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In vitro 発熱性物質試験について、第三者評価委員会からの報告を受け、以下の 8 項目について

審議した。本 2～8項目は OECD ガイダンス文書 No．34 に示された検討項目である。 

 

＜検討項目＞ 

１．検討対象の試験法は、日本のどの法規制やガイドラインに関係しているか。 

２．検討対象の試験法とその妥当性を示すデータは、透明で独立な評価を受けているか。 

３．当該試験法で得られるデータは、対象毒性を十分に評価あるいは予測できるものであるか。デー

タは、当該試験法と従来の試験法の、代替法としての繋がりを示しているか。あるいは（同時に）

そのデータは、当該試験法と、対象としているあるいはモデルとしている動物種についての影響

との繋がりを示しているか。 

４．当該試験法は、ハザードあるいはリスク、あるいはその両方を評価するのに有用であるか。 

５．当該試験法とその妥当性を示すデータは、その試験法で安全性を保証しようとする、行政上のプ

ログラムあるいは関係官庁が対象としている化学物質や製品を、十分広く対象としたものとなっ

ているか。当該試験法が適用できる条件及び適用できない条件が明確であるか。 

６．当該試験法は、プロトコールの微細な変更に対して十分頑健で、適切な訓練経験を持つ担当者と

適切な設備のある施設において、技術習得が容易なものであるか。 

７．当該試験法は、時間的経費的に有用性があり、行政上で用いられやすいものであるか。 

８．当該試験法は、従来の試験法と比べて、科学的・倫理的・経済的に、新しい試験法あるいは改訂

試験法であることが正当化されているか。 

 

＜審議内容＞ 

１． 検討対象の試験法は、日本のどの法規制やガイドラインに関係しているか。 

第十五改正日本薬局方（15 局，2006 年） 及び医療機器の生物学的安全性評価のための試験法 （医

薬局審査管理課事務連絡，医療機器審査 No.36）が該当する。  

・ 日本薬局方 15 局は、発熱性物質の検出法として「発熱性物質試験法」及び「エンドトキシン試

験法」 （リムルス試験）を収載している。  

・ 日本薬局方 15 局の「製剤総則・注射剤」の項では「エンドトキシン試験法」が優先されている

が、「エンドトキシン試験法の適用が困難な場合は，発熱性物質試験法を用いることができる」

と規定されている。  

・ 「輸液用ゴム栓試験法」（日本薬局方 15 局）及び「医療機器の生物学的安全性評価のための試

験法」では「発熱性物質試験法」の実施が要求されている。 

 

２．検討対象の試験法とその妥当性を示すデータは、透明で独立な評価を受けているか。 

・ ICCVAM が、ECVAM の検討結果（EC STATEMENT ON THE VALIDITY OF IN-VITRO TESTS 及び ECVAM 

Background Review Document (BRD)）を第 3者評価し、2008 年 5 月に 2つの報告書（ICCVAM 

Test Method Evaluation Report 及び ICCVAM Background Review Document (BRD)）を公表

した。これらの報告書について JaCVAM 発熱性物質試験評価委員会が評価した。  

・ ICCVAM による妥当性評価では、OECD の指針書（GD34）に従って、要確認項目（Modular 

approach）が精査された。  

・ これらの報告書には評価した 5 つの試験のプロトコール及び被験物質が記載されている。
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総合評価の資料として取り入れなかった報告については概要を示し、ウサギ「発熱性物質

試験法」との相関性については参考資料を挙げて比較したことが示されている。  

・ 資料には、データ処理の仕方に若干の問題があったが、その結論に与える影響は小さく、

ICCVAM の総合評価は受け入れられるものである。 

 

３．当該試験法で得られるデータは、対象毒性を十分に評価あるいは予測できるものであるか。デー

タは、当該試験法と従来の試験法の、代替法としての繋がりを示しているか。あるいは（同時に）

そのデータは、当該試験法と、対象としているあるいはモデルとしている動物種についての影響

との繋がりを示しているか。 

・ in vitro 発熱性物質試験法（in vitro PBMC 試験法）においては、発熱性物質の存在を評価す

るために、ヒト末梢血単核細胞あるいは株化ヒト単球様細胞から分泌される炎症性サイトカイ

ン（インターロイキン（IL）-1βあるいは IL-6）を測定する。エンドトキシンを介した発熱の

機序には即しており、科学的に妥当である。  

・ 試験法として標準的に参照されているウサギの体温上昇を測定する「発熱性物質試験法」、及び

「エンドトキシン試験法」との比較を行い、結果が概ね一致していることを確かめている。 

・ ヒト由来の細胞を用いることから、異なる動物種を用いる「発熱性物質試験法」や「エンドト

キシン試験法」よりもヒトでの発熱性を正確に予測できる可能性はあるが、それは検証されて

いない。  

・ 評価書では、グラム陰性菌由来のエンドトキシンについてのみ検証されており、非エンドトキ

シンについては十分な検証がなされていない。 

 

４．当該試験法は、ハザードあるいはリスク、あるいはその両方を評価するのに有用であるか。 

当該試験法は、あるエンドトキシン投与量においてサイトカイン量がある値を越えているか

で陽性・陰性を評価する試験法であり、ハザードは評価できる。ウサギを用いた発熱性物質試

験法と同様、リスク評価を目的とするものではない。 

 

５．当該試験法とその妥当性を示すデータは、その試験法で安全性を保証しようとする、行政上のプ

ログラムあるいは関係官庁が対象としている化学物質や製品を、十分広く対象としたものとなっ

ているか。当該試験法が適用できる条件及び適用できない条件が明確であるか。 

・ 当該試験法の正確性及び再現性は合計 13 物質のバリデーション研究によって評価されている。

いずれもエンドトキシンを添加した医薬品で、エンドトキシンを添加せずとも発熱性を示す物

質、生物学的製品及び医療機器などについては実施されていない。よって、非エンドトキシン

の検出力が不明確である。当該試験法は非経口投与される医薬品のエンドトキシンによる発熱

性の評価が可能であるが、医療機器や経口曝露される医薬品に対しては不十分であると考えら

れる。  

・ 参考資料として、臨床上で発熱の副作用報告のあったヒト血清アルブミン製剤、第Ⅷ因子製剤、

及び血漿分画製剤にエンドトキシンを添加した試料について、ウサギ発熱性物質試験、エンド

トキシン試験、in vitro PBMC 試験での結果を比較した報告が上げられている。また、当該試験

法を用いた各種グルカン、リポテタイコ酸、真菌胞子、各種医療材料、脂質等での結果も報告

として示されており、他の試験法では適用困難なものについても検出することが可能であった
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としている。しかし、これらは検証的なデータとは言えない。 

 

６．当該試験法は、プロトコールの微細な変更に対して十分頑健で、適切な訓練経験を持つ担当者と

適切な設備のある施設において、技術習得が容易なものであるか。 

・ 採血後 4 時間以内のヒト全血、凍結保存血、全血から採取した末梢血単核細胞あるいは株化細

胞を用い、IL-1β または IL-6 を測定する。組み合わせによって 5 つの試験法（全血（Whole 

Blood： WB）/IL-1、保存血 CryoWB/IL-1、WB/IL-6、PBMC/IL-6、単球細胞株 MM6/IL-6）があり、

それらの推奨プロトコールが ICCVAM により提案されている。発熱性の予測性能としては、どの

試験法ともほぼ同じ一致率を示している。 

・ PBMC/IL-6 及び WB/IL-1 については、変法が評価されている。しかし、その変法がどのような経

緯で作られたか明らかではなく、頑健性については評価できない。  

・ ELISA キットを用いてサイトカインを測定するので、技術移転の容易性については検討されてい

ないが、経験を有する人が技術習得することは容易であると思われる。WB/IL-1 についての施設

間再現性が悪いが、他の試験法の施設間再現性および施設内再現性は良好とされている。  

 

７．当該試験法は、時間的経費的に有用性があり、行政上で用いられやすいものであるか。 

・ 多数の動物を用い、実施まで時間のかかるウサギを用いる「発熱性物質試験法」よりは時間的

経費的に優位であると推察される。 

・ 「エンドトキシン試験法」と比較したときの時間的経費的な有用性については明らかではない。  

・ ヒト血液を用いる場合は、行政的な制約を伴う。 

 

８．当該試験法は、従来の試験法と比べて、科学的・倫理的・経済的に、新しい試験法あるいは改訂

試験法であることが正当化されているか。 

・ ウサギを用いる発熱性物質試験と比較した場合、当該試験法は新しい試験法であり、 3Rs 原則

を満たしており、経済的にも優位性がある。  

・ エンドトキシン試験と比較した場合、作用機序の異なる新しい試験法ではあるが、倫理的・経

済的には優位性が明らかでない。 

 

以上の審議の結果、JaCVAM 評価会議は、In vitro 発熱性物質試験について以下のように結論した。 

・ 当該試験法は、エンドトキシンによる発熱の機序をもとに考案された方法であり、原理面で科

学的な妥当性はある。 

・  バリデーション研究によって、ウサギ発熱性物質試験法との相関性も概ね高いと思われるが、

これを代替法として採用するためには、化合物数を増やし、多施設バリデーションを実施する

ことが必要である。 

・  現時点でエンドトキシン試験にかわるものではない。本邦においては、日本薬局方 15 局でウ

サギを用いる発熱性物質試験からエンドトキシン試験への移行が進められている現状を踏まえ

ると、利用価値は限定的と言える。 

・  有望な試験法と考えられるが、現時点では、ただちに代替法として採用することは妥当でな

い。 
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要旨 

当委員会は，製剤の発熱性物質（パイロジェン）の検査法である発熱性物質試験に関して提案されてい

る新規試験法について，その妥当性を検討することを目的とする．この新規試験法は，従来の発熱性物質

試験に代わるとされるin vitro発熱性物質試験法であり，採取したヒト末梢血単核細胞（PBMC)から分泌

されるサイトカイン（インターロイキン；IL）の量を指標とする．この試験法に対し，各委員が以下のよ

うな観点で考察を加え，その正当性を総合的に評価した． 

 

1）試験法の科学的，規制の上での妥当性 

従来の発熱性物質の検査法であるウサギを用いた発熱性物質試験法とカブトガニの血球抽出成分の凝

固反応によるエンドトキシン試験法（リムルス試験），さらに，今回新たに提案されたin vitro発熱性

物質試験法（以後、in vitro PBMC試験法と記す）について，検出可能な発熱性物質の種類について考察

を加えた．ウサギによる発熱性物質試験ではエンドトキシン，非エンドトキシンを問わず発熱性物質の検

出が可能であるが，試験法が煩雑であり，また，検査に多数の動物を必要とする．これに対し，エンドト

キシン試験は簡便であり，医薬品の品質管理上問題となるエンドトキシンに対し優れた検出力を有するが，

非エンドトキシンの発熱性物質試験には無効である． in vitro PBMC試験法は発熱の生化学的メカニズム

に立脚しており，理論上はエンドトキシン，非エンドトキシンの両者に対応が可能であるが，これまでに

提出されているデータは主としてエンドトキシンに関するもので，非エンドトキシンの発熱性物質検出に

有効であるかどうかは明確には示されていない．エンドトキシンの検出には現在用いられているエンドト

キシン試験が有効であるため，動物実験代替法（以下、代替法と記す）としては非エンドトキシンをもカ

バーするウサギによる発熱性物質試験に代わる役割が期待されるが，個々の事例について検証する必要が

あると考えられる．また，ヒトの血液等を用いるので，ヒトへの影響を直接的に評価できるという利点も

想定されるが，日本人の血液を用いる場合にはその検証が必要となろう． 

 

2）プロトコールの妥当性およびバリデーション研究に用いた被験物質 

in vitro PBMC試験法の5つのプロトコールを詳細に検討し，例数およびそれに基づく解釈についての

疑念に加えるとともに，日本における採血実施に伴うウイルス感染への危惧を指摘した．非エンドトキシ

ンの発熱性物質についての考慮不足が懸念された． 

 

3）試験法の正確性・信頼性についての考察 

文献1．ICCVAM Test Method Evaluation Report，および，文献2．ICCVAM Background Review Document

の 2つのデータを精査し，その問題点を詳細に指摘している．文献1におけるICCVAMの総合評価は，“5

種のin vitro PBMC試験法は非経口投与によるエンドトキシンの発熱性物質試験として利用可能であるが，

他の物質や器具の評価法としては不十分である”，というものであった．これはOECDの指針書Guidance 

Document (GD) 

34に従ってなされている．データの質を吟味する上で，恣意的な選択がなされていないか，判定基準が後

づけでないか，などの観点からの考慮が必要であり，質の良くないデータを削除した痕跡等の問題が文献

1および2に散見された．しかし，文献のデータの吟味を行った13名の委員からなるin vitro Pyrogenicity 
Independent Peer Review Panelの中には統計に詳しいと思われる委員もおり，データの細部に性能を高

めに評価する偏りが多少見受けられるものの，ICCVAMの総合評価の結果からin vitro PBMC試験法をおお

むね受け入れて差し支えないものと考えられた． 

 

4）試験法の正確性を評価する物質のin vivoおよび参照データ 

in vitro PBMC試験法のバリデーションに用いられた13の物質に関し，比較のためのウサギを用いた発

熱性物質試験は行われておらず，その代わりとして過去にドイツで行われたウサギによるデータとの比較

がなされていることをまず指摘している．この比較はエンドトキシン試験の結果をも加えて行っている．

ここで，実際の臨床使用で発熱が報告された物質に対する応答性を比較したところでは，必ずしもウサギ

で発熱が認められるとは限らず，例えば，ヒト血清アルブミン製剤については，in vitro PBMC試験法で

は5例で平均5.52倍の応答が認められたが，ウサギではすべて陰性であった．エンドトキシンをスパイ

クした試料でのウサギを用いた試験との比較においても，第VIII因子製剤あるいはヒト血清アルブミン

の発熱性について，in vitro PBMC試験法ははるかに優れた応答性を示した．また，発熱性を示したゼラ

チン含有輸液製剤2バッチを用いた比較では，in vitro PBMC試験法はともに陽性を示したが，エンドト

キシン試験はともに陰性であり，ウサギは一方が陽性，他方が陰性であった．以上のように，in vitro PBMC
試験法はウサギを用いる方法あるいはエンドトキシン試験よりもヒトの発熱性を的確に検出できる可能
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性があることが文献的に示された. 

しかし，実際の製剤の原料や製造工程において，エンドトキシン以外の発熱性物質の汚染が考えられな

い場合には，現状のエンドトキシン試験で対応が可能である．また，ウサギによる発熱性物質試験のすべ

てを今回の新規試験法に切り替えるのが適当とは思われず，例えば，何らかの理由でエンドトキシン試験

が適用できない場合に，ウサギによる発熱性物質試験の代替としてin vitro PBMC試験法を採用するとい

った限定的な使用にとどめるべきであるという考察がなされており，本委員会も同様に考える． 

 

5）試験法の科学的根拠および有用性と限界 

in vitro PBMC試験法以外にも，in vitro 発熱性物質試験法は提案されており，発熱あるいはそれに類

するバイオマーカーを指標とする多様な系が開発されつつある．しかしながら，in vitro PBMC試験法に

ついては，ICCVAMの報告書にもあるように，ウサギ発熱性物質試験との相関についてはエンドトキシン試

験を引用しており，また，IL-1，IL-6といったマーカーが発熱性について普遍性があるとは言えない．よ

って，in vitro PBMC試験法をウサギ発熱性物質試験の代替法とすることには無理がある．発熱性の作用

機序については，in vitroのみならず，in vivoのウサギにおいても，科学的に十分に解明されていると

は言い難い．最新の知見を踏まえた上で現行の試験法の可否と新たな試験法の必要性を論じる必要がある，

という考察がなされており，本委員会も同様に考える． 

 

6)結論 

上記の各考察より，今回提案されたin vitro PBMC試験法は，ウサギの使用数を削減可能とし，また，

作用機序に立脚した発熱性物質試験の新たな方向性として評価でき，さらに，バリデーションでのデータ

の扱いに関しても納得のできる基準を満たしていると考えられる．しかし，ウサギを用いた発熱性物質試

験との互換性については不明な点が多く，この試験法の代替法とするには，問題がある．国内ではウサギ

発熱性物質試験からエンドトキシン試験への移行の問題も残されており，これに優先して独立した代替法

とすることには無理がある．しかしながら，エンドトキシン試験が使用できないような特殊な状況やウサ

ギとヒトでの発熱性に関する種差が想定されるような状況においてウサギ発熱性物質試験と併用するな

ど，限定的な使用については推奨できよう．このようなin vitro PBMC試験法が科学的根拠に基づいた研

究により，さらに広範囲な状況で使用可能となることが望まれる． 

 

 

補）エンドトキシン試験と発熱性物質試験に関する実態調査結果報告 

2009年1月に日本製薬工業協会の協力を得て，アンケートを行い，36社から回答を得た．エンドトキ

シ試験法が，日本薬局方で優先すべき試験法として推奨されていることもあり，最も広く用いられていた．

エンドトキシン試験法の原理は一連の酵素活性化反応であるため，これらの系に影響する反応干渉因子が

存在する．しかし，実際には干渉のメカニズムが既知の物質については，製剤そのものが体温に影響する

場合を含め，ほとんどが検証可能であった．今回提案されている新規試験法（in vitro PBMC試験法）の

実施経験の報告は皆無であった．また，ヒトの血液の入手あるいはバイオハザードの問題などがあり，動

物愛護の観点等からウサギを用いた発熱性物質試験法から代替法へと切り替えるにしても，エンドトキシ

ン試験法への変更が妥当であると考えられた．上述したように，現状ではエンドトキシン試験法は日本薬

局方においてその使用が推奨され最も汎用されている系ではあるが，推奨される以前にウサギによる発熱

性物質試験のデータを用いて承認を受けた医薬品に関しては，動物愛護の観点を含めこれをエンドトキシ

ン試験法に変更することが望まれる．しかし，実行するとなると，両者の同等性を示すために多数のウサ

ギを使用しなければならない，というジレンマが生じる． 
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０．評価資料 

１）ICCVAM Test Method Evaluation Report 

２）ICCVAM Background Review Document(BRD) 

３）EC STATEMENT ON THE VALIDITY OF IN-VITRO PYROGEN TESTS 

４）ECVAM BRD 

 

１．試験法の科学的，規制の上での妥当性  

発熱性物質（パイロジェン）は，体温調節中枢である視床下部に直接的あるいは間接的に作用して体温

を上昇させる物質である． 主に，細菌やウィルス，菌類等の微生物に由来し，生体はこのような物質の

暴露に反応して，前炎症性サイトカインであるIL-1や IL-6，TNF-α等の内因性発熱性物質を産生分泌し，

これらがプロスタグランディンの合成を促進して中枢神経系に作用することにより発熱を生じる．発熱性

物質のタイプや量，あるいは暴露を受けた個人の感受性によっては，サイトカインが過剰に放出され，シ

ョックや多臓器不全を発症して死に至る場合もあり，注射剤等の医薬品や医療用具の品質および安全性確

保の観点から，発熱性物質の存在を適切かつ確実に評価できる試験法を確立することが重要である． 

日本薬局方においては，2 種類の試験，すなわち，「発熱性物質試験法」および「エンドトキシン試験

法」（リムルス試験）が収載されている．試料をウサギの静脈内に投与して体温上昇（発熱）を測定する

「発熱性物質試験法」は，前述の微生物由来物質のほかに，化学的発熱性物質を含むさまざまなタイプの

発熱性物質を検出できるが，実験操作が煩雑であることに加えて，多数の動物を使用することから，その

動物実験代替法(以下、代替法と記す)として，カブトガニの血球抽出成分に対する凝固能を指標とした「エ

ンドトキシン試験法」が開発された． 

エンドトキシンは極めて活性の高い発熱性物質で，グラム陰性菌の細胞壁成分のリポ多糖であり，環境

中に広く存在するとともに，その失活や除去が困難であることから，医薬品等の品質管理を行う上で特に

重要である．2006 年に告示された第十五改正日本薬局方（15 局）の製剤総則・注射剤の項では，「エン

ドトキシン試験法の適用が困難な場合は，発熱性物質試験法を用いることができる」と規定され，発熱性

物質の検出において，「エンドトキシン試験法」が優先され，「発熱性物質試験法」はその補助的な試験

法として位置づけられた．しかし，「エンドトキシン試験法」はグラム陰性菌由来のエンドトキシンの検

出において感度が高いものの，非エンドトキシン型の発熱性に対しては反応せず，また，ある種の物質（β

-グルカン等）や試料によっては検出系が干渉され，適用が困難な場合もあり，さらに，「輸液用ゴム栓

試験法」（15局）や「医療機器の生物学的安全性評価のための試験法」（医薬局審査管理課事務連絡，医

療機器審査 No.36）においては「発熱性物質試験法」の実施が要求されていることから，未だに多くのウ

サギが試験に用いられているのが現状である．また，ウサギには発熱性を示さないがヒトでは発熱性を示

す物質については，「発熱性物質試験法」では検出できない．従って，規制の上からも，発熱性物質の検

出において，ウサギでの「発熱性物質試験法」に代わり得る，新規の in vitro 発熱性物質試験法の開発

は有意義であると考えられる． 

今回提案された新規のin vitro発熱性物質試験法(in vitro PBMC試験法)は，ウサギでの「発熱性物質

試験法」がin vivoでの体温上昇（発熱）を測定するのに対して，発熱反応における単球の役割に注目し，

ヒト血液（新鮮血／凍結血）由来あるいは株化されたヒト単球様細胞から培養液中に分泌される前炎症性

サイトカイン（インターロイキン（IL）-1βあるいはIL-6）を測定するものである．ウサギでの発熱性物

質投与前後のサイトカイン濃度の変動に関するデータは得られておらず，発熱とサイトカインとの関係を

直接比較することはできないが，前述のように，発熱性物質による発熱は，主に前炎症性サイトカインの

放出を引き金として誘発されることから，これらのサイトカイン濃度と発熱が相関するとの仮定は科学的

に妥当と考えられる．さらに，検出系がヒトに由来することから，「エンドトキシン試験法」や「発熱性

物質試験法」よりもヒトにおける発熱性を正確に予測できる可能性も示唆される（表１：Biotest 社資料

より引用）． 

しかし，今回 ECVAM （European Center for the Validation of Alternative methods）から提出され

た試験成績においては，グラム陰性菌由来のエンドトキシンについてのみ検証されており，エンドトキシ

ンに対する個々の試験法の反応性や適切性に関するデータは示されているものの，非エンドトキシン型の

発熱性について十分な検証がなされていない．従って，現時点では，in vitro PBMC 試験法は，ウサギで

の「発熱性物質試験法」の完全な代替法とはなりえず，試料の検出系に対する干渉や試料が非エンドトキ

シン型の発熱性物質を含む等の理由から「エンドトキシン試験法」の適用が困難であり，「発熱性物質試

験法」の実施が求められる個々の事例について，「発熱性物質試験法」と同等以上の検出感度を有するこ

とを検証した上で，ケースバイケースで適用することが妥当と考えられる．なお，これらの試験法の国内

での実施にあたっては，ヒト試料を用いることよるバイオハザードの問題を解決するとともに，日本人の
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血液を用いる場合にはその検証を行う必要があろう． 

 

 
 

２．プロトコールの妥当性 

２－１．試験名 

 ボランティアから供与を受けた全血を用い，採血後4時間以内に実施すべき試験が2種，保存血（凍結

保存）を用いる試験が1種，全血から取り出したPBMC(末梢血単核細胞)を用いる試験が1種，細胞株を用

いる試験が1種記載されている．これらを総称してin vitro PBMC試験法とした。 

１）全血（Whole Blood： WB）/IL-1 

２）保存血CryoWB/IL-1 

３）WB/IL-6 

４）PBMC/IL-6 

５）単球細胞株MM6/IL-6 

 

２－２．試験法 

試験法として提案されている5種の試験のプロトコールはいずれも明確である．試験法の共通事項を以

下にまとめた．試験法の詳細は添付資料２にまとめた。 

１）予備試験       エンドトキシンのスパイク回収率（50～200％）のために必要な最低希釈濃

度を決めるための相互試験  

２）使用限界       相互試験の結果による非経口医薬品，生物学製品，医療機器 

３）測定キット      ELISA(1測定／n=4) 

４）陽性対照(PC)     0.5EU/ｍL WHO-LPS94/580(E.coli0113:h10:K-) 

  陽性製品対照 (PPC)  0.5EU/ｍLの陽性対照を添加した製品 

５）陰性対照(NC)     生理食塩水 

  陰性製品対照 (NPC)  生理食塩水を添加した製品 

６）測定値        吸光度の平均値±標準偏差 

７）陽性基準       セクション 4.2 で定められた発熱性閾値を基準にした発熱性様反応を示す

>0.5EU/mＬ 

これらの相違点のみを表2-１にまとめた． 

表 



7 

表2-１．試験法の相違点一覧 

試験法 WB/IL-1 CryoWB/IL-1 WB/IL-6 PBMC/IL-6 MM6/IL-6 

起源 ヒト全血 ヒト全血 ヒト全血 ヒト全血 MM細胞バンク 

培養液 生理食塩水 RPMI1640 生理食塩水 RPMI1640 10または2％非

動化した牛胎児

血 清 を 含 む

RPMI1640 

測定指標 IL-1β IL-1β IL-6 IL-6 IL-6 

前処理 採血後，4 時間

以内に使用 

Konstanz また

はPEI法で凍結

保存 

採血後，4 時間

以内に使用 

白血球および

PBMC を遠心分

離 

MM6細胞 

4×105細胞/mL 

被験物質の

適用法 

20μL サンプル

＋200μL 生理

食塩水＋血液

20μL 

Konstanz 法 20

μL サンプル＋

PRMI  200μL 

＋血液20μL， 

PEI 法 20μL

サンプル＋RPMI 

180μL ＋血液

40μL 

50μL サンプル

＋生理食塩水

100μL＋血液

50μL 

50μL サンプル

＋PRPMI-C100μ

L＋PBMC 100μ

L 

50μL サンプル

＋PRPMI-C100μ

L＋細胞 100μ

L100μL 

適用時間 10-24時間 10-24時間 16-24時間 16-24時間 16-24時間 

ELISA 測定

物 

10000g，2 分処

理後の上清 

混合物 混合物 上清 上清 

n １ ５(プール品) ３ ３－４ 1 

適合基準 

(陽性対照) 

陽性対照 OD1.6

倍＞陰性対照，

陽性製品対照  

OD1.6 倍＞陰性

製品対照，陽性

製品対照の OD

は陽性対照 OD

の 50-200％内 

陽性対照 OD1.6

倍＞陰性対照，

陽性製品対照  

OD1.6 倍＞陰性

製品対照，陽性

製品対照の OD

は陽性対照 OD

の 50-200％内 

陽性製品対照の

OD は陽性対照 

OD の 50-200％

内 

陽性製品対照の

OD は陽性対照 

OD の 50-200％

内，1EU/mLの OD

が＞1000 

pg/mL IL-6 

陽性対照 期待

値（0.5EU/ｍL）

OD±20％， 

陽性製品対照の

OD は陽性対照

OD の 50-200％

内 

適合基準 

(陰性対照) 

OD≤0.1 OD≤0.1 OD＜200pg/mL 

IL-6 

OD<0.15 および

OD ＜ 500pg/mL  

IL-6 

OD＜0.2 

その他 特許あり 

(US6696261 B2) 

特許あり 

（USPTO 

436518000） 

特許あり 

(US6696261 B2) 

 Prf.Ziegler-He

itbrock（German 

Collection of 

Microorganisms 

and Cell bank）

のライセンス 

 

これに対して，ICCVAMが第三者評価を実施し，表2-2に示すような主に採用基準に関して推奨プロトコー

ルを示している． 
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表2-2．ICCVAMが推奨するプロトコール 

試験法 WB/IL-1 CryoWB/IL-1 WB/IL-6 PBMC/IL-6 MM6/IL-6 

被験物質 最大有効希釈濃度を越えず，干渉のない原液または段階希釈 

ドナー数 最小３（個々またはプールされたもの） 適用外 

反応干渉の基準 陽性製品対照

の平均 OD が

1.0EU/ｍL EC

で 50-200％ 

陽性製品対照

の平均 OD が

0.5EU/ｍL EC

で 50-200％ 

陽性製品対照

の平均 OD が

1.0EU/ｍL EC

で 50-200％ 

陽性製品対照

の平均 OD が

0.25EU/ ｍ L 

ECで 50-200％ 

陽性製品対照

の平均 OD が

1.0EU/ｍL EC

で 50-200％ 

培養プレート 陰性対照（１） 

エンドトキシンコントロール（５） 

被験物質（１4） 

陽性製品対照（0） 

陰性製品対照（0） 

ELISAプレート IL-1βを 7 点およびブランク 2

点 

IL-6を7点およびブランク2点 

アッセイ採用基

準 

陰性対照の平均OD≤0.15 

IL-１β標準曲線が二次関数で r

≧0.95 

IL-6標準曲線が二次関数でr≧0.95 

エンドトキシン標準曲線のOE値がシグモイド濃度反応で上がる 

適用外 適用外 高反応ドナー

（ ＞ 200pg/mL 

IL-6）は除外 

高反応ドナー

（＞200 pg/mL 

IL-6）または低

反応ドナー（1 

EU/mLのエンド

トキシンコン

ト ロ ー ル ＜

1000 pg/mL) 

は除外 

適用外 

Dioxin’s テストを用いる棄却検定 

発熱性陽性基準 被験物質中のエンドトキシン濃度＞被験物質中のエンドトキシン測定限界濃度 

 

以下に評価委員会の意見を記す． 

１）日本での実施においては，採血を伴う試験の普及度が気掛かりである．試験者が試験によって未知の

ウイルスによる感染する恐れも否定できず，可能であれば細胞株の利用を推し進めるべきであろう． 

２）指標としては，インターロイキン1β(IL-1β)が2種，またはIL-6が 3種の試験で提案されており，

ELISA法で簡便に測定できる． 

３）ECVAM では，PBMC の場合，ドナーのバラツキを考慮して n=３～４，保存血の n=５と妥当な数を推奨

している．これらの結果の多数決で判定される．WB／IL-6がn=3であるのに対し，WB／IL-1のnが１

であることには納得できていない．検体数はICCVAMが推奨するように，最少でも3以上とすべきであ

る． 

４）陽性対照は，大腸菌の抽出液(WHO-リポポリサッカライド94/580)という標準品（エンドトキシン）で

あり，0.25～5.0EU/mLで検量線を求め，その基準と合わせ妥当な選択がなされていると考える． 

ECVAM では， 0.5 エンドトキシンユニット（EU）/mL を越えた場合を陽性とし，ICCVAM では試験法

によって，0.25～1.0（EU）/mL としている．ICCVAM が試験法毎に基準を変えている理由が明確でな

く，判断できない． 

５）エンドトキシンを添加していない対照品も試験されており，コントロールの設定は適切であると考え

られる． 

６）本研究は将来，n数を増やし，エンドトキシンを添加せずとも発熱性物質試験で陽性となるような被

験物質を用いた追加バリデーション研究が必要であると考える．現状では，発熱性物質試験の完全な

代替法とはいえず，補完試験の位置付けである． 

 



9 

３．バリデーション研究に用いた被験物質 

 表 3-1 および3-2 に示すように，正確性の確認のために 10 物質，再現性確認のために3物質が実験に

利用されている． 

 

表3-1．正確性を求めるためにバリデーション研究に用いられた10物質 

 
 

表 3-2．再現性を確認するためにバリデーション研究に用いられた3物質 

 
 表 3-1 および 3-2 に示すような合計 13 物質を用いたバリデーション研究は少なすぎる．エンドトキシ

ンを製剤にスパイクしたものを被験物質として使用しており，この方式では被験物質を増やしたから適切

であるとは言い切れない．選ばれている製品はコード化されたものが，医薬品しか実施されていない．生

物製品，医療機器などの結果がない． 

 いずれもエンドキシンを製品に添加した被験物質を試験に用いているが，エンドトキシンをスパイクせ

ずとも発熱試験で陽性となるような被験物質における結果が必要である．また，エンドトキシンを産生す

るグラム陰性細菌の評価は可能であるとしても，その他細菌による発熱作用は判別できているとはいえず，

その使用は限定的であると考えられる． 

 

４．試験法の正確性・信頼性を評価するデータについての考察 

試験法の正確性や信頼性の評価に用いられているデータの質について述べる．検討したものは，次の二

つの冊子の中で説明されているデータとそれを評価に利用したときの方法論である． 

 

文献１． ICCVAM Test Method Evaluation Report 

文献２． ICCVAM Background Review Document 

 

 ICCVAM のこの検討結果は，2008年 5月に公刊されたものであり，それより前のECVAM の検討結果を利

用している．従って，データを吟味するという面では，最新でかつ最も網羅的なものと考えられる． 

実際，文献2の§9では，ECVAM が 2005年に「RPT, BET, in vitro pyrogen test について，実験デー

タを持っている場合は提供してほしいと呼びかけたが反応は皆無であった」と述べている．そして，文献

検索で入手した報告において，試験プロトコールが異なるがゆえに総合評価に用いなかった 10 報告（§

9.1）と，被験物質の関係で総合評価に取り入れなかった9報告（§9.2）について，概要を述べている． 

以上の状況を考えると，5つのin vitro PBMC試験法の性能評価は，文献2に採録されている資料に基

づいて行うのが妥当と考えられる． 
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文献1においてICCVAM は，検討した5試験について，「これらの5試験は経口でない投与におけるグ

ラム陰性エンドトキシンによる発熱性物質を評価・同定するための代替法として，完全ではないが利用可

能である（… can be considered for use to detect … in human parenteral drugs on a case-by-case 

basis ）．しかし，他の物質や器具の評価法としては不十分である．」と総合評価している（p.xvi）． 

 

この妥当性評価は，OECDの指針書（GD34）にしたがっている．そこでの要確認項目（Modular approach）

は次の通りである． 

（i）当該試験法の定義（目的，必要性，科学的根拠を含む） Test definition (including purpose, need 

and scientific basis) 

（ii）施設内の同等性・再現性 intra-laboratory repeatability and reproducibility 

（iii）施設間の易移転性 inter-laboratory transferability 

（iv）施設間の再現性 inter-laboratory reproducibility 

（v）予測能（正確性） predictive capacity (accuracy) 

（vi）適用限界 applicability domain 

（vii）性能標準 performance standards 

これらの各確認項目のうち，(i) 試験の標準手順とその正当化，（vi）適用限界，（vii）標準性能，

については，被験物質や試験条件の技術的吟味が主要で，データの質について議論する事柄はほとんどな

い． 

 

