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研究成果の概要（和文）：ラットを用いて以下の心停止，危機的ショックについて検討した．(1)大量出血による心肺
停止に対する内服β遮断薬の影響では，出血性ショックの前にβ遮断薬を内服しているとその予後を悪化させることが
判明した．(2)気道閉塞による心肺停止に対する内服β遮断薬の影響では，β遮断薬内服が上気道閉塞による心停止に
対して有益に作用する可能性を示唆した．(3)エンドトキシンショック対する内服β遮断薬の影響では，β遮断薬が生
存率および血行動態，代謝状態に悪影響を及ぼす可能性を示唆した(4)盲腸結紮穿刺による敗血症モデルに対する内服
β遮断薬の影響では，β遮断薬が敗血性ショックの予後に影響与えない可能性を示唆した．

研究成果の概要（英文）：The present studies were performed to evaluate effects of a beta-blocker on cardia
c arrests induced by severe hemorrhagic shock and airway obstruction in rats, and on endotoxic shock induc
ed by endotoxin, and on septic shock induced by cecal ligation and punctures in rats. (1) Administration o
f a beta-blocker on cardiac arrests induced by severe hemorrhagic shock deteriorated prognosis. (2) Admini
stration of a beta-blocker on cardiac arrests induced by airway obstruction in rats improved recovery rate
 from cardiac arrests. (3) Administration of a beta-blocker on endotoxic shock induced by endotoxin deteri
orated prognosis. (4) Administration of a beta-blocker on septic shock induced by cecal ligation and punct
ures in rats gave no influences on motality.

研究分野：
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１．研究開始当初の背景 
近年，虚血性心疾患，慢性心不全などの循環
器系疾患を持つ患者の長期管理において，β
遮断薬が予後を改善するとのエビデンスが蓄
積されてきており（N	
 Engl	
 J	
 Med.	
 1996:	
 334;	
 
1349-1355），その使用頻度が高まってきてい
る．したがって，当然手術患者の中でも慢性
心不全を基礎疾患に持ち，β遮断薬を内服し
ている患者の割合も増えてきている．手術中
は，様々な心停止（出血性，低酸素性，心原
性，敗血症性）の危険にさらされている．慢
性心不全を基礎に持つ患者はそれ自体が心停
止の危険因子である．しかしβ遮断薬を内服
している患者が，心原性心停止だけではなく
その他の原因で心肺停止に陥る場合もある．
術中心停止の最も多い原因は，術前および術
中の大量出血である（Masui.	
 2007;	
 56:	
 
1433-1446）．また手術中様々な原因で低酸素
となることもあり，低酸素性の心停止の危険
も常に伴っている．しかしβ遮断薬内服患者
が心原性心停止以外の原因で心停止に陥った
場合，β遮断薬が患者の蘇生率にどのような
影響を与えているかは不明であり，報告して
いる論文も見当たらない．そこでわれわれは
あらゆる心停止および危機的循環不全おける
β遮断薬の作用について，どのような影響が
あるか検討したい．	
 
	
 
２．研究の目的 
「各種心肺停止時の心肺蘇生に対する内服β
遮断薬の影響」のテーマに関し，以下の4	
 点
に焦点を当てて動物実験による検討を行う．
いずれも手術中に生じうる心停止および危機
的循環不全の原因である．今回われわれは以
下の動物実験によって，心停止および危機的
循環不全を発症する前に内服していたβ遮断
薬が，種々の原因で生じた心停止及び危機的
循環不全にどのような影響を与えるかを検討
した．(1)大量出血による心肺停止に対する内
服β遮断薬の影響(2)気道閉塞による心肺停
止に対する内服β遮断薬の影響(3)エンドト
キシンショック対する内服β遮断薬の影響
(4)盲腸結紮穿刺による敗血症モデルに対す
る内服β遮断薬の影響	
 
	
 
