
Revised 3/16 
TM431

T E C H N I C A L  M A N U A L

RealTime-Glo™ MT 
Cell Viability Assay
Instructions for Use of Products 
G9711, G9712 and G9713

中 文 说 明 书

适用产品目录号：J2380 和 J2381

 2019 版 CTM548
原英文技术手册 TM548 

LDH-Glo™ 
Cytotoxicity Assay



普洛麦格 ( 北京 ) 生物技术有限公司
Promega (Beijing) Biotech Co., Ltd

地址：北京市东城区北三环东路 36 号环球贸易中心 B 座 907-909
电话：010-58256268          网址：www.promega.com

技术支持电话：800 810 8133( 座机拨打 )，400 810 8133( 手机拨打 )
技术支持邮箱：chinatechserv@promega.com

CTM548
2019 制作

1

LDH-Glo™ Cytotoxicity Assay

所有技术文献的英文原版均可在 www.promega.com/ protocols 获得。请访问该网址以确定您使用的说明书是否为最新版本。如果您

在使用该试剂盒时有任何问题，请与 Promega 北京技术服务部联系。

电子邮箱：chinatechserv@promega.com

1.   产品描述 ...................................................................................................................................................................2

2.   产品组分和储存条件 .................................................................................................................................................4

3.   实验前的准备 ............................................................................................................................................................5

      3. A.  用户需提供的材料 ........................................................................................................................................... 5

      3. B.  试剂准备 ..........................................................................................................................................................5

      3. C.  检测线性范围和 LDH 稀释倍数的建议 .............................................................................................................6

      3. D.  温度和试剂兼容性 ...........................................................................................................................................7

      3. E.  检测实验的孵育时间 ........................................................................................................................................7

      3. F.  微孔板和设备 ...................................................................................................................................................7

4.   操作步骤 ...................................................................................................................................................................8

      4. A.  推荐的对照 ..................................................................................................................................................... 8

      4. B.  细胞毒性检测操作步骤示例 .............................................................................................................................8

      4. C.  LDH 阳性对照 ...............................................................................................................................................10

5.  注意事项 ..................................................................................................................................................................11

      5. A.  细胞培养基和血清 ..........................................................................................................................................11

      5. B.  LDH 在培养基中和在冷冻状态下的稳定性 ....................................................................................................12

      5. C.  使用终止液以获得稳定的发光信号 ................................................................................................................13

      5. D.  与活力检测或其它检测试剂盒联合使用 .........................................................................................................13

6.   附录 ........................................................................................................................................................................14

      6. A.  检测球状体（SPHEROID）培养物中时间依赖性的细胞毒性 ........................................................................14

      6. B.  在 ADCC 实验中检测细胞特异性的细胞毒性 .................................................................................................15

      6. C.  评估细胞数量和细胞增殖 ..............................................................................................................................16

      6. D.  参考文献 ........................................................................................................................................................17

      6. E.  相关产品 ........................................................................................................................................................17



普洛麦格 ( 北京 ) 生物技术有限公司
Promega (Beijing) Biotech Co., Ltd

地址：北京市东城区北三环东路 36 号环球贸易中心 B 座 907-909
电话：010-58256268          网址：www.promega.com

技术支持电话：800 810 8133( 座机拨打 )，400 810 8133( 手机拨打 )
技术支持邮箱：chinatechserv@promega.com

CTM548
2019 制作

2

1.  产品描述

乳酸脱氢酶 (LDH)是一种稳定的可溶性胞质酶，存在于多种细胞中。当细胞质膜出现破损时，该酶会快速释放到培养基中。

因此，LDH 是细胞毒性研究中广泛使用的一种标志物。

LDH-Glo™ Cytotoxicity Assay 提供了一种简单的生物发光方法来定量 LDH 的释放。利用该方法得到的发光信号明亮、

灵敏度高，因而能够测定细胞数量较少的样品（例如：3D 微组织球状体、微流体细胞培养芯片、原代细胞和干细胞）

中的细胞毒性。

LDH-Glo™ Cytotoxicity Assay 的检测方案为：将 LDH 检测试剂（含有乳酸、烟酰胺腺嘌呤二核苷酸 [NAD+]、还原酶、

还原酶底物和 Ultra-Glo™ 超稳萤光素酶）加入经稀释的细胞培养基样品中。如果样品中含有 LDH，那么如图 1 所示的

酶偶联反应将开始并同时进行。产生的发光信号与样品中 LDH 的含量成比例。发光信号会持续增强，直到所有还原酶

底物消耗殆尽，反应信号不再处于本检测的线性范围之内。

图 1.  LDH-Glo™ Cytotoxicity Assay 的原理。乳酸脱氢酶 (LDH) 催化乳酸氧化，同时 NAD+ 还原为 NADH。还原酶

利用NADH和还原酶底物生成萤光素（Luciferin），然后 luciferin被Ultra-Glo™超稳萤光素酶转化，产生生物发光信号。

本过程中产生的发光信号与样品中 LDH的含量成正比。
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1. Description

Lactate dehydrogenase (LDH) is a soluble stable cytosolic enzyme present in many cell types that is rapidly released 
into the cell culture medium upon disruption of the plasma membrane. LDH is a widely used marker in cytotoxicity 
studies. 

The LDH-Glo™ Cytotoxicity Assay provides a simple bioluminescent method for quantifying LDH release. The bright 
luminescent signal provides the sensitivity to determine cytotoxicity in samples low in cell number such as 3D  
microtissue spheroids, microfluidic cell culture chips, primary cells and stem cells. 

