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Abstract

The therapeutic effects of CV 3611, a new
synthetic free radical scavenger prepared from
an ascorbic acid derivative, on choline
deficient, ethionine enriched (CDE) diet in-
duced acute pancreatitis in mice were
evaluated and compared with those of super-
oxide dismutase. Time/course studies after
subcutaneous injection of CV 3611 in normal
mice showed a peak plasma concentration of
mean (SEM) 0-54 (0-09) ug/ml at one hour, with
a gradual decrease over the next 10 hours,
while a peak concentration in pancreatic tissue
of mean (SEM) 425 (33) ng/g tissue was
achieved at three hours and the drug was
undetectable at 12 hours. Survival rates and
activities of pancreatic enzymes (amylase,
lipase, elastase I) were compared in control
mice and animals that received CV 3611 before
or at the time of feeding the CDE diet. The
survival rate was observed in a no treatment
group and mice given pretreatment or treat-
ment with CV 3611 or superoxide dismutase.
The survival rate was significantly better in the
treatment group given CV 3611 (p<<0-02), but
superoxide dismutase had no significant effect
on survival. The increases in the three serum
enzyme activities were significantly less at 48
hours in the groups given pretreatment or
treatment with CV 3611 than in the no treatment
group. These results indicate that CV 3611,
which has been proved to pass through the cell
membrane and to have a long half life in plasma
and tissue, had an important therapeutic effect
on the development of acute pancreatitis. They
also suggest that oxygen derived free radicals
may play an important role in the development
of acute pancreatitis.

The role of oxygen derived free radicals in the
pathogenesis of acute pancreatitis has been
reported recently.'? In the sequential univalent
process of the complete reduction of molecular
oxygen to water, several oxygen intermediates —
for example, superoxide anion (O,-), hydrogen
peroxide (H,0,), and the hydroxyl radical (OH-)
— are encountered in a living system.? Normally,
only small amounts of these toxic intermediates
are produced and they are detoxified by endo-
genous free radical scavengers such as superoxide
dismutase and catalase and antioxidant sub-
stances such as o tocopherol and ascorbic acid.
In disease, however, the production of active
oxygen species may be increased and the work-
ing of the scavenging system may be decreased.’
This being the case, exogenous free radical
scavengers might be expected to protect against

damage to organs caused by the overproduction
of oxygen radicals in disease. Sanfey ez al' and
Guice et al’ attempted to use exogenous
scavengers such as superoxide dismutase, cata-
lase, and dimethylsulfoxide in experimental pan-
creatitis to clarify the role of oxygen derived free
radicals. Controversy exists, however, on their
effects.” The molecular weights of superoxide
dismutase and catalase are too great to enable the
molecules to pass through the biomembrane.
Furthermore, the circulation half life of
exogenous superoxide dismutase is too short and
it rapidly leaves the tissues via the blood stream.
Rutledge ez al® reported that exogenous scaven-
gers and inhibitors — for example catalase, dime-
thylsulfoxide, and allopurinol - have little or no
therapeutic effects on acute pancreatitis induced
by a choline deficient, ethionine enriched (CDE)
diet. A new synthetic scavenger made from an
ascorbic acid derivative, 2-0—octadecylascorbic
acid (C,4H440¢), molecular weight 428-6, has a
strong scavenging or antioxidant effect, or both,
on superoxide production by polymorpho-
nuclear leucocytes and on the reduction of the
chemically stable radical diphenylpicrylhydrazyl
as shown by electron spin resonance spectro-
scopy.’® Recently, Kuzuya et al’ observed in vivo
that this synthetic scavenger CV 3611 was
effective in canine myocardial reperfusion
injury. The molecular weight of CV 3611 (428-6)
is much less than that of superoxide dismutase
(30000-80000) or catalase (24 000). Because of
this CV 3611 can pass through the biomembrane
of the cell. In addition, the half life of CV 3611 in
plasma is much greater, which means that it is
also retained for longer in the tissues.

