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Subacute (28 day) Toxicity of Surfactin C, a Lipopeptide
Produced by Bacillus subtilis, in Rats
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Surfactin C, produced by acillus subtilis isolated from Korean soybean paste, was given to Sprague-Dawley
rats of both sexes at dose of 500, 1000 or 2000 mg/kg for 28 days. There were no surfactin C-related toxicities in
survival, clinical signs, and hematological parameters in the experimental period. The highest dose of surfactin C
showed the decrease in body weight gain despite normal food and water consumptions and the increase in relative
liver weight. alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP)
levels were increased in animals administered with surfactin C of 1000 or 2000 mg/kg. Zonal necrosis of hepatocyte
around the hepatic vein was observed after administration of the same doses in a dose-dependent manner. In
the present study, the no-observed-adverse-effect level (NOAEL) of surfactin C was 500 mg/kg following oral

administration in rats.
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INTRODUCTION

Biosurfactants originated from microorganisms
have several advantages as replacements of chem-
ical surfactants, including lower production cost,
less toxicity, higher biodegradability and effective-
ness at extreme temperatures or pH values.!? Re-
cently, many researchers have investigated on the
potential applications of biosurfactants for the food,
cosmetic and pharmaceutical industries.>

Surfactins produced by Bacillus subtilis are
well-known as powerful antimicrobial lipopeptides
on the bacteria, fungi and virus.>~” In addition,
the lipopeptides have antitumor, fibrinolytic and
anti-inflammatory activities.>~9) The surfactin iso-
mers are classified into three types, surfactin A,
B and C, based on differences of their amino
acid sequences.!!"!? In the previous study, we iso-
lated Bacillus subtilis BC1212 from Korean soy-
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bean paste. Surfactin C was the major component
of surfactin isomers.'” Kikuchi and Hasumi re-
ported that surfactin C enhanced fibrin degradation
through both prourokinase (pro-u-PA)/plasminogen
and two-chain urokinase (tcu-PA)/plasminogen sys-
tems.!® Recently, it inhibited the overproduction of
tumor necrosis factor and nitric oxide induced by
lipopolysaccharide in rats.'>

Despite biological beneficial activities of sur-
factin C, there are no available toxicity data that
allow the establishment of a no-observed-adverse-
effect level (NOAEL). In the preliminary study, sur-
factin C did not show any toxicological effects at
dose of 2500 mg/kg after single oral administration.
This study was performed to evaluate subacute tox-
icity of surfactin C in Sprague-Dawley rats, being
the highest dose of srufactin C 2000 mg/kg.

MATERIALS AND METHODS

Animals —— Adult Sprague-Dawley rats of either
sex, aged 6-8 weeks with weights of 180-220 g
were purchased from Samtaco (Osan, Republic of
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Korea) and acclimatized for 1 week. The animals
were randomly assigned into three groups and kept
five per stainless steel cage with 12hr light/dark
cycle in a temperature (22 +1°C) and humidity
(50 £ 2%) controlled environment. They were pro-
vided with food and water ad libitum during the
experimental period. This study was approved by
the Animal Care Committee of Chungnam National
University (Daejeon, Republic of Korea).
Chemicals and Administration —— Surfactin C
sodium (purity > 98%) was obtained from B & C
Biopharm (Yongin, Republic of Korea). Three
groups of 30 rats (15 males and 15 female) received
the surfactin C by intra-gastric gavages at the dose
of 500, 1000 and 2000 mg/kg body weight or dis-
tilled water (control) daily for 4 weeks. All rats
were observed daily for physiological and behav-
ioral changes. Body weight, water and food intake
and weight gain were measured once a week. At the
end of the study, all surviving animals were sacri-
ficed for blood analysis, organ weighing, and gross
and histopathological examination.

Blood Analysis —— Prior to necropsy, surviving
animals were fasted for 12 hr and anesthetized with
diethyl ether. Blood samples were collected from
the caudal vena cava and carried out a blood anal-
ysis. The heparinized blood was used for a hema-
tological study which included red blood cell count
(RBC), hemoglobin concentration (Hb), hematocrit
(Ht), mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), platelets (Plt),
white blood cell count (WBC) and white blood cell
differential count. The non-heparinized blood was
allowed to coagulate and then centrifuged to get
serum. The obtained serum was assayed for aspar-
tate aminotransferase (AST), alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP), blood
urea nitrogen (BUN), lactate dehydrogenase (LDH),

total protein, cholesterol and creatinine.
Histopathological Examination —— Organs such
as liver, lungs, heart, spleen, adrenals, kidneys, thy-
roid glands, testes and ovaries were removed and
weighed at the time of necropsy. The organs fixed
in 10% formalin for two days. Fixed tissue sam-
ples were embedded in paraffin and stained with
hematoxillin-eosin dye. The pathological observa-
tions of all tissues were performed on gross and mi-
croscopic bases.