３．研究の方法 
(1) 大量出血による心肺停止に対する内服β

遮断薬の影響	
 
24匹の雄性Sprague-Dawleyラット（420±
30g）を無作為にコントロール群（Control
群：C群）とβ遮断薬内服群（Treatment群：
T群）に振り分けた（各群12匹）．両群とも
に出血性ショック導入前に5日間の粉末飼料
投与期間を設け，コントロール群は粉末試料
のみを，β遮断薬内服群は粉末飼料にカルベ
ジロール10	
 mg/kg/dayを混ぜて飼育した．す
べてのラットは，ペントバルビタール
30mg/kgの腹腔内注射によって麻酔され，気
管切開と大腿動静脈にカニュレーションが
なされた．大腿静脈より麻酔維持と輸液のた
めに，パンクロニウム臭化物0.02	
 mg/mLとペ
ントバルビタール0.5	
 mg/mLに調整した乳酸
リンゲル液を10	
 mL/kg/hrで投与した．大腿
動脈は観血的動脈圧測定，血液サンプル採取，
出血性ショック導入のための脱血に使用し
た．出血性ショックは，大腿動脈より脱血す
ることによって収縮期血圧40mmHg以下にな
るよう調節した．脱血した血液は出血性ショ
ック導入完了後8分後に全量を大腿静脈より
返血した．返血後5時間を観察期間とし，
Kaplan-Meier法で生存曲線を描出し，
Mantel-Cox法にて検定した．血液サンプルは

baseline,	
 出血性ショック後1h,	
 3h,	
 5h後に
採取し血液ガス分析，血中サイトカイン測定
に使用した．血液ガス分析ではBase	
 Excess,	
 
Lactateを，血中サイトカインではTNF-α，
IL-6を測定した．データは，mean±SDで表し，
群間比較にはrepeated	
 measured	
 ANOVAを用
い，post	
 hocとしてBonferroni法で検定を行
った．	
 
	
 

(2) 気道閉塞による心肺停止に対する内服
β遮断薬の影響	
 

24匹の雄性Sprague-Dawleyラット（444	
 ±	
 
41g）を無作為にコントロール群（Control
群：C群）とβ遮断薬内服群（Treatment群：
T群）に振り分けた（各群12匹）．両群とも
に気道閉塞による心停止導入前に5日間の
粉末飼料投与期間を設け，コントロール群
は粉末試料のみを，β遮断薬内服群は粉末
飼料にカルベジロール10	
 mg/kg/dayを混ぜ
て飼育した．5日間の粉末試料投与後，すべ
てのラットはペントバルビタール30mg/kg
の腹腔内注射によって麻酔され，気管切開
と大腿動静脈にカニュレーションがなされ
た．麻酔の維持と輸液は（１）と同様に行
った．気管切開，大体動静脈カニュレーシ
ョン後15分間の安定化時間を設け，その後
ベースラインの採血を行った．採血後，気
管切開チューブを塞栓子で閉塞し，気道閉
塞による心停止を導入した．心停止は，収
縮期動脈圧で40mmHg未満となった時点とし
た．心停止3分後より心肺蘇生術を開始した．
心肺蘇生術は，拡張期血圧を25-30mmHgとな
るように240-260回/分の胸骨圧迫，吸入酸
素分圧21%で32回の人工呼吸にておこなっ
た．心肺蘇生開始5分間で自己心拍の再開が
なければ0.02mg/kgのアドレナリンを投与
し，その後さらに2分間の心肺蘇生を行った.
以下の評価項目において検討した．自己心
拍再開率（return	
 of	
 spontaneous	
 
circulation:	
 ROSC），気道閉塞から心停止
までの時間，血行動態（収縮期血圧,	
 心拍
数），血液ガス分析，血中サイトカイン値
（TNF-α，IL-6）．データは，mean±SDで
表し，気道閉塞から心停止までの時間の群
間比較にはunpaired	
 t	
 testを用い，その他
の比較にはMann-Whitney	
 U	
 testを用いた．
生存率はKaplan-Meier法にて算出し，
Mantel-Cox法にて検定した．	
 
	
 