We aimed to determine whether CV 3611,
which has overcome some of the disadvantages of
free superoxide dismutase in terms of circulation
half life and fixation or penetration, or both, to
the cells, has a therapeutic effect on the develop-
ment of severe acute pancreatitis and to clarify
the role of oxygen derived free radicals in CDE
diet induced pancreatitis.

Methods

Female BALB/c mice, each weighing 12-16 g
and obtained from the Shizuoka Experimental
Animal Center in Japan were used in all of the
experiments. Acute pancreatitis was induced by
a CDE diet as described by Lombardi et al."
Cu,Zn superoxide dismutase, which is synthe-
sised biotechnologically, was obtained from
Nihon Kayaku Corporation, Tokyo, Japan. The
ascorbic acid derivative, CV 3611 was obtained
from Takeda Chemical Industries, Osaka,
Japan. Gum arabic, 99% ethanol, DL ethionine
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and other reagents were purchased from Nakarai
Chemical Corporation, Kyoto, Japan.

EXPERIMENTAL PROCEDURE

Survival rate

The experimental mice were divided into three
control groups, a no treatment group, two pre-
treatment groups, and two treatment groups.
After an overnight fast, the control groups were
given a normal diet with intraperitoneal super-
oxide dismutase (10 mg/kg) (n=10), 1% gum
arabic subcutaneously (n=10), or 1% gum arabic
plus subcutaneous CV 3611 (10 mg/kg) (n=10).
The no treatment group (n=27) were given a
CDE diet with subcutaneous gum arabic and
intraperitoneal saline. The pretreatment groups
were given intraperitoneal superoxide dismutase
(10 mg/kg) (n=10) or subcutaneous 1% gum
arabic plus CV 3611 (10 mg/kg) (n=15) 12 hours
before the CDE diet. The treatment groups were
given intraperitoneal superoxide dismutase
(10 mg/kg) (n=15) or subcutaneous 1% gum
arabic plus CV 3611 (10 mg/kg) 12 hours after
the CDE diet. And the survival rates from 0 to 4
days were observed in each group.

Concentration of CV 3611 in plasma and
pancreatic tissue

Forty eight normal mice were divided into two
groups of 28 and 20 respectively. After an
overnight fast a normal diet was given to each
group for 12 hours. In the first group, blood
sampling by cardiac puncture (n=4 at each time
period) was performed at 0, 1, 2, 4, 6, 10, and 24
hours after subcutaneous administration of
CV 3611 (10 mg/kg) to measure the concentra-
tion of CV 3611 in the plasma. The second group
were killed by a blow to the neck, and the
pancreas (n=4 at each time period) was removed
0, 3, 6, 12, and 24 hours after subcutaneous
administration of CV 3611 (10 mg/kg) to
measure its concentration in pancreatic tissue.

Assay for amylase, lipase, and elastase 1

One hundred and ten normal mice were divided
into three groups of 40, 40, and 30 respectively.
After an overnight fast a CDE diet was given to
each group for 12 hours. Blood sampling by
cardiac puncture was performed at 0, 12, 24, 36,
and 48 hours after the CDE diet had been taken
and pancreatic enzyme activities (amylase, lipase
(n=38), elastase I (n=6)) activities were measured
in blood from CV 3611 treated groups.

ASSAYS

Concentration of CV 3611 in plasma and pancreatic
tissues

The concentration of CV 3611 in blood was
determined. Blood samples (0-5 ml) were depro-
teinised with ethanol (4-5 ml), and centrifuged at
3000 rpm for 10 minutes. The supernatant (4 ml)
was concentrated in a vacuum, and the concen-
trate was diluted with methanol (0-15 ml) and
water (0-05 ml). The suspension was stirred for
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30 seconds then centrifuged at 3000 rpm for 10
minutes. The aliquot (0-1 ml) was analysed by
reversed phase high performance liquid chroma-
tography (HPLC, Hitachi 655A-11). The
reversed phase HPLC system consisted of a C18
Inertsil ODS 5 um column (45X 150 mm) with a
mobile phase of CH;CN/methanol/water/acetic
acid (1000:250:150:1). The flow rate was
1-5 ml/minute and CV 3611 was detected by
ultraviolet spectroscopy (Hitachi 655A) at
240 nm. The amounts of CV 3611 were calcu-
lated by the use of external standards.