In the LDH-Glo™ Assay protocol, LDH Detection Reagent (containing Lactate, NAD+, Reductase, Reductase 
Substrate and Ultra-Glo™ rLuciferase) is added to a sample of diluted cell culture media. If the sample contains LDH, 
the enzyme-coupled reactions shown in Figure 1 start and progress simultaneously. The luminescent signal generated is 
proportional to the amount of LDH in the sample. The signal increases until all reductase substrate is consumed and 
the reaction signal is no longer in the linear range of the assay. 

Figure 1. LDH-Glo™ Cytotoxicity Assay principle. Lactate Dehydrogenase (LDH) catalyzes the oxidation of 
lactate with concomitant reduction of NAD+ to NADH. Reductase uses NADH and reductase substrate to generate 
luciferin, which is converted to a bioluminescent signal by Ultra-Glo™ rLuciferase. The light signal generated is 
proportional to the amount of LDH present.
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图 2. LDH-Glo™ Cytotoxicity Assay 操作步骤。为了检测从死细胞中释放出来的 LDH，取出少量培养基 (2-5 μl)，加

入 LDH 储存缓冲液中稀释（见第 3.B 节）。使用的稀释倍数（25-100 倍）取决于细胞的数量以及培养基中是否存在血

清（见第 3.C 节的表 1）。在已稀释的样品中加入等体积的 LDH 检测试剂，测定 LDH 的活性。

操作步骤示意图：

Promega Corporation · 2800 Woods Hollow Road · Madison, WI  53711-5399 USA · Toll Free in USA 800-356-9526 · 608-274-4330 · Fax 608-277-2516 3
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Protocol Overview

Figure 2. LDH-Glo™ Cytotoxicity Assay protocol. To measure LDH released from non-viable cells, a small 
amount of culture medium (2–5µl) is removed and diluted into LDH Storage Buffer (Section 3.B). The dilution factor 
used (25–100 fold) varies depending on the amount of cells and the presence of serum in the medium (see Table 1, 
Section 3.C). LDH activity is measured by adding an equal volume of LDH Detection Reagent to the diluted sample.

Record luminescence 
after 30–60 minutes.

Add LDH Detection Reagent
at a 1:1 ratio.

Dilute into Storage Buffer.

Measure immediately or 
store at or below –20°C.

Treat cells with test agents.

Remove 2–5µl of medium.
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储存条件：将整个试剂盒在 –65℃以下保存。或者，将 Reductase Substrate 在 –65℃以下避光保存，其它组分在 –30℃
至 –10℃保存。试剂盒组分的冻融次数不要超过 3 次。

在处理细胞、细胞培养试剂等生物危险品时，请使用个人防护设备，并遵守您所在机构的相关安全指南和操

作要求。

2.  产品组分和储存条件

产品 规格 目录号

LDH-Glo™ Cytotoxicity Assay 10 ml J2380

产品 规格 目录号

LDH-Glo™ Cytotoxicity Assay 50 ml J2381

试剂盒里包含的试剂足够在 96 孔板中进行 200 次反应（50 μl 样品 + 50 μl 配制好的 LDH 检测试剂）。具体包括：

• 10 ml	   LDH Detection Enzyme Mix
• 55 μl	   Reductase Substrate
• 1 瓶	   Lactate Dehydrogenase

试剂盒里包含的试剂足够在 96 孔板中进行 1,000 次反应（50 μl 样品 + 50 μl 配制好的 LDH 检测试剂）。具体包括：

• 50 ml   LDH Detection Enzyme Mix
• 275 μl   Reductase Substrate
• 1 瓶   Lactate Dehydrogenase
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2. Product Components and Storage Conditions

P R O D U C T   S I Z E  C AT. #

LDH-Glo™ Cytotoxicity Assay 10ml J2380

Contains sufficient reagents to perform 200 reactions in 96-well plates (50μl of sample + 50μl of prepared 
LDH Detection Reagent). Includes:

• 10ml  LDH Detection Enzyme Mix
• 55µl  Reductase Substrate
• 1 vial  Lactate Dehydrogenase  

P R O D U C T   S I Z E  C AT. #

LDH-Glo™ Cytotoxicity Assay  50ml J2381

Contains sufficient reagents to perform 1,000 reactions in 96-well plates (50μl of sample + 50μl of prepared 
LDH Detection Reagent). Includes:

• 50ml  LDH Detection Enzyme Mix
• 275µl  Reductase Substrate
• 1 vial  Lactate Dehydrogenase

Storage Conditions: Store complete kits below –65°C. Alternatively, store the Reductase Substrate below –65°C 
protected from light, and store all other components at –30°C to –10°C. Do not freeze-thaw the kit components more 
than three times.

 Use personal protective equipment and follow your institution's safety guidelines and disposal requirements 
when working with biohazardous material such as cells and cell culture reagents.!
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3.  实验前的准备

 在开始实验之前，请务必详细阅读整个操作步骤（第 3、4 节），以熟悉试剂盒的检测流程。

3.A. 用户需提供的材料

•  细胞和细胞培养基；

•  LDH 储存缓冲液（第 3.B 节；200mM Tris-HCl (pH 7.3)、10% 甘油和 1% 牛血清蛋白）；

•  壁不透明且可与标准微孔板读数仪兼容的 96 孔或 384 孔板（底部透明或不透明）；

•  单通道和多通道移液器与吸头；

•  单通道和 12 通道的试剂槽；

•  具备读板功能的发光检测仪（例如，GloMax® Discover 发光检测仪，目录号 GM3000）；

•  Triton X-100（可选）；

•  甲萘醌 Menadione（可选）。

3.B. 试剂准备

LDH 检测试剂

1. 室温下融化 LDH Detection Enzyme Mix 和 Reductase Substrate。融化后，将 LDH Detection Enzyme Mix 平衡至 
 室温。Reductase Substrate 应置于冰上。混匀融化后的组分，确保溶液在使用前保持均匀。