 データの質について着目すべき吟味点は次の通りである． 

 (ii) 「施設内同等性・再現性」の根拠とされたデータの完全性（integrity）を確認するには，同じと

きに反復したとされる実験が，「・試料名をコード化してかつ適切に混ぜて行われたものかどうか，・ど

の程度の時間範囲で行われたか，・恣意的なデータ選択が行われなかったか，・判定基準が後知恵的でな

かったか，」などを吟味することが必要である． 

（iii）「施設間の易移転性」を確認する方法論は国際的にも，国内的にも確立していないので，これに

ついてはどのような検討がされているかを吟味することが必要である． 

（iv）「施設間の再現性」については，多くの被験物質を多くの施設で分業的に確認する，という方針を

過去の日本でのバリデーション研究で取ってきたが，欧米ではそうではなく，少数の被験物質を多くの施

設で共通に確かめることと，多くの被験物質を少数の施設で確かめること，の両方で良いとしてきた．こ

のECVAM と ICCVAM の方針に基づいて得られた結果が適切かどうかを，日本の方針に基づいて吟味するこ

とが必要がある． 

 （v）「予測能（正確性）」については，黄金標準となる真の評価が本当に「真」なものかどうかに疑

問が生じることが稀でない．実際，人での結果と動物（in vivo）での結果の類似性（similarity）は，

完全に一致するものではないことが知られている．これについて吟味することが必要である． 

 (v) で取り上げられている正確度について，文献1は 表 4-1 のデータを示している．ただしこの表で

は，英語で “accuracy” と書かれているものを一致度（concordance）と置き換えてある．概念として

の正確性と，数値としての比率を区別するためである． 

 

表 4-1  

Test method Concordance Sensitivity Specificity 

Cryo WB/IL-1 92% (110/120) 97% (75/77) 81% (35/43) 

MM6/IL-6 93% (138/148) 96% (85/89) 90% (53/59) 

PBMC/IL-6 93% (140/150) 92% (83/90) 95% (57/60) 

PBMC/IL-6(Cryo)＊ 87% (130/150) 93% (84/90) 77% (46/60) 

WB/IL-6 92% (136/138) 89% (79/89) 97% (57/59) 

WB/IL-1(Tube) 81% (119/147) 73% (64/88) 93% (55/59) 

WB/IL-1(96-well plate)＊ 93% (129/139) 99% (83/84) 84% (46/55) 

 

文献の 1, 2 ではこの種の表に，偽陰性率，偽陽性率等の数値も併記されているが，これらは感度と特

異度から引き算で簡単に計算されるものであるから，データの質の吟味には不要である． 

 評価される試験法が5試験なのに，この表に7試験があるのは，＊をつけた試験がそのすぐ上の試験の

変法として ECVAM のバリデーション研究で実験が行われ，データが評価に利用されたためである． 
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 表 4-1 に示されている値は，ウサギを用いる発熱性物質試験を黄金標準として示されている．文献 2

ではこれについて，ウサギでの結果とヒトでの結果はおおむね類似している，と述べている．ただし，用

量反応関係はウサギよりヒトの方が急峻になる傾向があることを注意している．これがどのように発熱性

評価に影響するかは明らかでないが，代替法としての評価には影響しない程度と考えられる． 

 

 表 4-1で示されている予測性能は，PBMC/IL-6 については原法，WB/IL-6 については変法の標準作業手

順（SOP）を用いることで，どの試験法も非常に良いことを示している． 

 問題としては，この変法がどのような経緯でバリデーション研究に加えられたかである．評価において

は，SOP を固定して比較するのが原則だからである． 

 

 表 4-1のデータについては，評価に採用されている実験データの量が，試験毎に異なっていることを注

意しなければならない．この理由について，文献1は，§5.3 “Description of the Statistical Approaches 

Used to Evaluate the Resulting Data” において次のように述べている． 

 「再現性解析においては，1実験（run）が4反復（quadruplicate）の測定値からなっているので，そ

の変動係数（coefficient of variation: CV）で反復におけるデータの精度を評価し，試験毎に多少異な

る，CV<0.25 から CV<0.45 という基準でデータの採否を決めた．」 

 これは，バリデーション研究の実験データから，精度の悪さを反映しているデータを除去して計算した

ことを意味している．この基準をいつの時点（事前か事後か）どのような正当化に基づいて導入されたか

は，明らかでない． 

 

データの最大量が，10物質ｘ5施設ｘ3実験，の150実験（runs）であるから，データ量が少ない試験

は，それだけ試験法としての再現性が悪かったと評価すべきである．たとえば，Cryo WB/IL-1 や WB/IL-1 

(96-well plate) における高い感度は，陽性物質90実験の14%, 7% を除外して評価した値であることに

注意すべきである．極端な場合として，除外されたものがすべて「適正に評価されなかったもの」とすれ

ば，Cryo WB/IL- 1の感度は，83%になる． 

 

 感度と特異度は，取引関係（trade-off relationship）を持っている．すなわち，判定限界値（cut-off 

value）を変えれば，一方が大きくなることで他方が小さくなる，という関係を持っている．このデータ

に基づいて判定限界値を調整することで，感度や特異度は変更できる．しかしそうすると，バリデーショ

ン研究の正統的遂行がおかされる．このデータに基づいて，SOP の変更を行ったとすると，その妥当性を

新たに検証しなければならない． 

 

 文献2の§5.5 によると，被験物質は基本的にはコードをつけて実験に供されたが，3物質だけは例外

であった．すなわち，「the identity of the three test substances was not blinded）とされている．

その理由が明らかでない． 

 

ICCVAM は易移転性についての検討を全くしていない．これは，わずか 3 施設しかバリデーション研究

に参加させていなかったためと考えられる．GD34 では，要確認項目としているのに，ECVAM も ICCVAM も，

試験法の易移転性は重視していないようである． 

 実際に易移転性を評価するには，日本のバリデーション研究で行っているように，比較的広い範囲で一

般を代表できる施設で実験を行うべきであるが，ECVAM にも ICCVAM にも，そのような視点が存在してい

ないようである．これが問題であることは，日本から提起・発信していくべきではないだろうか． 

 

 実験の反復安定性（repeatability）と施設内再現性（intra-laboratory reproducibility）は，概念

としては違うことがGD34の用語集（Glossary）で示されている．しかしECVAM のバリデーション研究で

は，この区別がされておらず，文献2では，§7.2.2 で両方を3実験（runs）での結果の対ごとの一致率

で評価している．この評価法自体は悪くないが，その際に都合の悪いデータの除去が行われたようである．

これについては元データを吟味する必要があろう． 

 

Lab 2 には問題があるようで，データが除外されているだけでなく，“not included” の欄が一つあ

って，”NI: Not included due to lack of sufficient data. The sensitivity criteria were not met 

for 1 of 3 substances in run 2, and 1 of 3 substances in run 3” と注記されている． 

 数値としては悪くないが，Lab 2 での除外が何を意味するか，検討が必要である． 
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表 4-2 

Lab

. 
WB/IL-1 WB/IL-6 PBMC/IL-6 MM6/IL-6 

 Lab1 Lab2 Lab3 Lab1 Lab2 Lab3 Lab1 Lab2 Lab3 Lab1 Lab2 Lab3 

1vs

2 

92%(1

1/12) 

100%(

8/8) 

100%(

12/12

) 

75%(9

/12) 

92%(1

1/12) 

100%(

12/12

) 

92%(1

1/12) 

100%(

12/12

) 

100%(

12/12

) 

100%(

12/12

) 

92%(1

1/12) 

100%(

12/12

) 

1vs

3 

83%(1

0/12) 

88%(7

/8) 

92%(1

1/12) 

100%(

12/12

) 

92%(1

1/12) 

100%(

12/12

) 

100%(

12/12

) 

100%(

12/12

) 

92%(1

1/12) 

100%(

12/12

) 

92%(1

1/12) 

92%(1

1/12) 

2vs

3 

92%(1

1/12) 
NI 

92%(1

1/12) 

75%(9

/12) 

92%(1

1/12) 

100%(

12/12

) 

92%(1

1/12) 

100%(

12/12

) 

92%(1

1/12) 

100%(

12/12

) 

100%(

12/12

) 

92%(1

1/12) 

All 83%  92% 75% 92% 100% 92% 100% 94% 100% 92% 92% 

 

施設間再現性（inter-laboratory reproducibility）も施設内再現性と同じように，一致率で検討がさ

れている．結果は表4-3にまとめられている． 

 

表4-3 

Lab. Test Method 

WB/IL-1 Cryo WB/IL-1 WB/IL-6 PBMC/IL-6 MM6/IL-6 

1vs2 92%(77/84) 92%(11/12) 72%(78/108) 81%(87/108) 97%(105/108) 

1vs3 77%(83/108) 92%(11/12) 75%(81/108) 86%(93/108) 89%(96/108) 

2vs3 68%(57/84) 92%(11/12) 97%(105/108) 89%(96/108) 86%(93/108) 

All3 58%(167/288) 92%(11/12) 72%(234/324) 78%(252/324) 86%(279/324) 

 

 特定の施設が他とかけ離れている，という現象は起こっていない．WB/IL-1β の施設間再現性が悪いよ

うである． 

 

データの吟味は，13人の委員からなる，in vitro Pyrogenicity Independent Peer review Panel (Panel) 
で行われた．委員の中には統計に詳しいと思われる委員が一人，日本人が一人含まれている． 

 文献1のExecutive Summary (p. xv) の中段に「The Panel … to review the ICCVAM draft BRD for errors 

and omissions and to discuss the current validation status to the five in vitro test methods.」
という記載がある．この中の，「errors and omissions」がデータのことを意味するのであれば，データ

の取捨選択が問題になったことになる． 

 文献2の§5.3 では，測定値の除外の方法についての約1ページにわたる記載があるが，最終的に定め

られた基準が，データを見てからの後付原則であるか，事前討議の結果であるか明らかでない．文脈をみ

ると，前者のように感じられる． 

 以上，データの細部には，性能を高めに評価する偏りの存在が見受けられるが，その影響はそれほど大

きいものではない．ICCVAM の総合評価の結果は，おおむね受け入れて差し支えないと考えられる． 

 

試験法の正確性を評価する物質のin vivoおよび参照データ 
・In vivo データについて 

WB/IL-1,CRYO WB/IL-1,WB/IL-6,PBMC/IL-6,MM6/IL-6の5種類のin vitro PBMC試験法に関するECVAM BRD 

March,2006 Section 3.3(ICCVAM BRD Appendix A1～A5 May 2008に収載)およびICCVAM BRD May, 

2008(Section 3.3)には，評価に使用した13種類の物質の一覧が記載されているが，ECVAM BRD March,2006 

Section 4.1およびICCVAM BRD May 2008(Section 4.2)によれば，これらの物質でのバリデーションには，

倫理的理由からウサギを使用した発熱性物質試験は実施されていない． 

これは，エンドトキシンをスパイクした13種類の物質についてのウサギ発熱性物質試験での発熱に関す

る干渉作用の有無は明らかにされなかったことを意味する．これと同様に，13種類の物質でのエンドトキ

シン以外の発熱物質についての反応に対する干渉作用の有無が明らかではない． 

その代わりに他の研究成果によるデータが参考資料として使用されている．これは，ドイツの



13 

Paul-Ehrlich Instituteによって得られたデータで，エンドトキシンを用いた171羽のウサギ(Chinchilla 

Bastards種)による発熱閾値の調査で，被験ウサギの50%が0.55℃の体温上昇を示す体重1kgあたりのエン

ドトキシン量は5EUであったとしている． 

 
図4-1   

ECVAM BRD March,2006 Section 4.1 Figure 4.1.1 "Dose-Temperature of standard endotoxin applied 

to Chinchilla Bustards (n=171)"より 

 

これは，ヒト男性ボランティアにエンドトキシンを投与した研究と同等の結果であり，エンドトキシン

に対するウサギとヒトの発熱反応が類似であるとしている．(ECVAM BRD March,2006 Section 4.5) 

また，5種類のECVAM BRD March,2006 Section 9およびECVAM Response to ICCVAM Questions (ICCVAM BRD 

Appendix Bに収載)にて， in vitro PBMC試験法，ウサギ発熱性物質試験，エンドトキシン試験について

の過去の文献による比較が報告された． 

ここでは，実際の臨床使用において発熱の副作用報告のあったヒト血清アルブミン製剤，第Ⅷ因子製剤，

および血漿分画製剤にエンドトキシンをスパイクした試料を用いて，ウサギ発熱性物質試験，エンドトキ

シン試験と，in vitro PBMC試験法の報告があり，非エンドトキシン性発熱物質やウサギで発熱を起こさ

ないがヒトで発熱を起こす物質について，in vitro PBMC試験法により検出可能であったとしている．さ

らに，エンドトキシンと共に各種グルカンやリポテイコ酸(LTA)等での報告や，真菌胞子，各種医療材料，

脂質等での報告があり，ここでもin vitro PBMC試験法で検出が可能であったとしている．内容を以下に

まとめた． 

 

・発熱の副作用報告のあったヒト血清アルブミン製剤について，ウサギ発熱性物質試験およびエンドトキ

シン試験では全て陰性であったが，in vitro PBMC試験法のうち、WBを用いる試験法では，ドナー数5の

平均値が対照ロットの平均値と5.52倍の差が見られた事が示された． 

 

表4-4 

Donor Incriminated batch Control batch Quotient 

 IL-1 (pg/ml) IL-1 (pg/ml) incriminated/control 

1 79.0 4.0 19.75 

2 14.1 3.9 3.61 

3 44.3 15.0 2.95 

4 20.9 14.9 1.4 

5 71.9 3.9 18.44 

Mean  46.04 8.34 5.52 

ECVAM Response to ICCVAM Questions 1.a "Fever reactions caused by a batch of Human Serum Albumin 

Table: Incriminated Human Serum Albumin"(ICCVAM BRD Appendix B)より 
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・第Ⅷ因子製剤について，6製造業者の製剤各3ロットに，エンドトキシンをスパイクした時のウサギ発熱

性物質試験およびWBを用いる試験法による比較では，ウサギの発熱閾値に相当する5 IU/kg体重のエン

ドトキシンを投与されたウサギでは明らかな陽性の結果が得られなかったが，WBを用いる試験法

（WB/IL-1）では全て陽性の結果が示された． 

 

表4-5 

Endotoxin 

(WHO Standard) 

Rabbit Pyrogen Test 

3 animals per test 

WB 

n = 4 donors each 

Rabbit IVPT positive 
repetition 

possible 
negative  positive negative 

IU LPS/kg IU LPS/mL      

（1mL/kg）  > 2.65 ℃ > 1,15 < < 1.15 ℃   

   2.65 ℃    

 

0 0 0 0 18 0(1)* 72(71)* 

5 5 0 17 1 72 0 

15 15 11 7 0 72 0 

ECVAM Response to ICCVAM Questions 1.b "Coagulation Factor VIII Concentrates Table: Comparison 

study Factor VIII (18 batches, 162 rabbits)"(ICCVAM BRD Appendix B)より 

* testing the same sample, the blood of 3 donors remained negative, the blood of 1 donor reacted 

slightly positive in the first experiment, the repetition was negative 

(* 初回の試験で1ドナーの血液のみ弱い陽性反応を示したため，同じ試料で再試験を実施した結果は

陰性，他の3ドナーの血液も陰性．) 

 

・発熱を起こした血漿分画製剤について，ウサギ発熱性物質試験で陽性，エンドトキシン試験で陰性であ

ったと報告された．(図表なし：ECVAM Response to ICCVAM Questions 1.c "Pyrogenic batch of a plasma 

derivative"(ICCVAM BRD Appendix B)より 

・ヒト血清アルブミンについて，5製造業者の各種濃度製剤各3バッチ(合計29バッチ)に，エンドトキシン

をスパイクした時のウサギ発熱性物質試験およびWBを用いる試験法による比較では，ウサギの発熱閾値

に相当する5 IU/kg体重のエンドトキシンを投与されたウサギでは，29バッチの製剤中5バッチのみ陽性

であったが，その他のバッチでは明らかな陽性の結果が得られなかった．一方，WBを用いる試験法では

全て陽性の結果が示された． 

 

表4-6 

Endotoxin 

(WHO Standard) 

Rabbit Pyrogen Test 

3 animals per test 
WB 

Rabbit IVPT positive 
repetition 

possible 
negative  positive negative 

IU LPS/kg IU LPS/mL  > 1,15 <    

（1mL/kg）  > 2.65 ℃ 2.65 ℃ < 1.15 ℃   

0 0 0 0 29 0 29 

5 5 5 23 1 29 0 

15 15 21 8 0 29 0 

ECVAM Response to ICCVAM Questions 1.e "Table: Comparison study Human Serum Albumin (29 batches, 

261 rabbits)"(ICCVAM BRD Appendix B)より 

 

・発熱の副作用報告のあったゼラチン含有輸液製剤について，副作用事例の生じていない対照バッチと共

に，エンドトキシン試験，ウサギ発熱性物質試験およびWBを用いる試験法で比較を行った結果，WBでは

ヒトで発熱を起こした2つのバッチと陰性対照を識別できたのに対して，エンドトキシン試験では全て

陰性，ウサギ発熱性試験ではヒトで発熱を起こした2バッチの内1バッチが陰性で，ヒトに発熱性を有す

るがウサギには発熱を起こさない事例が示された． 
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表4-7 

batch LAL test 
rabbit 

test 

fever in  

patients 
WB 

    IL-1 

(pg/mL) 

IL-6 

(pg/mL) 

TNF 

(pg/mL) 

A  negative  negative  no  8.5  28.0  28.2  

B  negative  positive  yes  142.6  654.4  67.6  

C  negative  negative  yes  421.5  9444.0  116.7  

cut off: 32.6  127.6  43.6  

ECVAM Response to ICCVAM Questions 1.f (ICCVAM BRD Appendix B) "Table 5: Incriminated infusion 

solution containing gelatine"より 

 

・11の物質について，それぞれの試験法で反応を示した最小濃度（ng/mL）が報告された．3種類のグルカ

ンは，エンドトキシン試験で偽陽性の結果となり，エンドトキシン試験で偽陽性のグルカンとカードラ

ンに反応せず，エンドトキシン試験で偽陰性のLTAに反応したと報告された． 

表4-8 

 WBT/IL-1 WB/IL-6 PBMC/IL-6 MM6/IL-6 THP-1/Neo 

Curdrlan 1000 1000 100 1000 1000 

Glucan-Barley negative negative negative negative negative 

Glucan-Yeast not done negative negative negative negative 

Zymosan negative 10000 10000 negative 10000 

PHA-L 100 10000 100 100 1000 

PHA-E negative negative negative negative negative 

Lipid A 10000 1000 10000 1000 negative 

Glucan STD negative negative negative negative undiluted 

Endotoxin-C 4 40 0.4 4 4 

Endotoxin-G 0.4 40 4 4 4 

LTA 1000 1000 100 1000 1000 

ECVAM Response to ICCVAM Questions 2.(ICCVAM BRD Appendix B) "Table: Smallest concentration 

[ng/mL] or dilution of substances active in the respective method"より 

 

・12人のドナー血液によるエンドトキシン(0.5EU/mL)とB.subtilis 由来LTAの反応性について，いずれも

明らかな陽性反応を示したと報告された． 

 
図4-2  

ECVAM Response to ICCVAM Questions 2. "Fig. Reactivity of 12 donors towards LPS E. coli O113: 

H10 (0.5 EU/mL) and LTA from B. subtilis"(ICCVAM BRD Appendix B)より 
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・真菌胞子によるヒト全血のIL-1β放出は，リポ多糖（LPS）阻害物質であるポリミキシンＢによって抑

制されないことからエンドトキシンによる反応では無いことが示され(図4-3および4-4)，一方，E.coli 
由来のLPSはポリミキシンＢによってIL-1β放出が抑制される．したがって，真菌由来の非エンドトキ

シン・発熱性に対しても活性を有することが示された． 

 

 
 

図4-3および4-4 

ECVAM Response to ICCVAM Questions 2. "Figure 8: IL-1 release in human whole blood in response 

to fungal spores (A) is not inhibited by 5 µg/ml polymyxin B, mean of 4 donors (±SEM), numbers 

above the bars indicate the spore counts employed. In contrast (B), the response to LPS is 

inhibited over a wide concentration range, mean of double values."(ICCVAM BRD Appendix B)

より 

 

・各種医療材料について，それら疑わしい物質の抽出液をウサギに移植することは，侵襲性により発熱性

汚染と関連しない反応を引き起こす可能性があり，倫理面や科学的見地から問題があると述べている．

in vitro PBMC試験法は抽出液が必須ではなく，血液に直接接触させることで，エンドトキシンだけで

はなく全ての関連した発熱性を検出可能との報告が示された． 

ECVAM Response to ICCVAM Questions 3. "Adaptation of the WB/IL-1 to biocompatible 

materials"(ICCVAM BRD Appendix B)より 
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(B)(図4-4) 
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・透析装置および透析液について，米国ではダイアライザーを再処理して使用している透析施設は72%あ

り，また，透析施設で透析液の調製に使用する純水や透析液，フィルターや透析装置内配管のデッドス

ペース，等による細菌の増殖に起因する腎不全患者の透析終了後の発熱が問題となり，Association for 

the   

Advancement of Medical Instrumentation（AAMI）によって1993年に処理水と透析液の従属栄養細菌

に関する基準が設けられたが，1994年ドイツ，ギリシャ1998年，米国1990年，カナダ1995年の調査結果

では，このAAMIの緩い基準でさえ完全に達成できていないことが示された．多数のグラム陽性菌汚染の

報告もあり，透析チューブ内のバイオフィルム片を調査したところ，in vitro PBMC試験法では，エンド

トキシン試験の20倍高い反応を示す調査結果も示された．エンドトキシンだけではなく菌体外毒素やペ

プチドグリカン等のサイトカイン誘導物質が透析膜を通過する可能性も指摘され，米国での1991年の調

査では1年間に全透析施設の20%で複数の臨床的な発熱が報告されている．こうした慢性的に刺激を受け

た患者の血液のサイトカインレベルは健常者のそれよりも高いとの報告が示された．(図表なし) 

ECVAM Response to ICCVAM Questions 3. "Dialysis"(ICCVAM BRD Appendix B)より 

 

・脂質製剤について，ビタミン剤やステロイド剤などの一部の製剤は非親水性の性状や筋注や皮下注等の

投与経路の違いから，ウサギの静脈内に投与することが出来ず，また，エンドトキシン試験も水性試料

を対象としているため試験が困難であるが，試験に対して非干渉性の油脂で希釈することにより，in 
vitro PBMC試験法の適用が可能となることが示された．(図表なし) 

ECVAM Response to ICCVAM Questions 3. "Lipidic formulations"(ICCVAM BRD Appendix B)より 

 

・発熱性物質の標準品について 

in vitro PBMC試験法に関するECVAM BRD March,2006 Section 2.1(ICCVAM BRD Appendix A1～A5 May 

2008に収載)およびICCVAM BRD May 2008 Section 2.1によれば，発熱性物質の標準品として，WHO-LPS

エンドトキシン標準品[(94/580，O113:H10:K-)]が使用されており，エンドトキシンの由来となる大腸

菌の株はU.S. Pharmacopoeia（USP）エンドトキシン標準品と同じものである． 

発熱性物質の標準としてエンドトキシンを使用した理由は，エンドトキシンが安定的に入手可能で高

い検出精度を有する標準化された発熱物質であるからとされている．これは，既に広く普及しているカ

ブトガニ血球成分から成るライセート試薬を用いたエンドトキシン試験において，このエンドトキシン

標準品が使用されているからであるが，この選択理由は妥当と考える．ここで，エンドトキシン標準品

の表示単位がエンドトキシン試験で得られた値であることに留意する必要があるが，過去に得られたウ

サギの結果でエンドトキシン投与量と体温上昇の直線性が確認され，ここで得られた発熱閾値を利用し

て，in vitro PBMC試験法は「ヒトに発熱性」または「ヒトに非発熱性」を判定している(ECVAM BRD 

March,2006 Section 2.2.13)ことから，エンドトキシン試験という異なる尺度での表示単位で表された

標準品を使用しても問題ないと考える． 

 

・考察 

in vitro PBMC試験法で，過去の文献により非エンドトキシン性発熱性の検出が確認されている．よっ

て，この試験法は他の発熱機序によるものは別として，ヒトに特異的な発熱物質の検出法の一つとして有

用であると思われる．ただし，原料や製造工程でエンドトキシン以外の発熱物質の汚染が考えられない場

合には，エンドトキシン試験で代替可能と思われることから，現在，ウサギを用いて発熱性物質試験を行

っている試験対象について，発熱性物質の検出の全てをin vitro PBMC試験法に代替を集約するのではな

く，何らかの理由からエンドトキシン試験が適用できず，ウサギによる試験でしか発熱性物質の検出が可

能な試料にのみ，このin vitro PBMC試験法を適用すべきと考える． 

 

５．他の科学的な報告 

In vitro 発熱性物質試験に関してヒト末梢血由来細胞などを用いた IL-1β,IL-6 測定系以外にもウサ

ギ発熱性物質試験の代替として可能性のある試験法が提案されている．例を挙げると，末梢血前血を用い

たIL-8産生能に基づいた試験法はIL-1β，IL-6より感受性が高いとされ，多くの発熱性の受容体である

Toll様受容体（Toll-like receptor：TLR）の強制発現細胞株などはその特異性は非常に高いことが知ら

れている．（例：Journal of Immunological Methods 336 (2008)45-55）  

 また，発熱，もしくはそれに類する毒性のバイオマーカーとして多様な評価系が提案，もしくは開

発研究を開始している．そのなかでも，Embryonic Stem(ES)細胞や人工多能性幹細胞（Induced 

pluripotent stem cells： iPS）細胞を利用した毒性試験やトキシコパノミクス（トランスクリプト
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ーム，プロテオーム，メタボロームを含めた網羅的な毒性解析）を利用した毒性試験などは in vitro
と in vivo 試験それぞれの利点，欠点を補うものとしてその迅速な開発が期待されている． 

 

６．３Rｓへの関与 

ヒト血液を用いるあるいは細胞を用いる試験法は，動物を用いた発熱性物質試験に置き換わる方法とし

て動物福祉面で貢献するものである． 

 

７．本試験法の有用性と限界 

 in vitro PBMC 試験法のような人の白血球や細胞株によるサイトカインの産生量計測に基づく試験はウ

サギや人の発熱の誘導に相関はしているといえよう．しかしながら，ICCVAM の報告書にあるように，

（ICCVAM (1.2.3 )) 「ウサギ発熱性物質試験は（多様な原因，メカニズムに基づいて誘導される全身の

発熱を検出するものであるが，本代替法は培養細胞の１－２種類のサイトカインを計量しているに過ぎな

い．）現時点で，IL-1βおよびIL-6が全身の発熱反応に必須であるという科学的根拠が欠落している．」

とあり，「少なくともヒトの発熱反応とヒト由来細胞の培養におけるIL-1β,IL-6の産生との相関に関す

る情報をさらに追加する必要がある．特に異なる内毒素(エンドトキシン)に対する反応の仕方の違い等に

留意する必要がある」と述べており，本代替法には科学的根拠が少ない，もしくは十分でないとの認識が

強い． 

ICCVAM の報告書でも述べられているが，ウサギ発熱性物質試験と in vitro PBMC 試験法の相関性に加

え，他の類似点，相違点に関し多くの文献にて精査されていることも事実である．なかでも報告書が注目

し言及している点として，それらの文献の多くが，ウサギ発熱性物質試験の結果はヒトの発熱反応とよく

相関している事実を再確認したことになっている点や，in vitro PBMC 試験法のウサギ発熱性物質試験と

の相関を示唆するデータはすべてグラム陰性細菌由来のエンドトキシンのみを引用していることがあげ

られる．言い換えれば代替法であるin vitro PBMC試験法があまりにかけ離れていてウサギ発熱性物質試

験の「代替法」と定義，解釈することに無理があると思われる． 

in vitro PBMC 試験法が開発された時点，ECCVAM の報告書，さらには ICCVAM の報告がなされた後も，

自然免疫研究成果が新たに集積している．しかしながら，そのような最新の知識をもってしても，IL-1

β,IL-6 の本代替法はおろか，ウサギ発熱性物質試験においても，どのような「発熱性」があることが知

られていて，それらがどのような細胞の受容体，シグナル伝達経路，遺伝子発現制御，転写後制御，細胞

間相互作用などを介して，全身の「発熱」という計測可能なパラメーターに影響を及ぼしているか，科学

的に見て明らかになったとは到底言い難い．ただし，上記の一部，たとえばエンドトキシンの自然免疫受

容体，シグナル経路などは明らかになってきており，本代替法を上回る感受性，特異性をもった検出方法

も知られるようになった（上記参照）． 

ECCVAM,ICCVAM の報告は発表された時点で，その効力が及ぶ地域の文化的な背景に基づけば，ある程度

妥当な意見が述べられている．しかし科学的な観点，および倫理的な観点から鑑みた場合，また，時間的

な経過による影響も加味した上で，（必ずしもin vitro 発熱性物質試験の必要性があると断定はせずに）

新たな発熱性テストの開発の可能性と，現行のテストの限界を独自に議論する必要があると考えられる． 

 

８．結論 

上記の各考察より，今回提案されたin vitro PBMC試験法は，ウサギの使用数を削減可能とし，また，

作用機序に立脚した発熱性物質試験の新たな方向性として評価でき，さらに，バリデーションでのデータ

の扱いに関しても納得のできる基準を満たしていると考えられる．しかし，ウサギを用いた発熱性物質試

験との互換性については不明な点が多く，この試験法の代替法とするには，問題がある．国内ではウサギ

発熱性物質試験からエンドトキシン試験への移行の問題も残されており，これに優先して独立した代替法

とすることには無理がある．しかしながら，エンドトキシン試験が使用できないような特殊な状況やウサ

ギとヒトでの発熱性に関する種差が想定されるような状況においてウサギ発熱性物質試験と併用するな

ど，限定的な使用については推奨できよう．このようなin vitro PBMC試験法が科学的根拠に基づいた研

究により，さらに広範囲な状況で使用可能となることが望まれる． 
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添付資料１ 

 

エンドトキシン試験と発熱性物質試験に関する実態調査結果報告 
 

日本薬局方に収載されているカブトガニ血球抽出物を用いたエンドトキシン試験法とウサギを用いた

発熱性物質試験法，およびin vitro 発熱性物質試験について，2009年 1月に日本製薬工業協会の協力を

得て「エンドトキシン試験と発熱性物質試験に関する現状調査のためのアンケート」と題した実態調査を

行い36社(1社につき複数事業所含む)の回答を得たので，この調査結果を基に報告する． 

一般にエンドトキシン試験での反応干渉因子には，ライセート試薬とエンドトキシンの一連の酵素活性

化反応を阻害するものとして，酵素活性阻害剤，タンパク変性剤，キレート剤などがある．また，エンド

トキシンに作用して反応を阻害するものとして，界面活性剤や，鉄，アルミニウムなどの金属イオンがあ

る．一方，ライセート試薬とエンドトキシンの一連の酵素活性化反応を促進させるものとして，セリンプ

ロテアーゼなどが挙げられる．その他に試料溶液の濁りや着色は光学的測定法に影響を及ぼすと言われて

いる．また，リポソーム製剤なども反応を阻害する要因となる．実態調査の結果では，これらのエンドト

キシン試験での反応干渉因子であっても，未確認の事例を除いて発熱性物質試験は実施可能であった． 

日局発熱性物質試験の反応干渉因子として考えられるものは，製剤そのものが発熱または体温下降を起

こす場合が考えられる．実態調査においてこのような反応干渉の報告があった3例は，未確認の事例を除

いてエンドトキシン試験は実施可能であった． 

In vitro 発熱性物質試験について，36社中に試験の実施経験を有する回答は無く，実例による反応干

渉因子の報告は得られなかった． 

実態調査で今回の評価に際して自由記入の形式で意見を募ったところ，多くの意見が寄せられた．まず，

発熱性物質試験については，感度その他の問題や動物愛護の観点から，エンドトキシン試験を含めた何ら

かの代替法に切り替えたいという意見が多かった． 

ただし，今回のヒト血液を用いる in vitro 発熱性物質試験（in vitro PBMC 試験法）では，ヒト血液

の入手方法やバイオハザードの問題，反応阻害や促進等の反応干渉因子試験の必要性を指摘する意見があ

った． 

日本薬局方では発熱性物質試験法よりもエンドトキシン試験法を優先する規定があり，発熱性物質試験

についてはエンドトキシン試験の適用が困難な品目に限り設定することとなっている．実際に新規製造品

目の試験規格設定時ではこの規定が適用されており，実態調査においても最終製品での実施例について発

熱性物質試験よりもエンドトキシン試験の実施頻度が高い結果となっている．しかし，日本薬局方でエン

ドトキシン試験が優先する規定が出来る以前は，容量 10mL を超える注射剤には発熱性物質試験を適用す

る規定があったことから，この時期に製造(販売)承認を得た注射剤では発熱性物質試験が適用されている

ものが現在でも多く存在すると考えられる．これらの発熱性物質試験が適用された既承認医薬品に対して

も，原料や直接容器等にエンドトキシン以外の発熱性が存在する可能性がある品目やエンドトキシン試験

が困難な品目を除き，現行の日本薬局方に則ってエンドトキシン試験への変更を促進することは理にかな

うものと考えられる．しかし，これら発熱性物質試験が既に設定された既承認医薬品では，発熱性物質試

験をエンドトキシン試験に変更するためには，変更申請時にウサギに大量のエンドトキシンを投与して得

られる発熱データの提出を求められ，ウサギの個体差による感度のバラつきや動物愛護の観点等の問題で，

エンドトキシン試験へ変更する際の障害となる場合もある． 

エンドトキシン以外の発熱性が存在する可能性がある品目やエンドトキシン試験が困難な品目につい

て，現状ではウサギを用いた発熱性物質試験しか方法が無いため代替法の確立を望む意見が多く見受けら

れた． 

現在行われている発熱性物質試験のすべてを今回のヒト血液を用いた代替法に切り替えるのではなく，

エンドトキシン試験で代替可能なものはエンドトキシン試験に変更することが妥当と考えられ，実態調査

における最終製品でのウサギ使用数内訳から見ても，エンドトキシン試験への変更だけでも相当数の発熱

性物質試験に使用するウサギを減少させることが可能と考える． 
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エンドトキシン試験と発熱性物質試験に関する実態調査結果 

 

2009年1月調査実施 

＊回答企業36社の形態： 

国内企業(本調査に該当する海外向け製品あり) ：10社 

国内企業(本調査に該当する海外向け製品なし) ：17社 

海外企業(米国系)    ： 4社 

海外企業(欧州系)    ： 5社 

＊日局エンドトキシン試験および日局発熱性物質試験の実施経験について 

36社中(複数事業所を有する企業を含む) 

エンドトキシン試験の実施経験あり ：32社 

エンドトキシン試験の実施経験なし ： 4社 

発熱性物質試験の実施経験あり ：24社 

発熱性物質試験の実施経験なし ：12社 

 

