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Abstract: We retrospectively conducted a medical chart review of all patients with
mamushi bites who were treated in our department between July 2013 and August
2017. The subjects were divided into two groups: the Mild group included subjects
whose grades of mamushi bites were | and Il, while the Severe group included
subjects whose grades of mamushi bites were III, IV, and V. The subjects’ age, sex,
medical history, duration from bite to arrival at the hospital, grade on arrival and the
maximum grade of mamushi bites classification during hospitalization, hospital day
of occurrence of maximum grade of mamushi bites, duration of hospitalization, ratio
of reception of anti-venom, mortality rate, and the level of BCHE on arrival, at its
minimum, and its trend within seven days were investigated and compared between
the two groups. Thirty-five cases were examined in this study. The swelling
DOI: associated with mamushi bites tended to be significantly worse after admission, even
10.36347/sjams.2018.v06i07.049 | I the patients received treatment. The swelling associated with mamushi bites ceased
within seven days of arrival. The BCHE level showed a significant decreasing trend
[=] 7.5 [m]

after admission. The grade of mamushi bites on arrival, ratio of reception of anti-
ﬁ hospitalization) of BCHE, and duration of hospitalization in the Mild group were
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venom, diminution (level on arrival minus the minimum level of BCHE during
significantly lower than in the Severe group. However, the minimum BCHE level in
the Mild group was significantly higher than that in the Severe group. In addition, the
E minimum BCHE level had a moderate negative relationship with the maximum grade
classification, while the diminution of BCHE had a moderate positive relationship
with the maximum grade classification. Accordingly, BCHE may be useful for
objectively and quantitatively evaluating patients with mamushi bites.
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INTRODUCTION
Humans have two cholinesterases:

mamushi-bite patients is that few quantitative indicators
reflecting the severity of the bite have been reported.
acetylcholinesterase (ACHE) and butyrylcholinesterase Our institute measured the level of BCHE for patients
(BCHE) [1-3]. ACHE participates in cholinergic including mamushi-bite to evaluate the liver function
neurotransmission by hydrolyzing acetylcholine and is and nutritional status [12]. Accordingly, we

expressed in nerve and blood cells. BCHE primarily
exists in blood plasma, where it serves as a bio-
scavenger that protects ACHE in the nerve synapses
from inhibition by organophosphorus toxicants. In
addition to its use for indicating the severity of
organophosphate poisoning, BCHE in blood has been
used as a biomarker for the severity of chronic liver
disease; severity of Parkinson's disease; ability to
tolerate stress, inflammation, and oxidative stress in
cases of chronic obstructive pulmonary disease; and the
trauma-induced  acute  systemic  inflammatory
response[4-10].

The Japanese mamushi, Gloydius blomhoffii, is a
species of pit viper found throughout Japan, except on
the southeast islands [11]. One problem with treating

retrospectively investigated the clinical significance of
measuring the level and trend of BCHE for patients
with mamushi bites.

METHODS

The protocol of this retrospective study was
approved by our institutional review board, and the
examinations were conducted according to the
standards of good clinical practice and the Declaration
of Helsinki.

We retrospectively conducted a medical chart
review of all patients with mamushi bites who were
treated in our department between July 2013 and
August 2017. The exclusion criteria were patients
whose level of BCHE had not been measured and who
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were not admitted to our hospital. Mamushi bites were
diagnosed by witnessing a mamushi and/or based on the
appearance of wounds resulting from biting and clinical
symptoms, as the main island of Japan has only two
poisonous snakes (mamushi and yamakagashi), and the
associated bite wounds and clinical symptoms differ
completely between them[13,14].

Grade classification for mamushi bites was
used to determine the severity of injuries, as follows:
Grade I, redness and swelling around the bitten area;
Grade II, redness and swelling, including the wrist or
foot joint; Grade Ill, redness and swelling of the elbow
or knee joint; Grade 1V, redness and swelling of the
whole extremity; and Grade V, redness and swelling
beyond the extremities or exhibiting systemic
symptoms. Grades of mamushi bites are rather
complicated, and Hifumi et al. combined the 5 grades of
mamushi bites into 2 groups: mild (grades of mamushi
bites I and I1) and severe (grades of mamushi bites IlI,
IV, and V)[15,16].