Statistics—— Values were expressed as mean =+
S.D. The data were evaluated by the one-way anal-
ysis of variance (ANOVA) followed by Dunnett’s
multiple comparison test. A probability level of
p < 0.05 was considered as the level of statistical
significance.

RESULTS

Clinical Signs

There was no surfactin C-related death at any
dose in both sexes. No unusual changes in behavior
and intoxication were observed during the 28 day
period.

Body Weight Gain, and Food and Water Con-
sumption

The highest dose of surfactin C significantly de-
creased body weight gains in both sexes from the
control (p < 0.05, Table 1). There were no differ-
ences for food and water consumptions among all
experiment groups.

Blood Analysis

There were no significant differences in the
hematological parameters among the control and
the experimental groups (data not shown). The ef-
fects of surfactin C on biochemical parameters are

Table 1. Body Weight Gain, and Food and Water Consumptions of Male and Female Rats Treated Orally with Surfactin C for 28 Days®

Parameters Surfactin C (mg/kg)
Male Female
0 500 1000 2000 0 500 1000 2000

Z‘;dy weightgain e+ 66 1077432 1069+7.1 765+68 758 +84 $1.8+60 78395 585+ 82"
Food consumption 10 5 43 195427 204436 197+13 160 +3.1 16827 179+52 162+ 3.8
(g/day)
Xﬁ%;“)’”sumpmn 304+75 325+67 33.1+89 351+47 2973+43 33.1+59 344+78 31.7+63

y

a) Each value is the mean + S.D. (n = 15). *Significantly different from the control group, p < 0.05.
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Table 2. Serum Biochemical Data of Male and Female Rats Treated with Surfactin C for 28 Days®

Parameters Surfactin C (mg/kg)
Male
0 500 1000 2000
Alkaline phophatase 1643 +12.7 170.6 +19.9 292.6 +29.0° 285.5 +14.0°
Alanine transferase 348 + 49 40.0 £ 45 513 +10.27 533 + 9.57
Aspartate transferase 370 £ 5.6 419 + 6.0 51.7 +=11.07 503 + 9.27
Cholesterol 855 + 7.2 88.8 + 4.1 84.0 + 58 858 + 8.2
Creatinine 0.50 = 0.08 + 0.09 0.46 = 0.05 0.42 = 0.08
Lactate dehydrogenase 2919 +54.38 285.7 +32.2 288.3 +£52.2 281.3 +43.1
Total protein 74 = 0.2 + 0.5 6.7 = 04 7.0 = 0.5
Blood urea nitrogen 203 + 1.7 + 2.1 213 + 33 16.8 + 4.1
Parameters Surfactin C (mg/kg)
Female
0 00 1000 2000

Alkaline phophatase 152.0 +14.9 +19.9 2345 +£24.8° 250.0 +11.3"
Alanine transferase 288 + 9.7 +10.4 416 + 957 42.6 +13.0°
Aspartate transferase 377 +114 + 155 50.8 +15.7* 48.6 +15.8"
Cholesterol 93.0 +12.9 953 +£11.0 91.8 + 9.6 87.6 + 5.1
Creatinine 048 + 0.05 049 + 0.07 048 + 0.07 048 + 0.04
Lactate dehydrogenase 260.2 +359 263.7 +44.9 269.4 +27.6 256.6 +35.3
Total protein 73 + 03 + 06 75 + 0.7 6.8 + 0.5
Blood urea nitrogen 170 + 24 + 29 16.8 + 2.7 16.6 + 2.7

a) Each value is the mean + S.D. (rn = 15). *Significantly different from the control group, p < 0.05.

Table 3. Relative Organ Weights (g/kg body weight) of Rats Treated with Surfactin C for 28 Days”

Organs Surfactin C (mg/kg)
Male Female

0 500 1000 0 500 1000 2000
Liver 3.19 £0.39 325 +0.51 4.52 +0.40* 3.96 +0.22* 3.17 031 3.27 +0.34 3.93 +0.38" 3.65 +0.25"
Spleen 022 £0.04 022 +0.03 0.23 +0.02 024 +0.05 0.28 +0.03 029 +0.04 029 +0.05 0.27 +0.06
Kidneys 0.79 +0.08 091 +0.10 0.86 +0.09 0.84 +0.08 0.76 +0.06 0.87 +0.06 0.81 +0.04 0.77 +0.03
Adrenals 0.014 +£0.002 0.014 +0.003 0.018 £0.011 0.016 + 0.005 0.024 +0.009 0.031 +0.009 0.031 +0.004 0.031 +0.005
Testes 1.0l +0.05 097 +0.06 1.00 +0.08 1.10 +0.09 — — — —
Ovaries — — — 0.05 +0.01 0.04 +0.01 0.05 +0.01 0.06 +0.01
Heart 035 £0.02 040 +0.05 0.39 +0.02 039 +0.05 038 +0.05 043 +0.05 0.40 +0.04 0.37 +0.04
Lung 0.56 +£0.04 0.65 +0.15 0.62 +0.11 0.58 +0.05 0.74 +0.09 0.68 +0.11 0.71 +0.13 0.60 +0.09