2. 在即将使用溶液之前，按照下表所示将 LDH Detection Enzyme Mix 和 Reductase Substrate 混匀，配制成 LDH 检 
 测试剂。表中给出的体积是以 96 孔板形式进行实验，每孔使用 50 μl 样品和 50 μl LDH 检测试剂。准备好实验 
 所需的足量试剂，注意在移液过程中可能会损失小量试剂。通常情况下，5 ml 的检测试剂足以满足一块 96 孔板的 
 用量。

3. 将 LDH 检测试剂轻轻颠倒五次混匀。

 注意：将未使用的 LDH Detection Enzyme Mix 储存于 –65℃或 –30℃至 –10℃之间。将未使用的 Reductase  
 Substrate 置于 –65℃以下避光保存。已配好的 LDH 检测试剂不可储存。

LDH 储存缓冲液

使用储备溶液配制 LDH储存缓冲液，使其最终浓度为：200 mM Tris-HCl (pH 7.3)，10%甘油和 1% BSA（牛血清蛋白）。

LDH 储存缓冲液在 4℃保存，可用于稀释和冷冻样品。在培养基或 PBS 中冷冻的样品，其 LDH 活性会显著下降（详

见第 5.B 节）。
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2. Product Components and Storage Conditions

P R O D U C T   S I Z E  C AT. #

LDH-Glo™ Cytotoxicity Assay 10ml J2380

Contains sufficient reagents to perform 200 reactions in 96-well plates (50μl of sample + 50μl of prepared 
LDH Detection Reagent). Includes:

• 10ml  LDH Detection Enzyme Mix
• 55µl  Reductase Substrate
• 1 vial  Lactate Dehydrogenase  

P R O D U C T   S I Z E  C AT. #

LDH-Glo™ Cytotoxicity Assay  50ml J2381

Contains sufficient reagents to perform 1,000 reactions in 96-well plates (50μl of sample + 50μl of prepared 
LDH Detection Reagent). Includes:

• 50ml  LDH Detection Enzyme Mix
• 275µl  Reductase Substrate
• 1 vial  Lactate Dehydrogenase

Storage Conditions: Store complete kits below –65°C. Alternatively, store the Reductase Substrate below –65°C 
protected from light, and store all other components at –30°C to –10°C. Do not freeze-thaw the kit components more 
than three times.

 Use personal protective equipment and follow your institution's safety guidelines and disposal requirements 
when working with biohazardous material such as cells and cell culture reagents.!

组分 每孔反应 (96 孔板 ) 每块 96 孔板

LDH Detection Enzyme Mix 50 μl 5 ml

Reductase Substrate 0.25 μl 25 μl
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3.C. 检测线性范围和 LDH 稀释倍数的建议

进行 LDH-Glo™ Cytotoxicity Assay 时，取出一小部分的细胞培养基稀释到 LDH 储存缓冲液中，然后将其转移至检测

板中。所需的稀释倍数取决于样品中 LDH 的含量、培养基中是否存在血清，以及反应时间。稀释倍数须进行优化，以

适应本试剂盒的线性范围（图 3）。

样品稀释倍数越低，检测灵敏度就越高。但当细胞数量较多或培养基中存在血清时（其中含有相当量的 LDH），则需

要较高的稀释倍数以延长检测的线性范围。样品稀释的一般性建议见表 1。

图 3. LDH-Glo™ Cytotoxicity Assay 的线性范围取决于稀释倍数。在不含血清的 F12 培养基中裂解的 A549 细胞用

LDH 储存缓冲液以 1:25 或 1:100 的比例稀释，并在室温下与等体积的 LDH 检测试剂一起温育 60 分钟，然后记录发光

信号。X 轴上的 Cells/Well（细胞 / 孔）表示稀释前的裂解细胞数量。在 LDH-Glo™ 检测中使用的细胞数量稀释了 25
倍和 100 倍。RLU = 相对发光单位。

表 1. 设置 LDH-Glo™ Assay 时的稀释倍数建议
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LDH Storage Buffer

Prepare LDH Storage Buffer from stock solutions to a final concentration of 200mM Tris-HCl (pH 7.3), 10% Glycerol, 
1% BSA. Store at 4°C. LDH Storage Buffer is used for diluting and freezing samples. Samples frozen in medium or PBS 
will have significantly decreased LDH activity (see Section 5.B).  

3.C. Assay Linearity and LDH Dilution Factor Recommendations

To perform the LDH-Glo™ Assay,  an aliquot of cell culture medium is diluted into LDH Storage Buffer and transferred 
to the assay plate. The dilution factor required depends on the amount of LDH in the sample, the presence or absence 
of serum in the medium and reaction time, and is optimized to fit within the linear range of the assay (Figure 3). 

Lower dilutions will increase sensitivity while higher dilutions are required to extend linearity when working with high 
cell numbers or in the presence of serum (contains significant amount of LDH). General recommendations for sample 
dilution are given in Table 1.