(3) エンドトキシンショック対する内服β
遮断薬の影響	
 

53匹の雄性SDラット（471	
 ±	
 65g）を無作
為に以下の4群，コントロール群（Control
群：C群，n=12），β遮断薬高用量内服群
（high-dose群：H群,n=12），β遮断薬中等
量内服群（Medium-dose群：M群,	
 n=15），
β遮断薬低用量内服群（Low-dose群：L群,	
 
n=14）に振り分けた．すべての群でエンド
トキシンショック導入前に5日間の粉末飼
料投与期間を設け，それぞれコントロール
群は粉末試料のみを，H群は粉末飼料にカル
ベジロール10	
 mg/kg/dayを混ぜて，M群は粉
末飼料にカルベジロール5	
 mg/kg/dayを混ぜ
て，L群は粉末飼料にカルベジロール2	
 
mg/kg/dayを混ぜて飼育した．5日間の粉末
試料投与後に気管切開，動静脈カニュレー
ションを（１）と同様に行った．大腿動脈
は観血的動脈圧測定，血液サンプル採取に
使用した．気管切開，大体動静脈カニュレ
ーション後15分間の安定化時間を設け，そ
の後ベースラインの採血を行った．すべて
のラットにエンドトキシン15mg/kgの静脈



内投与し，エンドトキシンショックを導入
した．	
 以下の評価項目について検討した．
8時間生存率，血行動態（収縮期血圧,	
 心拍
数），血中Lactate,	
 血中Glucose，血中サ
イトカイン値（TNF-α，IL-6）．データは，
mean±SEで表し，群間比較にはrepeated	
 
measured	
 ANOVAを用い，post	
 hocとして
Bonferroni法で検定を行った．生存率の比
較にはKaplan-Meier法で生存曲線を描出し，
Mantel-Cox法にて検定した．P<0.05を有意
差ありと判定した．	
 

	
 
(4) 盲腸結紮穿刺による敗血症モデルに対

する内服β遮断薬の影響	
 
69匹の雄性SDラットを3群（control群：C
群，high-dose carvedilol群: H群，low-dose 
carvedilol群：L群）に無作為に割り付け，
control群では通常の粉末給餌，high-dose群
では10mg/kg/dayのカルベジロールを混合
した粉末給餌，low-dose群では2mg/kg/day
のカルベジロールを混合した粉末給餌でそ
れぞれ5日間飼育した．その後，ペントバル
ビタール40mg/kgの腹腔内投与によって麻
酔した後に腹部正中を小切開し，盲腸を結
紮し2箇所穿刺することで盲腸結紮穿刺モ
デルとした．その後5日間の観察を行い，死
亡率を算出した．	
 
次に，36 匹の雄性 SD ラットを同様に 3 群
に分けて飼育し，盲腸結紮穿刺にて敗血症
を導入し，12 時間後に採血を行って血中サ
イトカイン（TNF-α，IL-1β， IL-6），血
中ラクテート値を比較した．データは mean
±SD で表し，one way ANOVA で検定し，
post hocとしてBonferroni法で検定を行っ
た．生存率の比較には Kaplan-Meier 法で生
存曲線を描出し，Mantel-Cox 法にて検定し
た．P<0.05 を有意差ありと判定した．	
 
	
 

４．研究成果	
 
(1) 大量出血による心肺停止に対する内服

β遮断薬の影響	
 
① 血行動態と死亡率	
 
Baselineでは心拍数，収縮期血圧ともにC群に
比べT群で有意に低かった（P<0.05;	
 FIG	
 1）．
出血性ショック後は，心拍数で両群間に有意
差はみられなかったが，収縮期血圧でC群に比
べT群で有意に低い結果となった（P<0.05）．	
 
5時間後の死亡率は，C群8%に対してT群50%とC
群に比べT群で有意に高い死亡率であった
（P<0.05;	
 FIG	
 2）.	
 
② 血中サイトカイン	
 
TNF-αは，出血性ショック1時間後両群とも上
昇したが，T群はC群よりも有意に高い値とな
った（P<0.05;	
 FIG	
 3）．IL-6はいずれの時間
においても両群間に有意な差は見られなかっ
た．	
 
③ 血液ガス分析	
 
Base	
 Excessは両群とも出血性ショック後2時
間後に減少したが，その後C群では回復し，T
群では低下のままアシドーシスが遷延し，T
群で有意に低かった（FIG	
 4）．Lactateも同
様に出血性ショック2時間後に両群とも上昇
し，その後C群では回復し，T群では高値が持
続し有意にT群が高い結果となった．	
 
	
 