Our protocol for treating patients with
mamushi bites involves the intravenous administration
of cepharanthine with toxoid for tetanus and antibiotics
for mild cases and additional anti-venom for severe
cases. The patients were admitted until improvement or
the lack of further deterioration of the swelling and pain
in the affected extremities could be confirmed. The vital
signs, maximum swelling evaluated by the grade
classification for mamushi bites, and findings of a
biochemical analysis of the blood during hospitalization
were examined every day for patients with mamushi
bites.

The subjects were divided into two groups: the
Mild group included subjects with grades of mamushi
bites I and 11, while the Severe group included subjects
with grades of mamushi bites IIl, IV, and V. The
subjects’ age, sex, medical history, duration from bite to
arrival at the hospital, grade on arrival and the
maximum grade of mamushi bites classification during
hospitalization, hospital day of occurrence of maximum
grade of mamushi bites, duration of hospitalization,
ratio of reception of anti-venom, mortality rate, and the
level of BCHE on arrival, at its minimum, and its trend
within seven days were investigated and compared
between the two groups. In addition, we analyzed the
correlation between the maximum grade classification
and the BCHE level on arrival, at its minimum, and its
diminution. The diminution was calculated using the

minimum level during hospitalization and the level on
arrival.

The data were expressed as the mean =*
standard deviation (SD) or median (interquartile range)
for continuous variables, and the number (percentages)
for categorical variables. P values of <0.05 were
considered to indicate statistical significance.

RESULTS

There were 36 cases diagnosed with mamushi
bites during the investigation period. Among them, one
patient was transported to another hospital without an
examination of blood test due to all beds being
occupied. After excluding this case, 35 cases were
treated as subjects.

Table 1 shows the background of subjects. The
subjects did not have any history or present illness of
organophosphate poisoning, chronic liver disease,
Parkinson's disease, chronic obstructive pulmonary
disease, or trauma. The swelling associated with
mamushi bites tended to be significantly worse after
admission, even in those that received treatments, than
before admission (Table 1 and Figure 1). The swelling
associated with mamushi bites generally subsided
within seven days of arrival. The BCHE level showed a
significant decreasing trend after admission (Table 1
and Figure 2). There were no mortality cases among the
subjects.

Table 2 shows the results of a comparison
between the two groups. The female ratio in the Mild
group was greater than that in the severe group, but not
to a statistically significant degree. The BCHE level on
arrival in the Mild group was greater than that in the
severe group, but not to a statistically significant
degree. The grade of mamushi bites on arrival, ratio of
reception of anti-venom, diminution (level on arrival
minus the minimum level of BCHE during
hospitalization) of BCHE, and the duration of
hospitalization in the Mild group were significantly
lower than in the Severe group. However, the minimum
BCHE level in the Mild group was significantly higher
than that in the Severe group.

Figures 3-5 show the correlation between the
maximum grade classification and BCHE level on
arrival, at its minimum, and its diminution. The
minimum BCHE level had a moderate negative
relationship with the maximum grade classification,
while the diminution of BCHE had a moderate positive
relationship with the maximum grade classification.
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Fig-1: Trend in the grade of mamushi bites over seven days. Swelling of mamushi bites tended to be significantly
worse after admission than before, even in those who received treatments
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Fig-2: Trend in the level of BCHE over seven days. The BCHE showed a significant decreasing trend after
admission
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Correlation between maximum grades of mamushi bites and BCHE on arrival
BCHE on arrival
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Fig-3: Correlation between the maximum grade classification and the BCHE level on arrival. A weak correlation
was noted between the maximum grade classification and the BCHE level on arrival, although not a significant
correlation. BCHE: butyrylcholinesterase

Correlation between maximum grades of mamushi bites and minimum BCHE
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Fig-4: Correlation between the maximum grade classification and the minimum BCHE level. A significant
moderate negative correlation was noted between the maximum grade classification and the minimum BCHE
level. BCHE: butyrylcholinesterase
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Correlation between maximum grades of mamushi bites and diminution of BCHE
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Fig-5: Correlation between the maximum grade classification and the diminution of the BCHE level. A significant
moderate positive correlation was noted between the maximum grade classification and the minimum BCHE
level. BCHE: butyrylcholinesterase