内訳：両試験共に経験あり :24社 

エンドトキシン試験のみ経験あり : 8社 

発熱性物質試験のみ経験あり : 0社 

両試験共に経験なし : 4社 

＊日局エンドトキシン試験検体数内訳 

36社集計 ｹﾞﾙ化法 比濁法 比色法 合計 

2006年 

原料 2142 4952 1357 8451 

最終製品 13067 14864 1459 29390 

製造工程管理 28872 40966 8486 78324 

合計 44081 60782 11302 116165 

2007年 

原料 3024 5912 1244 10180 

最終製品 14465 14536 1635 30636 

製造工程管理 34105 54875 8428 97408 

合計 51594 75323 11307 138224 

2008年 

原料 3285 5821 1189 10295 

最終製品 14461 13745 1936 30142 

製造工程管理 29408 44310 9351 83069 

合計 47154 63876 12476 123506 

＊日局発熱性物質試験検体数内訳 

36社集計 検体数 ウサギ使用数(羽) 

2006年 

ゴム栓 561 1435 

原料 615 1570 

最終製品 2519 5715 

合計 3695 8720 

2007年 

ゴム栓 537 1356 

原料 495 1406 

最終製品 2618 6107 

合計 3650 8869 

2008年 

ゴム栓 608 1527 

原料 580 1442 

最終製品 2483 7293 

合計 3671 10262 
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＊日局エンドトキシン試験の実施が不可能であった事例について 

経験あり： 8社 

経験なし：24社 

＊日局エンドトキシン試験の実施が不可能であった事例の内訳 

事例 要因 薬効分類等 
事例を確認 

した試験法 

日局発熱性物質

試験法の適用可

否 

反応阻害 アルミニウムゲルのため (非公開) 比色法 不明 

反応阻害 リポソームのため (非公開) ゲル化法 試験可能 

反応阻害 原薬の酵素阻害作用のため 
蛋白分解酵素

阻害剤 

ゲル化法 

比濁法 
試験可能 

反応阻害 
エマルジョン製剤であり，水層と

油層の分離が困難 

中枢神経系用

薬 
ゲル化法 試験可能 

反応阻害 原薬の酵素阻害作用のため 
蛋白分解酵素

阻害剤 

ゲル化法 

比濁法 

比色法 

試験可能 

反応阻害 リポソームのため (非公開) 

ゲル化法 

比濁法 

比色法 

試験可能 

反応促進 タンパクのため 血漿分画製剤 ゲル化法 試験可能 

反応阻害 リポソームのため 抗生物質製剤 不明 試験可能 

＊日局発熱性物質試験の実施が不可能であった事例について 

経験あり： 3社 

経験なし：21社 

＊日局発熱性物質試験の実施が不可能であった事例の内訳 

事例 薬効分類等 
日局エンドトキシン試験法の適用可

否 

発熱作用あり 制癌剤 試験可能 

ウイルスの性状に起因した発熱作用 生物学的製剤 試験可能 

抗発熱作用(阻害) アミノ酸 不明 

＊in vitro 発熱性物質試験(エンドトキシン試験以外)の実施経験について 

経験あり： 0社 

経験なし：36社 

＊エンドトキシン試験，発熱性物質試験，in vitro 発熱性物質試験についての意見 

意見あり：17社 

意見なし：19社 

＊エンドトキシン試験，発熱性物質試験，in vitro 発熱性物質試験についての意見 
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・ウサギを使った眼刺激性試験と同様，可能であればin vitro試験に変更すべき． 

・局方で発熱性物質試験を規定されていない限りは，(新たな開発品に対して)発熱性物質試験規格は設

定せず，エンドトキシン試験規格を設定する方針． 

・実施経験がないが，今後必要となった場合には in vitro 試験での評価系が確立されていれば有用と

考える． 

・in vitro 発熱性物質試験について検討を考えたい．具体的な手順等を教えて頂ければありがたい． 

・輸液用ゴム栓以外の発熱性評価は，エンドトキシン試験で十分評価できると考える． 

また，動物愛護の観点から動物の使用を削減し代替法の導入が推奨されている．従って，輸液用ゴム

栓以外の発熱性物質試験は必要ないと考える． 

・発熱性物質試験はゴム栓で外部へ試験委託を行ってきたが，ここ3年間は行っていない． 

・日局一般試験法，輸液用ゴム栓試験法および医薬品各条の一部に規定されている発熱性物質試験につ

いて，エンドトキシン試験への置き換えを要望する． 

・今回の趣旨とは異なるが，日・ＥＵ相互承認協定（ＭＲＡ）締結内容に早期の無菌医薬品および生物

学的製剤の追加を望む． 

・動物愛護と試験の効率化の観点から，発熱性物質試験からエンドトキシン試験への変更や，新規品目

については開発当初からエンドトキシン試験を設定する事例が多いと考える．エンドトキシンは最も

強力な発熱性物質に相違ないが，エンドトキシン試験では検出できない発熱性物質の存在を否定する

ために，エンドトキシン試験導入前に，発熱性物質試験においても問題ない結果が得られることを確

認しておくことは重要と考える． 

・発熱性物質試験の早期国際調和(EP,USP,JP)を希望する． 

・エンドトキシン試験は，エンドトキシン以外の発熱性物質を検出できない課題がある一方，発熱性物

質試験は感度が低く，動物愛護の面での問題も多い．よって，in vitro 発熱性物質試験 が，将来に

これらの問題を解決する有力な手段であるならば，業界として積極的に導入することを期待する． 

・発熱性物質試験について，当施設では，日局準拠ではないが，ほぼ同等の手順による「医療機器の生

物学的安全性試験の基本的考え方に関する参考資料について(事務連絡 医療機器審査 No.36)」に基

づき，医療機器の中間・最終製品もしくは原料・部材の安全性を評価する目的でウサギを用いた発熱

性物質試験を実施している．医療機器の安全性評価の一環として実施する発熱性物質試験は，医療機

器または原材料から抽出した抽出液中に，エンドトキシンおよび非エンドトキシン性発熱性物質が存

在しないことを確認することを目的としており，特に，ウサギを用いた試験は化学物質等による「非

エンドトキシン性発熱性物質」を検出する方法として，医療機器の承認・認証申請において審査当局

から試験実施が規定されている．現在，公知の代替方法がないために，当施設では医療機器の安全性

評価においてウサギを使用しており，動物愛後の面からも in vitro 発熱性物質試験のような動物を

使用しない代替方法が受け入れられ，選択肢の１つとして拡充することに期待する． 

・エンドトキシン試験は，比濁時間分析法で定量的にエンドトキシン濃度が判明するので，工程におけ

るエンドトキシン汚染の迅速管理に有効であることと，動物愛護的観点と動物飼育経費の削減に寄与

してきた．また，発熱性物質試験は発熱増強活性*1がない製剤に関しては，エンドトキシン試験に移

行している． 

(*1：発熱性物質試験を実施したとき，製剤に0.5 EU/mLになるようにエンドトキシンを加えた液が，

生理食塩液に0.5 EU/mLになるようにエンドトキシンを加えた対照液に比べて有意に発熱性を認め

た場合，発熱増強活性があるものと判断．) 

in vitro 発熱性物質試験の話題に変えると，ヒト単球を用いていることから，糖濃度が高いと，

末梢血単球からのインターロイキン8（好中球,Tリンパ球に選択時に働く走化性因子である）の分泌

が低下し，白血球の遊走能が低下することが知られている．このことから，製剤の成分が単球のサイ

トカインの分泌制御に影響し，in vitro 発熱性物質試験にも反応阻害などに対する反応干渉因子試

験は必要なものと考える． 

また，in vitro 発熱性物質試験は，生きた単球の安定供給，バイオハザード的観点にも問題があ

り，工程管理のためのエンドトキシン試験も含めてすべての試験を in vitro 発熱性物質試験に切り

替えるのは疑問である． 

医療用具および医用材料の基礎的な生物学的試験のガイドラインに記載されている発熱性物質試

験は，医療用具又は医用材料から抽出した抽出液中に，材料に由来するエンドトキシン以外の発熱性

物質が存在しないことを確認する試験と記載されている．（エンドトキシンを確認するには，エンド

トキシン試験が別途必要）．この観点からすると，医療機器の発熱性物質試験をエンドトキシン試験

に置き換えるには，生産している製品材料に文献的に既知の発熱性化学物質（例えば，ゴムの老化防
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止剤 n-phenyl－β-naphthylamine, aldol-α-naphthylamine（現在は使用禁止）など）が含まれな

いことを確認して，試験法をエンドトキシン試験法に変更していく必要があると考える．よって，in 
vitro 発熱性物質試験が化学物質の発熱性を確認する手段となれば，医療用具の(材料に由来するエ

ンドトキシン以外の発熱性物質が存在しないことの確認を目的とした)発熱性物質試験の有効な代替

法になるものと考えます． 

・有限かつ高価な天然物試薬であるライセート試薬の低減化として，日局規定の各種試験の試験回数規

定を試験の信頼性を欠くことなく最小限での試験を認めて欲しい． 

（例えば） 

（ゲル化法予備試験のライセート試薬の表示感度試験） 

エンドトキシン標準原液を現行4濃度から3濃度以上とし，繰返し4回を3回以上とする． 

（ゲル化法予備試験の反応干渉因子試験） 

添加エンドトキシン濃度を現行4濃度から3濃度以上とし，繰返し回数を現行2および4回をすべて

2回以上とする． 

（ゲル化法限度試験法）エンドトキシン無添加の陰性試験を現行2回から1回以上とする． 

（ゲル化法定量試験法） 

現行エンドトキシン希釈倍数を4条件から3条件以上とする．エンドトキシン無添加の陰性試験を現

行2回から1回以上とする． 

（比濁法の予備試験の反応干渉因子試験） 

エンドトキシン添加濃度を現行3濃度から2濃度以上とする． 

・日局では発熱性物質試験よりもエンドトキシン試験が優先される規定になっているが，このような規

定が出来る以前に製造販売承認を取得した注射剤には，未だに発熱性物質試験が設定された製品が多

い．一般の注射剤等で考えられる微生物汚染は，製造工程での水棲菌(主にグラム陰性菌)によるもの

が殆どと考えられるため，原料等がエンドトキシン以外の発熱性物質で汚染される可能性があるもの

以外は，速やかにエンドトキシン試験へ変更できるよう(変更申請時に必要とされるデータの簡略化

を)考慮すべきと考える．発熱性物質試験も動物を使用しない方法が良いと思うが，日常試験として

実施するには，今回のようなヒト血液を用いる方法では，その入手方法やバイオハザード対策等で不

安がある．動物を使用せずに代替するのであれば，輸液用ゴム栓などでは(輸液用プラスチック容器

試験法からプラスチック製医薬品容器試験法への改正時のように)発熱だけに絞ったものでなく，既

に日局にも収載されている細胞毒性試験などで代替することは出来ないか． 

・発熱性物質試験からエンドトキシン試験へ試験法を代替する場合に過剰な実験動物データを必要とさ

れるため代替が困難である．現在検討されている in vitro 発熱性物質試験には，どのようなものが

あるかご教示ください． 

・ライセート試薬を使用しているが，高価な試薬なので安価になれば良いと思う．比濁法で実施してい

るが，試験管も使い捨てのためReuseできる洗浄方法などがあれば良いと思う． 

・輸液用ゴム栓試験での発熱性物質試験はエンドトキシン試験への代替が可能なのか？ 

 

以上 
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4Correlation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements. 
5Included in the ECVAM Trial data report presented in Appendix D of the ICCVAM BRD. 
6Where unknown, the ELC is calculated (see Section 12.2) 
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1.0 PURPOSE AND APPLICABILITY 

The purpose of this protocol is to describe the procedures used to evaluate the presence of Gram-
negative endotoxin, a pyrogen, in parenteral drugs. The presence of Gram-negative endotoxin is 
detected by its ability to induce the release of interleukin (IL)-6 from monocytoid cells in whole 
blood (WB). The concentration of IL-6 released by incubation of WB with a test substance or 
controls (i.e., positive and negative) is quantified using an enzyme-linked immunosorbent assay 
(ELISA) that includes monoclonal or polyclonal antibodies specific for IL-6. The amount of 
pyrogen present is determined by comparing the values of endotoxin equivalents produced by 
WB cells exposed to the test substance to those exposed to an internationally harmonized 
Reference Standard Endotoxin (RSE)1 or an equivalent standard expressed in Endotoxin Units 
(EU)/mL. A test substance is considered pyrogenic if the endotoxin concentration of the test 
substance exceeds the Endotoxin Limit Concentration (ELC) for the test substance. 

The relevance and reliability of this test method to detect non-endotoxin pyrogens have not been 
demonstrated in a formal validation study, although data are available in the literature to suggest 
that this assay has the potential to serve this purpose. 

2.0 SAFETY AND OPERATING PRECAUTIONS 

All procedures that use human blood-derived materials should follow national/international 
procedures for handling blood potentially contaminated with pathogens. An example of such 
guidelines is the Universal Precautions available at 
http://www.niehs.nih.gov/odhsb/biosafe/univers.htm. For non-human blood procedures (e.g., 
ELISAs), standard laboratory precautions are recommended including the use of laboratory 
coats, eye protection, and gloves. If necessary, additional precautions required for specific 
chemicals will be identified in the Material Safety Data Sheet (MSDS). 

The stop solution used in the ELISA kit is acidic and corrosive and should be handled with the 
proper personal protective devices. If this reagent comes into contact with skin or eyes, wash 
thoroughly with water. Seek medical attention, if necessary. 

Tetramethylbenzidine (TMB) solution contains a hydrogen peroxide substrate and 3, 3', 5, 
5'-TMB. This reagent is a strong oxidizing agent and a suspected mutagen. Appropriate personal 
protection should be used to prevent bodily contact. 

Bacterial endotoxin is a toxic agent (i.e., can induce sepsis, shock, vascular damage, antigenic 
response) and should be handled with care. Skin cuts should be covered and appropriate personal 
protective devices should be worn. In case of contact with endotoxin, immediately flush eyes or 
skin with water for at least 15 minutes (min). If inhaled, remove the affected individual from the 
area and provide oxygen and/or artificial respiration as needed. Skin absorption, ingestion, or 
inhalation may produce fever, headache, and hypotension. 

                                                
1RSEs are internationally-harmonized reference standards (e.g., WHO-lipopolysaccharide [LPS] 94/580 Escherichia 
coli [E. coli] O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot G3E069; USP RSE E. coli Lot 
G; FDA E. coli Lot EC6). Equivalent endotoxins include commercially available E. coli-derived LPS Control 
Standard Endotoxin (CSE) or other E. coli LPS preparations that have been calibrated with an appropriate RSE. 



ICCVAM Test Method Evaluation Report: Appendix C3 May 2008 
 

C-54 

3.0 MATERIALS, EQUIPMENT, AND SUPPLIES 

3.1 Blood Donor Eligibility 

Monocytoid cells from fresh WB are the source of cytokine production in the WB/IL-6 test 
method as described by Hartung and Wendel (1996), Pool et al. (1998), and Schindler et al. 
(2006). In the United States (U.S.), the collection of blood and blood components for transfusion 
and further manufacture (including the use of resulting monocytes in a licensed test) is currently 
regulated under Section 351 of the Public Health Service (PHS) Act (U.S. Code [U.S.C.], Title 
42, Chapter 6A) and/or the Federal Food Drug and Cosmetic Act (U.S.C., Title 21, Chapter 9), 
both of which require compliance with Current Good Manufacturing Practice (cGMP) 
regulations (21 CFR Parts 210, 211 and 600-6402). 

These regulations and the associated FDA guidance's provide an important resource for 
information regarding the currently accepted practice for blood manufacture and collection 
(including donor screening) (http://www.fda.gov/cber/blood.htm). Specifically, guidance 
regarding donor screening questionnaires and links to currently acceptable questionnaires can be 
found at http://fda.gov/cber/gdlns/donorshitques.htm#iv. If you have any questions regarding the 
application of blood regulations to your specific situation3, it is recommended that you e-mail the 
Manufacturers Assistance and Technical Training (MATT) Branch established by FDA at 
matt@cber.fda.gov for advice. 

Any participating blood establishment should address how the unused components of blood 
donations will be accounted for and ultimately destroyed, and if the establishment will store the 
blood preparation, describe the storage procedures to be followed. 

3.2 Equipment and Supplies 

For all steps in the protocol, excluding the ELISA procedure, the materials that will be in close 
contact with samples and/or blood cells (e.g., pipet tips, containers, solutions) should be sterile 
and pyrogen-free. 

3.2.1 Blood Incubation 

3.2.1.1 Equipment 
• Centrifuge 

• Hood; Bio-safety, laminar flow (recommended) 

• Incubator; cell culture (37±1°C + 5% CO2) 

                                                
2The requirements for WB can be found at 21 CFR 640.1 et seq. In addition, there are specific regulations applicable 
to red blood cells, platelets, and other blood components. See, for example, 21 CFR 640.10-640.27. Other 
regulations applicable to the manufacture of blood and blood components include 21 CFR Part 606, the cGMP 
requirements for blood and blood components, 21 CFR 610.40, the requirements for testing of WB donations, and 
21 CFR 640.3, the requirements for determining the suitability of the donor. Blood that enters into U.S. interstate 
commerce should be tested for antibodies to HIV 1/2, HCV, HTLV I and II, HBc, HBsAg and RPR, WNV and 
Chagas. 
3The collection of blood for research and development purposes or as a component of an in vitro test (that is not 
subject to licensure) may potentially not be required to adhere to the FDA regulations outlined above.  
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• Pipetter, multichannel (8- or 12-channel) 

• Pipetters, single-channel adjustable (20 and 200 µL) 

• Repeating pipetter 

• Vortex mixer 

3.2.1.2 Consumables 
• Centrifuge tubes; polystyrene (15 and 50 mL) 

• Combitips; repeating pipetter (1.0 and 2.5 mL)  

• Needle set; multifly, pyrogen-free, 19 mm, 21 gauge 

• Plates; microtiter, 96-well, polystyrene, tissue culture 

• Pyrogen-free saline (PFS) 

• Reaction tubes; polystyrene (1.5 mL) 

• Reservoirs; for blood collection 

• Tips; pipetter, sterile, pyrogen-free (20 and 200 µL) 

3.2.2 ELISA 

3.2.2.1 Equipment 
• Microplate mixer 

• Microplate reader (450 nm with an optional reference filter in the range of 540-
590 nm)4 

• Microplate washer (optional) 

• Multichannel pipetter 

3.2.2.2 Consumables 
• Container; storage, plastic 

• Deionized water; nonsterile 

• Plates; microtiter, 96-well, polystyrene 

• Pyrogen-free water (PFW) 

• Reservoirs; fluid 

• Tips; pipetter, nonsterile 

• Tubes; polystyrene (12 mL) 

                                                
4The TMB chromagen is measured at OD450. However, the use of an IL-1β ELISA kit with a chromagen other than 
TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific chromagen used. 
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3.2.2.3 ELISA Kit 
An ELISA that measures IL-6 release is used. A variety of IL-6 ELISA kits are commercially 
available and the IL-6 ELISA procedure outlined in this protocol is intended to serve as an 
example for using an ELISA kit. The IL-6 ELISA should be calibrated using an IL-6 
international reference standard (e.g., World Health Organization [WHO] 89/548) prior to use. 
The IL-6 cytokine assay kits do not provide the RSE or endotoxin equivalent; therefore this 
reagent must be purchased separately. Results obtained using these products are subject to the 
assay acceptability and decision criteria described in Sections 8.0 and 9.0. IL-6 ELISA kit 
components may include the following: 

• ELISA plates coated with anti-human IL-6 capture antibody; monoclonal or 
polyclonal 

• Buffered wash solution 

• Dilution buffer 

• Enzyme-labeled detection antibody 

• Human IL-6 reference standard 

• PFS 

• Stop solution 

• TMB5/substrate solution 

3.3 Chemicals 

• Endotoxin (e.g., WHO-lipopolysaccharide [LPS] 94/580 Escherichia coli [E. coli] 
O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot G3E069; 
USP RSE E. coli Lot G; FDA E. coli Lot EC6) 

3.4 Solutions 

ELISA solutions are listed in Section 3.2. 

4.0 ASSAY PREPARATION 

All test substances, endotoxin, and endotoxin-spiked solutions should be stored as specified in 
the manufacturer's instructions. The collection of WB is outlined in Section 6.1. 

4.1 Endotoxin Standard Curve 

An internationally harmonized RSE or equivalent is used to generate the endotoxin standard 
curve. The use of any other E. coli LPS requires calibration against a RSE using the WB/IL-6 
pyrogen test. A standard endotoxin curve consisting of a Negative Saline Control (NSC) and five 
RSE concentrations (0.125, 0.25, 0.50, 1.0, and 2.0 EU/mL) are included in the incubation step 
(refer to Table 4-1) and then transferred to the ELISA plate. To prepare the endotoxin standard 
curve, first obtain a 2000 EU/mL stock solution by addition of PFW to the lyophilized content of 

                                                
5The use of an IL-6 ELISA kit with a chromagen other than TMB is acceptable. 
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the stock vial by following the instructions provided by the manufacturer (e.g., 5 mL of PFW is 
added to a vial containing 10,000 EU). To reconstitute the endotoxin, the stock vial should be 
vortexed vigorously for at least 30 min or sonicated in a bath sonicator for at least 5 min. 
Subsequent dilutions should be vortexed vigorously immediately prior to use. The stock solution 
is stable for not more 14 days when stored at 2 to 8°C or for up to 6 months when kept in a -20°C 
freezer. An endotoxin standard curve is prepared as described in Table 4-1 by making serial 
dilutions of the stock solution in PFS with vigorous vortexing at each dilution step. Dilutions 
should not be stored, because dilute endotoxin solutions are not as stable as concentrated 
solutions due to loss of activity by adsorption, in the absence of supporting data to the contrary. 

Table 4-1 Preparation of Endotoxin Standard Curve 

Stock Endotoxin 
EU/mL1 

µL of Stock 
Endotoxin 

µL of PFS 

Endotoxin 
Concentration 

in Tube 
EU/mL 

20002,3 20 1980 204 
20 100 900 2.0 
2.0 500 500 1.0 
1.0 500 500 0.50 
0.50 500 500 0.25 
0.25 500 500 0.125 

0 0 1000 0 
Abbreviations: EU = Endotoxin units; PFS = Pyrogen-free saline 
Each stock tube should be vortexed prior to its use to make the subsequent dilution. 
1To reconstitute the endotoxin, the stock vial should be vortexed vigorously for at least 30 min or sonicated in a bath 
sonicator for at least 5 min. Subsequent dilutions should be vortexed vigorously immediately prior to use. 
2A 2000 EU/mL stock solution of endotoxin is prepared according to the manufacturer's instructions. 
3 The stock solution is stable for not more 14 days when stored at 2 to 8°C or for up to 6 months when kept in a -
20°C freezer. 
4This concentration is not used in the assay. 
 

4.2 Interference Test 

For every test substance lot, interference testing must be performed to check for interference 
between the test substance and the cell system and/or ELISA. The purpose of the interference 
test is to determine whether the test substance (or specific lot of test substance) has an effect on 
cytokine release. 

4.2.1 Interference with the Cell System 
All test substances must be labeled as pyrogen-free (i.e., endotoxin levels at an acceptable level 
prior to release by the manufacturer) to ensure that exogenous levels of endotoxin do not affect 
the experimental outcome. Liquid test substances should be diluted in PFS. Solid test substances 
should be prepared as solutions in PFS or, if insoluble in saline, dissolved in dimethyl sulfoxide 
(DMSO) and then diluted up to 0.5% (v/v) with PFS, provided that this concentration of DMSO 
does not interfere with the assay. To ensure a valid test, a test substance cannot be diluted 
beyond its Maximum Valid Dilution (MVD) (refer to Section 12.3). The calculation of the MVD 
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is dependent on the ELC for a test substance. The ELC can be calculated by by dividing the 
threshold human pyrogenic dose by the maximum recommended human dose in a single hour 
period (see Section 12.2) (USP 2007; FDA 1987). Furthermore, test substances should not be 
tested at concentrations that are cytotoxic to blood cells. 

4.2.1.1 Reference Endotoxin for Spiking Test Substances 
The WHO-LPS 94/580 [E. coli O113:H10:K-] or equivalent internationally harmonized RSE is 
recommended for preparation of the endotoxin-spike solution and the endotoxin standard curve 
(see Section 4.1). 

4.2.1.2 Spiking Test Substances with Endotoxin 
Non-spiked and endotoxin-spiked test substances are prepared in quadruplicate and an in vitro 
pyrogen test is performed. A fixed concentration of the RSE (i.e., 1.0 EU/mL or a concentration 
equal to or near the middle of the endotoxin standard curve) is added to the undiluted test 
substance (or in serial two-fold dilutions, not to exceed the MVD). An illustrative example of 
endotoxin-spiking solutions is shown in Table 4-2. For non-spiked solutions, 50 µL of PFS is 
added to a well followed by 50 µL of WB and mixed by inversion. Then, 50 µL of the test 
substance (i.e., equivalent to the negative product control [NPC]) is added followed by 100 µL of 
PFS and the well contents are mixed. Endotoxin-spiked solutions are prepared by adding 50 µL 
of PFS to each well followed by 50 µL of WB and mixed by inversion. Then, 50 µL of the test 
substance, 50 µL of an endotoxin-spike solution (1.0 EU/mL), and 50 µL of PFS (i.e., equivalent 
to the positive product control [PPC]) are added to each well. The contents of the wells are 
mixed and incubated as outlined in Section 6.1.3, Steps 6-8. An ELISA is then performed as 
outlined in Section 6.2, without the IL-6 standard curve. 

Table 4-2 Preparation of Endotoxin-Spiked and Non-Spiked Solutions for 
Determination of Test Substance Interference 

Spiked Non-spiked 
Sample Addition 

µL/well1 
PFS (total volume added) 1002 1502 
Endotoxin-spike solution3 50 0 
Test substance (neat and each serial dilution) 50 50 
WB 50 50 
Total4 250 250 

Abbreviations: PFS = Pyrogen-free saline; WB = Whole blood 
1n=4 replicates each 
250 µL of WB and 50 µL of PFS are added to each well and mixed by inversion prior to the addition of the 
remaining components and volume of PFS. 
3Endotoxin concentration is 1.0 EU/mL in PFS. 
4A total volume of 250 µL per well is used for the incubation. 

 

The optical density (OD) values of the endotoxin-spiked and non-spiked test substances are 
calibrated against the endotoxin calibration curve. The resulting EU value of the non-spiked test 
substance is subtracted from the corresponding EU value of the endotoxin-spiked test substance 
at each dilution. The spike recovery for each sample dilution is calculated as a percentage by 
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setting the theoretical value (i.e., endotoxin-spike concentration of 1.0 EU/mL) at 100%. For 
example, consider the following interference test results in Table 4-3: 
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Table 4-3 Example of Interference Data Used to Determine Sample Dilution 

Sample Dilution % Recovery of Endotoxin Control 
None 25 
1:2 49 
1:4 90 
1:8 110 

 

If a spike recovery between 50% and 200% is obtained, then no interference of the test substance 
with either the cell system or the ELISA is demonstrated (i.e., the test substance does not 
increase or decrease the concentration of IL-6 relative to the endotoxin spike). The lowest 
dilution (i.e., highest concentration) of a test substance that yields an endotoxin-spike recovery 
between 50% and 200% is determined. The test substance is then diluted in serial two-fold 
dilutions beginning at this dilution, not exceed the MVD for use in the assay. Based on the 
results illustrated in Table 4-3, the initial dilution of the test substance would be 1:4 (i.e., the 
lowest dilution between 50% and 200% of the 1.0 EU/mL EC). 

4.2.2 Interference at the MVD 
If the data obtained from the experiment in Section 4.2.1 suggests the presence of interference at 
the MVD, then consideration should be given for using another validated pyrogen test method. 

5.0 CONTROLS 

5.1 Benchmark Controls 

Benchmark controls may be used to demonstrate that the test method is functioning properly, or 
to evaluate the relative pyrogenic potential of chemicals (e.g., parenteral pharmaceuticals, 
medical device eluates) of a specific class or a specific range of responses, or for evaluating the 
relative pyrogenic potential of a test substance. Appropriate benchmark controls should have the 
following properties: 

• consistent and reliable source(s) for the chemicals (e.g., parenteral 
pharmaceuticals, medical device eluates) 

• structural and functional similarities to the class of substance being tested  

• known physical/chemical characteristics 

• supporting data on known effects in animal models 

• known potency in the range of response 

5.2 Endotoxin Control 

The EC (i.e., WB incubated with an internationally harmonized RSE) serves as the positive 
control in each experiment. The results should be compared to historical values to insure that it 
provides a known level of cytokine release relative to the NSC. 
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5.3 Negative Saline Control 

The NSC (i.e., WB incubated with PFS instead of the test substance) is included in each 
experiment in order to detect nonspecific changes in the test system, as well as to provide a 
baseline for the assay endpoints. 

5.4 Solvent Control 

Solvent controls are recommended to demonstrate that the solvent is not interfering with the test 
system when solvents other than PFS are used to dissolve test substances. 

6.0 EXPERIMENTAL DESIGN 

6.1 Incubation with Test Samples and Measurement of IL-6 Release 

6.1.1 Collection of Human Blood 
Human volunteers that have met the donor eligibility criteria described in Section 3.1 are used as 
the source of WB. All components of the blood collection system (e.g., syringes, tubes, 
connecting lines) must be sterile and pyrogen-free. WB is drawn by venipuncture6 from the 
medial cubital or cephalic vein of either the right or left arm and collected in a sterile container 
that contains anticoagulant solution (e.g., heparin). The total volume of blood collected per donor 
(i.e., up to 500 mL) will be dictated by experimental design and determined by the test method 
user. WB should be stored at room temperature (RT) and must be used within 4 hr7. All 
subsequent handling of WB should be performed in a laminar flow hood using sterile technique 
to prevent contamination. 

Prior to use in the assay, an equal volume of WB from multiple individual donors should be 
pooled8. 

6.1.2 Incubation Plate 
Test substances are prepared at a level of dilution that did not show interference with the test 
system, provided that this dilution does not exceed the MVD. Each incubation plate can 
accommodate an endotoxin standard curve, a NSC, and 14 test substances (see Table 6-1). 

                                                
6WB is obtained using Universal Precautions (e.g., latex gloves, labcoats, safety glasses) and sterile equipment (e.g., 
syringes, needles, collection tubes) within a hospital or clinical setting by qualified and adequately trained personnel 
(i.e., registered nurse, licensed phlebotomist, or medical doctor). 
7Although the ECVAM SOP did not describe the use of cryopreserved WB for the WB/IL-6 test method, the use of 
cryopreserved WB with the WB/IL-1 test method was outlined and this methodology may also be appropriate for the 
WB/IL-6 test method, but this has yet to be demonstrated. 
8Multiple donors (i.e., a minimum of three) should meet the acceptability criteria as outlined in Section 8.0 either as 
a pool of multiple individual donors or as multiple individual donors tested independently. 
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Table 6-1 Overview of Incubation Plate Preparation in the WB/IL-6 Pyrogen Test 

PFS  EC 
Test 

Sample 
WB Number 

of Wells 
Sample  

µL 
201 EC 100 50 0 50 
4 NSC 150 0 0 50 

562 
Test 

samples 
(1-14) 

100 0 50 50 

Mix the 
samples; 

incubate for 
16 to 24 hr at 
37±1°C in a 
humidified 
atmosphere 

with 5% 
CO2. 

Mix the 
samples; 

immediately 
transfer to an 
ELISA plate3 

and run 
ELISA. 

Abbreviations: EC = Endotoxin control; IL-6 = Interleukin-6; NSC = Negative saline control; PFS = Pyrogen-free 
saline WB = Whole blood 
1Five EC concentrations (0.125, 0.25, 0.50, 1.0, and 2.0 EU/mL) in quadruplicate 
214 test samples (n=4 each) per plate 
3An IL-6 standard curve is prepared in Columns 11 and 12 on the ELISA plate (see Table 6-3). Therefore, 80 wells 
are available for test samples and controls on the incubation plate. 
 

6.1.3 Incubation Assay for IL-6 Release 
Test substances should be vortexed vigorously for at least 30 min or sonicated in a bath sonicator 
for at least 5 min prior to use in the assay. Test substances should be prepared in serial two-fold 
dilutions beginning at a level of dilution that did not show interference with the test system (see 
Section 4.2) in as many subsequent dilutions that are necessary to be within the linear range of 
the endotoxin standard curve, not to exceed the MVD. Blood samples are prepared in a 
microtiter plate using a laminar flow hood. All consumables and solutions must be sterile and 
pyrogen-free. Each plate should be labeled appropriately with a permanent marker. An overview 
of the incubation plate preparation is shown in Table 6-1. The incubation procedure is outlined 
below: 

• Step 1. Refer to the incubation plate template presented in Table 6-2. 

• Step 2. Using a pipetter, transfer 100 µL of PFS into each well. 

• Step 3. Transfer 50 µL of test sample or 50 µL of PFS for the NSC into the 
appropriate wells as indicated in the template. 

• Step 4. Transfer 50 µL of the EC (standard curve) in quadruplicate into the 
appropriate wells according to the template. 

• Step 5. Transfer 50 µL of WB into each well and mix by gently swirling the plate. 

• Step 6. Mix the contents of the wells thoroughly by gently pipetting up and down 
several times using a multichannel pipetter, changing the tips between each row in 
order to avoid cross-contamination. 

• Step 7. Place the covered plate in a tissue culture incubator for 16 to 24 hr at 
37±1°C in a humidified atmosphere containing 5% CO2. 
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• Step 8. Prior to transferring the test samples to the ELISA plate, mix the contents 
of the wells by pipetting up and down using a multichannel pipetter, changing the 
tips between each row in order to avoid cross-contamination. 

Table 6-2 Incubation Plate - Sample and Control Template 

 1 2 3 4 5 6 7 8 9 10 11 12 

A 
EC1 
2.0 

EC 
2.0 

EC 
2.0 

EC 
2.0 

TS3 TS3 TS3 TS3 TS11 TS11 Void3 Void 

B 
EC 
1.0 

EC 
1.0 

EC 
1.0 

EC 
1.0 

TS4 TS4 TS4 TS4 TS11 TS11 Void Void 

C 
EC 
0.50 

EC 
0.50 

EC 
0.50 

EC 
0.50 

TS5 TS5 TS5 TS5 TS12 TS12 Void Void 

D 
EC 
0.25 

EC 
0.25 

EC 
0.25 

EC 
0.25 

TS6 TS6 TS6 TS6 TS12 TS12 Void Void 

E 
EC 

0.125 
EC 

0.125 
EC 

0.125 
EC 

0.125 
TS7 TS7 TS7 TS7 TS13 TS13 Void Void 

F NSC NSC NSC NSC TS8 TS8 TS8 TS8 TS13 TS13 Void Void 
G TS12 TS1 TS1 TS1 TS9 TS9 TS9 TS9 TS14 TS14 Void Void 
H TS2 TS2 TS2 TS2 TS10 TS10 TS10 TS10 TS14 TS14 Void Void 

Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance 
1 EC value (e.g., EC 2.0) represents the endotoxin concentration in EU/mL. 
2 TS number (e.g., TS 1) represents an arbitrary sequence for individual test substances. 
3 Columns 11 and 12 are reserved for the IL-6 standard curve on the ELISA plate (see Table 6-3). 
 