All procedures to determine the content of
CV 3611 were done at room temperature unless
otherwise noted. Pancreatic tissue samples
(130 mg) were homogenised with 29 ml of
ethanol and 0-1 ml of 50% ethanol tissues
containing 0-1% ascorbic acid. The homogenate
was centrifuged at 3000 rpm for five minutes.
Some 1 ml of 0-1 M phosphate buffer (pH 5-0)
was added to the supernatant (3 ml) which was
then washed twice by shaking with 4 ml of
n-hexane for five minutes. After centrifugation
at 3000 rpm for five minutes, the 3 ml of the
lower layer was evaporated to dryness in a
vacuum at 40°C. The concentrate was diluted
with 0-5 ml of a mobile phase of CH;CN/ethanol/
0-05 M NH/H,PO, (pH 4-0) (36:36:28),
sonicated with a sonicator (Branson B-220-]),
then filtered through a membrane filter (Mili-
pore filter; =0-45 um). The aliquot (0- 1 ml) was
analysed by reversed phase HPLC (Hitachi L
6200) consisting of a TSK gel ODS-80TM
(4-6x 150 mm) column, temperature 50°C, with
amobile phase of CH;CN/methanol/water/acetic
acid (1000:250:150:1). The flow rate was
1 ml/minute and the absorbance change at
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Figure 1: Changes in CV 3611 concentrations in plasma (10p)
and pancreatic tissue (bottom) in mice.
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Figure 2: Effect of
superoxide dismutase (SOD)
on the survival rate in
choline deficient, ethionine
enriched (CDE) diet induced
acute pancreatitis in mice.

Figure 3: Effect of CV 3611
on the survival rate in choline
deficient, ethionine enriched
(CDE) diet induced acute
pancreatitis in mice.

here was a significant
increase in the survival rate
of the group treated with CV
3611 compared with the no
treatment group.
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262 nm (Hitachi L 4000) was used to determine
the CV 3611 concentration by the absolute
calibration curve method.

Assay for amylase, lipase, and elastase I

Serum amylase and lipase were measured using
the methods of Teshima et al" and Kurooka ez
al” respectively. Serum elastase I was measured
by the method of Murata et al.” Pancreatic
elastase I was purified from pancreatic juice in an
active form. Antiserum was raised in rabbits by
repeated subcutaneous injections of 1 mg of
purified enzyme. The antiserum obtained was
used at a dilution of 1:10%, which gave approxi-
mately 40% of the maximal binding of the
labelled antigen. The antibody may cross react
with proelastase, however, pancreatic pro-
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elastase enters the blood stream and is then
rapidly activated. The activity of elastase I in this
study showed that it was almost all immunoreac-
tive elastase I.

STATISTICAL ANALYSIS

The results reported in this study represent the
mean (SEM). Differences between groups were
evaluated using the Student’s ¢ test. A proba-
bility of less than 0-05 is statistically significant.
The survival rate was analysed using the ¥’
method with Yates’s correction. ™

Results

CHANGES IN CV 3611 CONCENTRATIONS IN PLASMA
AND PANCREAS AFTER SUBCUTANEOUS
ADMINISTRATION (10 MG/KG) (FIG I)

The concentration of CV 3611 in plasma reached
a peak mean (SEM) value of 0-54 (0-09) pug/ml at
one hour then gradually decreased until it was
almost undetectable 24 hours after administra-
tion (CV 3611 is undetectable at concentrations
of less than 0-01 pg/ml). The CV 3611 concentra-
tion of pancreatic tissue reached a peak mean
(SEM) of 425 (37) ng/g tissue at three hours and
almost disappeared 24 hours after administration
(CV 3611 becomes undetectable at concentra-
tions less than 50 ng/g tissue).