Figure 3. Linearity of LDH-Glo™ Assay depends on dilution factor. A549 cells lysed in F12 medium without 
serum were diluted 1:25 or 1:100 in LDH Storage Buffer and incubated with an equal volume of LDH Detection 
Reagent for 60 minutes at room temperature before recording luminescence. Cells/Well on X axis indicates the amount 
of lysed cells before dilution. The number of cells used in the LDH-Glo™ Assay was 25- and 100-fold less.  
RLU = Relative Luminescence Units.
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3.D. 温度和试剂兼容性

发光信号的强度和稳定性对温度变化很敏感。为了获得一致的结果，请在使用试剂和样品前先将其平衡至室温 (22-
25℃ )。
避免待测样品中出现二硫苏糖醇（DTT）和其他还原剂。还原剂会与还原酶底物反应，因而增加背景。

3.E. 检测实验的孵育时间

加入 LDH 检测试剂 30-60 分钟后，记录发光信号。为了确保各种酶偶联反应达到平衡，不建议在加入试剂后 30 分钟

内读数。孵育时间超过 60 分钟将增加检测的灵敏度，但请务必确认检测结果仍在线性范围内，且发光信号在持续增强。

3.F. 微孔板和设备

本检测试剂盒可兼容大部分用于测量发光信号的标准发光检测仪。有些仪器不要求调整增益，但是出于灵敏度和动态

范围的考虑，其他仪器可能需要优化增益设置。每孔 0.5-1 秒的整合时间可作为参考。如想了解精确的仪器设置，请参

阅仪器手册。

请使用可与您的发光检测仪兼容的不透明、白色多孔板（例如，Corning Costar® #3917 的 96 孔板或 Costar® #3570
的 384 孔板）。在黑色板中发光信号会减弱，在透明板中，孔与孔之间发光信号的交叉干扰会增强。本说明书图中显

示的 RLU（相对发光单位）值会随着用来生成数据的微孔板和发光检测仪的不同而改变。尽管相对发光值会随着仪器

的不同而变化，但是此类变化不会影响检测性能。
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4. 操作步骤

本方案在 96 孔板中操作时使用 50 μl 样品和 50 μl LDH 检测试剂。在该检测中样品和检测试剂的体积是可以调整的，

只要二者的体积比维持在 1:1（例如，采用 384 孔板模式时，可使用 12.5 μl 样品和 12.5 μl LDH 检测试剂）。

  在开始实验之前，请阅读整个操作方案以熟悉检测程序。

4.A. 推荐的对照

在每个检测板中都需设置推荐的对照，并按照与实验样品相同的方式来处理对照。

•  无细胞对照（No-Cell Control）：设置 3 个不含细胞的复孔作为阴性对照，用以测定培养基的背景。

•  仅含溶剂的细胞对照（Vehicle-Only Cells Control）：用未处理细胞设置 3 个复孔，作为溶剂对照。向溶剂对照孔    
   中加入溶解待测化合物所使用的相同溶剂。

•  最大 LDH 释放对照（Maximum LDH Release Control）（可选）：设置 3 个复孔用于测定最大 LDH 释放。向仅含  
   溶剂的细胞中加入10% Triton X-100（每100 μl添加2 μl），孵育10-15分钟或更长时间，然后收集样品用于LDH检测。

   注意：只有在计算细胞毒性百分比时才需要用到此对照。

4.B. 细胞毒性检测操作步骤示例

LDH-Glo™ Cytotoxicity Assay 可用于测定由细胞毒性药物或化合物处理后所引起的细胞死亡。检测可在单个时间点或

多个时间点进行。图 4 显示了通过从各个孔中重复取样来测量细胞毒性的实例。附录中提供的其他示例数据（图 8 和 9）
显示了使用 LDH-Glo™ Cytotoxicity Assay 来检测球状体（spheroid）培养物中时间依赖性的细胞毒性以及 ADCC（抗

体依赖性细胞介导的细胞毒性作用）实验中的细胞特异性的细胞毒性。

1. 设置 96 孔检测板，板中含有培养基和细胞。留出不含细胞的孔作为阴性对照，用以测定培养基中 LDH 的背景发光。

2. 将待测化合物和仅含溶剂的对照添加到适当的孔中（详见第 4.A 节）。将处理过的检测板放回细胞培养箱培养至处 
 理结束。

3. 在所需的实验时间点收集培养基样品，方法是将 2–5 μl 样品转移到 48–95 μl 的 LDH 储存缓冲液（第 3.B 节）中。 
 上下移液 2-3 次（不接触或干扰细胞）使之混匀，确保样品均一。

 注意：从孔中移除多达 10% 的初始培养基（例如，当培养基的初始体积为 100 μl 时，在 4 个时间点分别取走 2.5  
 μl 的培养基）不应影响剩余的细胞。相关示例请参见图 4。应根据经验确定培养基的移除对具体实验系统的影响。

 可选方案：如需最大 LDH 释放对照，则向仅含溶剂的细胞孔中添加 2 μl 的 10% Triton X-100（每 100 μl 初始体

 积），混匀并孵育至少 10-15 分钟后取样。

4. 收集并稀释完所有样品后，执行步骤 5 的操作，或将样品保存在 <–20℃，以备将来检测。

5. 在检测当天，将冷冻样品融化，并将其在 LDH 储存缓冲液中稀释（如果需要）以便匹配试剂盒的线性范围。样品 
 稀释的一般性建议如表 1 所示。

   确保样品平衡至室温 (22-25℃ )，然后再进行步骤 6 的操作。
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2. Product Components and Storage Conditions

P R O D U C T   S I Z E  C AT. #

LDH-Glo™ Cytotoxicity Assay 10ml J2380

Contains sufficient reagents to perform 200 reactions in 96-well plates (50μl of sample + 50μl of prepared 
LDH Detection Reagent). Includes:

• 10ml  LDH Detection Enzyme Mix
• 55µl  Reductase Substrate
• 1 vial  Lactate Dehydrogenase  

P R O D U C T   S I Z E  C AT. #

LDH-Glo™ Cytotoxicity Assay  50ml J2381

Contains sufficient reagents to perform 1,000 reactions in 96-well plates (50μl of sample + 50μl of prepared 
LDH Detection Reagent). Includes:

• 50ml  LDH Detection Enzyme Mix
• 275µl  Reductase Substrate
• 1 vial  Lactate Dehydrogenase

Storage Conditions: Store complete kits below –65°C. Alternatively, store the Reductase Substrate below –65°C 
protected from light, and store all other components at –30°C to –10°C. Do not freeze-thaw the kit components more 
than three times.

