC group was more remarkable than in the
control group, and a significant decrease was
noted 14, 21 and 28 days after infection in Exp.
I and 21 and 28 days after infection in Exp. II
(p<0.05). On the other hand, in ointment groups
containing Lactobacillus other than L. casei, the
number of CFUs recovered was smaller than in
the control group in either, but no significant
differences were noted through the entire course
of experiment, except for the L. fermentum
ointment group (Fig. 8-I) and the L. acidophi-
lus ointment group (Fig. 8-II) at the 21st day
after infection (p<0.05). No significant differ-
ences were found in the clearance of infected
bacteria by species of Lactobacillus, but L. casei
seemed to have somewhat stronger activity than
other lactobacilli used in this experiment.

The time course of the wound area in the

B. LC ointment-applied experimental group.

group applied with ointment containing each of
8 species of Lactobacillus and the non-applied
control group is shown in Fig. 9 (Exps. I and
II). A significant reduction of wound area was
noted at the 21st and 28th day in the L.
salivarius ointment group and at the 21st day
in the L. buchneri ointment group compared
with the control group (p<0.05), and a more sig-
nificant reduction was noted in the LC ointment
group than in the other ointment groups
(p<0.01). On the other hand, no large differ-
ences were noted in the L. lactis and L. fermen-
tum ointment groups compared with the control
group through the entire course of the experi-
ment (Fig. 9-I). The degree of the reduction of
the wound area was slightly favorable without
statistical significance in the L. bulgaricus, L.
acidophilus and L. plantarum ointment groups
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Fig. 6. Comparison of bacteria-eliminating and burn wound-healing effects of LC ointment and commercial oint-
ments on the burn wound infected with P. aeruginosa.

(A) Changes in the number of CFUs in the burn wound. The wound was infected with P. aeruginosa (10%
24 hr after topical application of 0.5 g LC ointment or 0.5 g various commercial ointments. Every seven days,
the number of CFUs was assayed. None (O———0), LC ointment (@— ——@), Azunol ointment ( &—-—--4),
Eksalb ointment ( g------ ), Geben cream ( 3———J). Bar: mean = S.E. (n=5), *p<0.05, **p<0.01.

(B) Changes in the burned area. The area of the burn pretreated with or without ointment and infected was
measured every seven days. None (O——O), LC ointment (@———@), Azunol ointment ( &—-—--4), Eksalb

ointment ( W------ m), Geben cream (O——). Bar: mean * S.E. (n=8), *p<0.05, **p<0.01.
compared with that in the control group. On the with the control group in Experiments I and II
contrary, a significant reduction (p<0.05) was (p<0.05). However, significant promoting effects
noted at the 21st and 28th day in the LC oint- on the healing of wounds was not noted, except
ment group compared with that in the control for L. salivarius (Exp. I), among the Lactobacil-
group as well as in the Experiment I (Fig. 9-II). lus (7 species) other than L. casei.

As shown in Table 1, a significant reduction Clearance of multiple bacteria from infected
of time required for complete healing of the burn wounds and the effect on healing of
wounds was noted in the LC group compared wounds due to LC ointment

Table 1. Time required for complete healing of the burn wound infected with P. aeruginosa by topical applica-
tion of various Lactobacillus ointments®

Exp. I Exp. II

Ointment mean = S.E. (n=5) Ointment mean = S.E. (n=10)
(days) (days)
None 35.1 £ 1.7 None 286 = 1.5
LC 30.8 £ 2.1* LC 229 = 1.5*
L. salivarius 30.9 = 1.7* L. plantarum 245 = 1.6
L. buchneri 319 = 1.2 L. acidophilus 25.0 £ 2.2
L. lactis 34.0 = 2.6 L. bulgaricus 2564 = 1.3
L. fermentum 32.7 £ 2.3

*The wound was infected with P. aeruginosa (10%) 24 hr after topical application of 0.5 g of various Lactobacil-
lus ointments (10° of heat-killed bacteria + Solbase). Time required for complete healing of the wound was
recorded. *p<0.05.
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Fig. 7. Comparison of bacteria-eliminating and burn wound-healing effects of LC ointment, Mafatate cream and
Geben cream on the burn wound infected with P. aeruginosa.

(A) Changes in the number of CFUs in the burn wound. The wound was infected with P. aeruginosa (10°)
24 hr after topical application of 0.5 g LC ointment, 0.5 g Mafatate cream or 0.5 g Geben cream. Every seven
days, the number of CFUs was assayed. None (O———C), LC ointment (@— — —@), Mafatate cream (A—-—-—4),
Geben cream (B------M1). Bar: mean £ S.E. (n=5), *p<0.05, **p<0.01.