6.2 ELISA to Measure IL-6 Release 

6.2.1 IL-6 Standard Curve 
An IL-6 standard, supplied with the ELISA kit, is used. IL-6 standards are typically supplied in 
lyophilized form and should be reconstituted according to the manufacturer's instructions. The 
stock solution should be diluted in PFS to the following concentrations: 0, 62.5, 125, 250, 500, 
1000, 2000, and 4000 pg/mL in volumes of at least 500 µL. Each well on the ELISA plate will 
receive 50 µL of an IL-6 blank or standard. 

6.2.2 ELISA 
The manufacturer's instructions provided with the ELISA kit should be followed and a typical 
experimental design is outlined below. The ELISA should be carried out at RT and therefore all 
components must be at RT prior to use. Frozen specimens should not be thawed by heating them 
in a water bath. A suggested ELISA plate template is shown in Table 6-3, which includes a five-
point EC standard curve, an eight-point IL-6 standard curve (0 to 4000 pg/mL), and available 
wells for up to 14 test substances and a NSC each in quadruplicate. The EC standard curve, the 
NSC, and the test sample supernatants are transferred directly from the incubation plate. The IL-
6 standard curve is prepared as described in Section 6.2.1. An overview of the ELISA plate 
preparation is shown in Table 6-4. 

Step 1. After pipetting up and down three times to mix the supernatant, transfer 50 µL 
from each well of the Incubation Plate (A1-10; H1-10) to the ELISA plate. 
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Step 2. Add 50 µL of each IL-6 standard (0 to 4000 pg/mL) into the respective wells 
on the ELISA plate. 

Step 3. Add 200 µL of the enzyme-labeled detection antibody (neat as supplied, or 
diluted, if necessary) to each of the wells. 

Step 4. Cover the microtiter plate(s) with adhesive film and incubate for 2 to 3 hr at 
RT. 

Step 5. Decant and wash each well three times with 300 µL Buffered Wash Solution 
and then rinse three times with deionized water. Place the plates upside down and tap 
to remove water. 

Step 6. Add 200 µL of TMB/Substrate Solution to each well and incubate at RT in the 
dark for 15 min. If necessary, decrease the incubation time. 

Step 7. Add 50 µL of Stop Solution to each well. 

Step 8. Tap the plate gently after the addition of Stop Solution to aid in mixing. 

Step 9. Read the OD450 within 15 min of adding the Stop Solution. Measurement with 
a reference wavelength of 540 to 590 nm is recommended.9 

Table 6-3 ELISA Plate - Sample and Control Template 

 1 2 3 4 5 6 7 8 9 10 11 12 

A EC1 
2.0 

EC 
2.0 

EC 
2.0 

EC 
2.0 TS3 TS3 TS3 TS3 TS11 TS11 

IL-63 
0 

IL-6  
0 

B EC 
1.0 

EC 
1.0 

EC 
1.0 

EC 
1.0 

TS4 TS4 TS4 TS4 TS11 TS11 
IL-6 
62.5 

IL-6 
62.5 

C EC 
0.50 

EC 
0.50 

EC 
0.50 

EC 
0.50 

TS5 TS5 TS5 TS5 TS12 TS12 
IL-6 
125 

IL-6 
125 

D EC 
0.25 

EC 
0.25 

EC 
0.25 

EC 
0.25 

TS6 TS6 TS6 TS6 TS12 TS12 
IL-6 
250 

IL-6 
250 

E EC 
0.125 

EC 
0.125 

EC 
0.125 

EC 
0.125 

TS7 TS7 TS7 TS7 TS13 TS13 
IL-6 
500 

IL-6 
500 

F NSC NSC NSC NSC TS8 TS8 TS8 TS8 TS13 TS13 
IL-6 
1000 

IL-6 
1000 

G TS12 TS1 TS1 TS1 TS9 TS9 TS9 TS9 TS14 TS14 
IL-6 
2000 

IL-6 
2000 

H TS2 TS2 TS2 TS2 TS10 TS10 TS10 TS10 TS14 TS14 
IL-6 
4000 

IL-6 
4000 

Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance 
1EC value (e.g., EC 2.0) represents the endotoxin concentration in EU/mL. 
2TS number (e.g., TS1) represents an arbitrary sequence for individual test substances. 
3IL-6 values in columns 11 and 12 are in pg/mL. 
 

                                                
9The TMB chromagen is measured at OD450. However, the use of an IL-1β ELISA kit with a chromagen other than 
TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific chromagen used.  
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Table 6-4 Overview of ELISA Procedure 

Material 
transfer 

from 
Incubation 

Plate 

(µL) 

IL-6 
standard 

(0 to 
4000 

pg/mL) 
(µL) 

Enzyme-
labeled 

Antibody 

(µL) 

TMB/Substrate 
Solution 

(µL) 

Stop 
Solution 

(µL) 

50 50 200 

Cover the 
Incubation 
Plate and 
incubate 
for 2 to 3 
hr at RT. 

Decant 
and wash 
each well 

three 
times 

with 300 
µL 

Buffered 
Wash 

Solution 
and three 

times 
with 

deionized 
water. 

200 

Incubate 
for less 
than 15 
min at 
RT in 

the 
dark. 

50 

Read 
each well 
at OD450 

with a 
540 to 
590 nm 

reference 
filter. 

Abbreviations: OD450 = Optical density at 450 nm; RT = Room temperature 
 

7.0 EVALUATION OF TEST METHODS 

7.1 OD Measurements 

The OD of each well is obtained by reading the samples in a standard microplate 
spectrophotometer (i.e., plate reader) using a visible light wavelength of 450 nm (OD450) with a 
540 to 590 nm reference filter (recommended)10. OD values are used to determine assay 
acceptability and in the decision criteria for pyrogen detection (see Sections 8.0 and 9.0). 

8.0 CRITERIA FOR AN ACCEPTABLE TEST 

An EC (five-point standard curve) and a NSC should be included in each experiment. An IL-6 
standard curve should be included in each ELISA as shown in the template presented in Table 6-
3. An assay is considered acceptable only if the following minimum criteria are met: 

• The quadratic function of the IL-6 standard curve produces an r ≥0.9511 and the 
OD of the blank control is below 0.15. 

• The endotoxin standard curve produces OD values that ascend in a sigmoidal 
concentration response. 

Blood donors (or a pool of blood donors) are considered to be high responders if their 
concentration of IL-6 is greater than 200 pg/mL. High responders should be excluded from 
analysis. The preparation being examined is required to pass the test with blood donations from 
at least three different donors (i.e., either as a pool of three individual donors or as three 
individual donors tested independently). 
                                                
10The TMB chromagen is measured at OD450. However, the use of an IL-1β ELISA kit with a chromagen other than 
TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific chromagen used.  
11Correlation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements. 
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An outlying observation that represents either a pool of multiple independent donors or a single 
individual donor may be excluded if there is confirmation that the accuracy of the medical 
information provided by an individual donor is suspect, or if the aberrant response is identified 
using acceptable statistical methodology (e.g., Dixon's test [Dixon 1950; Barnett and Lewis 
1994], Grubbs' test [Barnett and Lewis 1994; Grubbs 1969; Iglewicz and Houghlin 1993]). 

9.0 DATA INTERPRETATION/DECISION CRITERIA 

9.1 Decision Criteria for Pyrogen Detection 

A test substance is considered pyrogenic when the endotoxin concentration of the test substance 
exceeds the ELC for the test sample. The ELC can be calculated as shown in Section 12.2. 

10.0 STUDY REPORT 

The test report should include the following information: 

Test Substances and Control Substances 

• Name of test substance 

• Purity and composition of the substance or preparation 

• Physicochemical properties (e.g., physical state, water solubility) 

• Quality assurance data 

• Treatment of the test/control substances prior to testing (e.g., vortexing, 
sonication, warming, resuspension solvent) 

Justification of the Test Method and the Protocol Used 

Test Method Integrity 

• The procedure used to ensure the integrity (i.e., accuracy and reliability) of the 
test method over time 

• If the test method employs proprietary components, documentation on the 
procedure used to ensure their integrity from “lot-to-lot” and over time 

• The procedures that the user may employ to verify the integrity of the proprietary 
components 

Criteria for an Acceptable Test 

• Acceptable concurrent positive control ranges based on historical data 

• Acceptable negative control data 

Test Conditions 

• Cell system used 

• Calibration information for the spectrophotometer used to read the ELISA 

• Details of test procedure used 
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• Description of any modification to the test procedure 

• Reference to historical data of the model 

• Description of the evaluation criteria used 

Results 

• Tabulation of data from individual test samples 

Description of Other Effects Observed 

Discussion of the Results 

Conclusion 

A Quality Assurance Statement for Good Laboratory Practice (GLP)-Compliant Studies 

• This statement should indicate all inspections made during the study and the dates 
any results were reported to the Study Director. This statement should also 
confirm that the final report reflects the raw data. 

If GLP-compliant studies are performed, then additional reporting requirements provided in the 
relevant guidelines (e.g., OECD 1998; EPA 2003a, 2003b; FDA 2003) should be followed. 
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12.0 TERMINOLOGY AND FORMULA 

12.1 Assay Sensitivity (λ)1 

The variable λ is defined as the labeled sensitivity (in EU/mL) of the LAL Reagent in 
endpoint assays (e.g., the BET gel-clot technique). For kinetic BET assays, λ is the lowest 
point used in the endotoxin standard curve. 

12.2 Endotoxin Limit Concentration (ELC)1,2 

The ELC for parenteral drugs is expressed in Endotoxin Units (EU) per volume (mL) or 
weight (mg). The ELC is equal to K/M, where: 

K is the threshold human pyrogenic dose of endotoxin (EU) per body weight (kg). K is equal 
to 5.0 EU/kg for intravenous administration. For intrathecal administration, K is equal to 0.2 
EU/kg (see also Section 12.5). 

M is the rabbit test dose or the maximum recommended human dose of product (mL or mg) 
per body weight (kg) in a single hour period (see also Section 12.8). 

For example, if a non-intrathecal product were used at an hourly dose of 10 mL per patient, 
then the ELC would be 0.50 EU/mL. 

12.3 Maximum Valid Dilution (MVD)1,2 

The MVD is the maximum allowable dilution of a test substance at which the endotoxin limit 
can be determined. The calculation of the MVD is dependent on the ELC for a test substance. 
When the ELC is known, the MVD is1: 

 MVD = (ELC x Product Potency [PP])/λ 

 As an example, for Cyclophosphamide Injection, the ELC is 0.17 EU/mg, PP is 20 
mg/mL, and the assay sensitivity is 0.065 EU/mL. The calculated MVD would be 1:52.3 or 
1:52. The test substance can be diluted no more than 1:52 prior to testing. 

If the ELC is not known, the MVD is1: 
 MVD = PP/Minimum Valid Concentration (MVC) 
  where, MVC = (λ x M)/K 
  where, M is the maximum human dose 
 As an example, for Cyclophosphamide Injection, the PP is 20 mg/mL, M is 30 mg/kg, 
and assay sensitivity is 0.065 EU/mL. The calculated MVC is 0.390 mg/mL and the MVD is 
1:51.2 or 1:51. The test substance can be diluted no more than 1:51 in the assay prior to 
testing. 

12.4 Negative Product Control (NPC) 

For interference testing, the NPC is a test sample to which pyrogen-free saline (PFS) is 
added. The NPC is the baseline for determination of cytokine release relative to the 
endotoxin-spiked PPC. 
                                                
1From FDA (1987) 
2From USP (2007) 
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12.5 Parenteral Threshold Pyrogen Dose (K)1,2 

The value K is defined as the threshold human pyrogenic dose of endotoxin (EU) per body 
weight (kg). K is equal to 5.0 EU/kg for parenteral drugs except those administered 
intrathecally; 0.2 EU/kg for intrathecal drugs. 

12.6 Positive Product Control (PPC) 

For interference testing, the PPC is a test substance spiked with the control standard 
endotoxin (i.e., 0.5 EU/mL or an amount of endotoxin equal to that which produces ½ the 
maximal increase in optical density (OD) from the endotoxin standard curve) to insure that 
the test system is capable of endotoxin detection in the product as diluted in the assay. 

12.7 Product Potency (PP)1,2 

The test sample concentration expressed as mg/mL or mL/mL. 

12.8 Rabbit Pyrogen Test (RPT) Dose or Maximum Human Dose (M)1,2 

The variable M is equal to the rabbit test dose or the maximum recommended human dose of 
product per kg of body weight in a single hour period. M is expressed in mg/kg or mL/kg and 
varies with the test substance. For radiopharmaceuticals, M equals the rabbit dose or 
maximum human dose/kg at the product expiration date or time. Use 70 kg as the weight of 
the average human when calculating the maximum human dose per kg. If the pediatric 
dose/kg is higher than the adult dose, then it shall be the dose used in the formula. 
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The Human Peripheral Blood Mononuclear Cell (PBMC)/IL-6 In Vitro Pyrogen Test 
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ICCVAM Final Recommended Protocol for Future Studies Using the Human 
Peripheral Blood Mononuclear Cell (PBMC)/Interleukin (IL)-6 In Vitro Pyrogen Test 

PREFACE 

This protocol is for the detection of Gram-negative endotoxin, a pyrogen, in parenteral drugs, 
as indicated by the release of IL-6 from human peripheral blood mononuclear cells (PBMCs). 
This protocol is based on information obtained from 1) the European Centre for the 
Validation of Alternative Methods (ECVAM)1 PBMC/IL-6 Background Review Document 
(BRD) presented in Appendix A of the Interagency Coordinating Committee on the 
Validation of Alternative Methods (ICCVAM) BRD (available at 
http://iccvam.niehs.nih.gov/methods/pyrogen/pyr_brd.htm), and 2) information provided to 
the National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative 
Toxicological Methods (NICEATM) by Dr. Thomas Hartung, Head of ECVAM. The 
ICCVAM BRD includes the ECVAM Standard Operating Procedures (SOPs) for the 
PBMC/IL-6 test (could be referred to as Monocyte Activation Test), which is based on 
various methods that use human PBMCs to detect cytokine production as a measure of 
pyrogen presence (Bleeker et al. 1994; Dinarello et al. 1984; Poole et al. 2003). A table of 
comparison between the ICCVAM recommended protocol and the ECVAM SOPs is 
provided in Table 1. 

Users should contact the relevant regulatory authority for guidance when using this 
ICCVAM recommended protocol to demonstrate product specific validation, and any 
deviations from this protocol should be accompanied by scientifically justified rationale. 
Future studies using the PBMC/IL-6 pyrogen test may include further characterization of the 
usefulness or limitations of the assay for regulatory decision-making. Users should be aware 
that this protocol might be revised based on additional optimization and/or validation studies. 
ICCVAM recommends that test method users routinely consult the ICCVAM/NICEATM 
website (http://iccvam.niehs.nih.gov) to ensure that the most current protocol is used. 

 

                                                
1ECVAM is a unit of the Institute for Health and Consumer Protection at the European Commission's Joint 
Research Centre. 
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Table 1 Comparison of ICCVAM Recommended Protocol with the ECVAM SOPs for the PBMC/IL-6 Pyrogen Test 

Protocol Component ICCVAM Protocol 
ECVAM Catch-Up  

Validation SOP1 
ECVAM Validation SOP1 

Test Substance 
Test neat or in serial dilutions that 

produce no interference, not to exceed the 
MVD 

Test at MVD Test at MVD 

Number of Blood Donors Minimum of 3 (independent or pooled) Minimum of 32 (independent) Minimum of 4 (independent) 

Decision Criteria for Interference 
Mean OD3

 of PPC is 50% to 200% of 0.25 
EU/mL EC 

Mean OD of PPC is 50% to 200% 
of 0.25 EU/mL EC 

Mean OD of PPC is 50% to 
200% of 0.25 EU/mL EC 

NSC (1) NSC (1) NSC (1) 
EC (5) EC (5) EC (5) 
TS (14) TS (2) x EC (5) spikes = 10 TS TS (2) x EC (5) spikes = 10 TS 
PPC4 (0) PPC (2) = 2 TS PPC (2) = 2 TS 

Incubation Plate for ELISA 
(The number of samples or controls 

measured in quadruplicate) 
NPC4 (0) NPC (2) = 2TS NPC (2) = 2TS 

ELISA Plate 
Includes seven point IL-6 SC and blank in 

duplicate 
Includes seven point IL-6 SC and 

blank in duplicate 
Includes seven point IL-6 SC 

and blank in duplicate 
Mean OD of NSC ≤0.15 Mean OD of NSC ≤0.15 Mean OD of NSC ≤0.15 

Quadratic function of IL-6 SC r ≥0.955 
Quadratic function of IL-6 SC r 

≥0.95 
Quadratic function of IL-6 SC r 

≥0.95 

EC SC produces OD values that ascend in 
a sigmoidal concentration response 

EC SC produces OD values that 
ascend in a sigmoidal 

concentration response 

EC SC produces OD values that 
ascend in a sigmoidal 

concentration response 

High responder blood donors (i.e., > 200 
pg/mL IL-6) or low responder blood 

donors (i.e., Mean OD of 1EU/mL EC is 
significantly less than that of 1000 pg/mL 

IL-6) may be excluded 

High responder blood donors (i.e., 
> 200 pg/mL IL-6) or low 

responder blood donors (i.e., Mean 
OD of 1EU/mL EC is significantly 
less than that of 1000 pg/mL IL-6) 

may be excluded 

High responder blood donors 
(i.e., > 200 pg/mL IL-6) or low 
responder blood donors (i.e., 
Mean OD of 1EU/mL EC is 
significantly less than that of 

1000 pg/mL IL-6) may be 
excluded 

Assay Acceptability Criteria 

Outliers rejected using  
Dixon's test 

Outliers rejected using  
Dixon's test 

Outliers rejected using  
Dixon's test 

Decision Criteria for Pyrogenicity 
Endotoxin concentration  

TS > ELC6 TS 
Endotoxin concentration  

TS > ELC  TS 
Endotoxin concentration  

TS > ELC  TS7 



 

 

Abbreviations: EC = Endotoxin control; ELC = Endotoxin limit concentration; ELISA = Enzyme-linked immunosorbent assay; EU = Endotoxin units; IL-6 
= Interleukin-6; MVD = Maximum valid dilution; NSC = Negative saline control; OD = Optical density; PBMC = Peripheral blood mononuclear cell; PPC = 
Positive product control; SC = Standard curve; SOP = Standard operating procedure; TS = Test substance 
1ECVAM PBMC/IL-6 SOPs are presented in Appendix A of the ICCVAM BRD (available at http://iccvam.niehs.nih.gov/methods/pyrogen/pyr_brd.htm). 
2Sample are cryopreserved prior to use in the assay. 
3Mean OD values are corrected (i.e., reference filter reading, if applicable, and NSC are subtracted). 
4In the ICCVAM PBMC/IL-6 protocol, PPC and NPC are assessed in the interference test described in Section 4.2, which is performed prior to the ELISA. 
5Correlation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements. 
6Where unknown, the ELC is calculated (see Section 12.2). 
7Decision criteria for individual donors were defined in the ECVAM Validation SOP for the PBMC/IL-6 test method. Test method users should refer to 
these criteria if multiple donors are tested independently. 
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1.0 PURPOSE AND APPLICABILITY 

The purpose of this protocol is to describe the procedures used to evaluate the presence of 
Gram-negative endotoxin, a pyrogen, in parenteral drugs. The presence of Gram-negative 
endotoxin is detected by its ability to induce the release of interleukin (IL)-6 from human 
peripheral blood mononuclear cells (PBMCs). The concentration of IL-6 released by 
incubation of PBMCs with a test substance or controls (i.e., positive and negative) is 
quantified using an enzyme-linked immunosorbent assay (ELISA) that includes monoclonal 
or polyclonal antibodies specific for IL-6. The amount of pyrogen present is determined by 
comparing the values of endotoxin equivalents produced by PBMCs exposed to the test 
substance to those exposed to an internationally harmonized Reference Standard Endotoxin 
(RSE)1 or an equivalent standard expressed in Endotoxin Units (EU)/mL. A test substance is 
considered pyrogenic if the endotoxin concentration of the test substance exceeds the 
Endotoxin Limit Concentration (ELC) for the test substance. 

The relevance and reliability of this test method to detect non-endotoxin pyrogens have not 
been demonstrated in a formal validation study, although data are available in the literature to 
suggest that this assay has the potential to serve this purpose. 

2.0 SAFETY AND OPERATING PRECAUTIONS 

All procedures that use human blood-derived materials should follow national/international 
procedures for handling blood potentially contaminated with pathogens. An example of such 
guidelines is the Universal Precautions available at 
http://www.niehs.nih.gov/odhsb/biosafe/univers.htm. For non-human blood procedures (e.g., 
ELISAs), standard laboratory precautions are recommended including the use of laboratory 
coats, eye protection, and gloves. If necessary, additional precautions required for specific 
chemicals will be identified in the Material Safety Data Sheet (MSDS). 

The stop solution used in the ELISA kit is acidic and corrosive and should be handled with 
the proper personal protective devices. If this reagent comes into contact with skin or eyes, 
wash thoroughly with water. Seek medical attention, if necessary. 

Tetramethylbenzidine (TMB) solution contains a hydrogen peroxide substrate and 3, 3’, 5, 
5’- TMB. This reagent is a strong oxidizing agent and a suspected mutagen. Appropriate 
personal protection should be used to prevent bodily contact. 

Bacterial endotoxin is a toxic agent (i.e., can induce sepsis, shock, vascular damage, 
antigenic response) and should be handled with care. Skin cuts should be covered and 
appropriate personal protective devices should be worn. In case of contact with endotoxin, 
immediately flush eyes or skin with water for at least 15 minutes (min). If inhaled, remove 
the affected individual from the area and provide oxygen and/or artificial respiration as 
needed. Skin absorption, ingestion, or inhalation may produce fever, headache, and 
hypotension. 

                                                
1RSEs are internationally-harmonized reference standards (e.g., WHO-lipopolysaccharide [LPS] 94/580 
Escherichia coli [E. coli] O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot G3E069; USP 
RSE E. coli Lot G; FDA E. coli Lot EC6). Equivalent endotoxins include commercially available E. coli-
derived LPS Control Standard Endotoxin (CSE) or other E. coli LPS preparations that have been calibrated with 
an appropriate RSE. 
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3.0 MATERIALS, EQUIPMENT, AND SUPPLIES 

3.1 Blood Donor Eligibility 

PBMCs from fresh whole blood (WB) are the source of cells for cytokine production in the 
PBMC/IL-6 test method as reported by Poole et al. (2003)2. In the United States (U.S.), the 
collection of blood and blood components for transfusion and further manufacture (including 
the use of resulting PBMCs in a licensed test) is currently regulated under Section 351 of the 
Public Health Service (PHS) Act (U.S. Code [U.S.C.], Title 42, Chapter 6A) and/or the 
Federal Food Drug and Cosmetic Act (U.S.C., Title 21, Chapter 9), both of which require 
compliance with Current Good Manufacturing Practice (cGMP) regulations (21 CFR Parts 
210, 211 and 600-6403). 

These regulations and the associated FDA guidance's provide an important resource for 
information regarding the currently accepted practice for blood manufacture and collection 
(including donor screening) (http://www.fda.gov/cber/blood.htm). Specifically, guidance 
regarding donor screening questionnaires and links to currently acceptable questionnaires can 
be found at http://www.fda.gov/cber/gdlns/donorhistques.htm#iv. If you have questions 
regarding the applicability of blood regulations to your specific situation4, it is recommended 
that you e-mail the Manufacturers Assistance and Technical Training (MATT) Branch 
established by FDA at matt@cber.fda.gov for advice. 

Any participating blood establishment should address how unused components of blood 
donations will be accounted for and ultimately destroyed, and if the establishment will store 
the blood preparation, describe the storage procedures to be followed. 

3.2 Equipment and Supplies 

For all steps in the protocol, excluding the ELISA procedure, the materials that will be in 
close contact with samples and/or blood cells (e.g., pipet tips, containers, solutions) should be 
sterile and pyrogen-free. 

3.2.1 Preparation of PBMCs 

3.2.1.1 Equipment 
• Centrifuge 

• Hood; Bio-safety, laminar flow (recommended) 

                                                
2As indicated by the ECVAM Catch-Up Validation SOP for the PBMC/IL-6 test method, PBMCs that have 
been cryopreserved can also be used as the source of cells in the PBMC/IL-6 test method. 
3The requirements for WB can be found at 21 CFR 640.1 et seq. In addition, there are specific regulations 
applicable to red blood cells, platelets, and other blood components. See, for example, 21 CFR 640.10-640.27. 
Other regulations applicable to the manufacture of blood and blood components include 21 CFR Part 606, the 
cGMP requirements for blood and blood components, 21 CFR 610.40, the requirements for testing of WB 
donations, and 21 CFR 640.3, the requirements for determining the suitability of the donor. Blood that enters 
into U.S. interstate commerce should be tested for antibodies to HIV 1/2, HCV, HTLV I and II, HBc, HBsAg 
and RPR, WNV and Chagas. 
4The collection of blood for research and development purposes or as a component of an in vitro test (that is not 
subject to licensure) may potentially not be required to adhere to the FDA regulations outlined above. 
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• Incubator; cell culture (37±1°C + 5% CO2) 

• Lymphoprep™ 

• Pipetter; multichannel (8- or 12-channel) 

• Pipetters; single-channel adjustable (20, 200, and 1000 µL) 

• Repeating pipetter 

• Vortex mixer 

3.2.1.2 Consumables 
• Centrifuge tubes; polystyrene (15 and 50 mL) 

• Combitips; repeating pipetter (2.5 and 5.0 mL) 

• Cryotubes; screw-cap, 2 mL 

• Filters; sterile, 0.22 µm 

• Needle set; multifly, pyrogen-free, 19 mm, 21 gauge 

• Phosphate buffered saline (PBS); sterile 

• Pipettes; serological, sterile (5, 10, and 25 mL) 

• Plates; microtiter, 96-well, polystyrene, tissue culture 

• Pyrogen-free saline (PFS) 

• Reaction tubes; polystyrene (1.5 mL) 

• Reservoirs; for blood collection 

• RPMI-1640 cell culture medium (500 mL); supplemented with the following 
reagents to yield RPMI-C 

o Human serum albumin (HSA); 5 mL or a 1% final concentration) 

o L–Glutamine; 200 mM 

o Penicillin/streptomycin (10,000 IU/mL penicillin, 10 mg/mL 
streptomycin) 

• Syringes; sterile (100 µL and 30 mL) 

• Tips; pipetter, sterile, pyrogen-free (20, 200, and 1000 µL) 

3.2.2 ELISA 

3.2.2.1 Equipment 
• Microplate mixer 
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• Microplate reader (450 nm with an optional reference filter in the range of 
540-590 nm)5 

• Microplate washer (optional) 

• Multichannel pipetter 

3.2.2.2 Consumables 
• Container; storage, plastic 

• Deionized water; nonsterile 

• Plates; microtiter, 96-well, polystyrene 

• Pyrogen-free water (PFW) 

• Reservoirs; fluid 

• Tips; pipetter, nonsterile 

• Tubes; polystyrene (12 mL) 

3.2.2.3 ELISA Kit 
An ELISA that measures IL-6 release is used. A variety of IL-6 ELISA kits are commercially 
available and the IL-6 ELISA procedure outlined in this protocol is intended to serve as an 
example for using an ELISA kit. The IL-6 ELISA should be calibrated using an IL-6 
international reference standard (e.g., World Health Organization [WHO] 89/548) prior to 
use. The IL-6 cytokine assay kits do not provide the RSE or endotoxin equivalent; therefore, 
this reagent must be purchased separately. Results obtained using these products are subject 
to the assay acceptability and decision criteria described in Sections 8.0 and 9.0. IL-6 ELISA 
kit components may include the following: 

• ELISA plates coated with anti-human IL-6 capture antibody; monoclonal or 
polyclonal 

• Buffered wash solution 

• Dilution buffer 

• Enzyme-labeled detection antibody 

• Human IL-6 reference standard 

• PFS 

• Stop solution 

• TMB6/substrate solution 

                                                
5The TMB chromagen is measured at OD450. However, the use of an IL-1β ELISA kit with a chromagen other 
than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific 
chromagen used. 
6The use of an IL-6 ELISA kit with a chromagen other than TMB is acceptable. 
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3.3 Chemicals 

• Endotoxin (e.g., WHO-lipopolysaccharide [LPS] 94/580 Escherichia coli [E. 
coli] O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot 
G3E069; USP RSE E. coli Lot G; FDA E. coli Lot EC6) 

3.4 Solutions 

• RPMI-C cell culture medium; supplemented as described in Section 3.2.1.2 

4.0 ASSAY PREPARATION 

All test substances, endotoxin, and endotoxin-spiked solutions should be stored as specified 
in the manufacturer's instructions. The collection of WB, the isolation of PBMCs from WB, 
and the procedure for cryopreservation of PBMCs is outlined in Section 6.1. 

4.1 Endotoxin Standard Curve 

An internationally harmonized RSE or equivalent is used to generate the endotoxin standard 
curve. The use of any other E. coli LPS requires calibration against a RSE using the 
PBMC/IL-6 pyrogen test. A standard endotoxin curve consisting of a Negative Saline 
Control (NSC) and five RSE concentrations (0.063, 0.125, 0.25, 0.50, and 1.0 EU/mL) are 
included in the incubation step (refer to Table 4-1) and then transferred to the ELISA plate.  

Table 4-1 Preparation of Endotoxin Standard Curve 

Stock Endotoxin 
EU/mL1 

µL of Stock 
Endotoxin 

µL of PFS 
Endotoxin 

Concentration  
EU/mL 

20002,3 40 3960 204 
20 100 1900 1.0 
1.0 500 500 0.50 
0.50 500 500 0.25 
0.25 500 500 0.125 

0.125 500 500 0.063 
0 0 1000 0 

Abbreviations: EU = Endotoxin units; PFS = Pyrogen-free saline 
Each stock tube should be vortexed vigorously prior to its use to make the subsequent  
dilution. 
1To reconstitute the endotoxin, the stock vial should be vortexed vigorously for at least 30 min or sonicated in a 
bath sonicator for at least 5 min. Subsequent dilutions should be vortexed vigorously immediately prior to use. 
2A 2000 EU/mL stock solution of endotoxin is prepared according to the manufacturer's instructions. 
3The stock solution is stable for not more 14 days when stored at 2 to 8°C or for up to 6 months when kept in a 
-20°C freezer. 
4This concentration is not used in the assay. 
 

To prepare the endotoxin standard curve, first obtain a 2000 EU/mL stock solution by 
addition of PFW to the lyophilized content of the stock vial by following the instructions 
provided by the manufacturer (e.g., 5 mL of PFW is added to a vial containing 10,000 EU). 
To reconstitute the endotoxin, the stock vial should be vortexed vigorously for at least 30 min 
or sonicated in a bath sonicator for at least 5 min. Subsequent dilutions should be vortexed 
vigorously immediately prior to use. The stock solution is stable for not more 14 days when 
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stored at 2 to 8°C or for up to 6 months when kept in a -20°C freezer. An endotoxin standard 
curve is prepared as described in Table 4-1 by making serial dilutions of the stock solution in 
PFS with vigorous vortexing at each dilution step. Dilutions should not be stored, because 
dilute endotoxin solutions are not as stable as concentrated solutions due to loss of activity by 
adsorption, in the absence of supporting data to the contrary. 

4.2 Interference Test 

For every test substance lot, interference testing must be performed to check for interference 
between the test substance and the cell system and/or ELISA. The purpose of the interference 
test is to determine whether the test substance (or specific lot of test substance) has an effect 
on cytokine release. 

4.2.1 Interference with the Cell System 
All test substances must be labeled as pyrogen-free (i.e., endotoxin levels at an acceptable 
level prior to release by the manufacturer) to ensure that exogenous levels of endotoxin do 
not affect the experimental outcome. Liquid test substances should be diluted in PFS. Solid 
test substances should be prepared as solutions in PFS or, if insoluble in saline, dissolved in 
dimethyl sulfoxide (DMSO) and then diluted up to 0.5% (v/v) with PFS, provided that this 
concentration of DMSO does not interfere with the assay. To ensure a valid test, a test 
substance cannot be diluted beyond its Maximum Valid Dilution (MVD) (refer to Section 
12.3). The calculation of the MVD is dependent on the ELC for a test substance. The ELC 
can be calculated by dividing the threshold human pyrogenic dose by the maximum 
recommended human dose in a single hour period (see Section 12.2) (USP 2007; FDA 
1987). Furthermore, test substances should not be tested at concentrations that are cytotoxic 
to blood cells. 

4.2.1.1 Reference Endotoxin for Spiking Test Substances 
The WHO-LPS 94/580 [E. coli O113:H10:K-] or equivalent internationally harmonized RSE 
is recommended for preparation of the endotoxin-spike solution and the endotoxin standard 
curve (see Section 4.1). 

4.2.1.2 Spiking Test Substances with Endotoxin 
Non-spiked and endotoxin-spiked test substances are prepared in quadruplicate and an in 
vitro pyrogen test is performed. A fixed concentration of the RSE (i.e., 0.25 EU/mL or a 
concentration equal to or near the middle of the endotoxin standard curve) is added to the 
undiluted test substance (or in serial two-fold dilutions, not to exceed the MVD). An 
illustrative example of endotoxin-spiking solutions is shown in Table 4-2. For non-spiked 
solutions, 150 µl of RPMI-C is added to a well followed by 50 µl of the test substance (i.e., 
equivalent to the negative product control [NPC]) and 50 µL of PBMCs and the well contents 
are mixed. Endotoxin-spiked solutions are prepared by adding 100 µL of RPMI-C to each 
well followed by 50 µL of the test substance, and 50 µL of an endotoxin-spike solution (0.25 
EU/mL) (i.e., equivalent to the positive product control [PPC]). Finally, 50 µL of PBMCs are 
added to each well and the wells are mixed and incubated as outlined in Section 6.1.3, Steps 
6-8. An ELISA is then performed as outlined in Section 6.2, without the IL-6 standard curve. 
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Table 4-2 Preparation of Endotoxin-Spiked and Non-Spiked Solutions for 
Determination of Test Substance Interference 

Spiked Non-spiked 
Sample Addition 

µL/well1 
RPMI-C 100 150 
Endotoxin-spike solution2 50 0 
Test substance (neat and each serial dilution) 50 50 
PBMCs3 50 50 
Total4 250 250 

Abbreviations: PBMC = Peripheral blood mononuclear cells 
1n=4 replicates each 
2Endotoxin concentration is 0.25 EU/mL in RPMI-C. 
3PBMCs are resuspended in RPMI-C (1 x 106 cells/mL). 
4A total volume of 250 µL per well is used for the incubation. 
 