Table-1: Subjects’ background characteristics

Number of subjects 35
Age (years) 12-82 (61.5 £ 18.5)

Sex (Male/Female) 18/17
Duration from bite to arrival
The same day 33
The same day 2
Grade | on arrival 9
Maximum 5
Il on arrival 9
Maximum 5
Il on arrival 18
Maximum 5
Il on arrival 18
Maximum 3
Illon arrival 7
Maximum 15
IV onarrival 1
Maximum 12
V on arrival 0
Maximum 0
On arrival (Median) 21
Maximum (Median) 3D
On arrival vs. Maximum p < 0.0001
Hospital day of occurrence of maximum grade of mamushi bites 2-7(4.0+1.3)
Anti-venom (%) 25 (71.4)
Hospitalization (day) 2-13(5.0+2.5)
BCHE on arrival 2-13(5.0+2.5)
Minimum 110-361 (233 + 10)
On arrival vs. Minimum p < 0.0001
Mortality (%) 0
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Table-2: Results of the comparison between the two groups

Mild Severe p-value
Sex (Male/Female) 6/2 12/15 0.1
Age (years) 61.7+18.0 | 61.2+19.0 n.s.
Grades of mamushi bites D1 [ 1l <0.001
Anti-venom (yes/no) 17 24/3 <0.0001

Maximum grade of grades of mamushi bites

3.8+1.7 41+1.2 n.s

BCHE D1(IU/L)

327 +59 282 + 65 0.1

D1-Min (IU/L)

37+24 62 + 28 <0.05

Duration of hospitalization

35+18 54+26 <0.05

BCHE: butyrylcholinesterase, D1: on arrival, Min: minimum

DISCUSSION

This is the first report showing that the BCHE
level in patients with mamushi bites tended to decrease,
and the minimum BCHE level and its diminution were
associated with the maximum grade of mamushi bite.

The present study did not include patients with
any history or present illness of organophosphate
poisoning, chronic liver disease, Parkinson's disease,
chronic obstructive pulmonary disease, or  trauma.
However, some of the subjects might have had wound
infection, which can reduce the BCHE level. Such an
infection might have therefore influenced the level of
BCHE in the present study.

One cause of the decrease in the BCHE level
might have been a direct effect of the venom.
Fasciculins are a class of toxic proteins found in certain
snake venoms, notably some species of mamba[17,18].
Fasciculins from mambas inhibit intensely mammalian
and fish ACHE and weakly inhibit BCHE [17-19]. The
mechanism is similar to the effect of organophosphate
poisoning. While there is no evidence at present that
mamushi venom contains fasciculins or similar
substances, if their venom does indeed contain
fasciculins, this may explain the decrease in the BCHE
level of patients suffering from mamushi bites.

The present study failed to demonstrate any
statistical significance associated with the BCHE level
on arrival for patients with mamushi bites. However,
the minimum BCHE level and the diminution of the
BCHE level were found to be associated with the
maximum grade of mamushi bite. Admittedly,
observing trends in biomarkers to assess the severity of
mamushi bites takes precious time. However, it may
nevertheless be useful to evaluate the severity of
mamushi bites objectively and quantitatively in addition
to a simple visual observation of the patient.

The present study is associated with some
limitations. First, the study investigated only mamushi
bites and did not investigate poisonous snakes in other
parts of the world, so the results of this study cannot be
applied outside of Japanese mamushi. Second, this
study did not include severe cases that required
intensive care or fatal cases, so these results may not

apply to more severe cases. The retrospective nature of
this study and the small patient population hamper the
exploration of such issues. Therefore, future prospective
studies involving a greater number of patients are
needed to corroborate or expand on our findings.

CONCLUSION

This is the first report showing that the BCHE
level in patients with mamushi bites tended to decrease,
and the minimum BCHE level and its diminution were
associated with the maximum grade of mamushi bite.
Accordingly, the BCHE level may be useful for
objectively and quantitatively evaluating patients with
mamushi bites.
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