出血性ショックの前にβ遮断薬を内服してい
るとその予後を悪化させることが判明した．
この理由としては，β遮断薬による循環抑制
が出血性ショック後の循環動態を悪化させる
ことで生じる可能性が示唆された．	
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Statistical analysis
Data are presented as the mean T SD. Differences between groups at

baseline were analyzed by 1-way ANOVA followed by post hoc test (Dunnet
method). Differences between groups were analyzed by 2-way ANOVA with
repeated measures, followed by a post hoc test (Bonferroni method). Mortality
rates were compared among the groups using the Kaplan-Meier and the
Mantel-Cox tests. Significance was defined as P G 0.05. Statistical analyses
were performed using StatView software (version 5.0 for Macintosh; Abacus
Concepts, Berkeley, Calif).

RESULTS

Hemodynamics and mortality rates

The baseline HR and SAP in the treatment group were
significantly lower than those in the control group (P G 0.05).
After severe hemorrhagic shock, the HR in the treatment
group showed no significant differences from that in the
control group. However, after severe hemorrhagic shock, the
SAP in the treatment group decreased and was significantly
lower than that in the control group (P G 0.05; Fig. 1). The
mortality rates at 5 h after severe hemorrhagic shock were 8%
and 50% for control and treatment groups, respectively. The
mortality rate of the treatment group was significantly higher
than that of the control group (P G 0.05; Fig. 2).

Plasma cytokine concentrations

All baseline values were similar in the 2 groups. After
severe hemorrhagic shock, the TNF-! concentrations in both
groups increased, and the concentration in the treatment group
was significantly higher than that in the control group
(P G 0.05; Fig. 3, top). Plasma IL-6 concentrations also
increased in both groups (Fig. 3, bottom), and there were no
significant differences between the treatment group and the
control group.

Blood gases

The PaCO2 and the PaO2 values did not differ significantly
between the 2 groups at any point during the experimental
period (Table 1). No significant differences were observed in
baseline base excess or lactate concentration between the 2
groups (Fig. 4).The base excess decreased in the 2 groups
after severe hemorrhagic shock, and the base excess in the
control group recovered, whereas that in the treatment group
did not. The base excess in the treatment group was
significantly lower than that in the control group (P G 0.05;
Fig. 4, top). The lactate concentrations increased in the 2
groups after severe hemorrhagic shock, and the lactate
concentration in the control group recovered, whereas that in
the treatment group did not. The lactate concentrations in the

FIG. 1. The SAP (top) and the HR (bottom) at baseline and after
hemorrhagic shock (mean T SD). Closed circles, the control group; closed
squares, the treatment group. *P G 0.05 versus the control group.

FIG. 2. Survival curves for the control group and the treatment group
after hemorrhagic shock.

FIG. 3. Changes in plasma TNF-! (top) and IL-6 (bottom) concen-
trations at baseline and after hemorrhagic shock (mean T SD). Closed
circles, the control group; closed squares, the treatment group. *P G 0.05
versus the control group.
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Data are presented as the mean T SD. Differences between groups at

baseline were analyzed by 1-way ANOVA followed by post hoc test (Dunnet
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RESULTS

Hemodynamics and mortality rates

The baseline HR and SAP in the treatment group were
significantly lower than those in the control group (P G 0.05).
After severe hemorrhagic shock, the HR in the treatment
group showed no significant differences from that in the
control group. However, after severe hemorrhagic shock, the
SAP in the treatment group decreased and was significantly
lower than that in the control group (P G 0.05; Fig. 1). The
mortality rates at 5 h after severe hemorrhagic shock were 8%
and 50% for control and treatment groups, respectively. The
mortality rate of the treatment group was significantly higher
than that of the control group (P G 0.05; Fig. 2).

Plasma cytokine concentrations

All baseline values were similar in the 2 groups. After
severe hemorrhagic shock, the TNF-! concentrations in both
groups increased, and the concentration in the treatment group
was significantly higher than that in the control group
(P G 0.05; Fig. 3, top). Plasma IL-6 concentrations also
increased in both groups (Fig. 3, bottom), and there were no
significant differences between the treatment group and the
control group.