The optical density (OD) values of the endotoxin-spiked and non-spiked test substances are 
calibrated against the endotoxin calibration curve. The resulting EU value of the non-spiked 
test substance is subtracted from the corresponding EU value of the endotoxin-spiked test 
substance at each dilution. The spike recovery for each sample dilution is calculated as a 
percentage by setting the theoretical value (i.e., endotoxin-spike concentration of 0.25 
EU/mL) at 100%. For example, consider the following interference test results in Table 4-3: 

Table 4-3 Example of Interference Data Used to Determine Sample 
Dilution 

Sample Dilution % Recovery of Endotoxin Control 
None 25 
1:2 49 
1:4 90 
1:8 110 

 

If a spike recovery between 50% and 200% is obtained, then no interference of the test 
substance with either the cell system or the ELISA is demonstrated (i.e., the test substance 
does not increase or decrease the concentration of IL-6 relative to the endotoxin spike). The 
lowest dilution (i.e., highest concentration) of a test substance that yields an endotoxin-spike 
recovery between 50% and 200% is determined. The test substance is then diluted in serial 
two-fold dilutions beginning at this dilution, not to exceed the MVD, for use in the assay. 
Based on the results illustrated in Table 4-3, the initial dilution of the test substance to be 
used in the in vitro pyrogen test would be 1:4 (i.e., the lowest dilution between 50% and 
200% of the 0.25 EU/mL EC). 

4.2.2 Interference at the MVD 
If the data obtained from the experiment in Section 4.2.1 suggests the presence of 
interference at the MVD, then consideration should be given for using another validated 
pyrogen test method. 



ICCVAM Test Method Evaluation Report: Appendix C4 May 2008 
 

C-84 

5.0 CONTROLS 

5.1 Benchmark Controls 

Benchmark controls may be used to demonstrate that the test method is functioning properly, 
or to evaluate the relative pyrogenic potential of chemicals (e.g., parenteral pharmaceuticals, 
medical device eluates) of a specific class or a specific range of responses, or for evaluating 
the relative pyrogenic potential of a test substance. Appropriate benchmark controls should 
have the following properties: 

• consistent and reliable source(s) for the chemicals (e.g., parenteral 
pharmaceuticals, medical device eluates) 

• structural and functional similarities to the class of substance being tested  

• known physical/chemical characteristics 

• supporting data on known effects in animal models 

• known potency in the range of response 

5.2 Endotoxin Control 

The EC (i.e., PBMCs incubated with an internationally harmonized RSE) serves as the 
positive control in each experiment. The results should be compared to historical values to 
insure that it provides a known level of cytokine release relative to the NSC. 

5.3 Negative Saline Control 

The NSC (i.e., PBMCs incubated with PFS instead of the test substance) is included in each 
experiment in order to detect nonspecific changes in the test system, as well as to provide a 
baseline for the assay endpoints. 

5.4 Solvent Control 

Solvent controls are recommended to demonstrate that the solvent is not interfering with the 
test system when solvents other than PFS are used to dissolve test substances. 

6.0 EXPERIMENTAL DESIGN 

6.1 Incubation with Test Samples and Measurement of IL-6 Release 

6.1.1 Collection of Human Blood 
Human volunteers that have met the donor eligibility criteria described in Section 3.1 are 
used as the source of WB. All components of the blood collection system (e.g., syringes, 
tubes, connecting lines) must be sterile and pyrogen-free. WB is drawn by venipuncture7 
from the medial cubital or cephalic vein of either the right or left arm and collected in a 
sterile container that contains anticoagulant solution (e.g., heparin). The total volume of 

                                                
7WB is obtained using Universal Precautions (e.g., latex gloves, labcoats, safety glasses) and sterile equipment 
(e.g., syringes, needles, collection tubes) within a hospital or clinical setting by qualified and adequately trained 
personnel (i.e., registered nurse, licensed phlebotomist, or medical doctor). 
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blood collected per donor (i.e., up to 500 mL) will be dictated by experimental design and 
determined by the test method user. All subsequent handling of WB should be performed in a 
laminar flow hood using sterile technique to prevent contamination. 

6.1.1.1 Isolation of PBMCs from WB 
PBMCs are isolated from WB using density gradient centrifugation. The PBMC suspension 
must be isolated within 2 hr of WB collection using Lymphoprep™. The isolated PBMC 
suspension may be used immediately (Section 6.1.2) or frozen for later use (Section 6.1.1.3). 
The isolation procedure described below is a modification of the manufacturer's instructions 
as outlined in the ECVAM SOP for the PBMC/IL-6 pyrogen test. 

To form a lower, denser layer, 15 mL of PBS and 20 mL of Lymphoprep™ should be added 
to each tube containing 15 mL of WB. The tubes are then centrifuged at 340 x g for 45 min at 
RT. After centrifugation, a white band of PBMCs should be visible at approximately the 25 
mL graduation mark on the tube. If cryopreservation of PBMCs is to be performed (see 
Section 6.1.1.3), carefully remove 18 mL of supernatant above the PBMC band and transfer 
it to a new tube for preparing a cryoprotective solution. The remaining supernatant above the 
PBMC band should be aspirated and discarded. Using a 10 mL pipet, transfer the PBMC 
layer to a new centrifuge tube. 

6.1.1.2 Washing PBMCs 
The PBMCs are resuspended in a total volume of 50 mL of PBS and centrifuged at 340 x g 
for 15 min. The supernatant is poured off and the cellular sediment resuspended in 10 mL of 
PBS by pipetting up and down several times with a serological pipet. The total volume in 
each tube is adjusted to 50 mL with PBS and centrifuged at 340 x g for 10 min. After 
centrifugation, the PBMCs should be resuspended in RPMI-C and an equal volume of cell 
suspension from multiple individual donors should be pooled8. 

Prior to use in the assay, the pooled PBMCs should be examined under a microscope to 
determine that the morphology of the cells is consistent with the appearance of cells that 
previously yielded acceptable results. It is advisable that cell number and cell viability be 
determined using appropriate methods (e.g., hemocytometer and vital dye or flow cytometer 
and fluorescent marker). The cell count of the PBMC suspension should be adjusted to 1 x 
106 cells/mL in RPMI-C. The percentage of viable PBMCs should exceed 80% for their 
inclusion in the test. The results of these examinations should be included in the study report. 
If PBMCs are prepared from fresh WB, then the cell suspension must be used in the assay 
within 4 hr from the time of WB collection. 

6.1.1.3  Procedure for Cryopreservation and Thawing of PBMCs 
To freeze the PBMCs, prepare a cryoprotective solution by adding 2 mL of pyrogen-free 
DMSO to the supernatant (18 mL) collected in the centrifugation procedure outlined in 
Section 6.1.1.1. Cool the cryoprotective solution to between 2 and 8°C. Centrifuge the 
isolated PBMCs as instructed in Section 6.1.1.2 and then add 6 mL of the chilled 
cryoprotective solution to the cell sediment and prepare aliquots in cryotubes. The cryotubes 

                                                
8Multiple donors (i.e., a minimum of three) should meet the acceptability criteria as outlined in Section 8.0 
either as a pool of multiple individual donors or as multiple individual donors tested independently. 
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are placed in a Styrofoam box for thermal insulation and slowly frozen in a -80°C freezer. 
After 72 hr, the tubes can be transferred to liquid nitrogen for prolonged storage. 

To thaw the cryopreserved PBMCs, submerge the tubes in a water bath at 37±1°C. After 
thawing, the cell suspensions are pooled in a single 50 mL centrifuge tube and RPMI-C is 
added to give a total volume of 40 mL. The PBMCs are centrifuged at 340 x g for 10 min, the 
supernatant removed, and the cells resuspended in 10 mL of RPMI-C. 

Prior to use in the assay, it is advisable that cell number and cell viability be examined as 
described in Section 6.1.1.2. The cell count of the PBMC suspension should be adjusted to 1 
x 106 cells/mL in RPMI-C. The percentage of viable PBMCs should exceed 80% for their 
inclusion in the test. The results of this examination should be included in the study report. 

6.1.2 Incubation Plate 

Test substances are prepared at a level of dilution that did not show interference with the test 
system, provided that this dilution does not exceed the MVD. Each incubation plate can 
accommodate an endotoxin standard curve, a NSC, and 14 test samples (see Table 6-1). 

Table 6-1 Overview of Incubation Plate Preparation in the PBMC/IL-6 Pyrogen 
Test 

RPMI-C EC 
Test 

Sample 
PBMCs Number 

of Wells 
Sample 

µL 

201 EC 100 50 0 100 

4 NSC 100 0 02 100 

563 

Test 
samples 

(1-14) 

100 0 50 100 

Mix the 
samples; 

incubate for 
16 to 24 hr at 
37±1°C in a 
humidified 
atmosphere 

with 5% 
CO2. 

Mix the 
samples; 

immediately 
transfer to an 
ELISA plate4 

and run 
ELISA. 

Abbreviations: EC = Endotoxin control; IL-6 = Interleukin-6; NSC = Negative saline control; PBMC = 
Peripheral blood mononuclear cell 
1 Five EC concentrations (0.063, 0.125, 0.25, 0.50, and 1.0 EU/mL) in quadruplicate 
250 µL of PFS is added instead of the test sample. 
314 test samples (n=4 each) per plate 
4An IL-6 standard curve is prepared in Columns 11 and 12 on the ELISA plate (see Table 6-3). Therefore, 80 
wells are available for test samples and controls on the incubation plate. 
 

6.1.3 Incubation Assay for IL-6 Release 
Test substances should be vortexed vigorously for at least 30 min or sonicated in a bath 
sonicator for at least 5 min prior to use in the assay. Test substances should be prepared in 
serial two-fold dilutions beginning at a level of dilution that did not show interference with 
the test system (see Section 4.2) in as many subsequent dilutions that are necessary to be 
within the linear range of the endotoxin standard curve, not to exceed the MVD. PBMC 
samples are prepared in a microtiter plate using a laminar flow hood (refer to Section 6.1.1). 
All consumables and solutions must be sterile and pyrogen-free. Each plate should be labeled 
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appropriately with a permanent marker. An overview of the incubation plate preparation is 
shown in Table 6-1. The incubation procedure is outlined below: 

Step 1. Refer to the suggested incubation plate template presented in Table 6-2. 

Step 2. Using a pipetter, transfer 100 µL of RPMI-C into each well. 

Step 3. Transfer 50 µL of test sample or 50 µL of PFS for the NSC into the 
appropriate wells as indicated in the template. 

Step 4. Transfer 50 µL of the EC (standard curve) in quadruplicate into the 
appropriate wells according to the template. 

Step 5. Transfer 100 µL of a well-mixed PBMC suspension into each well and mix 
by gently swirling the plate. 

Step 6. Mix the contents of the wells thoroughly by pipetting up and down several 
times using a multichannel pipetter, changing the tips between each row in order to 
avoid cross-contamination. 

Step 7. Place the covered plate in a tissue culture incubator for 16 to 24 hr at 
37±1°C in a humidified atmosphere containing 5% CO2. 

Step 8. Prior to transferring the test samples to the ELISA plate, mix the contents 
of the wells by pipetting up and down using a multichannel pipetter, changing the 
tips between each row in order to avoid cross-contamination. 

Table 6-2 Incubation Plate - Sample and Control Template 

 1 2 3 4 5 6 7 8 9 10 11 12 

A 
EC1 
1.0 

EC 
1.0 

EC 
1.0 

EC 
1.0 

TS3 TS3 TS3 TS3 TS11 TS11 Void3 Void 

B 
EC 
0.50 

EC 
0.50 

EC 
0.50 

EC 
0.50 

TS4 TS4 TS4 TS4 TS11 TS11 Void Void 

C 
EC 
0.25 

EC 
0.25 

EC 
0.25 

EC 
0.25 

TS5 TS5 TS5 TS5 TS12 TS12 Void Void 

D 
EC 

0.125 
EC 

0.125 
EC 

0.125 
EC 

0.125 
TS6 TS6 TS6 TS6 TS12 TS12 Void Void 

E 
EC 

0.063 
EC 

0.063 
EC 

0.063 
EC 

0.063 
TS7 TS7 TS7 TS7 TS13 TS13 Void Void 

F NSC NSC NSC NSC TS8 TS8 TS8 TS8 TS13 TS13 Void Void 

G TS12 TS1 TS1 TS1 TS9 TS9 TS9 TS9 TS14 TS14 Void Void 

H TS2 TS2 TS2 TS2 TS10 TS10 TS10 TS10 TS14 TS14 Void Void 

Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance 
1EC value (e.g., EC 1.0) represents the endotoxin concentration in EU/mL. 
2TS number (e.g., TS1) represents an arbitrary sequence for individual test substances. 
3Columns 11 and 12 are reserved for the IL-6 standard curve on the ELISA plate (see Table 6-3). 
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6.2 ELISA to Measure IL-6 Release 

6.2.1 IL-6 Standard Curve 
An IL-6 standard, supplied with the ELISA kit, is used. IL-6 standards are typically supplied 
in lyophilized form and should be reconstituted according to the manufacturer's instructions. 
The stock solution should be diluted in RPMI-C to the following concentrations: 0, 62.5, 125, 
250, 500, 1000, 2000, and 4000 pg/mL in volumes of at least 500 µL. Each well on the 
ELISA plate will receive 50 µL of an IL-6 blank or standard. 

6.2.2 ELISA 
The manufacturer's instructions provided with the ELISA kit should be followed and a 
typical experimental design is outlined below. The ELISA should be carried out at RT and 
therefore all components must be at RT prior to use. Frozen specimens should not be thawed 
by heating them in a water bath. A suggested ELISA plate template is shown in Table 6-3, 
which includes a five-point EC standard curve, an eight-point IL-6 standard curve (0 to 4000 
pg/mL), and available wells for up to 14 test substances and a NSC each in quadruplicate. 
The EC standard curve, the NSC, and the test sample supernatants are transferred directly 
from the incubation plate. The IL-6 standard curve is prepared as described in Section 6.2.1. 
An overview of the ELISA plate preparation is shown in Table 6-4. 

Step 1. After pipetting up and down very carefully three times (avoid detachment 
of the adherent PBMCs) to mix the supernatant, transfer 50 µL from each well of 
the Incubation Plate (A1-10; H1-10) to the ELISA plate. 

Step 2. Add 50 µL of each IL-6 standard (0 to 4000 pg/mL) into the respective 
wells on the ELISA plate. 

Step 3. Add 200 µL of the enzyme-labeled detection antibody (neat as supplied, or 
diluted, if necessary) to each of the wells. 

Step 4. Cover the microtiter plate(s) with adhesive film and incubate for 2 to 3 hr 
at RT. 

Step 5. Decant and wash each well three times with 300 µL Buffered Wash 
Solution and then rinse three times with deionized water. Place the plates upside 
down and tap to remove water. 

Step 6. Add 200 µL of TMB/Substrate Solution to each well and incubate at RT in 
the dark for 15 min. If necessary, decrease the incubation time. 

Step 7. Add 50 µL of Stop Solution to each well. 

Step 8. Tap the plate gently after the addition of Stop Solution to aid in mixing. 

Step 9. Read the OD450 within 15 min of adding the Stop Solution. Measurement 
with a reference wavelength of 540 to 590 nm is recommended.9 

                                                
9The TMB chromagen is measured at OD450. However, the use of an IL-1β ELISA kit with a chromagen other 
than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific 
chromagen used. 
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Table 6-3 ELISA Plate - Sample and Control Template 

 1 2 3 4 5 6 7 8 9 10 11 12 

A 
EC1 
1.0 

EC 
1.0 

EC 
1.0 

EC 
1.0 

TS3 TS3 TS3 TS3 TS11 TS11 
IL-63   

0 
IL-6  

0 

B 
EC 
0.50 

EC 
0.50 

EC 
0.50 

EC 
0.50 

TS4 TS4 TS4 TS4 TS11 TS11 
IL-6 
62.5 

IL-6 
62.5 

C 
EC 
0.25 

EC 
0.25 

EC 
0.25 

EC 
0.25 

TS5 TS5 TS5 TS5 TS12 TS12 
IL-6 
125 

IL-6 
125 

D 
EC 

0.125 
EC 

0.125 
EC 

0.125 
EC 

0.125 
TS6 TS6 TS6 TS6 TS12 TS12 

IL-6 
250 

IL-6 
250 

E 
EC 

0.063 
EC 

0.063 
EC 

0.063 
EC 

0.063 
TS7 TS7 TS7 TS7 TS13 TS13 

IL-6 
500 

IL-6 
500 

F NSC NSC NSC NSC TS8 TS8 TS8 TS8 TS13 TS13 
IL-6 
1000 

IL-6 
1000 

G TS12 TS1 TS1 TS1 TS9 TS9 TS9 TS9 TS14 TS14 
IL-6 
2000 

IL-6 
2000 

H TS2 TS2 TS2 TS2 TS10 TS10 TS10 TS10 TS14 TS14 
IL-6 
4000 

IL-6 
4000 

Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance 
1EC value (e.g., EC 1.0) represents the endotoxin concentration in EU/mL. 
2TS number (e.g., TS1) represents an arbitrary sequence for individual test substances. 
3IL-6 values in columns 11 and 12 are in pg/mL. 
 

Table 6-4 Overview of ELISA Procedure 

Material 
transfer 

from 
Incubation 

Plate 

(µL) 

IL-6 
standard 

(0 to 
4000 

pg/mL) 
(µL) 

Enzyme-
labeled 

Antibody 

(µL) 

TMB/Substrate 
Solution 

(µL) 

Stop 
Solution 

(µL) 

50 50 200 

Cover the 
Incubation 
Plate and 
incubate 
for 2 to 3 
hr at RT. 

Decant and 
wash each 
well three 
times with 

300 µL 
Buffered 

Wash 
Solution 
and three 
times with 
deionized 

water. 

200 

Incubate 
for less 
than 15 
min at 
RT in 
dark. 

50 

Read each 
well at 
OD450 

with a 540 
to 590 nm 
reference 

filter. 

Abbreviations: OD450 = Optical density at 450 nm; RT = Room temperature 
 

7.0 EVALUATION OF TEST METHODS 

7.1 OD Measurements 

The OD of each well is obtained by reading the samples in a standard microplate 
spectrophotometer (i.e., plate reader) using a visible light wavelength of 450 nm (OD450) with 
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a 540 to 590 nm reference filter (recommended)10. OD values are used to determine assay 
acceptability and in the decision criteria for pyrogen detection (see Sections 8.0 and 9.0). 

8.0 CRITERIA FOR AN ACCEPTABLE TEST 

An EC (five-point standard curve) and a NSC should be included in each experiment. An 
IL-6 standard curve should be included in each ELISA as shown in the template presented in 
Table 6-3. An assay is considered acceptable only if the following minimum criteria are met: 

• The quadratic function of the IL-6 standard curve produces an r ≥0.9511 and 
the OD of the blank control is below 0.15. 

• The endotoxin standard curve produces OD values that ascend in a sigmoidal 
concentration response. 

Blood donors (or a pool of blood donors) are considered to be low responders if their OD450 

value obtained for 1.0 EU/mL EC is below the OD450 value obtained for 1000 pg/mL IL-6. 
Blood donors (or a pool of blood donors) who produce an OD450 value for the NSC that is 
above the OD450 value at 500 pg/mL IL-6 are considered to be high responders. Low and 
high responders should be excluded from analysis. The preparation being examined is 
required to pass the test with blood donations from at least three different donors (i.e., either 
as a pool of three individual donors or as three individual donors tested independently). 

An outlying observation that represents either a pool of multiple independent donors or a 
single individual donor may be excluded if there is confirmation that the accuracy of the 
medical information provided by an individual donor is suspect, or if the aberrant response is 
identified using acceptable statistical methodology (e.g., Dixon's test [Dixon 1950; Barnett 
and Lewis 1994], Grubbs' test [Barnett and Lewis 1994; Grubbs 1969; Iglewicz and 
Houghlin 1993]). 

9.0 DATA INTERPRETATION/DECISION CRITERIA 

9.1 Decision Criteria for Pyrogen Detection12 

A test substance is considered pyrogenic when the endotoxin concentration of the test 
substance exceeds the ELC for the test sample. The ELC can be calculated as shown in 
Section 12.2. 

10.0 STUDY REPORT 

The test report should include the following information: 

Test Substances and Control Substances 

• Name of test substance 
                                                
10The TMB chromagen is measured at OD450. However, the use of an IL-1β ELISA kit with a chromagen other 
than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific 
chromagen used. 
11Correlation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements. 
 
12Decision criteria for individual donors were defined in the ECVAM SOP for the PBMC/IL-6 test method. Test 
method users should refer to these criteria if multiple donors are tested independently. 



ICCVAM Test Method Evaluation Report: Appendix C4 May 2008 
 

C-91 

• Purity and composition of the substance or preparation 

• Physicochemical properties (e.g., physical state, water solubility) 

• Quality assurance data 

• Treatment of the test/control substances prior to testing (e.g., vortexing, 
sonication, warming, resuspension solvent) 

Justification of the In Vitro Test Method and Protocol Used 

Test Method Integrity 

• The procedure used to ensure the integrity (i.e., accuracy and reliability) of the 
test method over time 

• If the test method employs proprietary components, documentation on the 
procedure used to ensure their integrity from “lot-to-lot” and over time 

• The procedures that the user may employ to verify the integrity of the 
proprietary components 

Criteria for an Acceptable Test 

• Acceptable concurrent positive control ranges based on historical data 

• Acceptable negative control data 

Test Conditions 

• Cell system used 

• Calibration information for the spectrophotometer used to read the ELISA 

• Details of test procedure used 

• Description of any modifications of the test procedure 

• Reference to historical data of the model 

• Description of evaluation criteria used 

Results 

• Tabulation of data from individual test samples 

Description of Other Effects Observed 

Discussion of the Results 

Conclusion 

A Quality Assurance Statement for Good Laboratory Practice (GLP)-Compliant Studies 

• This statement should indicate all inspections made during the study and the 
dates any results were reported to the Study Director. This statement should 
also confirm that the final report reflects the raw data. 

If GLP-compliant studies are performed, then additional reporting requirements provided in 
the relevant guidelines (e.g., OECD 1998; EPA 2003a, 2003b; FDA 2003) should be 
followed. 
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12.0 TERMINOLOGY AND FORMULA 

12.1 Assay Sensitivity (λ)1 

The variable λ is defined as the labeled sensitivity (in EU/mL) of the LAL Reagent in 
endpoint assays (e.g., the BET gel-clot technique). For kinetic BET assays, λ is the lowest 
point used in the endotoxin standard curve. 

12.2 Endotoxin Limit Concentration (ELC)1,2 

The ELC for parenteral drugs is expressed in Endotoxin Units (EU) per volume (mL) or 
weight (mg). The ELC is equal to K/M, where: 

K is the threshold human pyrogenic dose of endotoxin (EU) per body weight (kg). K is equal 
to 5.0 EU/kg for intravenous administration. For intrathecal administration, K is equal to 0.2 
EU/kg (see also Section 12.5). 

M is the rabbit test dose or the maximum recommended human dose of product (mL or mg) 
per body weight (kg) in a single hour period (see also Section 12.8). 

For example, if a non-intrathecal product is used at an hourly dose of 10 mL per patient, then 
the ELC would be 0.50 EU/mL. 

12.3 Maximum Valid Dilution (MVD)1,2 

The MVD is the maximum allowable dilution of a test substance at which the endotoxin limit 
can be determined. The calculation of the MVD is dependent on the ELC for a test substance. 
When the ELC is known, the MVD is1: 

 MVD = (ELC x Product Potency [PP])/λ 

 As an example, for Cyclophosphamide Injection, the ELC is 0.17 EU/mg, PP is 20 
mg/mL, and the assay sensitivity is 0.065 EU/mL. The calculated MVD would be 1:52.3 or 
1:52. The test substance can be diluted no more than 1:52 prior to testing. 

If the ELC is not known, the MVD is1: 
 MVD = PP/Minimum Valid Concentration (MVC) 
  where, MVC = (λ x M)/K 
  where, M is the maximum human dose 
 As an example, for Cyclophosphamide Injection, the PP is 20 mg/mL, M is 30 mg/kg, 
and assay sensitivity is 0.065 EU/mL. The calculated MVC is 0.390 mg/mL and the MVD is 
1:51.2 or 1:51. The test substance can be diluted no more than 1:51 in the assay prior to 
testing. 

12.4 Negative Product Control (NPC) 

For interference testing, the NPC is a test sample to which pyrogen-free saline (PFS) is 
added. The NPC is the baseline for determination of cytokine release relative to the 
endotoxin-spiked PPC. 
                                                
1From FDA (1987) 
2From USP (2007) 
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12.5 Parenteral Threshold Pyrogen Dose (K)1,2 

The value K is defined as the threshold human pyrogenic dose of endotoxin (EU) per body 
weight (kg). K is equal to 5.0 EU/kg for parenteral drugs except those administered 
intrathecally; 0.2 EU/kg for intrathecal drugs. 

12.6 Positive Product Control (PPC) 

For interference testing, the PPC is a test substance spiked with the control standard 
endotoxin (i.e., 0.5 EU/mL or an amount of endotoxin equal to that which produces ½ the 
maximal increase in optical density (OD) from the endotoxin standard curve) to insure that 
the test system is capable of endotoxin detection in the product as diluted in the assay. 

12.7 Product Potency (PP)1,2 

The test sample concentration expressed as mg/mL or mL/mL. 

12.8 Rabbit Pyrogen Test (RPT) Dose or Maximum Human Dose (M)1,2 

The variable M is equal to the rabbit test dose or the maximum recommended human dose of 
product per kg of body weight in a single hour period. M is expressed in mg/kg or mL/kg and 
varies with the test substance. For radiopharmaceuticals, M equals the rabbit dose or 
maximum human dose/kg at the product expiration date or time. Use 70 kg as the weight of 
the average human when calculating the maximum human dose per kg. If the pediatric 
dose/kg is higher than the adult dose, then it shall be the dose used in the formula. 
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The Monocytoid Cell Line Mono Mac 6 (MM6)/IL-6 In Vitro Pyrogen Test 
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ICCVAM Final Recommended Protocol for Future Studies Using the Monocytoid Cell 
Line Mono Mac 6 (MM6)/Interleukin (IL)-6 In Vitro Pyrogen Test 

PREFACE 

This protocol is for the detection of Gram-negative endotoxin, a pyrogen, in parenteral drugs, 
as indicated by the release of IL-6 from the monocytoid cell line Mono Mac 6 (MM6). This 
protocol is based on information obtained from 1) the European Centre for the Validation of 
Alternative Methods (ECVAM)1, MM6/IL-6 Background Review Document (BRD) 
presented in Appendix A of the Interagency Coordinating Committee on the Validation of 
Alternative Methods (ICCVAM) BRD (available at 
http://iccvam.niehs.nih.gov/methods/pyrogen/pyr_brd.htm), and 2) information provided to 
the National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative 
Toxicological Methods (NICEATM) by Dr. Thomas Hartung, Head of ECVAM. The 
ICCVAM BRD includes the ECVAM Standard Operating Procedures (SOPs) for the 
MM6/IL-6 test (could be referred to as Monocyte Activation Test), which are based on the 
methodology published by Taktak et al. (1991). A table of comparison between the 
ICCVAM recommended protocol and the ECVAM SOPs is provided in Table 1. 

Users should contact the relevant regulatory authority for guidance when using this 
ICCVAM recommended protocol to demonstrate product specific validation, and any 
deviations from this protocol should be accompanied by scientifically justified rationale. 
Future studies using the MM6/IL-6 pyrogen test may include further characterization of the 
usefulness or limitations of the assay for regulatory decision-making. Users should be aware 
that this protocol might be revised based on additional optimization and/or validation studies. 
ICCVAM recommends that test method users routinely consult the ICCVAM/NICEATM 
website (http://iccvam.niehs.nih.gov) to ensure that the most current protocol is used. 

                                                
1ECVAM is a unit of the Institute for Health and Consumer Protection at the European Commission's Joint 
Research Centre. 
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Table 1 Comparison of ICCVAM Recommended Protocol with the ECVAM SOPs for the 
MM6/IL-6 Pyrogen Test 

Protocol Component ICCVAM Protocol ECVAM SOP1 ECVAM Validation SOP1 

Test Substance 
Test neat or in serial dilutions 
that produce no interference, 

not to exceed the MVD 

Test neat or at minimal 
dilution that produces no 

interference 
Test at MVD 

Decision Criteria for 
Interference 

Mean OD2
 of PPC is 50% to 

200% of 1.0 EU/mL EC 
Mean OD of PPC is 50% to 

200% of 1.0 EU/mL EC 
Mean OD of PPC is 50% to 

200% of 1.0 EU/mL EC 
NSC (1) NSC (1) NSC (1) 
EC (5) EC (5) EC (5) 

TS (14) TS (14) 
TS (2) x EC (5) spikes = 10 

TS 
PPC 3 (0) PPC (0) PPC (2) = 2 TS 
NPC3 (0) NPC (0) NPC (2) = 2 TS 
PC4 (0) PC (0) PC (1) = 1 TS 

Incubation Plate for ELISA 
(The number of samples or 
controls in quadruplicate) 

NC4 (0) NC (0) NC (1) = 1 TS 

ELISA Plate 
Includes seven point IL-6 SC 

and blank in duplicate 
Includes seven point IL-6 
SC and blank in duplicate 

Not included 

Quadratic function of IL-6 SC r 
≥0.955 Not included Not included 

Mean OD of NSC ≤0.15  Not included Not included 

EC SC produces OD values 
that ascend in a sigmoidal 

concentration response 

Endotoxin concentration 
(0.5 IU/mL) > background 
(defined as the mean +2SD 

(n-1) 

Mean OD of each EC > 
Mean OD of next lower EC 
concentration (minimum of 

4 data points needed for 
valid SC) 

Not included Not included 
PC = ±20% of the 
theoretical value 

Not included Not included OD NC < 0.200 
Not included Not included OD PC > LOQ6 

Assay Acceptability 
Criteria 

Outliers rejected using Dixon's 
test 

Outliers rejected using 
Dixon's test 

Outliers rejected using 
Dixon's test 

Decision Criteria for 
Pyrogenicity 

Endotoxin concentration  
TS > ELC7  TS 

Endotoxin concentration  
TS .> ELC TS 

OD TS > OD 0.5 EU/mL 
EC 

Abbreviations: EC = Endotoxin control; ELC = Endotoxin limit concentration; ELISA = Enzyme-linked immunosorbent assay; 
EU = Endotoxin units; IL-6 = Interleukin-6; IU = International units; LOQ = Limit of quantification; MM6 = Mono Mac 6; 
MVD = Maximum valid dilution; 
NC = Negative control; NPC = Negative product control; NSC = Negative saline control; OD = Optical density; PC = Positive control; 



 

 

PPC = Positive product control; SC = Standard curve; SD = Standard deviation; SOP = Standard operating procedure; TS = Test 
substance 
1ECVAM MM6/IL-6 SOP and ECVAM MM6/IL-6 Validation SOP are presented in Appendix A of the ICCVAM BRD (available at 
http://iccvam.niehs.nih.gov/methods/pyrogen/pyr_brd.htm). 
2Mean OD values are corrected (i.e., reference filter reading, if applicable, and NSC are subtracted). 
3In the ICCVAM MM6/IL-6 protocol, PPC and NPC are assessed in the interference test described in Section 4.3, which is performed prior 
to the ELISA. In the ECVAM SOPs, PPC and NPC were only included in the ECVAM validation study. 
4PC and NC were only included in the ECVAM validation study. PC is 50 pg/mL endotoxin in saline. NC is 0.9% saline. 
5Correlation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements. 
6LOQ is the mean OD of the NSC + 10x the SD of the mean OD for the NSC. 
7Where unknown, the ELC is calculated (See Section 12.2). 
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1.0 PURPOSE AND APPLICABILITY 

The purpose of this protocol is to describe the procedures used to evaluate the presence of 
Gram-negative endotoxin, a pyrogen, in parenteral drugs. The presence of Gram-negative 
endotoxin is detected by its ability to induce the release of IL-6 from Mono Mac 6 (MM6) 
cells, a human cell line derived from a patient with acute monocytic leukemia 
(Zeigler-Heitbrock et al. 1988). The concentration of IL-6 released by incubation of MM6 
cells with a test substance or controls (i.e., positive and negative) is quantified using an 
enzyme-linked immunosorbent assay (ELISA) that includes monoclonal or polyclonal 
antibodies specific for IL-6. The amount of pyrogen present is determined by comparing the 
values of endotoxin equivalents produced by MM6 cells exposed to the test substance to 
those exposed to an internationally harmonized Reference Standard Endotoxin (RSE)1 or an 
equivalent standard expressed in Endotoxin Units (EU)/mL. A test substance is considered 
pyrogenic if the endotoxin concentration of the test substance exceeds the Endotoxin Limit 
Concentration (ELC) for the test substance. 

The relevance and reliability of this test method to detect non-endotoxin pyrogens have not 
been demonstrated in a formal validation study, although data are available in the literature to 
suggest that this assay has the potential to serve this purpose. 

2.0 SAFETY AND OPERATING PROCEDURES 

All procedures should be performed following standard laboratory precautions, including the 
use of laboratory coats, eye protection, and gloves. If necessary, additional precautions 
required for specific chemicals will be identified in the Material Safety Data Sheet (MSDS). 

The stop solution used in the ELISA kit is acidic and corrosive and should be handled with 
the proper personal protective devices. If this reagent comes into contact with skin or eyes, 
wash thoroughly with water. Seek medical attention, if necessary. 

Tetramethylbenzidine (TMB) solution contains a hydrogen peroxide substrate and 3, 3’, 5, 
5’-TMB. This reagent is a strong oxidizing agent and a suspected mutagen. Appropriate 
personal protection should be used to prevent bodily contact. 

Bacterial endotoxin is a toxic agent (i.e., can induce sepsis, shock, vascular damage, 
antigenic response) and should be handled with care. Skin cuts should be covered and 
appropriate personal protective devices should be worn. In case of contact with endotoxin, 
immediately flush eyes or skin with water for at least 15 minutes (min). If inhaled, remove 
the affected individual from the area and provide oxygen and/or artificial respiration as 
needed. Skin absorption, ingestion, or inhalation may produce fever, headache, and 
hypotension. 