 Use personal protective equipment and follow your institution's safety guidelines and disposal requirements 
when working with biohazardous material such as cells and cell culture reagents.!
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图 4. 通过从同一孔中重复取样检测细胞毒性。将生长于 100 μl 无血清 F12 培养基中的 20000 个 A549 细胞用浓度不断

增加的洋地黄皂苷（digitonin）处理。在 4 小时和 24 小时这两个时间点，从上述相同孔中分别取出 5 μl 样品，按 1:20
的比率稀释于 LDH 储存缓冲液中后冻存。融化样品，将其再稀释 2 倍，然后取 50 μl 稀释后的样品与 50 μl LDH 检测

试剂混匀。室温孵育 60 分钟后记录发光信号。A. 针对 digitonin 浓度绘制的相对发光单位（RLU）值。B. 使用上面的

公式计算细胞毒性百分比，并相对于 digitonin 浓度作图。RLU = Relative Luminescence Units（相对发光单位）。
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5.  On the day of the assay, thaw frozen samples and further dilute in LDH Storage Buffer (if needed) to fit the linear 
range of the assay. General recommendation for sample dilution are given in Table 1. 

 Ensure that samples are equilibrated to room temperature before proceeding to Step 6.

6.  Transfer 50µl of diluted sample into a 96-well opaque-walled, non-transparent assay plate (with clear or opaque 
bottom).

7.  Add 50µl of LDH Detection Reagent prepared as described in Section 3.B. to each well.

8.  Incubate for 60 minutes at room temperature. 

 Note: Luminescence can be recorded 30–60 minutes after adding LDH Detection Reagent. We do not  recom-
mend taking readings before 30 minutes to ensure the different coupled enzyme reactions reach equilibrium. 
Incubation times longer than 60 minutes will increase assay sensitivity, but it is important to confirm that the 
assay is still in the linear range and that the luminescent signal continues to increase.

9.  Record luminescence (See Section 3.F).

10. Calculate % cytotoxicity if needed:

 
% Cytotoxicity = 100 × 

    (Experimental LDH Release – Medium Background)

    (Maximum LDH Release Control – Medium Background)

Figure 4. Measuring cytotoxicity by repeat sampling from the same well. 20,000 A549 cells in 100µl F12 
medium without serum were treated with increasing concentrations of digitonin. Samples (5µl) were collected from the 
same wells at 4 and 24 hours and frozen in LDH Storage Buffer at a 1:20 dilution. Samples were thawed, further 
diluted twofold, and 50µl of the diluted samples combined with 50µl LDH Detection Reagent. Luminescence was 
recorded after 60 minutes incubation at room temperature. Panel A. RLU values plotted against digitonin concentration. 
Panel B. Percent cytotoxicity was calculated using the formula above and plotted against digitonin concentration.  
RLU = Relative Luminescence Units.
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6. 将 50 μl 已稀释的样品转移至壁不透明的 96 孔板中（底部透明或不透明）。

7. 向每个孔加入 50 μl 的 LDH 检测试剂（配制方法如第 3.B 节所述）。

8. 室温 (22-25℃ ) 孵育 60 分钟。

   注意：在添加 LDH 检测试剂 30-60 分钟后，记录发光信号。为了确保各种酶偶联反应达到平衡，不建议在加 
  入试剂后 30 分钟内读数。孵育时间超过 60 分钟会增加检测的灵敏度，但请务必确保检测结果仍在线性范围

  内，且发光信号在持续增强。

9. 记录发光信号（参见第 3.F 节）。

10. 如果需要，可计算细胞毒性百分比（% 细胞毒性）：

细胞毒性 %= 100 ×   
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Contains sufficient reagents to perform 1,000 reactions in 96-well plates (50μl of sample + 50μl of prepared 
LDH Detection Reagent). Includes:

• 50ml  LDH Detection Enzyme Mix
• 275µl  Reductase Substrate
• 1 vial  Lactate Dehydrogenase

Storage Conditions: Store complete kits below –65°C. Alternatively, store the Reductase Substrate below –65°C 
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 Use personal protective equipment and follow your institution's safety guidelines and disposal requirements 
when working with biohazardous material such as cells and cell culture reagents.!

（实验组 LDH 释放 - 培养基背景）

（最大 LDH 释放对照 - 培养基背景）
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4.C. LDH 阳性对照

LDH-Glo™ Cytotoxicity Assay 中包含一个 LDH 阳性对照（从兔肌肉中纯化出的乳酸脱氢酶），可用来验证系统中其他

组分的性能，确定检测的线性范围，或用作比较多个微孔板或多次实验之间的数据的归一化因子。LDH 滴定曲线的实

例如图 5 所示。

1. 使用 275 μl 的 LDH 储存缓冲液溶解乳酸脱氢酶，配制成 1000 U/ ml 的 LDH 标准品。轻轻混匀，直至溶解，然后 
 将溶液置于冰上。为避免多次冻融循环，将 LDH 标准品分装成小份儿并在 –20℃以下存储。

2. 将 10 μl 的 LDH 标准品加入到 3.115 ml 的 LDH 储存缓冲液中，使 1000 U/ ml 的 LDH 标准品稀释至 3.2 U/ ml。