Blood gases

The PaCO2 and the PaO2 values did not differ significantly
between the 2 groups at any point during the experimental
period (Table 1). No significant differences were observed in
baseline base excess or lactate concentration between the 2
groups (Fig. 4).The base excess decreased in the 2 groups
after severe hemorrhagic shock, and the base excess in the
control group recovered, whereas that in the treatment group
did not. The base excess in the treatment group was
significantly lower than that in the control group (P G 0.05;
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groups after severe hemorrhagic shock, and the lactate
concentration in the control group recovered, whereas that in
the treatment group did not. The lactate concentrations in the
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circles, the control group; closed squares, the treatment group. *P G 0.05
versus the control group.
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treatment group were significantly higher than those in the
control group (P G 0.05; Fig. 4, bottom).

DISCUSSION

Severe hemorrhagic shock induced by partial exsanguina-
tion in rats caused metabolic acidosis and elevation of lactate
and cytokine concentrations immediately after the return of
blood. Moreover, these responses gradually recovered, and the
mortality rate was very low. Severe hemorrhagic shock with
oral administration of carvedilol also caused metabolic
acidosis and elevation of lactate and cytokine concentrations
immediately after the return of blood. However, these
responses continued and subsequently caused hypotension.

Severe hemorrhagic shock with oral administration of carve-
dilol resulted in a high mortality rate. Thus, oral adminis-
tration of carvedilol increased mortality rate and exacerbated
inflammatory responses to severe hemorrhagic shock in rats.

Many recent studies have demonstrated the efficacy of
carvedilol in chronic heart failure (1, 2, 4, 5). Moreover,
several reports indicated that carvedilol has beneficial effects
in patients early after myocardial infarction and that "-blocker
therapy during the perioperative period improves morbidity
and mortality in high-risk patients with ischemic heart disease
(6Y8). These studies suggested that early and continuous
administration of carvedilol may have beneficial effects in
patients with ischemic heart disease. In contrast, patients
receiving this therapy may sometimes develop hemorrhagic
shock caused by trauma or gastrointestinal hemorrhage. There
have been few studies on the effects of carvedilol on
hemorrhagic shock. Therefore, the present study was per-
formed to evaluate the effects of carvedilol on mortality and
inflammatory responses to severe hemorrhagic shock in rats.
The results of the present study indicated that oral admin-
istration of carvedilol had adverse effects on mortality and
inflammatory effects in response to hemorrhagic cardiac
arrest in rats. These findings suggest that carvedilol therapy
may have adverse effects on the recovery of patients with
hemorrhagic shock.

The present study showed that severe hemorrhagic shock
with oral administration of carvedilol resulted in elevation of
lactate and cytokine concentrations immediately after the
return of blood, and these responses continued in contrast to
controls. Several investigators have examined the relationship
between "-blockers and cytokine and lactate responses (9Y11).
Mizuochi et al. (9) showed that carvedilol inhibited the LPS-
induced production of TNF-! and tissue factor in human
monocytes in vitro. Suzuki et al. (10) reported that the "-
blocker esmolol attenuated the elevation of TNF-! and lactate
concentrations in septic rats. The findings of the present study
were different from the results of these previous studies.
These differences may have been because the low output
induced by carvedilol was not able to support peripheral
circulation in the whole body, and further investigations are
required to clarify this point.

TABLE 1. Arterial blood gas values at baseline and after hemorrhagic shock

Time after hemorrhagic shock, h

Baseline 0 1 3 5

pHa

Control group 7.49 T 0.04 7.30 T 0.06 7.44 T 0.06 7.42 T 0.14 7.41 T 0.14

Treatment group 7.51 T 0.06 7.27 T 0.09 7.34 T 0.22 7.32 T 0.27 7.27 T 0.26

PaO2

Control group 96.4 T 15.1 65.9 T 12.5 72.8 T 11.0 66.1 T 23.9 61.4 T 22.5

Treatment group 94.4 T 20.8 68.1 T 23.9 66.9 T 43.4 54.6 T 46.1 52.0 T 43.5

Paco2

Control group 32 T 4 42 T 4 36 T 6 35 T 6 35 T 6

Treatment group 30 T 8 37 T 5 29 T 5 27 T 4* 29 T 4*

All data are expressed as mean T SD.
*P G 0.05 versus control group.
pHa indicates arterial pH.