(B) Changes in the burned area. The area of the burn wound pretreated with or without ointment and infected
was measured every seven days. None (O——C), LC ointment (@— —-@), Mafatate cream ( o—- —-—4 ), Ge-
ben cream (@------ m). Bar: mean £ S.E. (n=7), *p<0.05.

The time course of the number of CFUs of
each organism recovered from the burn injury
surface infected with a mixed suspension of P.
aeruginosa, E. coli and S. aureus in the LC ap-
plied ointment group and non-applied control
group is shown in Fig. 10. The number of
CFUs of each organism recovered from the in-
fected wound area applied with LC ointment
decreased with the time after infection, but the
degree of decrease was more remarkable than
in the control group; significant decrease was
noted in P. aeruginosa and E. coli at the 14th,
21st and 28th day, and in S. aureus at the 7th,
14th, 21st and 28th day after infection (p<0.05
or p<0.01). The time course of the wound area
infected with the above mixed bacterial suspen-
sion in the LC and control groups is shown in
Fig. 11. No differences were found between
both groups until 14 days after infection, but a
significant reduction was noted in the LC group
compared with the control group at the 21st and
28th day after infection (p<0.05).

Clearance of P. aeruginosa from infected burn
wounds and effect on healing of wounds due
to LC ointment containing anti-P. aeruginosa
chemotherapeutics

The time course of the number of CFUs of P.
aeruginosa recovered from infected burn wounds
applied with LC ointment with or without piper-
acillin, cefoperazone, gentamicin, ofloxacin or
AT-2266 is shown in Table 2. The clearance of
bacteria from the wound area was enhanced by
the addition of 1 mg of gentamicin or ofloxacin
to the LC ointment, and a significant decrease
in the number of CFUs was noted at the 21st
day after infection (p<0.05), and bacteria were
not recovered at the 28th day. On the other
hand, the clearance of bacteria was not en-
hanced by the addition of 1 mg piperacillin,
cefoperazone or AT-2266, but was enhanced by
the addition of 3 mg. However, the healing of
burn wounds could not be promoted by adding
each chemotherapeutic (1 or 8 mg) into the LC
ointment.
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Fig. 8. Changes in the number of P. aeruginosa in the burn wound by topical application of various Lactobacil-
lus ointments.

The wound was infected with P. aeruginosa (10%) 24 hr after topical application of 0.5 g LC ointment or 0.5
g Solbase containing 10° of heat-killed Lactobacillus tested (7 species). Every seven days, the number of CFUs
was assayed.

Exp. I. None (O——0), LC ointment (@— — —@), L. salivarius ointment ( A—-—- —4 ), L. buchneri ointment

(A——A), L. lactis ointment ( B----- #). L. fermentum ointment (O0———{). Bar: mean * S.E. (n=5),
*.

p<0.05.

Exp. II. None (O———C), LC ointment (@ — —@), L. plantarum ointment ( A— - —--4), L. acidophilus oint-
ment ( W------ @), L. bulgaricus ointment (O———10). Bar: mean * S.E. (n=5), *p<0.05.

Table 2. Changes in the number of P. aeruginosa in the burn wound by topical application of LC ointment con-
taining various chemotherapeutic agents®

log CFUs per burned area (cm®)

Additions

7 14 21 28 (days)
None 534 + 0.17 4.70 = 0.19 3.48 = 0.28 3.38 £ 0.29
LC ointment 2.93 £ 0.35tt 2.68 + 0.25%t 2.61 = 0.10t 1.03 += 0.63tt
+ Piperacillin 1 mg 3.54 = 0.21 2,57 = 0.26 2.13 = 0.56 1.64 = 0.69
3 mg 2,59 = 0.29 2,10 = 0.17 1.73 = 0.44 0
+ Cefoperazonel mg 3.18 = 0.28 2.62 = 0.25 1.96 = 0.51 1.156 £ 0.71
3 mg 249 = 0.36 1.93 £ 0.22 1.32 = 0.55 0
+ Gentamicin 1 mg 2.25 = 0.35 2.00 = 0.12 0.91 = 0.56* 0
3 mg 1.08 = 0.47* 0.21 £ 0.17* 0 0
+ Ofloxacin 1 mg 2.26 = 0.27 2.02 = 0.16 0.99 + 0.53* 0
3 mg 0.70 = 0.34** 0.21 = 0.19* 0 0
+ AT-2266 1 mg 3.24 = 0.30 2.40 = 0.25 1.92 + 0.49 1.45 = 0.60
3 mg 2.69 = 0.32 1.91 + 0.20 1.55 = 0.49 0.53 = 0.53

*The wound was infected with P. aeruginosa PAO 3047 (10%) 24 hr after application of 0.5 g LC ointment or
0.5 g LC ointment containing 1 or 8 mg of the chemotherapeutic agent. Every seven days, the number of CFUs
was assayed.