3. 使用 12 通道的试剂槽，按下表所示将 3.2 U/ ml 的 LDH 标准品进一步稀释至 32 mU/ ml，然后进行连续稀释。

4. 从每个 LDH 标准品稀释液（＃ 1-8）中分别取三份 50 μl 的溶液，转移到 96 孔检测板的相应复孔中。板的剩余孔 
 可用作样品孔。

 注意：如果需要，可仅用最高和最低稀释度溶液（# 1 和 # 8 稀释液）作为阳性对照标准品。

5. 按照第 3.B 节的描述配制 LDH 检测试剂并将其转移到试剂槽中。

6. 使用多通道移液器，将 50μl 配好的 LDH 检测试剂加入含有 LDH 标准品的 96 孔检测板的每个孔中。

7. 室温孵育 60 分钟。

稀释编号（＃） LDH 的体积 (μl) LDH 储存缓冲液的体积 (μl) mU/ml

1 10 μl 的 3.2 U/ml 标准品
（第 4.C 节，步骤 2） 990 32

2 500 μl 的＃ 1 稀释液 500 16

3 500 μl 的＃ 2 稀释液 500 8

4 500 μl 的＃ 3 稀释液 500 4

5 500 μl 的＃ 4 稀释液 500 2

6 500 μl 的＃ 5 稀释液 500 1

7 500 μl 的＃ 6 稀释液 500 0.5

8 0 500 0
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5. 注意事项

5.A. 细胞培养基和血清

LDH-Glo™ Cytotoxicity Assay 可以兼容不同的培养基配方。检测灵敏度高，可支持将培养基中的样品稀释 5-300 倍，

从而可最大限度减少培养基成分对检测反应的潜在影响。

组织培养基中添加的动物血清可能包含相当量的 LDH，从而会增加背景发光，降低灵敏度。培养基中血清的存在不影

响使用小样本体积时 LDH-Glo™ Cytotoxicity Assay 的检测能力，也不会对冷冻样品和稀释后样品随着时间变化的检测

产生影响。

使用血清含量更低或无血清的培养基，可以减少或消除背景发光。还可通过使用阴性对照来校正背景发光，以确定在

没有细胞存在的情况下来自培养基中的血清的发光。由该对照确定的发光值可用于归一化从其它样品获得的发光值。

请确保阴性对照的处理方式与实验样品的处理方式相同。例如，如果实验样品在检测前已经用 LDH 储存缓冲液稀释了

100 倍，那么阴性对照样品也应使用相同的缓冲液稀释 100 倍。

Promega Corporation · 2800 Woods Hollow Road · Madison, WI  53711-5399 USA · Toll Free in USA 800-356-9526 · 608-274-4330 · Fax 608-277-2516 11
www.promega.com  TM548 ·  7/18

curve, the sample dilution scheme should be adjusted. As RLU values are dependent on assay conditions, sample 
RLU values should only be compared to LDH Positive Control standard curve RLU values generated during the 
same assay.  

 Note: Experimental samples and LDH Positive Control standard curve samples should be prepared in the same 
Storage Buffer and run on the same plate to verify that RLU values of experimental samples are within the linear 
range of the assay.

Figure 5. Linear range of LDH positive control standard curve. An equal volume of LDH positive control diluted 
in LDH Storage Buffer was combined with LDH Detection Reagent and incubated for 1 hour at room temperature.
Luminescence was recorded using a GloMax® instrument. Values represent the mean ±SD of three replicate samples. 
RLU = Relative Luminescence Units.
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8. 记录发光信号。

 注意：为了确定样品的相对发光单位 (RLU) 值是否在检测的线性范围内，首先绘制 LDH 阳性对照标准曲线的 RLU 
 值，如图 5 所示。如果样品的 RLU 值落在 LDH 阳性对照标准曲线的线性范围内，那么样品值在本检测的线性范围内。 
 如果样品值超出了 LDH 阳性对照标准曲线的线性范围，则应调整样品稀释方案。由于 RLU 值取决于检测条件，因 
 此样品 RLU 值只能与在同一次检测中产生的 LDH 阳性对照标准曲线中的 RLU 值进行比较。

 注意：为了验证实验样品的 RLU 值是否在检测的线性范围内，实验样品和 LDH 阳性对照标准曲线对应的样品应使 
 用相同的储存缓冲液进行制备，且在相同的微孔板中进行处理。

图 5. LDH 阳性对照标准曲线的线性范围。将在 LDH 储存缓冲液中稀释的 LDH 阳性对照与 LDH 检测试剂等体积组合，

并在室温温育 1 小时。使用 GloMax® 仪器记录发光信号。这些值代表三个重复样品的平均值±标准差。RLU = 相对

发光单位。
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5.B. LDH 在培养基中和在冷冻状态下的稳定性

为了评估从细胞中释放的 LDH 在冷冻后的稳定性，我们比较了裂解的细胞在冷冻前后的滴定曲线。如图 6 中的 A 图所

示，当裂解的细胞在 LDH 储存缓冲液中冷冻时，未观察到 LDH 活性的显著下降。但是，如果将细胞裂解物在添加了 1% 
BSA（牛血清蛋白）的 PBS 中稀释和冷冻时，LDH 的活性则下降了 85%（图 6，B）。

为检验培养基中的死细胞释放出的 LDH 在 37℃的稳定性，我们测定了细胞裂解后 LDH 在不同时间点的活性。我们的

数据表明 LDH 的活性并没有随着时间的推移而出现明显的损失（至少 72 个小时内；未显示数据）。

图 6. LDH 在冷冻状态下的稳定性。将起始浓度为 0.2 × 106 个细胞 /ml 的 A549 细胞裂解并在培养基中按 1:20 的比例

稀释至 10000 个细胞 /ml。然后，使用 LDH 储存缓冲液（A 图）或 PBS+1% BSA （B 图）将细胞再稀释两倍。将 50 
μl 稀释后的样品与 50 μl 制备好的 LDH 检测试剂混匀，室温孵育 60 分钟后记录发光信号，测得 LDH 的活性。样品立

即检测（未冷冻 unfrozen），或者在一次冻融循环后（冷冻 frozen）检测。RLU = 相对发光单位。
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5.B. LDH Stability in Media and Upon Freezing 

To evaluate the stability of LDH released from cells after freezing, we compared the titration curves of lysed cells before 
and after freezing. As shown in Figure 6, Panel A, no significant decrease in LDH activity was observed when lysed cells 
were frozen in LDH Storage Buffer. However, LDH activity decreased by up to 85% if cell lysates were diluted and 
frozen in PBS supplemented with 1% BSA (Figure 6, Panel B). 