FIG. 4. Changes in base excess (top) and plasma lactate concen-
trations (bottom) at baseline and after hemorrhagic shock (mean T SD).
Closed circles, the control group; closed squares, the treatment group.
*P G 0.05 versus the control group.
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(2) 気道閉塞による心肺停止に対する内服
β遮断薬の影響	
 

①	
 自己心拍再開率と気道閉塞から心停止ま
での時間	
 

気道閉塞から心停止までの時間は，C群203±
24秒，T群230±27秒と有意にT群（カルベジロ
ール内服群）で長かった（P<0.05）.また，自
己心拍再開率は，C群50%（12匹中6匹），T群
92%（12匹中11匹）と有意にT群で高かった
（P<0.05）．自己心拍再開後の生存率は両群
とも100%で有意差は認められなかった．	
 
②	
 血行動態	
 
T群では，ベースラインにおいて血圧心拍数と
もC群よりも有意に低かったが，自己心拍再開
後の血圧，心拍数は両群間で有意差は認めら
れなかった（Figure	
 1）．	
 
③	
 血中サイトカイン	
 
血中サイトカインの検討では，自己心拍再開1
時間後のTNFαの値のみT群で有意に低い結果
となった（Figure	
 5）.	
 

All rats received an intraperitoneal injection of pentobar-
bital sodium (30 mg/kg) and were ventilated via a trache-
otomy. The femoral artery was cannulated to monitor blood
pressure and to draw blood samples. Lactated Ringer solution
containing a muscle relaxant (pancuronium bromide, 0.02
mg/mL) and pentobarbital sodium (0.5 mg/mL) was con-
tinuously infused at a rate of 10 mL/kg/h through the
femoral vein cannula. The rats were connected to a pressure-
controlled ventilator (Servo 400C; Siemens-Elema, Solna, Swe-
den), which delivered 21% oxygen at a frequency of 32
breaths/min with an inspiratory/expiratory ratio of 1:1. After
this procedure, the animals were rested for !15 minutes to
allow the blood gases and hemodynamic variables to stabi-
lize, and then the baseline readings of HR, SBP, and DBP were
noted. This method of animal preparation was similar to that
reported previously.9–11

CA was induced by tracheotomy obstruction. CA was
defined as low blood pressure amplitude ("40 mm Hg in
SBP). After 3 minutes of CA, animals received CPR. Chest
compressions (CCs) were performed manually. The rate of
CCs was 240 to 260 CCs/min and depth of CCs was titrated
to maintain DBP between 25 to 30 mm Hg in both groups.
The rate of ventilation was 32 breaths/min in fraction of
inspired oxygen 7.21. After 5 minutes of CPR, epinephrine
(0.02 mg/kg) was administered. There were no other
therapies before, during, or after CA. Rectal body tempera-
ture was maintained between 36°C and 38°C with the aid of
a heating pad before, during, and after CA.

The times to CA after airway obstruction and the rates of
return of spontaneous circulation (ROSC) were measured
in the 2 groups. Mortality rate was observed up to 5 hours
after ROSC. Arterial blood samples (0.25 mL) were ob-
tained 1, 3, and 5 hours after ROSC to measure pH, Paco2,
arterial oxygen tension (Pao2), lactate, and glucose values.
In addition, arterial blood samples (1.5 mL) were obtained
to measure plasma cytokine concentrations (tumor necrosis
factor [TNF]-! and interleukin [IL]-6) 1 and 3 hours after
ROSC. All cytokine (TNF-! and IL-6) concentrations were
measured using enzyme-linked immunosorbent assay kits
(BioSource, Camarillo, CA).

Statistical Analysis
Data are presented as the mean # SD. The times from
airway obstruction to CA between the 2 groups were
analyzed by an unpaired t test. Differences between the
groups were analyzed by Mann-Whitney U test. Mortality
rates were compared between the groups using the Kaplan-
Meier and Mantel-Cox tests. Significance was defined as
P " 0.05. Statistical analyses were performed using Stat-
View software (version 5.0 for Macintosh; Abacus Con-
cepts, Berkeley, CA).