Thyroid gland 0.008 +0.002 0.008 +0.003 0.007 +0.004 0.007 + 0.005
0.59 £0.02 059 +0.03 0.59 +£0.03 0.61 +0.06

Brain

0.009 + 0.002 0.008 +0.01
0.74 £0.02 0.74 +0.05

0.007 £ 0.004 0.008 +0.002
0.76 +£0.03 0.70 +0.05

a) Each value is the mean + S.D. (rn = 15). *Significantly different from the control group, p < 0.05.

summarized in Table 2. ALT, AST and ALP levels
were significantly increased in the groups adminis-
tered with surfactin C 1000 or 2000 mg/kg, compar-
ing with the control (p < 0.05).

Relative Organ Weights

The relative organ weights are summarized in
Table 3. Organ weights in all experimental groups
were not significant differences comparing with that
of control group, except the liver. The liver from an-
imals administered with 1000 or 2000 mg/kg of sur-

factin C showed significant increase in both sexes
(p < 0.05).

Histopathological Findings

There were no evidences showing toxic effects
of surfactin C, except in liver tissues. Zonal necrosis
of hepatocyte around the terminal hepatic vein was
observed in the liver of animals administered with
surfactin C 1000 or 2000 mg/kg (Fig. 1). However,
500 mg/kg of surfactin C did not show any toxico-
logical alteration in the livers.
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Fig. 1. Histopathological Alterations of Liver in Rats Orally Administered with Surfactin C during 4 Weeks (Hematoxylin and Eosin

Staining, X 400)

(A) no treatment of surfctin C, (B) 500 mg/kg of surfactin C, (C) 1000 mg/kg of surfactin C, (D) 2000 mg/kg of surfactin C. Arrows show the

hydropic necrosis of hepatocyte around the hepatic vein.

DISCUSSION

Surfactin C produced by Bacillus subtilis has
a variety of biological activities, being generally
known as a biosurfactant with low toxicity.* 6
Kikuchi and Hasumi'® reported that the i.v. LDsq
of surfactin C was at > 100 mg/kg in mice. How-
ever, the evaluation of surfactin C in repeated ad-
ministration has not been reported. We performed
the present study to establish a safety level of sur-
factin C through orally repeated administration dur-
ing 28 days.

Oral administrations of surfactants are known
to cause cytotoxicity in epithelial cells of the in-
testinal mucous membrane and to influence the rate
of gastric emptying by increasing gastro-intestinal
motility.!”!9 In this study, 2000 mg/kg of surfactin
C decreased body weight gain despite normal food
and water consumption. It is assumed that activi-
ties of surfactin C on the surface of gastro-intestinal
tract lead to the altered absorption of nutrients and
the injury of the mucosal membrane. Biological
effects of surfactin C in the gastro-intestinal tract
should be further clarified.

Antiplatelet and antithrombotic compounds in-
duce systemic and/or cerebral haemorrhages as the
compound-related adverse effect.’>>2D Sufactin C
was found to have fibrinolytic, anticoaguant and an-

tithrombotic activities through inhibition of platelet
aggregation in vitro.%1? These findings suggest
that surfactin C may have potential toxicity in the
hematopoietic system due to its anti-coagulant ef-
fects. However, surfactin C-related toxicities in
hematological parameters and histopathological ob-
servation of hematopoietic organs were not found in
our study.

However, repeated administration of surfactin C
1000 or 2000 mg/kg significantly increased serum
ALT, AST and ALP levels, which indicated the
necrosis of hepatocyte. The relative liver weights in
animals treated with the same dosages of surfactin
C also showed significant increases in comparison
with the control (p < 0.05). In histopathological
study, the hydropic necrosis of hepatocyte was also
occurred in a dose-dependent manner. These re-
sults indicate that above 1000 mg/kg of surfactin C
can cause structural and functional alterations in the
liver tissue.

In conclusion, 500 mg/kg of surfactin C did not
show any toxic effects during the experimental pe-
riod. In this study, NOAEL of surfactin C can
be suggested the 500 mg/kg. Further studies for
the chronic toxicity of surfactin C are needed for
its practical applications in the food, cosmetic and
medical fields.
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