EFFECT OF CV 3611 AND SUPEROXIDE DISMUTASE
ON SURVIVAL RATE IN CDE DIET INDUCED ACUTE
PANCREATITIS (FIGS 2 AND 3)

In the mice given intraperitoneal superoxide
dismutase (10 mg/kg), no significant differences
between the group given CDE diet only and
those given pretreatment or treatment with
superoxide dismutase were observed at any
time during the experiment. The normal diet
plus superoxide dismutase group had a 90% four
day survival rate. However, the group given sub-
cutaneous CV 3611 (10 mg/kg) showed a signifi-
cantly improved survival rate over the CDE diet
only group. The four day survival rates were
81-3% in the treatment group (p<<0-02), 66-7%
in the pretreatment group, and 41-:2% in the no
treatment group after the feeding of the CDE
diet. The 1% gum arabic or 1% gum arabic plus
CV 3611 (10 mg/kg) with normal diet groups
showed four day survival rates of 100%.

CHANGES IN SERUM AMYLASE, LIPASE, AND
ELASTASE I ACTIVITIES IN NO TREATMENT,
PRETREATMENT, AND TREATMENT GROUPS AFTER
CDE DIET (FIGS 4 AND 5)

The effect of CV 3611 on serum amylase and
lipase activities (n=8) was determined. In the no
treatment group, the serum amylase activity
increased appreciably from a basal level of mean
(SEM) 2088 (146) somogi units (SU) to 14830
(1240) SU 48 hours after the CDE diet (p<0-01).
In the pretreatment and treatment groups, the
amylase activities at 48 hours were lower — mean
(SEM) 6320 (680) SU (p<0-01) and 4000 (500)
SU (p<0-01), respectively — than that of the no
treatment group. In the no treatment group, the
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Figure 4: Effect of CV 3611
on the serum amylase and
lipase activities in mice given
a choline deficient, ethionine
enriched (CDE) diet.

A significant reduction in
serum amylase and lipase
values 48 hours after the
administration of CV 3611
was observed for the
pretreatment and treatment
groups compared with the no
treatment group.

Figure 5: Effect of CV 3611
on the serum elastase I values
in mice fed a choline
deficient, ethionine enriched
(CDE) diet.

A significant reduction in
elastase I values at 48 hours
was observed for the
pretreatment and treatment
groups compared with the no
treatment group.
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serum lipase activity also increased considerably
from a basal value of mean (SEM) 34 (5) IU/ to
920 (110) IU/ 48 hours after the CDE diet
(p<0-001). In the pretreatment and treatment
groups, the serum lipase activities at 48 hours
were lower — mean (SEM) 473 (67) IU/1 (p<0-05)
and 280 (30) IU/I (p<0-01), respectively — than
that of the no treatment group.

The effect of CV 3611 on the serum elastase I
activity (n=6) was determined. In the no treat-
ment group, the serum elastase I value increased
considerably from a basal activity of mean (SEM)
160 (10) ng/dl to 510 (85) ng/dl 48 hours after the
CDE diet (p<0-001). In the pretreatment and
treatment groups, the serum elastase I activities
were mean (SEM) 250 (35) ng/dl (p<0-05) and
260 (20) ng/dl (p<0-01) respectively at 48 hours.
Therefore, the increases in serum elastase I
values at 48 hours were also reduced signifi-
cantly, compared with the value in the no
treatment group (both p<0-05).

Discussion

Oxygen derived free radicals have recently been
reported to play an important role in the patho-
genesis of many disorders of the living
system."” " Braganza'® proposed that oxidative
stress initiates acute pancreatitis by interfering
with the regulated secretory pathway in pan-
creatic acinar cells and that treatment with
antioxidants, by overcoming the metabolic
blockade, may assist in management. Very
recent observations incriminate free radicals as
the common trigger in acute pancreatitis and
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Rinderknecht” hypothesised that the complex
pathological processes responsible for the high
mortality in severe acute pancreatitis can largely
be explained as resulting from excessive stimula-
tion of leucocytes which leads to the liberation of
oxygen radicals and biological reference
modifiers. ]