RESULTS
The times from airway obstruction to CA were 203 # 24
and 230 # 27 seconds in the control and treatment groups,
respectively (P " 0.05). The rates of ROSC were 50% (6 of 12
rats) and 92% (11 of 12 rats) in the control and treatment
groups, respectively (P " 0.05). The survival rate 5 hours
after ROSC was 100% in both the control (6 of 6 rats) and
the treatment (11 of 11 rats) group.

Hemodynamics
The baseline HR and SBP in the treatment group were
significantly lower than in the control group (P " 0.05) (Fig.
1). After ROSC, the HR and SBP values did not differ
significantly between the 2 groups at any point.

Blood Gases
There were no significant differences in the baseline or post-
ROSC levels of Paco2 or Pao2 between the 2 groups (Fig. 2).

There were no significant differences in baseline pH,
base excess, lactate, or glucose values between the 2 groups
(Figs. 3 and 4). The pH and base excess in the 2 groups were
reduced immediately after ROSC, but recovered 60 minutes
later. The pH in the treatment group was significantly
higher than in the control group 3 and 5 hours after ROSC.
The lactate and glucose values in the 2 groups increased
immediately after ROSC, but recovered 60 minutes later.
The glucose value in the treatment group was significantly
lower than in the control group immediately after ROSC.
The base excess and lactate values did not differ signifi-
cantly between groups at any point during the experimen-
tal period.

Plasma Cytokine Concentrations
There were no significant differences in baseline TNF-! or
IL-6 values between the 2 groups (Fig. 5). The TNF-! and
IL-6 values in both groups were significantly increased 60
minutes after ROSC. The increase of TNF-! concentration
was significantly less in the treatment group than in the
control group (P " 0.05). However, the IL-6 values did not
differ significantly between groups during the experiment.

Figure 1. Changes of the heart rate (top) and systolic arterial blood
pressure (bottom) at baseline and after return of spontaneous
circulation (ROSC) (mean # SD). Closed circles $ the control group;
closed squares $ the treatment group. *P " 0.05 versus the control
group.
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DISCUSSION
Carvedilol was shown to prolong the time from airway
obstruction to CA and increase the rate of ROSC in a rat
model of CA induced by airway obstruction.

Many studies have demonstrated the efficacy of carve-
dilol in chronic heart failure.1,2,4,5 Moreover, several reports
indicated that carvedilol was beneficial to patients soon
after myocardial infarction and that !-blocker therapy
during the perioperative period improves morbidity and
mortality in high-risk patients with ischemic heart dis-
ease.6–8 These studies suggested that early and continuous

Figure 2. Changes of PaO2 (top) and PaCO2 (bottom) at baseline and
after return of spontaneous circulation (ROSC) (mean ! SD). Closed
circles " the control group; closed squares " the treatment group.

Figure 3. Changes of arterial pH (pHa) (top) and base excess
(bottom) at baseline and after return of spontaneous circulation
(ROSC) (mean ! SD). Closed circles " the control group; closed
squares " the treatment group. *P # 0.05 versus the control group.

Figure 4. Changes of the plasma lactate (top) and glucose (bottom)
concentrations at baseline and after return of spontaneous circula-
tion (ROSC) (mean ! SD). Closed circles " the control group; closed
squares " the treatment group. *P # 0.05 versus the control group.

Figure 5. Changes of plasma tumor necrosis factor (TNF)-" (top) and
interleukin (IL)-6 (bottom) concentrations at baseline and after return
of spontaneous circulation (ROSC) (mean ! SD). Closed circles "
the control group; closed squares " the treatment group.
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β遮断薬の内服は，上気道閉塞による心停止
での自己心拍再開率を上昇させた．また上気
道閉塞から心停止までの時間を有意に延長さ
せ，蘇生後においても，アシドーシスと高血
糖を有意に抑制した．臨床においても，β遮
断薬内服は，上気道閉塞による心停止に対し
て有益に作用する可能性がある．	
 

	
 

(3) エンドトキシンショック対する内服β
遮断薬の影響	
 

①	
 生存率 
時間後の生存率は，それぞれC群83%，L群
29%，M群27%，H群25%とC群と比較し，
L群，M群，H群いずれも有意に低くなった
（Fig1, P<0.05）． Result�
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Fig 1. Kaplan-Meier方による生存曲線． 
②	
 血行動態	
 