                                                
1RSEs are internationally harmonized reference standards (e.g., WHO-lipopolysaccharide [LPS] 94/580 
Escherichia coli [E. coli] O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot G3E069; USP 
RSE E. coli Lot G; FDA E. coli Lot EC6). Equivalent endotoxins include commercially available E. 
coli-derived LPS Control Standard Endotoxin (CSE) or other E. coli LPS preparations that have been calibrated 
with an appropriate RSE. 
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3.0 MATERIALS, EQUIPMENT AND SUPPLIES 

3.1 Source of Cells 

The MM6 cell line is a human monocytic cell line originally described by Professor H.W.L. 
Ziegler-Heitbrock at the Institute for Immunology, University of Munich, Germany 
(Ziegler-Heitbrock et al. 1988). The MM6 cell line may be purchased from the German 
Collection of Microorganisms and Cell Cultures (DSMZ, http://www.dsmz.de) by 
individuals working at non-profit organizations. Prior to transaction, a legal agreement must 
be reached with Professor H.W.L. Ziegler-Heitbrock stating that the cells will be used for 
research purposes only. Any contract research organization or pharmaceutical company 
wanting to obtain the MM6 cell line must contact Professor H.W.L. Ziegler-Heitbrock to 
negotiate a fee for provision and a royalty payment per batch of product tested. Contact 
information for Professor H.W.L. Ziegler-Heitbrock is as follows: Professor Dr. H.W.L. 
Ziegler-Heitbrock, University of Leicester, Dept. of Microbiology, University Road, 
Leicester LE1 9HN, United Kingdom, e-mail: ziehei@gmx.de. 

MM6 cells should be maintained according to the instructions provided by the DSMZ and 
Professor Dr. H.W.L. Ziegler-Heitbrock, which should stipulate the permissible limit to the 
passage number for these cells. 

3.2 Equipment and Supplies 

For all steps in the protocol, excluding the ELISA procedure, the materials that will be in 
close contact with samples (e.g., pipet tips, containers, solutions) should be sterile and 
pyrogen-free. 

3.2.1 Utilization of MM6 cells 

3.2.1.1 Equipment 
• Centrifuge 

• Hood; Bio-safety, laminar flow (recommended) 

• Incubator; cell culture (37±1°C + 5% CO2) 

• Inverted Microscope 

• pH meter 

• Pipetter; multichannel (8- or 12-channel) 

• Pipetters; single-channel adjustable (20, 200, and 1000 µL) 

• Repeating pipetter 

• Vortex mixer 

• Water bath 

3.2.1.2 Consumables 
• Centrifuge tubes; polystyrene (15 and 50 mL) 

• Combitips; repeating pipetter (1.0 and 2.5 mL) 
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• Cryotubes; screw-cap (2 mL) 

• Filters; sterile, 0.22 µm  

• Flasks; tissue culture 

• Phosphate buffered saline (PBS); sterile 

• Pipettes; sterile 

• Plates; microtiter, 96-well, polystyrene, tissue culture 

• Pyrogen-free saline (PFS) 

• Reaction tubes; polystyrene (1.5 mL) 

• RPMI-1640 cell culture medium supplemented as described in Section 4.3 to 
yield either RPMI-C or RPMI-M 

• Tips; pipetter, sterile, pyrogen-free (20 and 200 µL) 

• Tubes; polystyrene 

3.2.2 ELISA 

3.2.2.1 Equipment 
• Microplate mixer 

• Microplate reader (450 nm with an optional reference filter in the range of 
540-590 nm)2 

• Microplate washer (optional) 

• Multichannel pipetter 

3.2.2.2 Consumables 
• Container; storage, plastic 

• Deionized water; nonsterile 

• Plates; microtiter, 96-well, polystyrene 

• Pyrogen-free water (PFW) 

• Reservoirs; fluid 

• Tips; pipetter, sterile and nonsterile 

• Tubes; polystyrene (12 mL) 

3.2.2.3 ELISA Kit 
An ELISA that measures IL-6 release is used. A variety of IL-6 ELISA kits are commercially 
available and the IL-6 ELISA procedure outlined in this protocol is intended to serve as an 
example for using an ELISA kit. The IL-6 ELISA should be calibrated using an IL-6 

                                                
2 The TMB chromagen is measured at OD450. However, the use of an IL-1β ELISA kit with a chromagen other 
than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific 
chromagen used. 
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international reference standard (e.g., World Health Organization [WHO] 89/548) prior to 
use. The IL-6 cytokine assay kits do not provide the RSE or endotoxin equivalent; therefore, 
this reagent must be purchased separately. Results obtained using these products are subject 
to the assay acceptability and decision criteria described in Sections 8.0 and 9.0. IL-6 ELISA 
kit components may include the following: 

• ELISA plates coated with anti-human IL-6 capture antibody; monoclonal or 
polyclonal 

• Buffered wash solution 

• Dilution buffer 

• Enzyme-labeled detection antibody 

• Human IL-6 reference standard 

• PFS 

• Stop solution 

• TMB3/substrate solution 

3.3 Chemicals 

• Endotoxin (e.g., WHO-lipopolysaccharide [LPS] 94/580 Escherichia coli [E. 
coli] O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot 
G3E069; USP RSE E. coli Lot G; U.S. Food and Drug Administration [FDA] 
E. coli Lot EC6) 

3.4 Solutions 

• RPMI-1640 cell culture medium; supplemented as described in Section 4.3 

4.0 ASSAY PREPARATION 

All test substances, endotoxin, and endotoxin-spiked solutions should be stored as specified 
in the manufacturer's instructions. The preparation of MM6 cells for use in the assay is 
outlined in Section 6.1. 

4.1 Endotoxin Standard Curve 

An internationally harmonized RSE or equivalent is used to generate the endotoxin standard 
curve. The use of any other E. coli LPS requires calibration against a RSE using the 
MM6/IL-6 pyrogen test. A standard endotoxin curve consisting of a Negative Saline Control 
(NSC) and five RSE concentrations (0.125, 0.25, 0.50, 1.0, and 2.0 EU/mL) are included in 
the incubation step (refer to Table 4-1) and then transferred to the ELISA plate. To prepare 
the endotoxin standard curve, first obtain a 2000 EU/mL stock solution by addition of PFW 
to the lyophilized content of the stock vial by following the instructions provided by the 
manufacturer (e.g., 5 mL of PFW is added to a vial containing 10,000 EU). To reconstitute 
the endotoxin, the stock vial should be vortexed vigorously for at least 30 min or sonicated in 

                                                
3The use of an IL-6 ELISA kit with a chromagen other than TMB is acceptable. 
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a bath sonicator for at least 5 min. Subsequent dilutions should be vortexed vigorously 
immediately prior to use. The stock solution is stable for not more 14 days when stored at 2 
to 8°C or for up to 6 months when kept in a -20°C freezer. An endotoxin standard curve is 
prepared as described in Table 4-1 by making serial dilutions of the stock solution in PFS 
with vigorous vortexing at each dilution step. Dilutions should not be stored, because dilute 
endotoxin solutions are not as stable as concentrated solutions due to loss of activity by 
adsorption, in the absence of supporting data to the contrary. 

Table 4-1 Preparation of Endotoxin Standard Curve 

Stock Endotoxin 
EU/mL1 

µL of Stock 
Endotoxin 

µL of PFS 
Endotoxin 

Concentration  
EU/mL 

20002,3 40 3960 204 
20 100 900 2.0 
2.0 500 500 1.0 
1.0 500 500 0.50 
0.50 500 500 0.25 
0.25 500 500 0.125 

0 0 1000 0 
Abbreviations: EU = Endotoxin units; PFS = Pyrogen-free saline 
Each stock tube should be resonicated and vortexed vigorously before the subsequent dilution. 
1To reconstitute the endotoxin, the stock vial should be vortexed vigorously for at least 30 min or sonicated in a 
bath sonicator for at least 5 min. Subsequent dilutions should be vortexed vigorously immediately prior to use. 
2A 2000 EU/mL stock solution of endotoxin is prepared according to the manufacturer's instructions. 
3The stock solution is stable for not more 14 days when stored at 2 to 8°C or for up to 6 months when kept in a -
20°C freezer. 
4This concentration is not used in the assay. 
 

4.2 Cell Culture Medium 

MM6 cells are maintained in RPMI containing 10% FBS, denoted as RPMI-M. For use in the 
ELISA procedure, the concentration of FBS is reduced to 2% and referred to as RPMI-C. 
Each medium is prepared and stored as described by the manufacturer. 

4.2.1 RPMI-M 
• Bovine insulin; 0.23 IU/mL 

• FBS; heat-inactivated at 55±1°C (50 mL or a 10% final concentration) 

• HEPES buffer; 20 mM 

• L–Glutamine; 2 mM 

• MEM non-essential amino acids; 0.1 mM 

• Oxaloacetic acid; 1 mM 

• Penicillin/streptomycin (10,000 IU/mL penicillin, 10 mg/mL streptomycin) 

• RPMI-1640 medium (500 mL) 

• Sodium pyruvate; 1 mM 
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4.2.2 Starting a Culture of MM6 Cells 
To initiate a culture of MM6 cells, remove a vial of the primary stock from liquid nitrogen. 
Thaw the vial on ice. Gently mix and transfer the cells to a 50 mL centrifuge tube and add 10 
mL of RPMI-M. Centrifuge at 100 x g for 5 min at room temperature (RT). Remove the 
supernatant and resuspend the cells in ice-cold RPMI-M. Centrifuge at 100 x g for 5 min at 
RT. Remove the supernatant and resuspend the MM6 cells in 2 mL of RPMI-M. Add 8 mL 
of RPMI-M to a tissue culture flask and transfer the cell suspension to the flask. Cells should 
be examined microscopically to ensure that the cells are not clumped together. Place the 
flasks in a cell culture incubator and maintain the cells at 37±1°C + 5% CO2. 

4.2.3 Propagation of MM6 Cells 
Remove the cell culture flask from the incubator and examine the cells under a microscope to 
to determine that the morphology of the cells is consistent with the appearance of MM6 cells 
that previously yielded acceptable results. Centrifuge at 100 x g for 8 min at RT. Remove the 
supernatant, resuspend the cell pellet in 4 mL of RPMI-M, and gently pipet up and down to 
mix. It is advisable that cell number and cell viability be determined using appropriate 
methods (e.g., hemocytometer and vital dye or flow cytometer and fluorescent marker). The 
percentage of cell viability should exceed 80% for further propagation. The results of these 
examinations should be included in the study report. Transfer the cells (2 x 105 cells/mL) to 
new tissue culture flasks and add RPMI-M. Place the flasks in a cell culture incubator and 
maintain the cells at 37±1°C + 5% CO2. 

4.2.4 Preparation of a MM6 Cell Bank 
To initiate a bank of MM6 cells, centrifuge the cell culture(s) at 100 x g for 8 min at 2 to 
8°C. Remove the supernatant and resuspend the cells in FBS at 2 to 8°C. It is advisable to 
determine cell number and cell viability as outlined in Section 4.2.3 and adjust the cell 
concentration to 4 x 106 cells/mL and store on ice for 10 min. Add an equal volume of ice-
cold FBS containing 10% dimethyl sulfoxide (DMSO) drop-wise to the cell suspension (final 
concentration is 2 x 106 cells/mL with 5% DMSO). Transfer the cell suspension to sterile, 
pyrogen-free cryotubes (1 mL/tube). Place the tubes in a well-insulated polystyrene box and 
store in a -80°C freezer for greater than 48 hours (hr) and then transfer to a liquid nitrogen 
container. 

4.3 Interference Test 

For every test substance lot, interference testing must be performed to check for interference 
between the test substance and the cell system and/or ELISA. The purpose of the interference 
test is to determine whether the test substance (or specific lot of test substance) has an effect 
on cytokine release. 

4.3.1 Interference with the Cell System 
All test substances must be labeled as pyrogen-free (i.e., endotoxin levels at an acceptable 
level prior to release by the manufacturer) to ensure that exogenous levels of endotoxin do 
not affect the experimental outcome. Liquid test substances should be diluted in PFS. Solid 
test substances should be prepared as solutions in PFS or, if insoluble in saline, dissolved in 
DMSO and then diluted up to 0.5% (v/v) with PFS, provided that this concentration of 
DMSO does not interfere with the assay. To ensure a valid test, a test substance cannot be 
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diluted beyond its Maximum Valid Dilution (MVD) (refer to Section 12.3). The calculation 
of the MVD is dependent on the ELC for a test substance. The ELC can be calculated by 
dividing the threshold human pyrogenic dose by the maximum recommended human dose in 
a single hour period (see Section 12.2) (USP 2007; FDA 1987). Furthermore, test substances 
should not be tested at concentrations that are cytotoxic to MM6 cells. 

4.3.1.1 Reference Endotoxin for Spiking Test Substances 
The WHO-LPS 94/580 [E. coli O113:H10:K-] or equivalent internationally harmonized RSE 
is recommended for preparation of the endotoxin-spike solution and the endotoxin standard 
curve (see Section 4.1). 

4.3.1.2 Spiking Test Substances with Endotoxin 
Non-spiked and endotoxin-spiked test substances are prepared in quadruplicate and an in 
vitro pyrogen test is performed. A fixed concentration of the RSE (i.e., 1.0 EU/mL or a 
concentration equal to or near the middle of the endotoxin standard curve) is added to the 
undiluted test substance (or in serial two-fold dilutions, not to exceed the MVD). An 
illustrative example of endotoxin spiking solutions is shown in Table 4-2. For non-spiked 
solutions, 150 µL of RPMI-C and 50 µL of the test substance (i.e., equivalent to the negative 
product control [NPC]) are added to a well. Endotoxin-spiked solutions are prepared by 
adding 100 µL of RPMI-C, 50 µL of the test substance, and 50 µL of an endotoxin-spike 
solution (1.0 EU/mL) (i.e., equivalent to the positive product control [PPC]). Finally, MM6 
cells (50 µL) are added to each well and the wells are mixed and incubated as outlined in 
Section 6.1.3, Steps 6-7. An ELISA is then performed as outlined in Section 6.2, without the 
IL-6 standard curve. 

Table 4-2 Preparation of Endotoxin-Spiked and Non-Spiked Solutions for 
Determination of Test Substance Interference 

Spiked Non-spiked 
Sample Addition 

µL/well1 
RPMI-C 100 150 
Endotoxin-spike solution2 50 0 
Test substance (neat and each serial dilution) 50 50 
MM6 cells3 50 50 
Total4 250 250 

Abbreviations: MM6 cells = Mono Mac 6 
1n=4 replicates each 
2Endotoxin concentration is 1.0 EU/mL in RPMI-C. 
3MM6 cells are resuspended in RPMI-C (2.5 x 106 cells/mL). 
4A total volume of 250 µL per well is used for the incubation. 
 

The optical density (OD) values of the endotoxin-spiked and non-spiked test substances are 
calibrated against the endotoxin calibration curve. The resulting EU value of the non-spiked 
test substance is subtracted from the corresponding EU value of the endotoxin-spiked test 
substance at each dilution. The spike recovery for each sample dilution is calculated as a 
percentage by setting the theoretical value (i.e., endotoxin-spike concentration of 1.0 EU/mL) 
at 100%. For example, consider the following interference test results in Table 4-3: 
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Table 4-3 Example of Interference Data Used to Determine Sample Dilution 

Sample Dilution 
% Recovery of Endotoxin 

Control 
None 25 
1:2 49 
1:4 90 
1:8 110 

 

If a spike recovery between 50% and 200% is obtained, then no interference of the test 
substance with either the cell system or the ELISA is demonstrated (i.e., the test substance 
does not increase or decrease the concentration of IL-6 relative to the endotoxin spike). The 
lowest dilution (i.e., highest concentration) of a test substance that yields an endotoxin-spike 
recovery between 50% and 200% is determined. The test substance is then diluted in serial 
two-fold dilutions beginning at this dilution, not to exceed the MVD, for use in the assay. 
Based on the results illustrated in Table 4-3, the initial dilution of the test substance to be 
used in the in vitro pyrogen test would be 1:4 (i.e., the lowest dilution between 50% and 
200% of the 1.0 EU/mL EC). 

4.3.2 Interference at the MVD 
If the data obtained from the experiment in Section 4.2.1 suggests the presence of 
interference at the MVD, then consideration should be given for using another validated 
pyrogen test method. 

5.0 CONTROLS 

5.1 Benchmark Controls 

Benchmark controls may be used to demonstrate that the test method is functioning properly, 
or to evaluate the relative pyrogenic potential of chemicals (e.g., parenteral pharmaceuticals, 
medical device eluates) of a specific class or a specific range of responses, or for evaluating 
the relative pyrogenic potential of a test substance. Appropriate benchmark controls should 
have the following properties: 

• consistent and reliable source(s) for the chemicals (e.g., parenteral 
pharmaceuticals, medical device eluates) 

• structural and functional similarities to the class of substance being tested  

• known physical/chemical characteristics 

• supporting data on known effects in animal models 

• known potency in the range of response 

5.2 Endotoxin Control 

The EC (i.e., MM6 cells incubated with an internationally harmonized RSE) serves as the 
positive control in each experiment. The results should be compared to historical values to 
insure that it provides a known level of cytokine release relative to the NSC. 
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5.3 Negative Saline Control 

The NSC (i.e., MM6 cells incubated with PFS instead of the test substance) is included in 
each experiment in order to detect nonspecific changes in the test system, as well as to 
provide a baseline for the assay endpoints. 

5.4 Solvent Control 

Solvent controls are recommended to demonstrate that the solvent is not interfering with the 
test system when solvents other than PFS are used to dissolve test substances. 

6.0 EXPERIMENTAL DESIGN 

6.1 Incubation with Test Samples and Measurement of IL-6 Release 

6.1.1 Preincubation of MM6 Cells 
To perform an ELISA on the following day, obtain an MM6 cell suspension (30 to 50 mL) 
from propagation flasks and centrifuge at 100 x g for 8 min at RT. Remove the supernatant, 
resuspend the cell pellet in 2 mL of RPMI-C and gently pipet up and down to mix. It is 
advisable to determine cell number and cell viability as outlined in Section 4.2.3. The 
percentage of viable MM6 cells should exceed 80% to be suitable for use in the test. The 
results of these examinations should be included in the study report. Transfer the cells (4 x 
105 cells/mL) to new tissue culture flasks and add RPMI-C. Place the flasks in a cell culture 
incubator and maintain the cells at 37±1°C + 5% CO2 for 16 to 24 hr. In general, the 
preincubation of 2.0 x 107 cells in 50 mL RPMI-C will provide enough cells for one 96-well 
assay plate 

6.1.2 Preparation of MM6 Cells for the Incubation Assay 
Prepare the MM6 cells just prior to addition to the incubation plate (Section 6.1.3, Step 5). 
Centrifuge 30 to 50 ml of cell suspension at 100 x g for 8 min at RT. Pour off the supernatant 
and resuspend the cells in approximately 2 ml of RPMI-C. It is advisable that cell number 
and cell viability be determined as outlined in Section 4.2.3. The percentage of viable MM6 
cells should exceed 80% to be suitable for use in the test. The results of these examinations 
should be included in the study report. Dilute the cells with RPMI–C to a volume that gives a 
concentration of 2.5 x 106 cells/ml. 

6.1.3 Incubation Plate 
Test substances should be vortexed vigorously for at least 30 min or sonicated in a bath 
sonicator for at least 5 min prior to use in the assay. Test substances should be prepared in 
serial two-fold dilutions beginning at a level of dilution that did not show interference with 
the test system (see Section 4.2) in as many subsequent dilutions that are necessary to be 
within the linear range of the endotoxin standard curve, not to exceed the MVD. Each 
incubation plate can accommodate an endotoxin standard curve, a NSC, and 14 test 
substances (see Table 6-1). 
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Table 6-1 Overview of Incubation Plate Preparation in the MM6/IL-6 Pyrogen Test 

RPMI-C EC 
Test 

Sample 
MM61 Number 

of Wells 
Sample 

µL 

202 EC 100 50 0 100 

4 NSC 100 0 03 100 

564 

Test 
samples 

(1-14) 

100 0 50 100 

Mix the 
samples; 

incubate for 
16 to 24 hr at 
37±1°C in a 
humidified 
atmosphere 

with 5% 
CO2. 

Mix the 
samples; 

immediately 
transfer to an 
ELISA plate5 

and run 
ELISA. 

Abbreviations: EC = Endotoxin control; IL-6 = Interleukin-6; NSC = Negative saline control; MM6 = Mono 
Mac 6 
1MM6 cell concentration is 2.5 x 106 cells/mL. 
2Five EC concentrations (0.125, 0.25, 0.50, 1.0, and 2.0 EU/mL) in quadruplicate 
350 µl of PFS is added instead of the test sample. 
414 test samples (n=4 each) per plate 
5An IL-6 standard curve is prepared in Columns 11 and 12 on the ELISA plate (see Table 6-3). Therefore, 80 
wells are available for test samples and controls on the incubation plate. 
 

6.1.4 Incubation Assay for IL-6 Release 
MM6 cells are prepared in a microtiter plate using a laminar flow hood (refer to Section 
6.1.2). All consumables and solutions must be sterile and pyrogen-free. Each plate should be 
labeled appropriately with a permanent marker. An overview of the incubation plate 
preparation is shown in Table 6-1. The incubation procedure is outlined below: 

Step 1. Refer to the suggested incubation plate template presented in Table 6-2. 

Step 2. Using a pipetter, transfer 100 µL of RPMI-C into each well. 

Step 3. Transfer 50 µL of test sample or 50 µL of PFS for the NSC into the 
appropriate wells as indicated in the template. 

Step 4. Transfer 50 µL of the EC (standard curve) in quadruplicate into the 
appropriate wells according to the template. 

Step 5. Transfer 100 µL of a well-mixed MM6 cell suspension into each well. 

Step 6. Place the covered plate in a tissue culture incubator for 16 to 24 hr at 
37±1°C in a humidified atmosphere containing 5% CO2. 

Step 7. Remove 150 µL of the supernatant from each well, without disrupting the 
cells, and transfer to the IL-6 ELISA plate. 
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Table 6-2 Incubation Plate - Sample and Control Template 

 1 2 3 4 5 6 7 8 9 10 11 12 

A 
EC1 
2.0 

EC 
2.0 

EC 
2.0 

EC 
2.0 

TS3 TS3 TS3 TS3 TS11 TS11 Void3 Void 

B 
EC 
1.0 

EC 
1.0 

EC 
1.0 

EC 
1.0 

TS4 TS4 TS4 TS4 TS11 TS11 Void Void 

C 
EC 
0.50 

EC 
0.50 

EC 
0.50 

EC 
0.50 

TS5 TS5 TS5 TS5 TS12 TS12 Void Void 

D 
EC 
0.25 

EC 
0.25 

EC 
0.25 

EC 
0.25 

TS6 TS6 TS6 TS6 TS12 TS12 Void Void 

E 
EC 

0.125 
EC 

0.125 
EC 

0.125 
EC 

0.125 
TS7 TS7 TS7 TS7 TS13 TS13 Void Void 

F NSC NSC NSC NSC TS8 TS8 TS8 TS8 TS13 TS13 Void Void 

G TS12 TS1 TS1 TS1 TS9 TS9 TS9 TS9 TS14 TS14 Void Void 

H TS2 TS2 TS2 TS2 TS10 TS10 TS10 TS10 TS14 TS14 Void Void 

Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance 
1EC value (e.g., EC 2.0) represents the endotoxin concentration in EU/mL. 
2TS number (e.g., TS 1) represents an arbitrary sequence for individual test substances. 
3Columns 11 and 12 are reserved for the IL-6 standard curve on the ELISA plate (see Table 6-3). 
 

6.2 ELISA to Measure IL-6 Release 

6.2.1 IL-6 Standard Curve 

An IL-6 standard supplied with the ELISA kit is used. IL-6 standards are typically supplied 
in lyophilized form and should be reconstituted according to the manufacturer's instructions. 
The stock solution should be diluted in RPMI-C to the following concentrations: 0, 62.5, 125, 
250, 500, 1000, 2000, and 4000 pg/mL in volumes of at least 500 µL. Each well on the 
ELISA plate will receive 50 µL of an IL-6 blank or standard. 

6.2.2 ELISA 
The manufacturer's instructions provided with the ELISA kit should be followed and a 
typical experimental design is outlined below. The ELISA should be carried out at RT and 
therefore all components must be at RT prior to use. Frozen specimens should not be thawed 
by heating them in a water bath. A suggested ELISA plate template is shown in Table 6-3, 
which includes a five-point EC standard curve, an eight-point IL-6 standard curve (0 to 4000 
pg/mL), and available wells for up to 14 test substances and a NSC each in quadruplicate. 
The EC standard curve, the NSC, and the test sample supernatants are transferred directly 
from the incubation plate. The IL-6 standard curve is prepared as described in Section 6.2.1. 
An overview of the ELISA plate preparation is shown in Table 6-4. 
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Step 1. After pipetting up and down very carefully three times (avoid detachment 
of the adherent MM6 cells) to mix the supernatant, transfer 50 µL from each well 
of the Incubation Plate (A1-10; H1-10) to the ELISA plate. 

Step 2. Add 50 µL of each IL-6 standard (0 to 4000 pg/mL) into the respective 
wells on the ELISA plate. 

Step 3. Add 200 µL of the enzyme-labeled detection antibody (neat as supplied, or 
diluted, if necessary) to each of the wells. 

Step 4. Cover the microtiter plate(s) with adhesive film and incubate for 2 to 3 hr 
at RT. 

Step 5. Decant and wash each well three times with 300 µL Buffered Wash 
Solution and then rinse three times with deionized water. Place the plates upside 
down and tap to remove water. 

Step 6. Add 200 µL of TMB/Substrate Solution to each well and incubate at RT in 
the dark for 15 min. If necessary, decrease the incubation time. 

Step 7. Add 50 µL of Stop Solution to each well. 

Step 8. Tap the plate gently after the addition of Stop Solution to aid in mixing. 

Step 9. Read the OD450 within 15 min of adding the Stop Solution. Measurement 
with a reference wavelength of 540 to 590 nm is recommended4. 

                                                
4The TMB chromagen is measured at OD450. However, the use of an IL-1β ELISA kit with a chromagen other 
than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific 
chromagen used. 
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Table 6-3 ELISA Plate - Sample and Control Template 

 1 2 3 4 5 6 7 8 9 10 11 12 

A 
EC1 
2.0 

EC 
2.0 

EC 
2.0 

EC 
2.0 

TS3 TS3 TS3 TS3 TS11 TS11 
IL-63   

0 
IL-6  

0 

B 
EC 
1.0 

EC 
1.0 

EC 
1.0 

EC 
1.0 

TS4 TS4 TS4 TS4 TS11 TS11 
IL-6 
62.5 

IL-6 
62.5 

C 
EC 
0.50 

EC 
0.50 

EC 
0.50 

EC 
0.50 

TS5 TS5 TS5 TS5 TS12 TS12 
IL-6 
125 

IL-6 
125 

D 
EC 
0.25 

EC 
0.25 

EC 
0.25 

EC 
0.25 

TS6 TS6 TS6 TS6 TS12 TS12 
IL-6 
250 

IL-6 
250 

E 
EC 

0.125 
EC 

0.125 
EC 

0.125 
EC 

0.125 
TS7 TS7 TS7 TS7 TS13 TS13 

IL-6 
500 

IL-6 
500 

F NSC NSC NSC NSC TS8 TS8 TS8 TS8 TS13 TS13 
IL-6 
1000 

IL-6 
1000 

G TS12 TS1 TS1 TS1 TS9 TS9 TS9 TS9 TS14 TS14 
IL-6 
2000 

IL-6 
2000 

H TS2 TS2 TS2 TS2 TS10 TS10 TS10 TS10 TS14 TS14 
IL-6 
4000 

IL-6 
4000 

Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance 
1EC value (e.g., EC 2.0) represents the endotoxin concentration in EU/mL. 
2TS number (e.g., TS1) represents an arbitrary sequence for individual test substances. 
3IL-6 values in columns 11 and 12 are in pg/mL. 
 

Table 6-4 Overview of ELISA Procedure 

Material 
transfer 

from 
Incubation 
Plate (µL) 

IL-6 
standard 

(0 to 
4000 

pg/mL) 
(µL) 

Enzyme-
labeled 

Antibody 
(µL) 

TMB/Substrate 
Solution 

(µL) 

Stop 
Solution 

(µL) 

50 50 200 

Cover the 
Incubation 
Plate and 
incubate 
for 2 to 3 
hr at RT. 

Decant 
and wash 
each well 

three 
times with 

300 µL 
Buffered 

Wash 
Solution 
and three 
times with 
deionized 

water. 

200 

Incubate 
for less 
than15 
min at 
RT in 
dark. 

50 

Read each 
well at 
OD450 

with a 540 
to 590 nm 
reference 

filter. 

Abbreviations: OD450 = Optical density at 450 nm; RT = Room temperature 
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7.0 EVALUATION OF TEST RESULTS 

7.1 OD Measurements 

The OD of each well is obtained by reading the samples in a standard microplate 
spectrophotometer (i.e., plate reader) using a visible light wavelength of 450 nm (OD450) with 
a reference filter of 540 to 590 nm (recommended)5. OD values are used to determine assay 
acceptability and in the decision criteria for pyrogen detection (see Sections 8.0 and 9.0). 

8.0 CRITERIA FOR AN ACCEPTABLE TEST 

An EC (five-point standard curve) and a NSC should be included in each experiment. An 
IL-6 standard curve should be included in each ELISA as shown in the template presented in 
Table 6-3. An assay is considered acceptable only if the following minimum criteria are met: 

• The quadratic function of the IL-6 standard curve produces an r ≥0.956 and the 
OD of the blank control is below 0.15. 

• The endotoxin standard curve produces OD values that ascend in a sigmoidal 
concentration response. 

An outlying observation may be excluded if the aberrant response is identified using 
acceptable statistical methodology (e.g., Dixon's test [Dixon 1950; Barnett and Lewis 1994] 
or Grubbs' test [Barnett and Lewis 1994; Grubbs 1969; Iglewicz and Houghlin 1993]). 

9.0 DATA INTERPRETATION/DECISION CRITERIA 

9.1 Decision Criteria for Pyrogen Detection 

A test substance is considered pyrogenic when the endotoxin concentration of the test 
substance exceeds the ELC for the test sample. The ELC can be calculated as shown in 
Section 12.2. 

10.0 STUDY REPORT 

The test report should include the following information: 

Test Substances and Control Substances 

• Name of test substance 

• Purity and composition of the substance or preparation 

• Physicochemical properties (e.g., physical state, water solubility) 

• Quality assurance data 

• Treatment of the test/control substances prior to testing (e.g., vortexing, 
sonication, warming, resuspension solvent) 

                                                
5The TMB chromagen is measured at OD450. However, the use of an IL-1β ELISA kit with a chromagen other 
than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific 
chromagen used. 
6Correlation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements. 
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Justification of the In Vitro Test Method and Protocol Used 

Test Method Integrity 

• The procedure used to ensure the integrity (i.e., accuracy and reliability) of the 
test method over time 

• If the test method employs proprietary components, documentation on the 
procedure used to ensure their integrity from “lot-to-lot” and over time 

• The procedures that the user may employ to verify the integrity of the 
proprietary components 

Criteria for an Acceptable Test 

• Acceptable concurrent positive control ranges based on historical data 

• Acceptable negative control data 

Test Conditions 

• Cell system used 

• Calibration information for the spectrophotometer used to read the ELISA 

• Details of test procedure used 

• Description of any modifications of the test procedure 

• Reference to historical data of the model 

• Description of evaluation criteria used 

Results 

• Tabulation of data from individual test samples 

Description of Other Effects Observed 

Discussion of the Results 

Conclusion 

A Quality Assurance Statement for Good Laboratory Practice (GLP)-Compliant Studies 

• This statement should indicate all inspections made during the study and the 
dates any results were reported to the Study Director. This statement should 
also confirm that the final report reflects the raw data. 

If GLP-compliant studies are performed, then additional reporting requirements provided in 
the relevant guidelines (e.g., OECD 1998; EPA 2003a, 2003b; FDA 2003) should be 
followed. 
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12.0 TERMINOLOGY AND FORMULA 

12.1 Assay Sensitivity (λ)1 

The variable λ is defined as the labeled sensitivity (in EU/mL) of the LAL Reagent in 
endpoint assays (e.g., the BET gel-clot technique). For kinetic BET assays, λ is the lowest 
point used in the endotoxin standard curve. 

12.2 Endotoxin Limit Concentration (ELC)1,2 

The ELC for parenteral drugs is expressed in Endotoxin Units (EU) per volume (mL) or 
weight (mg). The ELC is equal to K/M, where: 

K is the threshold human pyrogenic dose of endotoxin (EU) per body weight (kg). K is equal 
to 5.0 EU/kg for intravenous administration. For intrathecal administration, K is equal to 0.2 
EU/kg (see also Section 12.5). 

M is the rabbit test dose or the maximum recommended human dose of product (mL or mg) 
per body weight (kg) in a single hour period (see also Section 12.8). 

For example, if a non-intrathecal product were used at an hourly dose of 10 mL per patient, 
then the ELC would be 0.50 EU/mL. 

12.3 Maximum Valid Dilution (MVD)1,2 

The MVD is the maximum allowable dilution of a test substance at which the endotoxin limit 
can be determined. The calculation of the MVD is dependent on the ELC for a test substance. 
When the ELC is known, the MVD is1: 

 MVD = (ELC x Product Potency [PP])/λ 

 As an example, for Cyclophosphamide Injection, the ELC is 0.17 EU/mg, PP is 20 
mg/mL, and the assay sensitivity is 0.065 EU/mL. The calculated MVD would be 1:52.3 or 
1:52. The test substance can be diluted no more than 1:52 prior to testing. 

If the ELC is not known, the MVD is1: 
 MVD = PP/Minimum Valid Concentration (MVC) 
  where, MVC = (λ x M)/K 
  where, M is the maximum human dose 
 As an example, for Cyclophosphamide Injection, the PP is 20 mg/mL, M is 30 mg/kg, 
and assay sensitivity is 0.065 EU/mL. The calculated MVC is 0.390 mg/mL and the MVD is 
1:51.2 or 1:51. The test substance can be diluted no more than 1:51 in the assay prior to 
testing. 

12.4 Negative Product Control (NPC) 

For interference testing, the NPC is a test sample to which pyrogen-free saline (PFS) is 
added. The NPC is the baseline for determination of cytokine release relative to the 
endotoxin-spiked PPC. 
                                                
1From FDA (1987) 
2From USP (2007) 
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12.5 Parenteral Threshold Pyrogen Dose (K)1,2 

The value K is defined as the threshold human pyrogenic dose of endotoxin (EU) per body 
weight (kg). K is equal to 5.0 EU/kg for parenteral drugs except those administered 
intrathecally; 0.2 EU/kg for intrathecal drugs. 

12.6 Positive Product Control (PPC) 

For interference testing, the PPC is a test substance spiked with the control standard 
endotoxin (i.e., 0.5 EU/mL or an amount of endotoxin equal to that which produces ½ the 
maximal increase in optical density (OD) from the endotoxin standard curve) to insure that 
the test system is capable of endotoxin detection in the product as diluted in the assay. 

12.7 Product Potency (PP)1,2 

The test sample concentration expressed as mg/mL or mL/mL. 