1p<0.05, +1p<0.01 against untreated group; *p<0.05, **p<0.01 against LC ointment-treated group.
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Fig. 9. Changes in the burned area by topical application of various Lactobacillus ointments.
The wound was pretreated with or without ointment and infected as described in the legend for Fig. 8. The

burned area was measured every seven days.

Exp. I. None (O——0), LC ointment (@— ——@), L. salivarius ointment ( &—-—--A ), L. buchneri ointment
(A———-~A), L. lactis ointment ( @------#), L. fermentum ointment (O0——). Bar: mean * S.E. (n=5),

*p<0.05, **p<0.01.

Exp. II. None (O——0), LC ointment (@~ ——@), L. plantarum ointment ( A—-—--A), L. acidophilus oint-
ment (W ----- W), L. bulgaricus ointment (O———). Bar: mean * S.E. (n=10), *p<0.05.

Histopathology of thermal injury wounds

Fig. 12 shows the photomicrograph of mouse
skin immediately after the burn. It was observed
that complete coagulation necrosis and necrobi-
osis of remaining root of hair in epidermis and
dermis, and edematous swelling of subcutaneous
tissues occurs (hematoxylin and eosin staining).
In Masson’s staining of wounded tissues 21 days
after thermal injury (Fig. 18), fibroblasts accom-
panied by an infiltration of round cells was ob-
served under the crust, and collagen fibers
(stained to blue) were few in the Solbase oint-
ment (control) group (A). On the contrary, in the
LC ointment group, at the same period, the for-
mation of epidermis was noted and infiltration
of round cells was extremely sparse. The forma-
tion of fibrous tissues and of a large amount of
collagen fibers was observed (B).

DISCUSSION
The therapy of thermal injury largely differs

depending on severity of wounds; mild cases are
treated with topical application of ointment alone
and extremely severe cases necessitate system-
ic therapy. Even if a wound by thermal injury
is of a small area, its resistance against infec-
tion decreases more than healthy skin or mucous
membrane. The surface of the erosion in the se-
cond degree burn (dermal burn) or eschar in the
third degree burn (full thickness burn) provides
a favorable growth medium for bacteria and be-
comes a focus of burn wound sepsis. Systemic
effects are hardly noted in mild cases of ther-
mal injury even though infection occurs on the
wound, while impairment of host immune
defense mechanisms develops in cases of exten-
sive heavy thermal injury“*—"®!821-282263) ap4
infection easily develops in the wound. Once in-
fections, especially infection with P. aeruginosa
occurs, they occasionally progress to sepsis or
pneumonia'”®", Therefore, needless to say, the
prevention of infection of wounds markedly in-
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Fig. 10. Changes in the number of bacteria in the mixed-infected burn wound by topical application of LC ointment.
The wound was infected with the mixture of P. aeruginosa, E. coli and S. aureus (10® of each organism) 24
hr after topical application of 0.5 g LC ointment. Every seven days, the number of P. aeruginosa, E. coli and
S. aureus was determined on a NAC agar plate, a desoxycholate agar plate and a Staphylococcus 110 agar plate,
respectively. None (O———C), LC ointment (@— — —@). Bar: mean * S.E. (n=5), *p<0.05, **p<0.01.
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Fig. 11. Changes in the burned area in the mixed-
infected burn wound by topical application of LC
ointment.

The wound was pretreated with or without oint-
ment and infected as described in the legend for
Fig. 7. The burned area was measured every
seven days. None (O——0), LC ointment
(@ — —@). Bar: mean * S.E. (n=10), *p<0.05.
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Fig. 12. Photomicrograph of mouse wound tissue
immediately after the burn showing complete
coagulation necrosis and necrobiosis of remaining
root of hair in the epidermis and dermis, and
edematous swelling of subcutaneous tissues
(hematoxylin and eosin staining; original magnifi-
cation: x 100).
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fluences the prognosis of patients. With a local
burn wound having been established as the

source of a burn wound sepsis and the avascu-
lar nature of this same wound obviating effec-
tive systemic therapy, it becomes obvious that
the only effective route of the therapy is the top-
ical one. As a rule of topical therapy, the wound
surface should be aseptically protected and
epithelization should be aided in second degree
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burns, and infection of the wound should be
prevented, débridement carried out as soon as
possible, and a skin graft must be performed?®.
When bacterial infection, especially P. aerugino-
sa infection once occurs, it is needless to say,
systemic intensive chemotherapy should be per-
formed, selecting appropriate chemotherapeutics
for the prevention of spread of bacteria to other
organs or the development of sepsis. The follow-
ing various factors may be desirable in topical
ointments for thermal injury: effective concen-
tration should be diffused actively to local tis-
sue; no topical and systemic toxicities; rapid
excretion and abundant adsorption of secretion;
acceleration of isolation of eschar, formation of
granulation tissue and reproduction of the
epidermis; and strong preventive ability against
bacterial infection. As the causative agents of
infection in thermal injury wounds, S. aureus
and P. aeruginosa are typical representatives of
gram-positive bacteria and gram-negative bacte-
ria, respectively. P. aeruginosa infection occurs
rarely in the early stage of the injury and oc-
curs as a mixed infection or superinfection dur-
ing the therapy®®. As the topical therapeutic
agents, especially for prevention of P. aerugino-
sa infection, gentamicin cream®, silver nitrate
solution®, mafenide acetate cream® and silver
sulfadiazine cream''® are excellent. Mafenide
acetate cream produces a local burning sensa-
tion of varying severity at the time of applica-
tion, but sepsis due to P. aeruginosa became