収縮期血圧は，BaselineにおいてH群，L群
で有意にC群よりも低かった（Fig2）．H群
では，エンドトキシン投与直後の血圧低下
から回復することなく1時間後よりすべて
の測定時点でC群よりも有意に低い血圧で
あった．L群では4時間後より，M群でも5時
間後より後の測定時点では，すべてC群と比
較して有意に低い血圧となった．心拍数に
ついては，Baselineにおいてはすべての群
で有意差はなかった．H群では，エンドトキ
シン投与後2時間後よりすべての測定時点
でC群と比較して有意に低い心拍数であっ
た（Fig	
 3.）．M群，L群においても7時間後

以降はC群と比較して有意に低い心拍数で
あった．	
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Fig 2. 図は収縮期血圧の経時的変化を示す． 
③	
 血中Lactate,	
 血中Glucose	
 
エンドトキシン投与後，交感神経系賦活の
影響によって一旦血中Glucose値は上昇す
るが，組織の代謝障害，酸化的リン酸化の
障害のため強い乳酸アシドーシスが進行し，
徐々に血中Glucoseは嫌気性代謝のために
減少していく．有意差は認められていない
がカルベジロール内服各群では，エンドト
キシン投与後の血中Glucose上昇は抑制傾
向にある（Fig	
 4.）．その後の嫌気性代謝
の亢進のため徐々に血中Glucose値は減少
していき，カルベジロール内服各群ではC群
と比較し有意に低い血中glucose値となっ
た．血中Lactateは，H群でエンドトキシン
投与1時間後よりC群と比較し有意に高い値
となり，強い末梢循環不全を示している
（Fig	
 5.）．	
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Fig 3. 図は心拍数の経時的変化を示す． 
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Fig	
 4.	
 血中Glucoseの経時的変化を示す．	
 	
 
④	
 血中サイトカイン	
 
血中サイトカインはすべての群，すべての
測定時点で各群に優位な差を認めなかった
エンドトキシンショックモデルにおいては，
ショック導入前の内服β遮断薬が生存率お
よび血行動態，代謝状態に悪影響を及ぼす
可能性が示唆された．これは，β遮断薬の

収縮期血圧	
 

心拍数	
 



循環抑制，交感神経抑制効果のために強い
ショックに対する生体防御反応が障害され
てしまうからと考えられる．しかし，エン
ドトキシンによるショックモデルは様々な
点で臨床での敗血症性ショックとの相違が
指摘されており，より臨床像と近いモデル
における検討が必要になる．	
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Fig	
 5.	
 血中Lactateの経時的変化を示す．	
 
	
 
(4) 盲腸結紮穿刺による敗血症モデルに対

する内服β遮断薬の影響」	
 
① 生存率	
 

5日間の生存率は，C群23%，H群10%, L群
13%で3群間に有意な差は認めなかった
（Fig 1.）． 
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② 血中ラクテート値	
 
盲腸結紮穿刺敗血症導入12時間後の血中ラ
クテート値はC群，H群，L群で3群間に有意
差は認められなかったが，L群とH群の比較
ではP=0.06とH群で高い傾向が見られた．	
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Fig	
 2.	
 12時間時点での血中ラクテート値．	
 

③ 血中サイトカイン	
 

血中サイトカインは，TNFα，IL-1β，IL-6
のいずれの項目においても3群間で有意差
を認めなかった．	
 
	
 
エンドトキシンを用いた敗血症ショックモ
デルにおいては，カルベジロールの内服が
生存率を低下させたが，盲腸結紮穿刺を用
いた敗血症ショックモデルでは，カルベジ
ロールの内服は生存率に影響を及ぼさなか
った．その理由として，エンドトキシンシ
ョックモデルに比べ盲腸結紮穿刺モデルで
は，ショックの進行と程度がより軽微であ
ったためと考えられた．臨床的にはβ遮断
薬は敗血性ショックの予後に影響与えない
可能性が示唆された．	
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Fig	
 1.	
 5日間の生存率を示すKaplan-Meier

曲線 