We have attempted to clarify the role of
oxygen radicals in the pathogenesis of acute
pancreatitis in mice. We have shown in this
study that CV 3611, a potent free radical
scavenger that has overcome some of the detri-
mental properties of free superoxide dismutase,
effectively reduced extravasation of pancreatic
enzymes and increased survival rate in CDE diet
induced pancreatitis. The evidence suggests that
antioxidants may help in reversing secretory
polarity, but not perhaps after frustrated phago-
cytosis has set in. These data, while hinting at the
importance of normal exocytosis in preserving
pancreatic integrity, underline the importance of
considering the biophysical properties of poten-
tial antioxidants for the treatment of experi-
mental and human pancreatitis.

The scavenging effect of CV 3611 is shown in
both the model of the polymorphonuclear leuco-
cyte O, producing system and the inhibition of
lipid peroxidation of linoleic acid caused by O;",
OH, and LOOH.”* CV 3611 is a novel scavenger
that scavenges several free radicals including
0,7, 0H-, LOO-, LO-, and L-. CV 3611, which
has a high affinity for the biomembrane, is intro-
duced by lipophilic groups on the hydroxyls of
the 2- or 3-carbon in ascorbic acid, and may exert
a scavenging activity not only by maintaining an
interaction with membrane phospholipids but
also by suppressing superoxide production of the
membrane associated superoxide generating
system.’

Kuzuya et al’ showed that CV 3611 exhibited a
dose dependent inhibition of free radical genera-
tion and that in vivo administration was also
effective on myocardial reperfusion injury in
dogs.

The molecular weight of CV 3611 is very small
(428-6). Its structure is shown in Figure 6.

Penetration of the biomembrane was con-
firmed in an experiment by using radioactive
carbon labelled CV 3611. The amounts of “C
labelled CV 3611 in the subcellular fraction six
hours after administration were 100% in the
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homogenate, 18-7% in the nucleus, 13-1% in the
mitochondria, 22-1% in the microsome, and
58-4% in the cytosol (unpublished data). In this
study, we also clarified the long circulation half
life and the fixation of CV 3611 to the pancreatic
tissue in mice.

Wisner et al® reported that it is not clear
whether the protective effects of exogenous
polyethylene glycol-superoxide dismutase on
caerulein induced pancreatitis are due to the
enzyme’s intracellular or extracellular action on
the pancreas. They also suggested that
exogenous polyethylene glycol-superoxide dis-
mutase could be acting extracellularly through
catalytic inactivation of superoxide anion diffus-
ing into the interstitium from acinar cells, since
compounds such as O, and H,O, can pass
through cell membranes by either diffusion or
transport through anionic membrane channels.
However, when superoxide generated in the cell
by systems such as the electron transport
system in the inner membrane of mitochondria,
nicotinamide-adenine-dinucleotide ~ phosphate
oxidase system, cytochrome P450 reductase, or
xanthine-xanthine oxidase system, the migration
distance of superoxide is not great (<320 mm).?
Moreover, generated superoxide is dismuted to
H,0, by catalase or by pancreatectomised gluta-
thione, or both.

Hydroxyl radical is also generated by Harber-
Weiss reaction or Fenton type reaction.?
Hydroxyl radical is the most potent oxidising
and reducing species among free radicals; it
immediately attacks other molecules (lipids,
glucose, proteins, nucleic acids) around it with a
maximum velocity of reaction." Therefore,
superoxide needs to be dismuted at near the
generating part. One of the generating sources of
oxygen radicals is activated neutrophils which
may be suppressed extracellularly by polyethy-
lene glycol-superoxide dismutase (described by
Wisner et al). Since CV 3611 has a long half life in
the circulation and an ability to penetrate the
cell, it may suppress oxygen radicals both intra-
cellularly and extracellularly. Our study of a
potentially fatal form of experimental pan-
creatitis showed the protective effects of
CV 3611. We do not know whether protection
was effected within pancreatic acinar cells, from
the interstitium, or in both ways. However, the
experiments provide further strong evidence
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that oxygen free radicals play a pivotal role in
experimental pancreatitis.
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