The stability of LDH released from dead cells in culure media at 37°C was examined by measuring LDH activity at 
different time points after cell lysis. Our data indicates no significant loss of LDH activity over time (to at least 72 
hours; data not shown).

Figure 6. Stability of LDH upon freezing. A549 cells at a starting concentration of 0.2 × 106 cells/ml were lysed 
and diluted 1:20 in medium to 10,000 cells/ml. Then, cells were further diluted twofold in LDH Storage Buffer (Panel 
A) or PBS + 1% BSA (Panel B). LDH activity was measured by combining 50µl diluted sample + 50 µl prepared LDH 
Detection Reagent, and recording luminescence after a 60-minute room-temperature incubation. Samples were 
assayed immediately (unfrozen) or after one freeze-thaw cycle (frozen). RLU = Relative Luminescence Units.
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图 7. LDH-Glo™ Cytotoxicity Assay 和 CellTiter-Glo® 3D Cell Viability Assay 的联合使用。用黄曲霉毒素 B1
（Aflatoxin B1）处理人体肝脏微组织 48 小时。将样品（10μl）以 1：2.5 稀释度收集在 PBS 中，然后再进一步稀释 10 倍。

处理期间毒性的变化使用 LDH-Glo™ Cytotoxicity Assay 测定，具体方法是将 15 μl 稀释后的样品与 15 μl LDH 检测试

剂混匀，室温孵育 60 分钟后记录发光信号。移取出样品进行 LDH 测定后，将等体积的 CellTiter-Glo® 3D 试剂添加到

剩余的微组织样品中以评估细胞活力。RLU = 相对发光单位。

14 Promega Corporation · 2800 Woods Hollow Road · Madison, WI  53711-5399 USA · Toll Free in USA 800-356-9526 · 608-274-4330 · Fax 608-277-2516
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5.C. Use of Stop Solution to Achieve Steady Luminescent Signal 

If a stable light signal is desired (e.g., when multiple plates need to be processed at the same time), the increase in 
signal after adding the LDH Detection Reagent can be stopped at any time by adding a reductase inhibitor, such as 
menadione. Addition of menadione stops the continued generation of luciferin and allows the plates to be read at a 
later time. Luminescent signal remains stable for 1–2 hours. Menadione (e.g., Sigma Cat.# M5625) can be prepared as 
a 40mM DMSO stock solution and added to the samples to a final concentration of 0.25mM. Refer to Section 3 for 
information on assay timing, and optimal assay sensitivity and linearity. 

5.D. Multiplexing with Viability and Other Assays 

The LDH-Glo™ Assay can be multiplexed with cell viability assays, including the Promega RealTime-Glo™ MT, 
CellTiter-Glo® and CellTiter-Fluor™ Assays. After the media sample is removed for measurement with the LDH-Glo™  
Cytotoxicity assay, the remainder of the sample can be used for RealTime-Glo™, CellTiter-Fluor™ or CellTiter-Glo™ 
viability measurements following the protocols provided with these assays. Multiplexing assays may be advantageous 
for confirming changes in cell health, or identifying cytostatic versus cytotoxic effects of treatment.

The nondestructive nature of the LDH-Glo™ Assay also allows use with other endpoint assays for orthogonal measures 
of cell health, including metabolism. For example, remaining cells and media can be used to determine caspase activity 
(Caspase-Glo® 3/7 Assay) or changes in metabolite levels (Glucose-Glo™ or Glutamate-Glo™ Assays). 

Figure 7. Multiplexing the LDH-Glo™ Cytotoxicity Assay and the CellTiter-Glo® 3D Cell Viability Assay. 
Human liver microtissues were treated with Aflatoxin B1 for 48 hours. Samples (10µl) were collected in PBS at a 1:2.5 
dilution, then further diluted 10-fold. Change in toxicity during treatment was determined using the LDH-Glo™ 
Cytotoxicity Assay by combining 15µl diluted samples with 15µl LDH Detection Reagent and recording luminescence 
after a 60-minute, room-temperature incubation. After samples were removed for LDH determination, an equal 
volume of CellTiter-Glo® 3D Reagent was added to the remaining microtissue sample to assess viability. RLU = 
Relative Luminescence Units.
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5.C. 使用终止液以获得稳定的发光信号

如需稳定的发光信号（例如，当需要同时处理多块板时），则可在添加了 LDH 检测试剂之后的任何时间里，通过添加

还原酶抑制剂（如 menadione [ 甲萘醌 ]）使发光信号停止增加。添加甲萘醌可以阻止萤光素的持续生成，并允许在稍

后的时间读取平板。发光信号可在 1-2 个小时内保持稳定。可以将甲萘醌（例如，Sigma 公司，目录号 M5625）配制

成 40mM 的 DMSO（二甲基亚砜）储备溶液，并将其加入到样品中至终浓度为 0.25 mM。如需了解关于检测时间、最

佳检测灵敏度和线性度的信息，请参阅第 3 节。

5.D. 与活力检测或其它检测试剂盒联合使用

LDH-Glo™ Cytotoxicity Assay 可与细胞活力检测试剂盒进行多重联用，包括 Promega 的 RealTime-Glo™ MT、
CellTiter-Glo® 和 CellTiter-Fluor™ 检测试剂盒。在将培养基样品移除用于 LDH-Glo™ Cytotoxicity Assay 检测后，可按