12.8 Rabbit Pyrogen Test (RPT) Dose or Maximum Human Dose (M)1,2 

The variable M is equal to the rabbit test dose or the maximum recommended human dose of 
product per kg of body weight in a single hour period. M is expressed in mg/kg or mL/kg and 
varies with the test substance. For radiopharmaceuticals, M equals the rabbit dose or 
maximum human dose/kg at the product expiration date or time. Use 70 kg as the weight of 
the average human when calculating the maximum human dose per kg. If the pediatric 
dose/kg is higher than the adult dose, then it shall be the dose used in the formula. 
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Federal Register Notices, Public Comments, and Relevant 
SACATM Meeting Minutes 

D1 Federal Register Notices.......................................................................................D-3 
 D1-1 Vol. 70, No. 241, pp. 74833-74834, December 16, 2005: Peer Panel 

Evaluation of In Vitro Pyrogenicity Testing Methods: Request for 
Comments, Nominations of Experts, and Submission of In Vivo and In 
Vitro Data.............................................................................................................D-5 

 D1-2 Vol. 71, No. 238, pp. 74533-74534, December 12, 2006: 
Announcement of an Independent Scientific Peer Review Meeting on the 
Use of In Vitro Pyrogenicity Testing Methods; Request for Comments............D-7 

 D1-3 Vol. 72, No. 89, pp. 26395-26396, May 9, 2007: Peer Review Panel 
Report on Five In Vitro Pyrogen Test Methods: Availability and Request 
for Public Comments...........................................................................................D-9 

D2 Public Comments Received in Response to 
 Federal Register Notices.....................................................................................D-11 
D3 ICCVAM Evaluation of In Vitro Pyrogen Test Methods: 
 Excerpt from SACATM Draft Meeting Minutes .............................................D-43 
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Appendix D1 

Federal Register Notices 
 

D1-1 Federal Register, Vol. 70, No. 241, pp. 74833-74834, December 16, 2005: Peer 
Panel Evaluation of In Vitro Pyrogenicity Testing Methods: Request for Comments, 
Nominations of Experts, and Submission of In Vivo and In Vitro Data........................D-5 
 
D1-2 Federal Register, Vol. 71, No. 238, pp. 74533-74534, December 12, 2006: 
Announcement of an Independent Scientific Peer Review Meeting on the Use of In Vitro 
Pyrogenicity Testing Methods; Request for Comments ................................................D-7 
 
D1-3 Federal Register, Vol. 72, No. 89, pp. 26395-26396, May 9, 2007: Peer Review 
Panel Report on Five In Vitro Pyrogen Test Methods: Availability and Request for 
Public Comments ............................................................................................................D-9 
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DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

National Toxicology Program (NTP), 
NTP Interagency Center for the 
Evaluation of Alternative Toxicological 
Methods (NICEATM); Peer Panel 
Evaluation of In Vitro Pyrogenicity 
Testing Methods: Request for 
Comments, Nominations of Experts, 
and Submission of In Vivo and In Vitro 
Data 

AGENCY: National Institute of 
Environmental Health Sciences 
(NIEHS), National Institutes Of Health 
(NIH). 
ACTION: Request for comments, 
nominations of scientific experts, and 
submission of data. 

SUMMARY: NICEATM, in collaboration 
with the Interagency Coordinating 
Committee on the Validation of 
Alternative Methods (ICCVAM), is 
considering convening an independent 
peer review panel (hereafter, ‘‘Panel’’) to 
evaluate the validation status of five in 
vitro pyrogenicity test methods: (1) 
Human PBMC/IL–6 in vitro pyrogen test 
(PBMC/IL–6), (2) human whole blood/ 
IL–1 in vitro pyrogen test (WB/IL–1), (3) 
human whole blood/IL–1 in vitro 
pyrogen test: application of 
cryopreserved human whole blood cryo 
(WB/IL–1), (4) the human whole blood/ 
IL–6 in vitro pyrogen test (WB/IL–6), 
and (5) an alternative in vitro pyrogen 
test using the human monocytoid cell 
line MONO MAC–6 (MM6/IL6). 
NICEATM requests public comments as 
to the appropriateness and relative 
priority of this activity. In addition, 
NICEAM requests the nomination of 
expert scientists for consideration as 
potential Panel members in the event a 
Panel meeting occurs. Finally, 
NICEATM requests the submission of 
data from the rabbit pyrogenicity test, 
the bacterial endotoxin test (BET), and 
in vitro pyrogenicity testing with the 
methods listed above. 
DATES: Comments, nominations of 
expert scientist, and data submissions 
should be received by January 17, 2006. 
ADDRESSES: Correspondence should be 
sent by mail, fax, or email to Dr. 
William S. Stokes, NICEATM, NIEHS, P. 
O. Box 12233, MD EC–17, Research 
Triangle Park, NC, 27709, (phone) 919– 
541–2384, (fax) 919–541–0947, (e-mail) 
niceatm@niehs.nih.gov. 
SUPPLEMENTARY INFORMATION: 

Background 
The European Committee on the 

Validation of Alternative Methods 
(ECVAM) conducted a validation study 
to independently evaluate the 

usefulness of five in vitro pyrogenicity 
assays (PBMC/IL–6, WB/IL–1, cryo WB/ 
IL–1, WB/IL–6, and MM6/IL6). In June 
2005, ECVAM submitted background 
review documents (BRDs) for these five 
methods to NICEATM for consideration 
as replacements for the currently 
required tests (i.e., rabbit pyrogen tests 
and the BET). ICCVAM and NICEATM 
reviewed the BRDs for completeness 
and concluded that these five in vitro 
test methods appear to have 
considerable potential for pyrogenicity 
testing, but the sponsors needed to 
provide additional information prior to 
a formal review by a Panel. Pending 
receipt and review of the requested 
information, ICCVAM and NICEATM 
will determine the priority of an 
evaluation of these test methods. If 
convened, the Panel would (1) peer 
review the BRDs for the test methods, 
and (2) determine whether the data 
cited in the BRDs support draft ICCVAM 
Test Method Recommendations 
regarding the proposed usefulness, 
limitations, and validation status of the 
test methods. If appropriate, the Panel 
might also formulate conclusions on the 
adequacy of any draft recommended 
performance standards, any proposed 
future validation studies, draft 
standardized test method protocols, 
and/or reference substances. In making 
their conclusions and 
recommendations, the Panel considers 
all available information including the 
scientific studies cited in the draft BRD, 
public comments, and any new 
information identified during the peer 
review. 

Request for Public Comments and 
Nominations of Scientific Experts 

NICEATM requests public comments 
on the appropriateness and relative 
priority of the proposed Panel review 
activity. In addition, NICEAM requests 
the nomination of scientists with 
relevant knowledge and experience to 
potentially serve on the Panel should it 
be convened. Areas of relevant expertise 
include, but are not limited to: 
physiology, pharmacology, 
immunology, pyrogenicity testing in 
animals, development and use of in 
vitro methodologies, biostatistical data 
analysis, knowledge of chemical data 
sets useful for validation of toxicity 
studies, and hazard classification of 
chemicals and products. Each 
nomination should include the person’s 
name, affiliation, contact information 
(i.e., mailing address, e-mail address, 
telephone and fax numbers), and a brief 
summary of relevant experience and 
qualifications. 

Request for Data 

NICEATM invites the submission of 
data from standard in vivo rabbit 
pyrogen testing, the BET, and in vitro 
pyrogenicity testing using the methods 
detailed above. Although data can be 
accepted at any time, data submitted by 
the deadline listed in this notice would 
be considered during an evaluation of 
the validation status of the five 
pyrogenicity testing methods should 
this activity occur. Submitted data will 
be used to further evaluate the 
usefulness and limitations of in vitro 
pyrogenicity test methods and may be 
included in future NICEATM and 
ICCVAM reports and publications as 
appropriate. The data will also be 
included in a NICEATM database to 
support the investigation of other test 
methods for assessing pyrogenicity. 

When submitting chemical and 
protocol information/test data, please 
reference this Federal Register notice 
and provide appropriate contact 
information (name, affiliation, mailing 
address, phone, fax, e-mail, and 
sponsoring organization, as applicable). 

NICEATM prefers data to be 
submitted as copies of pages from study 
notebooks and/or study reports, if 
available. Raw data and analyses 
available in electronic format may also 
be submitted. Each submission for a 
chemical should preferably include the 
following information, as appropriate: 
•	 Common and trade name 
•	 Chemical Abstracts Service Registry 

Number (CASRN) 
•	 Chemical class 
•	 Product class 
•	 Commercial source 
•	 In vitro pyrogenicity test protocol 

used 
•	 In vitro pyrogenicity test results 
•	 BET test protocol used 
•	 BET test results 
•	 In vivo rabbit pyrogen test protocol 

used 
•	 Individual animal responses 
•	 The extent to which the study 

complied with national or 
international Good Laboratory 
Practice (GLP) guidelines 

•	 Date and testing organization 

Background Information on ICCVAM 
and NICEATM 

ICCVAM is an interagency committee 
composed of representatives from 15 
Federal regulatory and research agencies 
that use or generate toxicological 
information. ICCVAM conducts 
technical evaluations of new, revised, 
and alternative methods with regulatory 
applicability and promotes the scientific 
validation and regulatory acceptance of 
toxicological test methods that more 
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accurately assess the safety and hazards 
of chemicals and products and that 
refine, reduce, or replace animal use. 
The ICCVAM Authorization Act of 2000 
(Pub. L. 106–545, available at http:// 
iccvam.niehs.nih.gov/about/ 
PL106545.htm) establishes ICCVAM as a 
permanent interagency committee of the 
NIEHS under the NICEATM. NICEATM 
administers the ICCVAM and provides 
scientific and operational support for 
ICCVAM-related activities. NICEATM 
and ICCVAM work collaboratively to 
evaluate new and improved test 
methods applicable to the needs of 
Federal agencies. Additional 
information about ICCVAM and 
NICEATM can be found at the following 
Web site: http:// 
www.iccvam.niehs.nih.gov. 

Dated: Decmeber 5, 2005. 
Samuel H. Wilson, 
Deputy Director, National Institute of 
Environmental Health Sciences. 
[FR Doc. E5–7410 Filed 12–15–05; 8:45 am] 
BILLING CODE 4140–01–P 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

  
  

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
	  

 
	  

 
  
  
	  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

  
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

ICCVAM Test Method Evaluation Report: Appendix D1 May 2008

D-6



74533 Federal Register / Vol. 71, No. 238 / Tuesday, December 12, 2006 / Notices 

 
 

 
 

 
 

 
 

 
 

 
 

 

DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

National Toxicology Program (NTP), 
NTP Interagency Center for the 
Evaluation of Alternative Toxicological 
Methods (NICEATM); Announcement 
of an Independent Scientific Peer 
Review Meeting on the Use of In Vitro 
Pyrogenicity Testing Methods; 
Request for Comments 

AGENCY: National Institute of 
Environmental Health Sciences 
(NIEHS), National Institutes of Health 
(NIH). 
ACTION: Meeting announcement and 
request for comments. 

SUMMARY: NICEATM in collaboration 
with the Interagency Coordinating 
Committee on the Validation of 
Alternative Methods (ICCVAM) 
announces an independent scientific 
peer review meeting to evaluate the 
validation status of five in vitro 
pyrogenicity test methods: (1) Human 
PBMC/IL–6 in vitro pyrogen test 
(PBMC/IL–6), (2) human whole blood/ 
IL–1 in vitro pyrogen test (WB/IL–1), (3) 
human whole blood/IL–1 in vitro 
pyrogen test: application of 
cryopreserved human whole blood (cryo 
WB/IL–1), (4) the human whole blood/ 
IL–6 in vitro pyrogen test (WB/IL–6), 
and (5) an alternative in vitro pyrogen 
test using the human monocytoid cell 
line MONO MAC–6 (MM6/IL6). These 
five in vitro test methods are proposed 
as replacements for the in vivo rabbit 
pyrogen test (RPT). At this meeting, a 
scientific panel will peer review the 
draft background review document 
(BRD) on each test method, evaluate the 
extent that the BRD addresses 
established validation and acceptance 
criteria for each test method, and 
provide comment on draft ICCVAM 
recommendations on the proposed use 
of these test methods, draft test method 
protocols, and draft performance 
standards. NICEATM invites public 
comments on the draft BRDs, draft 
ICCVAM test method recommendations, 

draft test method protocols, and draft 
performance standards. 
DATES: The meeting will be held on 
February 6, 2007, from 8:30 a.m. to 5 
p.m. The meeting is open to the public 
with attendance limited only by the 
space available. In order to facilitate 
planning for this meeting, persons 
wishing to attend are asked to register 
by January 23, 2007, via the 
ICCVAM/NICEATM Web site 
(http://iccvam.niehs.nih.gov). 
Comments should be sent by mail, fax, 
or email to the address given below by 
January 26, 2007. 
ADDRESSES: The meeting will be held at 
the National Institutes of Health (NIH), 
Natcher Conference Center, 45 Center 
Drive, Bethesda, MD 20892. 
FOR FURTHER INFORMATION CONTACT: Dr. 
William S. Stokes, Director of 
NICEATM, NIEHS, P.O. Box 12233, MD 
EC–17, Research Triangle Park, NC, 
27709, (phone) 919–541–2384, (fax) 
919–541–0947, (e-mail) 
niceatm@niehs.nih.gov. Courier address: 
NICEATM, 79 T.W. Alexander Drive, 
Building 4401, Room 3128, Research 
Triangle Park, NC 27709. 
SUPPLEMENTARY INFORMATION: 

Background 

The European Centre for the 
Validation of Alternative Methods 
(ECVAM) conducted a validation study 
to independently evaluate the 
usefulness and limitations of five in 
vitro pyrogenicity test methods (PBMC/ 
IL–6, WB/IL–1, cryo WB/IL–1, WB/IL–6, 
and MM6/IL6). In June 2005, ECVAM 
submitted BRDs for these five methods 
to NICEATM for consideration as 
replacements for the currently required 
test, the RPT. ICCVAM and NICEATM 
reviewed the BRDs for completeness 
and concluded that these five in vitro 
test methods appear to have 
considerable potential for pyrogenicity 
testing, but that the sponsor needed to 
provide additional information prior to 
a formal scientific review by an expert 
panel. In anticipation of proceeding 
with an evaluation of these test 
methods, ICCVAM and NICEATM 
requested public comments as to the 
appropriateness and relative priority of 
a panel review activity and the 
nomination of scientists with relevant 
knowledge and experience to 
potentially serve on the panel (Federal 
Register Vol. 70, No. 241, pp. 74833–4, 
December 16, 2005). NICEATM also 
requested submission of data using the 
standard in vivo rabbit pyrogen test, the 
bacterial endotoxin test (BET), and in 
vitro pyrogenicity tests. These requests 
were sent directly to over 100 interested 

stakeholders; no additional data were 
received. 

In March 2006, ECVAM responded to 
the ICCVAM/NICEATM request for 
information by providing a revised BRD 
for each test method. ICCVAM and 
NICEATM drafted a BRD that combines 
all of the available information on the 
five in vitro pyrogenicity test methods 
into a single document and includes 
each of the ECVAM BRDs as an 
appendix. Based on this information, 
ICCVAM developed draft test method 
recommendations regarding the 
proposed usefulness, limitations, and 
validation status of these test methods. 
ICCVAM subsequently recommended 
that an independent scientific panel be 
convened to (1) peer review the draft 
BRD for the test methods and (2) 
determine whether the data and 
analyses in the draft BRDs support the 
draft ICCVAM test method 
recommendations. The panel will also 
be asked to comment on the adequacy 
of the draft recommended performance 
standards, proposed future validation 
studies, draft standardized test method 
protocols, and recommended reference 
substances. In making their conclusions 
and recommendations, NICEATM will 
ask the panel to consider all available 
information including the scientific 
studies cited in the draft BRD, public 
comments, and any new information 
identified during the peer review. 

Peer Review Panel Meeting 
The purpose of this meeting is the 

scientific peer review evaluation of the 
validation status of five in vitro 
pyrogenicity test methods as 
replacements for the RPT. First, the 
panel will review the draft BRD on the 
current status of five in vitro test 
methods for the detection of 
pyrogenicity and evaluate the extent 
that established validation and 
acceptance criteria are addressed for 
each test method (Validation and 
Regulatory Acceptance of Toxicological 
Test Methods: A Report of the ad hoc 
Interagency Coordinating Committee on 
the Validation of Alternative Methods, 
NIH Publication No. 97–981, http:// 
iccvam.niehs.nih.gov). Next, the panel 
will comment on the extent to which 
the ICCVAM recommendations are 
supported by the information provided 
in the BRD and on the proposed use of 
these test methods, draft test method 
protocols, draft performance standards, 
and any proposed validation studies. 

Information about the panel meeting, 
including a roster of the panel members 
and the draft agenda, will be made 
available two weeks prior to the meeting 
on the ICCVAM/NICEATM Web site 
(http://iccvam.niehs.nih.gov) or can be 
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obtained after that date by contacting 
NICEATM (see FOR FURTHER 
INFORMATION CONTACT above). 

Attendance and Registration 
This public meeting will take place 

February 6, 2007, at the NIH Campus, 
Natcher Conference Center, Bethesda, 
MD (a map of the NIH campus and other 
visitor information are available at 
http://www.nih.gov/about/visitor/ 
index.htm). The meeting begins at 8:30 
a.m. and will conclude at approximately 
5 p.m. Persons needing special 
assistance, such as sign language 
interpretation or other reasonable 
accommodation in order to attend, 
should contact 919–541–2475 (voice), 
919–541–4644 TTY (text telephone), 
through the Federal TTY Relay System 
at 800–877–8339, or by e-mail to 
niehsoeeo@niehs.nih.gov. Requests 
should be made at least seven business 
days in advance of the event. 

Availability of the BRD and Draft 
ICCVAM Recommendations 

NICEATM prepared a BRD on five in 
vitro pyrogenicity test methods that 
describes the current validation status of 
the in vitro test methods and contains 
all of the data and analyses supporting 
this validation status. The draft BRDs, 
draft ICCVAM test method 
recommendations, draft test method 
protocols, and draft test method 
performance standards are available 
from the ICCVAM/NICETAM Web site 
(http://iccvam.niehs.nih.gov) or by 
contacting NICEATM (see FOR FURTHER 
INFORMATION CONTACT above). 

Request for Comments 
NICEATM invites the submission of 

written comments on the BRDs, draft 
ICCVAM test method recommendations, 
draft test method protocols, and draft 
test method performance standards. 
When submitting written comments, it 
is important to refer to this Federal 
Register notice and include appropriate 
contact information (name, affiliation, 
mailing address, phone, fax, e-mail, and 
sponsoring organization, if applicable). 
Written comments should be sent by 
mail, fax, or e-mail to Dr. William 
Stokes, Director of NICEATM, at the 
address listed above, not later than 
January 26, 2007. All comments 
received will be placed on the ICCVAM/ 
NICEATM Web site (http:// 
iccvam.niehs.nih.gov), sent to the panel 
and ICCVAM agency representatives, 
and made available at the meeting. 

This meeting is open to the public 
and time will be provided for the 
presentation of public oral comments at 
designated times during the peer 
review. Members of the public who 

wish to present oral statements at the 
meeting (one speaker per organization) 
should contact NICEATM (see FOR 
FURTHER INFORMATION CONTACT above) no 
later than January 26, 2007. Speakers 
will be assigned on a consecutive basis 
and up to seven minutes will be allotted 
per speaker. Persons registering to make 
comments are asked to provide 
NICEATM a written copy of their 
statement by January 26, 2007, so that 
copies can be distributed to the panel 
prior to the meeting or if this is not 
possible to bring 40 copies to the 
meeting. Written statements can 
supplement and expand the oral 
presentation. Each speaker is asked to 
provide contact information (name, 
affiliation, mailing address, phone, fax, 
e-mail, and sponsoring organization, if 
applicable) when registering to make 
oral comments. 

Summary minutes and the panel’s 
final report will be available following 
the meeting on the ICCVAM/NICEATM 
Web site (http://iccvam.niehs.nih.gov). 
ICCVAM will consider the panel’s 
conclusions and recommendations and 
any public comments received in 
finalizing their test method 
recommendations and performance 
standards for these methods. 

Background Information on ICCVAM 
and NICEATM 

ICCVAM is an interagency committee 
composed of representatives from 15 
Federal regulatory and research agencies 
that use or generate toxicological 
information. ICCVAM conducts 
technical evaluations of new, revised, 
and alternative methods with regulatory 
applicability and promotes the scientific 
validation and regulatory acceptance of 
toxicological test methods that more 
accurately assess the safety and hazards 
of chemicals and products and that 
refine, reduce, and replace animal use. 
The ICCVAM Authorization Act of 2000 
(42 U.S.C. 285l–3, available at 
http://iccvam.niehs.nih.gov/about/ 
PL106545.htm) establishes ICCVAM as a 
permanent interagency committee of the 
NIEHS under the NICEATM. NICEATM 
administers ICCVAM and provides 
scientific and operational support for 
ICCVAM-related activities. NICEATM 
and ICCVAM work collaboratively to 
evaluate new and improved test 
methods applicable to the needs of 
federal agencies. Additional information 
about ICCVAM and NICEATM can be 
found at the following Web site: 
http://iccvam.niehs.nih.gov. 

Dated: November 27, 2006. 
Samuel H. Wilson, 
Deputy Director, National Institute of 
Environmental Health Sciences and National 
Toxicology Program. 
[FR Doc. E6–21038 Filed 12–11–06; 8:45 am] 
BILLING CODE 4140–01–P 
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From:   MA.  PILAR  VINARDELL  MARTINEZ-HIDALGO  
Sent :   Tuesday,  December  20,  2005  8:08  AM  
To:   NIEHS  NICEATM  
Subject :   peer  panel  pyrogens  

Dear Dr Stockes 

I am pleased to send you our paper* related to studies of pyrogens in 
vitro. I hope it will be of interest for your work. I have collaborated 
before with the het-cam test. 
Sincerely yours 

Dr. Pilar Vinardell 
Dept Fisiologia-Divisio IV 
Facultat de Farmacia 
Av. Joan XXIII s/n 
08028 Barcelona (Spain) 

*Martinez V, Mitjans M, Vinardell MP. 2004. TNFα Measurement in Rat and Human 
Whole Blood as an In Vitro Method to Assay Pyrogens and its Inhibition by 
Dexamethasone and Erythromycin. J. Pharm. Sci. 93:2718-2723. 
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March 12, 2007 
 
Via e-mail to: niceatm@niehs.nih.gov 
 
Dr. William Stokes 
Director, NICETAM 
National Institute of Environmental Health Sciences 
PO Box 12233, MD ED-17 
Research Triangle Park, NC 27709 
 
Dear Dr. Stokes: 
 
These comments are intended to be a follow-up to the recent NICETAM-sponsored Independent Scientific 
Peer Review: Five In Vitro Test Methods Proposed for Assessing Potential Pyrogenicity of Pharmaceuticals 
and Other Products (February 6, 2007). They are supported by the larger Animal protection community, 
including the more than 10 million members of the Physicians Committee for Responsible Medicine, 
People for the Ethical Treatment of Animals, the Humane Society of the United States, and the Doris Day 
Animal League. 
 
Based on information communicated to me at this meeting, I understand that these additional comments 
are accepted because of limited time available during my oral public comment. I appreciate the 
opportunity to submit these additional comments and I urge NICETAM to take them into account when 
considering the Peer Review Panel’s (PRP) recommendations and conclusions. 
 
Panel Recommendations 
 
As you know, the ICCVAM recommendations were written with the intention that the in vitro pyrogenicity 
tests (IVPTs) would replace a small subset of rabbits used in the rabbit pyrogen test (RPT), but not the 
Limulus amebocyte lysate (LAL), nor rabbits used for non-endotoxin-mediated pyrogenicity testing. As 
you know, the PRP did not even agree with these limited recommendations. The PRP did, however, make 
several of their own recommendations. I was pleased to hear of some of them and hope that ICCVAM will 
consider putting them into place as quickly as possible (abridged below): 
 

1. Human data on pyrogens is extensive and should be analyzed, presented, and consulted. 
2. More discussions on the financial and ethical costs (including monetary values and animal 

numbers) associated with the RPT are needed. 
3. Individual product-specific validation studies are required and may negate the need for a large 

validation study. 
 
However, several of the panel’s observations and recommendations seemed nonsensical, irrelevant, or 
inappropriate (abridged below): 
 

1. The methods should not be called “in vitro pyrogen tests” because only bacterial endotoxin was 
evaluated. 

2. The in vivo reference data is not adequate and/or of unknown quality. 
3. The calculated “theoretical sensitivity” of the RPT data used in the validation study does not 

reflect current practice and regulatory use. 
4. The IVPT validation data should be quantitative 
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5. Concordance between the IVPTs and the RPT is not demonstrated. 
 
Considerations as to the realities of a validation study are clearly not recognized by the PRP, as reflected 
in its deliberations and recommendations. The validation study conducted by ECVAM used scientifically-
justified in vivo reference data, a scientifically-justified method to calculate the theoretical sensitivity of 
the RPT data (as admitted by the panel), and generated data with theoretical concordance values 
presented. Indeed, the RPT itself does not give quantitative data, but a decision of “pyrogenic” or “not 
pyrogenic,” while the in vitro methods do have this potential. 
 
What went wrong? 
 
Panel Selection: This meeting reflects a growing concern of the animal protection community that 
ICCVAM is more interested in picking new non-animal methods apart than in seriously considering them 
for adoption. Accepted peer review process guidelines state: “Peer reviewers should include individuals 
who will not be affected by the outcome of the results, but who are well-versed in the relevant 
experimental techniques and the specific method under review.”1 However, many of the panel members 
were either demonstrably biased against the IVPTs, silent, or ignorant of the validation and acceptance 
procedures, the PRP’s role, or the ICCVAM process. Too often it seems that panelists have unreasonable 
expectations regarding every minute detail of the alternative methods, without a clear understanding of 
the limitations of the current animal-based tests. This was especially true in this meeting. Random 
selection of panel members from the scientific topic of interest biases every single panel towards the null 
hypothesis, leaving an unreasonably high barrier over which the new alternative methods cannot cross.  
 
Charge/Question Wording: It was clear from the deliberation among the PRP that the panel members had 
no clear idea of their task, and were unnecessarily confused by the questions posed to them by ICCVAM. 
One question elicited an hour’s debate over what the question actually meant. Simplification of the 
questions posed to the panel, as well as a pre-meeting orientation, is in order. For example, there was 
clearly little or no background information provided on the limitations of the animal tests. An orientation 
process could also help the panelists stay focused. The panel deviated too often from the task at hand 
into both broad and detailed scientific questions that had no bearing on the validation of the IVPTs. For 
example, one panel recommendation stated that an explanation should be given as to why in vitro 
responses are a better reflection of in vivo human responses than in vivo rabbit responses. While 
biological relevance is important, it has already been demonstrated; this recommendation has no bearing 
on the validation status of the assays as presented, whether it is true or not. 
 
Validation Study Considerations 
 
Despite public testimony given at the time of the meeting, the PRP did not take the realities of validation 
studies, nor this particular one, into account. First, the validation study selected a small set of 
pharmaceuticals and spiked them with endotoxin, because endotoxin standard is the only standard 
available, and the majority of febrile reactions are due to endotoxin. As is often done with animal tests, 
practical experience over the past couple of decades led the validation study directors to surmise that the 
methods would also work with non-endotoxin pyrogens, and with medical devices and blood products. 
Pages of data were provided to the PRP to support this conclusion. Given that the methods would require 
product-specific validation in the future, and limited resources for the validation study, a large, 
complicated validation study was not called for. Further, parallel rabbit testing, for animal welfare 
reasons, could not be conducted. So, the study directors designed an approach that would allow the use 
of historical RPT data of a comparable nature. It was determined that in order to “pass,” the IVPTs would 

                                                
1 NIEHS (National Institute of Environmental Health Sciences), Validation and Regulatory Acceptance of 
Toxicological Test Methods: A Report of the ad hoc Interagency Coordinating Committee on the 
Validation of Alternative Methods, NIH Publication No. 97-3981, NIEHS, Research Triangle Park , North Carolina, 
U.S.A., 1997, section 2.4.2.6. 
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be validated with spiked products at a level of detection comparable with the most sensitive rabbit 
species. Even with these “unacceptable” sensitivity and specificity values, the IVPTs still surpassed the 
performance of the RPT. Comments to this effect from the study directors themselves were ignored by 
the PRP. 
 
The PRP showed no tolerance for adopted tenets of the validation process that call for flexibility: “…the 
test validation process should be highly flexible and adapted to the specific test and its proposed use.”2 
These procedures do not require direct comparison of in vivo/in vitro methods, and indeed, the BRD and 
other documentation submitted to the PRP contain all of the Validation Criteria listed in the above-
referenced ICCVAM document. 
 
The Way Forward 
 
I would like to reiterate the animal protection community’s initial comments, sent before the meeting:  
 

“We therefore strongly urge ICCVAM to significantly revise its Recommendations and 
B[ackground] R[eview] D[ocument] to more accurately reflect the potential use of 
these methods as full replacements for both the LAL and the RPT. The available 
evidence shows that the IVPTs are fully valid for the detection of all pyrogens. We 
also strongly encourage ICCVAM to delete the recommendation regarding the 
conduct of de novo RPTs to further demonstrate in vivo/in vitro concordance.”3 

 
Our organizations stand by these initial recommendations. However, given the PRP’s final 
recommendations, we request that ICCVAM coordinate with the pharmaceutical and medical 
devices industry to conduct product-specific validation on a set of pre-selected products and 
devices to serve as further validation work. Since this work will need to be conducted anyway, and 
would be acceptable to the Food and Drug Administration, this would be an appropriate way forward. 
Further delays or de novo validation work would result in the deaths of thousands of additional animals is 
not recommended. 
 
Thank you for your attention to these comments. I can be reached at kstoick@pcrm.org or 510.834.8320 
with any questions. 
 
Sincerely, 
 

 
 
Kristie Stoick, MPH 
Physicians Committee for Responsible Medicine 
 

                                                
2 NIEHS (National Institute of Environmental Health Sciences), Validation and Regulatory Acceptance of 
Toxicological Test Methods: A Report of the ad hoc Interagency Coordinating Committee on the 
Validation of Alternative Methods, NIH Publication No. 97-3981, NIEHS, Research Triangle Park , North Carolina, 
U.S.A., 1997, sections 2.4.7 and 2.5. 
 
3 Letter submitted to NICEATM January 26, 2007. 

ICCVAM Test Method Evaluation Report: Appendix D2 May 2008

D-36



 
Dr. Thomas Montag-Lessing  
Dr. Ingo Spreitzer  
 
Paul Ehrlich Institute 
Langen, Germany 
(www.pei.de) 
 
 
Via e-mail to: niceatm@niehs.nih.gov  
 
Dr. William Stokes 
Director, NICETAM 
National Institute of Environmental Health Sciences 
PO Box 12233, MD ED-17 
Research Triangle Park, NC 27709 
 
 
 
Dear Dr. Stokes: 
 
Please, find below our comments to the “Independent Peer Review Panel Report: 
Five In vitro Test Methods Proposal for Assessing Potential Pyrogenicity of 
Pharmaceuticals and Other Products”. 
 
 
 
Comment to A 1.2.1 Criterion 4 (page 3), also comment to A 4.6 (page 12) 
 
The PRP discussed critically whether the right end-points had been set in the 
validation study regarding sensitivity (respectively detection limits) of the tests. We 
are wondering why the PRP did not consider the internationally accepted endotoxin 
limits. They are regulated in the respective monographs for endotoxin testing 
(Bacterial Endotoxin Test, BET) since decades in the international pharmacopoeias. 
The endotoxin limit for parenteral drugs intended for intravenous administration is 5 
International Units endotoxin (E.U., to calibrate using the WHO Endotoxin Standard 
which is identical with the US Endotoxin Standard) per kilogram body weight of the 
patient (in the past: administration during one hour period; following the current ICH 
document: as a bolus injection). Exactly this endotoxin limit had been used for 
calculation of the detection limits in examining the involved drugs. As usual in 
pyrogen testing, a patient having a body weight of 70 kg (corresponding to a 
maximal endotoxin content of 350 E.U. of the whole volume of the given drug) had 
been considered for calculation. Furthermore, the WHO Endotoxin Standard had 
been used in the study. 
 
Additionally, the sensitivity respectively the detection limit of Rabbit Pyrogen Test 
(RPT) had been considered in the study design. The sensitivity of RPT can be 
calculated considering the fever threshold respectively the threshold of significant 
temperature increase of rabbits. The most sensitive rabbit strains show a fever 
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threshold of 5 E.U. per kilogram body weight (see papers Hoffmann et al. 2005, 
Journal of Immunological Methods, Vol. 298, pp. 161-173, and Hoffmann et al. 2005, 
Journal of Endotoxin Research, Vol. 11, pp. 1-7). This endotoxin concentration may 
be contained in maximally 10 milliliter which represents the highest allowed burden 
for the rabbits following the animal protection lows. In consequence, the sensitivity 
of RPT is represented by 0.5 E.U. per milliliter (5 E.U. in 10 ml = 0.5 E.U. per ml) 
corresponding to 50 pg/ml. This endotoxin concentration had been used for setting 
the detection limits of the five In vitro Test methods and it is (at least) fulfilled by all 
tests. So the five alternative pyrogen tests meet worst case conditions of RPT and 
guarantee, therefore, a high safety level for the patients. 
 
It has to be mentioned here that the endotoxin limit regulation mentioned above (5 
E.U. per kg body weight of the recipient) comes directly from rabbit’s sensitivity. 
Preparing the implementation of BET into the pharmacopoeias decades ago, the 
safety level of the drugs was the most important criterion. In this time, only data 
from the rabbit were available and, consequently, they were used for definition of 
endotoxin limits. This was a wise decision since the fever threshold of human beings 
lies in a range of 10 - 20 E.U. per kg body weight and, therefore, the safety of drugs 
regarding potential pyrogenicity is guaranteed. Taking into account the background 
of endotoxin limits, it is surprising when the expert panel used the phrasing 
“theoretical sensitivity” of the RPT. As demonstrated above, the calculations for the 
validation study reflects exactly the current practice and the regulatory use. 
 
 
Comment to A 1.2.1 Criterion 5 (page 3) 
 
The PRP stated: “The new test methods clearly take longer to produce definitive 
results”. This statement does not consider the mandatory pre-test for RPT which has 
to be performed two days prior to the main test employing the same animals (i.e. 
RPT lasts all together not less than 48 hours). The in vitro tests are usually 
performed within less than 20 hours (i.e. incubation of the cells overnight and 
measuring the cytokine content in ELISA next morning). If necessary, the tests can 
be performed within 10 hours by shortening the cell culture to 6 hours. 
 
Comment to A 1.2.2 (page 3) 
 
There is a contradiction in this passage. On the one, hand it is stated: “The RPT 
(Rabbit Pyrogen Test) detects both endotoxin and non-endotoxin pyrogens, but the 
in vitro pyrogen tests have not been validated for non-endotoxin pyrogens. 
Therefore, they cannot be considered complete replacements for the RPT.” On the 
other hand, it is stated: “The BET (Bacterial Endotoxin Test) detects endotoxin in 
most cases and is used instead of the RPT for this purpose.” It is not understandable 
why the in vitro tests, able to detect endotoxin, cannot replace the RPT but BET, able 
to detect only endotoxin, can. 
 