preventable by using this agent®®. Eksalb
ointment was originally used as a therapeutic
agent for skin diseases, and consists of killed E.
coli, S. aureus, Streptococcus hemolyticus and
P. aeruginosa cells, metabolites of each bacteri-
um and hydrocortisone®”, and has protective ef-
fect against infection by promoting the
formation of granulation tissue and an anti-
inflammatory effect”. Fukuda et al.’® and
Fukushima and Yagi'® reported that this agent
prevented the secondary infection of thermal in-
jury wounds and promoted their healing. The
mechanism of these effects by Eksalb is proba-
bly due to the local accumulation of phagocytes
caused by the various bacteria and their culture
filtrates included in this agent.

In experimental infections caused by various
opportunistic pathogens in mice, we clarified
previously that L. casei YIT 0003 enhanced host
resistance and this is largely attributable to the
accumulation of phagocytes at the infection
site®*. Recently, we further clarified that this
activity exists in the cell wall fraction (unpub-
lished data). Kato et al.” reported that heat-
killed L. casei YIT 9018 (LC 9018) showed a
strong growth-inhibitory action in transplanta-
tion experiments in mice with sarcoma 180 cells
and L1210 leukemia cells, and this was due to
the activation of macrophages by this agent. The
above-mentioned effects of L. casei were simi-
lar to those caused by Eksalb ointment, and the
possibility was suggested that L. casei-combined

Fig. 13. Photomicrograph of mouse wound tissue 21 days after the burn. The infiltration of fibroblasts accom-
panying by round cells, and few collagen fibers (stained blue) were observed under the crust in the control (A);
In LC ointment group (B) in the same period, the formation of epidermis, infiltration of a few round cells, the
formation of fibrous tissues and of a large amount of collagen fibers were observed (Masson’s staining; original

magnification: x 100).
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ointment can be employed as a topical therapeu-
tic agent for thermal injury.

We clarified the following important points for
employing an ointment containing L. casei YIT
0008 (LC ointment) for treatment of thermal in-
jury in mice. Firstly, the healing of wounds is
accelerated by the promotion of formation of
granulation tissue in thermal injury wounds. Se-
condly, the bacterial clearance from the wound
surface infected with P. aeruginosa or with a
mixed suspension of S. aureus, E. coli and P.
aeruginosa and the healing of the wounds were
stimulated. Thirdly, the above effects were not-
ed with various lactobacilli but the strongest was
L. casei. The clearance of P. aeruginosa from
the wound surface was enhanced by the addi-
tion of gentamicin or ofloxacin to the LC oint-
ment. It is believed that the beneficial effects
of application of LC ointment on uninfected and
infected thermal injury wounds are due to the
promotion of the accumulation of phagocytes at
the wound site, and the accumulated phagocytes
phagocytize and clear the bacteria and/or necro-
tic tissues, and thus, hasten the formation of
granulation tissue which causes the healing of
wounds. This was supported by the histopatho-
logical findings (Fig. 18). For the elimination of
bacteria and promotion of healing, LC ointment
is superior to mafenide acetate (Mafatate) cream
which is especially effective for Pseudomonas in-
fections as a topical therapeutic agent for deep
dermal burn or full thickness burn, and almost
equal to silver sulfadiazine (Geben) cream. In the
present experiments with Pseudomonas infect-
ed thermal injured mice, bacteria were gradu-
ally cleared and decreased with time course after
infection even in the untreated control mice.
Therefore, a study employing a burn wound sep-
sis model’®** would be desirable in order to
further correctly evaluate the effects of LC
ointment.

L. casei has been utilized for food, etc., since
long ago and is generally regarded as saprophyt-
ic. In fact, it seems that the acute and chronic
toxicities of L. casei YIT 9018 are extremely
low™.

From the above results, LC ointment seems
potentially to be one of the therapeutic oint-
ments for thermal injury in future, because of
its excellence in stimulating the clearance of in-
fected bacteria and promoting healing of

wounds.
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