There is a clear need for tests able to detect non-endotoxin pyrogens (for examples 
regarding adverse reactions caused by non-endotoxin pyrogens, see comment to A 
4.0 below, please). The PRP mentioned several times in the report that non-
endotoxin pyrogens were not included in the validation study. This holds true but 
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there is a broad specter of publications demonstrating that in vitro pyrogen test 
methods are able to detect non-endotoxin pyrogens. This includes papers which 
applied the same procedure for pyrogen testing using human whole blood as used in 
the validation study (e.g. Hermann et al. European Journal of Immunology, 2002, 
Vol. 32, pp. 541-551, and Morath et al., Infection and Immunity, 2002, Vol. 70, pp. 
938-944). One would appreciate if the PRP (at least) had mentioned those 
publications. 
 
 
Comment to A 1.3.2 (page 4) 
 
The PRP stated: “A major concern is the lack of validation of these new assays 
directly compared to the RPT.” There were data available on several studies 
regarding comparison of RPT and in vitro pyrogen tests as used in the validation 
study. The first study (Spreitzer at al., Altex, 2002, Vol. 19, pp. 73-75) concerns a 
comparative study of Rabbit Pyrogen Test and Human Whole Blood Assay 
implementing 29 batches of 10 different Human Serum Albumins from 5 
manufacturers. All together, 261 rabbits were included in the study. Two endotoxin 
spike concentrations in the range of RPT detection limit were used. There was no 
failure in the in vitro pyrogen test. Actually, the in vitro test appeared more sensitive 
than the RPT. In the second study (Andrale et al. International Journal of 
Pharmaceutics, 2003, Vol. 265, pp. 115-124) a broad range of parenterals (15 
different drugs) were tested comparing RPT and BET with Human Whole Blood Assay 
and, additionally, with Human Peripheral Blood Mononuclear Cell (PBMC) Test. The 
two in vitro tests showed good agreement overall, both with each other and with 
BET and the RPT. The third study concerns a comparison of six different Coagulation 
Factor VIII Concentrates (3 lots each) in RPT and in Human Whole Blood Assay. 162 
rabbits were included in the study; two different endotoxin spikes in the range of 
RPT detection limit were used. As in the above mentioned albumin study, no failure 
was seen in the in vitro assay. Again, the in vitro test appeared more sensitive as the 
RPT. The latter study is not published yet but, due to our knowledge, the data had 
been provided to the PRP. 
 
 
Comment to A 3.1 (page 9) 
 
The PRP stated: “No ‘classical’ examples of biological products or medical devices 
were included; thus, the validation of either of these categories has not been 
provided.” 
 
It should be mentioned that Coagulation Factor VIII concentrate had been included 
in the pre-validation study where it was successfully tested. This preparation could 
not be considered in main study because of its high price. Additionally, see the above 
comment to A 1.3.2, please. Human Serum Albumin and Coagulation Factor VIII 
concentrate belong to the ‘classical’ biological products. 
 
 
Comment to A 3.4 (page 10) 
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The PRP stated: “The coding procedures were adequate for the assessment of 
relevance during the validation studies. However, the identity of substances used in 
the reproducibility analyses was not blinded (although the spike concentrations 
were). A reason was not given.” 
 
It is commonly known that a pharmaceutical company has to perform for any test 
the so called product validation in order to exclude potential interferences of the 
preparation with the test system (e.g. inhibition of the test by the drug). Of course, 
the best approach is to perform the product validation using a clean batch of the 
product. The latter procedure had been chosen for the validation study considering 
the practice in pharmaceutical industry. 
 
 
Comment to A 4.0 (page 10) 
 
The PRP stated: “… a summary of reference data demonstrating whether substances 
that were shown to be pyrogenic in humans either passed or failed the RPT, BET, or 
in vitro tests would have been useful.” There are data published regarding adverse 
reactions (fever respectively pro-inflammatory reactions) in patients caused by drugs 
which were negative in RPT as well as in BET, but could be tested positive using in 
vitro pyrogen tests. The first event happened with a Tick Borne Encephalitis Vaccine 
which induced fever up to cramps and hospitalization in around 50 percent of the 
recipients. As mentioned above, both RPT and BET remained negative in testing the 
product. In contrast, this product produced positive results with blood samples of 50 
percent of the donors applying the in vitro pyrogen test (Whole Blood Test, Fischer 
et al., Altex, 2001, Vol. 18, pp. 47-49). Another example concerns a dialysis solution 
which caused aseptic peritonitis in the patients (Martis et al. Lancet, 2005, Vol. 365, 
pp. 588-594). Again, both RPT and BET were negative whereas the in vitro pyrogen 
test (PBMC Test) could identify the incriminated batches. These two examples 
demonstrate that the in vitro pyrogen tests are in certain cases superior to the RPT 
since they are working in the ‘homologous system’ (i.e. human indicator cells and 
fever/pro-inflammatory reactions in humans). 
 
It should be pointed out that the PRP should know the above cited cases as one of 
its members was in touch with both of them. 
 
 
Comment to A 4.3 (page 11) 
 
The PRP stated: “Archived records have not been audited by ECVAM or ICCVAM.” 
 
This statement is wrong as the archived records have been audited by ECVAM in PEI. 
 
 
Comment to A 4.4 (page 11) 
 
The PRP stated: “However, the PEI did not have formal GLP accreditation (refer to 
Section 5.5, ECVAM request for additional information).” 
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As the Federal Agency of Sera and Vaccines, the unit for pyrogen and endotoxin 
testing of the Paul Ehrlich Institute (PEI) is accredited following ISO 17025 (for the 
lists of accredited methods in PEI see 
http://www.pei.de/cln_049/nn_162948/EN/infos-en/pu-en/11-quality-management-
en/accredited-methods-en/akkreditierungen-inhalt-en.html, please). 
 
Despite the above cited ECVAM answer, it should be mentioned here that one of the 
PRP members visited the PEI unit for pyrogen and endotoxin testing and knows its 
accreditation status. 
 
 
Comment to A 5.1.1 (page 12) 
 
The PRP stated: “Quality control (QC) testing of cell viability is not performed. 
Viability testing of human cells before and after incubation should be performed.” 
 
This statement does not consider how the tests are designed. It is one of the 
advantages of the in vitro pyrogen tests that additional testing of cell viability is not 
necessary. The functionality of cells is controlled in every test via reaction of 
monocytes to endotoxin controls which have to induce a defined minimum of 
cytokine concentration. This internal quality control gives more information on the 
status of the monocytes than a viability test; viability test indicates only that the cells 
are living whereas functionality test indicates that cells are living and able to react. 
 
 
Comment to A 10.2 (page 21) 
 
The PRP stated: “The discussion that reduction of the use of animals (i.e., rabbits) 
will be associated with the increased use of another animal (i.e., humans) is 
inadequate.” 
 
This statement seems to be far away from practice. It is commonly known that 
worldwide millions of people are donating blood (for example, more than 5 millions 
blood donations per year in Germany). One whole blood donation consists of 500 ml 
blood, a volume which would be theoretically sufficed for 5,000 to 50,000 whole 
blood pyrogen tests. Therefore, the use of human blood for pyrogen testing would 
lead to a marginal increase of blood donation. Blood donors are mainly volunteers 
offering their blood for philanthropic reasons. Donating blood for safety testing of 
drugs for human use is a philanthropic attitude, too. 
 
 
Comment to A 11.4 (page 22) 
 
The PRP stated: “Furthermore, the in vitro pyrogen test methods are dependent on 
the availability of donors or blood supplies, which might further restrict the frequency 
of which these tests can be performed.” 
 
This statement does not consider the cryo-preserved blood since it would be 
available at any time. 
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Thank you for your attention to these comments. 
 
 
Sincerely, 
 
 
Dr. Thomas Montag-Lessing 
Dr. Ingo Spreitzer 
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SACATM Comments: ICCVAM Evaluation of In Vitro Pyrogen Test Methods 
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The following is excerpted from the final minutes of the SACATM meeting convened on 
June 12, 2007.  The full meeting minutes will be available online at http://ntp-
server.niehs.nih.gov/ntpweb/index.cfm?objectid=AF6CC417-F1F6-975E-
75B5F3FF7DF1CDDC. 
 
Overview of the ICCVAM Evaluation of In Vitro Pyrogen Test Methods 
Dr. Richard McFarland, U.S. Food and Drug Administration (FDA), ICCVAM 
Pyrogenicity Working Group (PWG) Chair, presented an update on ICCVAM’s ongoing 
evaluation of five in vitro human cell-based pyrogen test methods nominated for review 
by the European Centre for the Validation of Alternative Methods (ECVAM).  
Pyrogenicity is defined as an increase in body temperature following the release of pro-
inflammatory cytokines [e.g., interleukin (IL)-1, IL-6, and tumor necrosis factor-α (TNF-
α)] by leukocytes.  Pyrogens may be found in processing and packaging materials, 
chemicals, or parenteral pharmaceuticals, biologicals, and medical devices.  Bacterial 
endotoxin, a component of the outer cell wall of Gram-negative bacteria, is one of the 
most potent pyrogenic materials. Pyrogen testing is important to prevent the introduction 
of endotoxin or non-endotoxin pyrogen-contaminated products into humans or animals. 
 
Currently there are two accepted pyrogen tests.  The Rabbit Pyrogen Test (RPT), which 
measures a temperature rise in rabbits injected with a test substance, can detect both 
endotoxin and non-endotoxin pyrogens.  The Bacterial Endotoxin Test (BET), also 
referred to as the Limulus Amoebocyte Lysate (LAL) Test, detects endotoxin by its 
ability to activate a serine-protease catalytic cascade.  
 
In June 2005, ECVAM submitted background review documents (BRDs) on five 
methods for consideration by NICEATM as replacements for the RPT.  The methods are:  

• Human Whole Blood (WB)/Interleukin (IL)-1 In Vitro Pyrogen Test  
• Human WB/IL-1 In Vitro Pyrogen Test: Application of Cryopreserved Human 

WB 
• Human WB/IL-6 In Vitro Pyrogen Test 
• Human Peripheral Blood Mononuclear Cell (PBMC)/IL-6 In Vitro Pyrogen Test 
• In Vitro Pyrogen Test using the monocytoid cell line, Mono Mac 6 (MM6)/IL-6 
 

Before describing the evaluation process, Dr. McFarland listed the members of the PWG, 
provided a time line for the various activities connected with the evaluation process, and 
described the ICCVAM acceptance and validation criteria for alternative test methods. 
 
Following a prescreen evaluation, NICEATM requested additional information and 
clarification from ECVAM in regard to the data provided in their BRDs.  ECVAM 
submitted revised BRDs that addressed these requests.  Subsequently, ICCVAM prepared 
a draft ICCVAM BRD that contained a comprehensive review of all available data and 
information regarding the usefulness and limitations of the five alternative in vitro 
pyrogen test methods and described the current validation status of the test methods 
including their relevance, reliability, scope of substances tested, and the availability of a 
standardized test method protocol for each test method.  
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The major difference among the five test methods is the cell types used; the methodology 
used for the test methods is very similar.  Briefly, the test substance is applied to cultures 
of the specific human-derived cells, which are then incubated for 16-24 hr.  The 
concentration of pro-inflammatory cytokines (e.g., IL-1β, IL-6) is quantified via a 
cytokine-specific enzyme-linked immunosorbent assay (ELISA).  The endotoxin activity 
of a test substance is calculated by comparing the induced cytokine release with that 
induced by the endotoxin standard.   
 
The test methods were reviewed for their ability to detect the presence of Gram-negative 
endotoxin when several parenteral pharmaceuticals were spiked with the endotoxin 
standard at several different concentrations.  The reference pharmaceuticals were 
considered positive for endotoxin if the endotoxin content was > 0.5 endotoxin units 
(EU)/mL.  Differences were found in the performance of the five test methods.  Based on 
the information contained in the BRD, ICCVAM developed draft recommendations for 
the use, formulated draft performance standards and draft test method protocols for each 
test method, and identified proposed future studies.  
 
ICCVAM’s draft recommendations on test method uses and limitations was that, based 
on the validation studies with a limited number of pharmaceuticals, there is sufficient 
information to substantiate the use of these test methods for the detection of pyrogenicity 
mediated by Gram-negative endotoxins in materials that are currently tested in the RPT, 
subject to product-specific validation to demonstrate equivalency.  Further, ICCVAM’s 
draft recommendations stated that although the five in vitro test methods may be capable 
of detecting a wider range of pyrogens than was tested, the data in the BRDs do not 
support this broader application.  One limitation of the validation study was the lack of a 
direct comparison of the results for the same test substances in the proposed in vitro test 
methods versus the RPT. 
 
ICCVAM also provided draft recommendations for performance standards for these five 
in vitro test methods for consideration by the peer review panel and for public comment; 
the purpose of performance standards are to ensure that any proposed mechanistically and 
functionally similar proposed test method meets acceptable standards.  Performance 
standards include essential test method components based upon common structural, 
functional, and procedural elements that should be included in the protocol of a 
mechanistically and functionally similar proposed test method; recommended reference 
substances for evaluating the relevance and reliability of the proposed test method and 
the performance characteristics (relevance and reliability values) that should be met or 
exceeded.  ICCVAM also recommended draft standardized protocols that were based on 
those used in the ECVAM validation study.  Finally, ICCVAM recommended future 
studies that included the testing of a broader range of pyrogenic materials under 
conditions where the in vitro pyrogen test(s) and the RPT were run in parallel to be able 
to directly compare the results.   
 
Peer Panel Report 
ICCVAM and NICEATM held a peer review panel meeting on February 6, 2007, to 
review the five in vitro pyrogenicity test methods. Dr. Karen Brown, DRL Pharma and 
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Pair O’Doc’s Enterprises, chair of the peer panel, said the task was daunting because the 
panel was tasked to complete the evaluation of the five in vitro test methods in one day.  
She recognized the hard work and diligence of the panel.  
 
The charge to the peer review panel was to review the draft BRDs for completeness, 
assess whether each applicable criterion for validation and acceptance of the test method 
had been appropriately addressed, and consider whether the information in the BRD 
supported the draft ICCVAM recommendations for the draft standardized protocols, the 
draft test method performance standards, and the draft proposed future studies.  
  
The panel concluded that the explanation in the BRD of the usefulness and limitations of 
the in vitro pyrogenicity test methods and of the description of the current validation 
status of these methods was sufficient.  However, they identified a number of deficiencies 
in the BRD, which are briefly described below.   
 

1. There were some sections where additional details would have improved the 
document.  For example, the panel wanted information included about (1) the 
number of RPTs conducted per year to evaluate bacterial endotoxin, (2) the 
number of rabbits used for pyrogenicity testing per year, and (3) the costs and 
logistical considerations for either setting up the cell culture for the MM6 test or 
obtaining human blood for the other tests.  

 
2. The rationale for selecting the test substances for evaluating the five in vitro test 

methods was flawed because it did not represent the range of products tested for 
bacterial endotoxin using the RPT and seven of the 10 substances were not tested 
in the RPT but rather in the BET. For example, no biologicals or medical devices 
were evaluated.  The panel felt that the number of substances tested in the 
validation study was not adequate to evaluate whether a specific test method 
could replace the RPT.   

 
3. The in vivo RPT reference data were limited to one strain of rabbit tested in one 

laboratory by one protocol using two sources of bacterial endotoxin.  
 

4. The evaluation of the relevance of each test method was adequately demonstrated 
and discussed in the BRDs, but was limited by the ability to judge a positive 
versus a negative response based on 0.5 endotoxin units (EU)/ mL.  Since samples 
were only spiked with bacterial endotoxin, the relevance was only demonstrated 
for the detection of this type of pyrogen, and there was no evaluation for the 
ability to detect non-endotoxin pyrogens.   

 
5. The discussion on concordance in the RPT is speculative because there was no 

parallel testing with the RPT, and the RPT performance was modeled statistically. 
 

6. The whole blood IL-1 test is inadequate because there were too many false 
positives and false negatives; however the IL-6 assay appeared to perform better.  
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It would have been more appropriate to compare these in vitro tests directly with 
the BET, since only bacterial endotoxin samples were used.   

 
7. Test method reliability was acceptable in both within and between laboratory 

studies; however, a quantitative assessment of intra- and inter-laboratory 
variability would have been more informative.  A statistical assessment providing 
acceptability criteria should have been performed to test the hypothesis that there 
were no differences among groups.   

 
8. The assessment of test method reliability had the following deficiencies: 

 
a. There was a high exclusion rate for individual runs of the whole blood IL-1 

assay due to excessive variability among the four replicates.  
b. The agreement across three validation laboratories was only 57% for the 

whole blood IL-1 assay.   
c. The same subset of drugs tested for sensitivity and specificity should have 

been tested for reliability. 
 

Most of the panel agreed that application of the validation criteria to determine the 
usefulness and limitations of these test methods to replace the RPT under conditions 
where the test was for the presence of Gram-negative endotoxin was adequately 
addressed in the BRDs.  
 
The panel concluded that the usefulness of the test methods to detect Gram-negative 
endotoxin was not assessed properly to determine their concordance with the RPT or to 
compare their relevance with the BET.  The assessment of the usefulness was limited 
because non-endotoxin pyrogens were not included, and the pure form of the test 
materials may stimulate cytokine production.   
 
The panel agreed that the BRDs did support the proposed standardized test method 
protocols if the list of its inadequacies were fully addressed.  The panel noted that to 
reduce variability, similar acceptance criteria must be used for multiple blood donors and 
similar exclusion rules must be used for each test method.  They recommended that a 
more specific protocol be developed that details recruitment of human blood donors, 
selection criteria for donors, as well as conditions for veinipuncture.   
 
The panel concluded that the test method performance standards were not supported by 
the BRD.  Statements about the five methods’ accuracy and reliability were not supported 
because two assays demonstrated false-positive results greater than 16 % and the in vitro 
test methods should have been compared to both the BET and RPT.  Also, the panel 
thought that the small list of substances was inadequate to assess whether these test 
methods could replace the RPT.  Test substances need to include all classes of endotoxins 
as well as non-endotoxin pyrogens.   
 
The panel agreed that additional studies should be performed, and that ICCVAM should 
consider their comments and recommendations.  They suggested (1) establishment of a 
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repository of clinically identified pyrogens to use in future validation studies, (2) 
inclusion of both endotoxin and non-endotoxin pyrogens in future validation studies, (3) 
prospective comparison of any in vitro tests with the RPT and BET, and (4) evaluation of 
IL-1 and IL-6 levels in the in vitro tests and their correlation with levels produced in 
rabbits exposed to similar levels of endotoxin.  
Overall, the peer review panel concluded that these five test methods could be applicable 
for a wider range of pyrogens and test materials if they were adequately validated for 
such uses.  It is important to recognize that, despite the panel’s concerns about the 
performance of these five in vitro test methods, the FDA has a formal process for 
materials regulated under 21CFR610.9 (e.g., parenteral drugs) that allows drug 
manufacturers to qualify in vitro test methods for identifying Gram-negative endotoxin, 
on a case-by-case basis. 
 
Public comments: 
Dr. Freedman identified the written comments submitted by Physicians Committee for 
Responsible Medicine (PCRM). 
 
Ms. Kristy Stoick, PCRM, said her organization submitted written comments after the 
peer review panel meeting.  PCRM was disappointed with the ICCVAM draft 
recommendations and the peer review panel report.  Since federal regulations specify that 
these methods must undergo product specific validation for pyrogenicity, she encouraged 
SACATM to recommend that ICCVAM help facilitate further development of these 
methods by companies so the regulatory community can begin to use them as soon as 
possible.  She did not support additional in vivo validation studies.   
 
Dr. Thomas Hartung, ECVAM, joined the public for this specific agenda item because of 
a conflict of interest as a patent holder for the methods.  Three of the in vitro test methods 
were based on his research and he had coordinated the validation study prior to joining 
ECVAM.  He was pleased that the European Pharmacoepia will hold a peer review panel 
to review and accept these methods. He was disappointed with the outcome of the peer 
review panel meeting.  He noted that pyrogenicity tests are very expensive and the 
approval and release of a single product can cost several hundred thousand dollars.  The 
validation studies were set up to assess whether the new tests would outperform the old 
tests within a set threshold.  Only 50% of the samples would be positive in the most 
sensitive rabbit strain.  All of the in vitro assays have an accuracy of around 90%.  He 
outlined six points where the BRD had been criticized. 
 

1. ICCVAM said the BRD is deficient due to the limited data for only 10 
pharmaceutical substances from the validation studies, which alone cost $6M.  
The recommendations for additional studies from the peer review panel would 
cost between $20-40M and they would be a waste of resources because a product-
specific validation process would be required for each application.  To help 
contain cost, the tests described in the BRD were designed to emphasize the 
accuracy of the method to detect pyrogens near the threshold.  
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2. The peer review panel did not acknowledge the difference in status of the five 
methodologies.  Some methods are used in more than 80 laboratories while others 
are used infrequently; however, the same criticisms were applied to all of the 
methods.   

 
3. The BRD recommended that parallel testing be conducted with the RPT.  

However, parallel testing in rabbits is unnecessary because these studies have 
been performed for 65 years using a WHO standard as a reference material.  The 
outcome from rabbit testing is so predictable that ethically it is not warranted.  
Also, in the European Union, it will be impossible for ECVAM to carry out these 
in vivo tests especially as the new methodologies have shown partial concordance.  

 
4. Endotoxins are only tested in the BET assay, and this assay has replaced the RPT 

for about 90% of substances; the remaining 10% of substances consist of non-
endotoxin pyrogen products that interfere with the BET.  He asked why the new 
tests have to meet higher standards than the BET, which has been endorsed for the 
testing of many pyrogenic products.  He noted that no reference non-endotoxin 
pyrogens are suitable for validation purposes in rabbits and humans; therefore, 
inclusion of such controls is scientifically impossible. 

 
5. High endotoxin concentrations will be detected accurately in the RPT, BET, or 

any of the new in vitro pyrogenicity assays.  Hence, a concentration near 50 pg of 
endotoxin, which is equivalent to 0.5 EU and is the threshold for rabbits, was 
chosen for the assays.  Additional concentrations of 100 pg and 25 pg were also 
selected.  Even though the assays were challenged at these low concentrations, 
they were 90% accurate.  False positives were due to spikes at half the threshold 
indicating that the assays are too sensitive.  

 
6. The new assays were evaluated fairly in comparison to the limitations of the 

existing tests.  The rabbit test, which has a number of limitations, has never been 
properly validated for non-endotoxin pyrogens.  The BET does not detect all 
Gram-positive endotoxins although the new assays have shown some capability 
for doing so.   

 
In conclusion, the proposed test methods for which data sets have been provided 
perform better than the BET and RPT.  Dr. Hartung proposed that the rabbit assay be 
replaced with the in vitro assays because the RPT cannot match their performance, as 
reported in the BRD.   
 

SACATM Discussion. 
SACATM was asked to address questions regarding the peer review panel’s conclusion 
and recommendations of the draft ICCVAM BRD with regard to its completeness; the 
panel’s identification of errors or omissions; whether ICCVAM’s applicable criteria for 
validation and acceptance of toxicological test methods were addressed; and to provide 
comments on the draft ICCVAM test methods recommendations, usefulness of the test 
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methods, the test method protocols, proposed performance standards, as well as proposed 
additional studies.   
 
Dr. Barile, a lead discussant, said there was no question about the usefulness of 
pyrogenicity testing and the urgency and importance of validating these tests.  In 
combination, some of these tests will contribute to the reduction of animal usage.  One 
major deficiency of present pyrogenicity testing is that the RPT only detects about 50% 
of the endotoxins.  Some of the proposed in vitro tests had false negative responses in the 
range of 10% while the IL-1 assay had a false negative response of 27%.  These false 
negative responses could be due to consistently higher variability among some donors, 
which would be a limitation relative to a whole blood human assay.  He expressed 
concern that the IL6 ELISA test, marketed by Novartis, is a proprietary test and he would 
not recommend approving a method without knowing the experimental details.  He 
agreed with Dr. Hartung that parallel testing in rabbits was unnecessary during 
development of the testing methodologies.  However, a comparison to RPT data is 
necessary so that a valid concordance or regression analysis between the in vivo and in 
vitro methods can be undertaken.  He said samples spiked with endotoxin are not 
representative of real world samples such as a biological vaccine or a solubilized 
pharmaceutical product.  There is no solubility problem associated with the testing of 
biological vaccines in rabbits, but insolubility is a problem in in vitro tests even if the test 
article is in suspension and this technicality must be addressed.  He believes that the cell 
culture methods are more developed than the whole blood methods for validation 
purposes.  A few additional studies, which address the panel’s recommendations, would 
allow the cell culture pyrogenicity tests to receive validation status.  
 
Dr. McClellan said he was generally pleased with the draft BRD until he heard Dr. 
Hartung’s statement.  He did not believe that the BRD is adequate nor can he compliment 
the peer review panel on its report.  He wondered how this difference of opinion would 
be resolved and asked Dr. Brown to comment.  
 
Dr. Freedman said he was confident that all of SACATM’s comments would be taken 
into account by ICCVAM and, if necessary, ICCVAM could reconvene the expert panel.  
 
Dr. Brown said ECVAM produced a reasonably comprehensive BRD, but the panel was 
not able to address all of the components of the individual in vitro methods because time 
for discussion was limited.  Some of the details were missing or difficult to understand; 
however, she felt that given more time to discuss these methods, the panel might have 
been able to provide a stronger recommendation for one or more of the assays.  
Personally, she felt that the MM6 assay has the greatest potential and several of the other 
panel members agreed.  The most bothersome aspect for the panel was trying to identify 
the specifics of the validation protocols.  She noted that for an in vitro assay it is critical 
to identify every component and every single condition of the assay completely, but this 
information was not provided, particularly for the MM6 test method.  She was impressed 
with the cell culture methodology, although specifics such as cell passage levels, or how 
many cells are used in a test were lacking.  She felt that the panel did not seem to 
understand cell culture methodology and its related costs.  Consequently, they got side-
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tracked in specifics, which hindered them from making progress and reaching 
conclusions.  
 
Dr. Brown said she does not believe that it is necessary to run in vivo assays in parallel 
with the in vitro assays.  She is unsure how one can run a regression analysis with one 
test that is 90% accurate and a second that is 50% accurate.  She questioned whether it is 
necessary to validate an in vitro test against an animal test that is not as accurate as the in 
vitro assay itself. 
 
Dr. McClellan said that Dr. Hartung disclosed his own potential biases, concerns, and 
background.  He asked whether Dr Hartung was suggesting that two of the assays should 
have received more attention and wondered which of the assays Dr. Hartung thought 
were appropriately validated and whether he might focus the panel toward those assays.   
 
Dr. Stokes said that in the future NICEATM would set aside at least two days for a peer 
review meeting, so that a panel can fully understand the methodologies before they 
deliberate on the evaluation questions.  
 
Dr. Qu had some comments on the panel’s concern about data transformations.  The 
panel was not sure if the data were transformed and whether or not the use of a “t” test 
for their analysis was appropriate.  She said it is not necessary to use a “t” test even if the 
data are normal.  A non-parametric test such as the permutation test, which does not 
require transformation, could be used.  Dr. Qu noted also that it is important to control for 
false positives when doing a multiple comparison for several tests.  By doing multiple 
comparisons, it is possible to obtain a statistically significant difference that is not 
biologically significant.  One approach to dealing with this problem is to use a more 
stringent level of significance.  
 
Dr. Becker welcomed the proposed longer time frame for a peer review meeting.  He 
suggested that it might be useful to convene a meeting with a core panel of validation 
experts and then have subject-specific experts to address specific assays. 
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EUROPEAN COMMISSION 
DIRECTORATE GENERAL JRC 
JOINT RESEARCH CENTRE 
Institute for Health and Consumer Protection 
European Centre for the Validation of Alternative Methods (ECVAM)  

 
 

STATEMENT ON THE VALIDITY OF IN-VITRO PYROGEN TESTS 
 
At its 24th meeting, held on 20-21 March 2006 at the European Centre for the 
validation of alternative methods (ECVAM), Ispra, Italy, the non-Commission 
members of the ECVAM Scientific Advisory Committee (ESAC)1 unanimously 
endorsed the following statement: 
 
Following a review of scientific reports and peer reviewed publications on the 
following range of in-vitro pyrogen tests: 
 

1. Human Whole Blood IL-1, 
2. Human Whole Blood IL-6, 
3. PBMC IL-6, 
4. MM6 IL-6, and 
5. Human Cryopreserved Whole Blood IL-1, 

 
it is concluded that these tests have been scientifically validated for the detection of 
pyrogenicity mediated by Gram-negative endotoxins, and quantification of this 
pyrogen, in materials currently evaluated and characterized by rabbit pyrogen tests. 
 
These methods have the potential to satisfy regulatory requirements for the detection 
and quantification of these pyrogens in these materials subject to product-specific 
validation. 
 
The test methods have the capacity of detecting pyrogenicity produced by a wider 
range of pyrogens, but the evidence compiled for, and considered within this peer 
review and validation process, is not sufficient to state that full scientific validation of 
this wider domain of applicability has been demonstrated and confirmed.  
 
Thus, the above test methods can currently be considered as full replacements for the 
evaluation of materials or products where the objective is to identify and evaluate 
pyrogenicity produced by Gram-negative endotoxins, but not for other pyrogens. 
 
This endorsement takes account of the dossiers prepared for peer review; the views of 
independent experts who evaluated the dossiers against defined validation criteria; 
supplementary submissions made by the Management Team; and the considered view 
of the Peer Review Panel appointed to oversee the process. 
 
Thomas Hartung       
Head of Unit 
ECVAM        
Institute for Health & Consumer Protection 
Joint Research Centre  
European Commission       
Ispra 

21 March 2006 
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1. The ESAC was established by the European Commission, and is composed of 

nominees from the EU Members States, industry, academia and animal 
welfare, together with representatives of the relevant Commission services. 
  
This statement was endorsed by the following Members of the ESAC: 

 
Prof Helmut Tritthart (Austria) 
Dr Dagmar Jírová (Czech Republic) 
Prof Elisabeth Knudsen (Denmark) 
Dr Timo Ylikomi (Finland) 
Prof André Guillouzo (France) 
Dr Manfred Liebsch (Germany) 
Dr Efstathios Nikolaidis (Greece) 
Dr Katalin Horvath (Hungary) 
Prof Michael Ryan (Ireland) 
Dr Annalaura Stammati (Italy) 
Dr Mykolas Maurica (Lithuania) 
Prof Eric Tschirhart (Luxembourg) 
Dr Jan van der Valk (The Netherlands) 
Dr Dariusz Sladowski (Poland) 
Prof Milan Pogačnik (Slovenia) 
Dr Argelia Castaño (Spain) 
Dr Patric Amcoff (Sweden) 
Dr Jon Richmond (UK) 
Dr Odile de Silva (COLIPA) 
Dr Julia Fentem (ECETOC) 
Dr Nathalie Alépée (EFPIA) 
Prof Robert Combes (ESTIV) 
Dr Maggy Jennings (Eurogroup for Animal Welfare) 
Mr Roman Kolar (Eurogroup for Animal Welfare) 
 

The following Commission Services and Observer Organisations were 
involved in the consultation process, but not in the endorsement process itself.  

  
Mr Thomas Hartung (ECVAM; chairman) 
Mr Jens Linge (ECVAM; ESAC secretary) 
Mr Juan Riego Sintes (ECB) 
Ms Beatrice Lucaroni (DG Research, Unit F.5) 
Mr Sylvain Bintein (DG Environment, Unit C.3) 
Mr Sigfried Breier  (DG Enterprise, Unit F.3) 
Prof Dr Constantin Mircioiu (Romania) 
Dr William Stokes (NICEATM, USA) 
Prof Dr Vera Rogiers (ECOPA) 
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Annex 
 
The novel pyrogen tests are based on the human fever reaction. Monocytoid cells, 
either primary from human blood or as propagated cell lines, detect pyrogens of 
different chemical nature and respond by the release of inflammatory mediators such 
as cytokines. Since lipopolysaccharides from Gram-negative bacteria are the only 
type of proven pyrogen, for which an International reference material is available, the 
tests were standardised to detect the presence of significantly less than 0.5 Endotoxin 
Units of this preparation, which is considered to be the threshold level for fever 
induction in the most sensitive rabbit species according to pharmacopoeia test 
procedures.  
The five tests which were sufficiently reproducible and exceeded the rabbit test with 
regard to sensitivity and specificity for the detection of lipopolysaccharide spiked 
samples, differ with regard to cell source and preparation, cryopreservation and 
cytokine measured.  The tests have been described elsewhere (1-4). The concept of 
the validation study (5) and the international validation studies are available (6-7). 
 
1. Poole, S., Thorpe, R., Meager, A., Hubbard, A.R., Gearing, A.J. (1988) Detection 
of pyrogen by cytokine release. Lancet 8577, 130. 
 
2. Taktak, Y.S., Selkirk, S., Bristow, A.F., Carpenter, A., Ball, C., Rafferty, B., Poole, 
S. (1991) Assay of pyrogens by interleukin-6 release from monocytic cell lines. J. 
Pharm. Pharmacol. 43, 578. 
 
3. Hartung, T., Wendel, A. (1996) Detection of pyrogens using human whole blood. 
In Vitro Toxicol. 9, 353. 
 
4. Schindler S, Asmus S, von Aulock S, Wendel A, Hartung T and Fennrich S. (2004) 
Cryopreservation of human whole blood for pyrogenicity testing. J. Immunol. Meth. 
294, 89-100. 
 
5. Hartung, T., Aaberge, I., Berthold, S., Carlin, G., Charton, E., Coecke, S., Fennrich, 
S., Fischer, M., Gommer, M., Halder, M., Haslov, K., Jahnke, M., Montag-Lessing, T., 
Poole, S., Schechtman, L., Wendel, A., Werner-Felmayer, G. (2001) Novel pyrogen 
tests based on the human fever reaction. The report and recommendations of ECVAM 
Workshop 43. European Centre for the Validation of Alternative Methods. Altern. 
Lab. Anim. 29, 99. 
 
6. Hoffmann S, Peterbauer A, Schindler S, Fennrich S, Poole S. Mistry Y, Montag-
Lessing T, Spreitzer I, Loschner B, vam Aalderen M, Bos R, Gommer M, Nibbeling 
R, Werner-Felmayer G, Loitzl P, Jungi T, Brcic M, Brugger P, Frey E, Bowe G, 
Casado J, Coecke S, de Lange J, Mogster B, Naess LM, Aaberge IS, Wendel A and 
Hartung T. (2005) International validation of novel pyrogen tests based on the human 
fever reaction. J. Immunol. Meth. 298, 161-173.  
 
7. Schindler S, Spreitzer I, Loschner, Hoffmann S, Hennes K, Halder M, Brügger P, 
Frey E, Hartung T and Montag T. (2006) International validation of pyrogen tests 
based on cryopreserved human primary blood cells. J. Immunol. Meth. 316, 42-51. 
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