照RealTime-Glo™ MT、CellTiter-Fluor™或CellTiter-Glo® 检测试剂盒提供的方案，将剩余的样品进行相应的活力检测。

多重检测可能有利于确认细胞健康的变化，或者鉴别出某次处理具有细胞抑制作用亦或是细胞毒性作用。

LDH-Glo™ 检测的非破坏性质使其能够与其它终点法检测试剂一起用于细胞健康（包括代谢）的正交测量。例如，剩

余的细胞和培养基可用于测定 Caspase 活性（Caspase-Glo® 3/7 检测试剂盒）或代谢物水平的变化（Glucose-Glo™
或 Glutamate-Glo™ 检测试剂盒）。
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图 8. 来自相同样品孔的时间依赖性的细胞毒性。在 Corning384 孔超低吸附微孔板的每个孔中都接种 2500 个细胞，使

其形成 HCT116 球状体（spheroid），然后用帕比司他（Panobinostat）（A 图）或阿霉素（Doxorubicin）（B 图）处理。

在指定的时间点，从相同的孔中收集 2.5 μl 样品，并以 1:10 的稀释度将样品稀释并冻存在 LDH 储存缓冲液中。将样品

融化并进一步稀释 2.5 倍，然后使用 LDH-Glo™ Cytotoxicity Assay 测定 LDH 水平。RLU = 相对发光单位。

6.  附录

6.A. 检测球状体（spheroid）培养物中时间依赖性的细胞毒性

LDH-Glo™ Cytotoxicity Assay 非常适合使用少量细胞检测膜受损细胞中释放出的 LDH。在此我们展示了使用该检测系

统测定在 Corning® 384 孔超低吸附微孔板中形成的 HCT-116 球状体（spheroid）中药物诱导产生的细胞毒性的实例。

通过从相同孔中重复取样进行时间依赖性的毒性测定。在使用 LDH-Glo™ Cytotoxicity Assay 进行检测之前，按第 4.B
节所述冻存样品。
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6. Appendix 

6.A. Measuring Time-Dependent Cytotoxicity in Spheroid Cultures

The LDH-Glo™ Cytotoxicity Assay is well-suited for measuring LDH released from membrane-damaged cells using 
small numbers of cells. Here we show an example of using the assay for measuring drug-induced toxicity in HCT116 
spheroids formed in Corning® 384-well Ultra-Low Attachment Microplates. Time-dependent toxicity measurements 
were performed by repeatedly sampling media from the same wells. Samples were stored frozen as described in Section 
4.B until the LDH-Glo™ Assay was performed. 

Figure 8. Time-dependent cytotoxicity from the same sample well. HCT116 spheroids were formed using 
2,500 cells/well in Corning 384-well Ultra-Low Attachment plates and treated with Panobinostat (Panel A) or 
Doxorubicin (Panel B). 2.5µl samples were collected from the same wells at the indicated time points and frozen in 
LDH Storage Buffer at a 1:10 dilution. Samples were thawed and further diluted 2.5-fold before measuring LDH levels 
using the LDH-Glo™ Cytotoxicity Assay. RLU = Relative Luminescence Units.
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6.B. Detecting Cell-Specific Cytotoxicity in ADCC Assays 

The LDH-Glo™ Cytotoxicity Assay can be used to measure LDH activity released from membrane-damaged target cells 
into cell culture medium in antibody-dependent-cell mediated cytotoxicity (ADCC) studies. This ADCC example 
demonstrates that the LDH-Glo™ Assay can be used to detect rituximab monoclonal antibody-mediated killing of 
target cells. EC50 values are consistent with those reported in the literature for rituximab (1). 

Figure 9. ADCC example. Cells were plated at a 20:1 Effector (PBMC):Target (Daudi) ratio and treated with varying 
concentrations of rituximab (RTX) in triplicate for 4 or 6 hours. Medium samples (2.5µl) from the same wells were 
removed and diluted into LDH Storage Buffer (47.5µl) and frozen. 25µl of thawed samples were added to an equal 
volume of LDH Detection Reagent and luminescence was recorded after 60 minutes incubation at room temperature.  
Panel A. Concentration of rituximab versus RLU was plotted and data was fit to 4PL curve to calculate EC50. Panel B. 
RLU values from control wells (performed on the same plate as the rituximab treatment) indicate that there is minimal 
luminescent signal from target or effector cells alone, and that addition of rituximab is required for cell killing.  
ADCC = Effector cells +Target cells + RTX. RLU = Relative Luminescence Units.
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图 9. ADCC 示例。按照效应细胞（外周血单核细胞 [PBMC]）: 靶细胞 (Daudi)=20:1 的比率，将细胞铺板，并用不同

浓度的利妥昔单抗（RTX），三复孔，处理细胞 4 或 6 小时。从相同孔中移出培养基样品 (2.5 μl)，用 LDH 储存缓冲液

(47.5 μl) 稀释并冷冻。取 25μl 融化后的样品加入等体积的 LDH 检测试剂中，室温孵育 60 分钟后记录发光信号。A. 将
利妥昔单抗浓度相对于 RLU 作图，使用四参数（4PL）拟合曲线计算 EC50。B. 来自对照孔的 RLU 值（在与利妥昔单

抗处理组相同的板上进行）显示靶细胞或效应细胞单独存在时发光信号很低，并且加入利妥昔单抗是细胞杀伤所必需的。

ADCC = 效应细胞 + 靶细胞 + 利妥昔单抗（RTX）。RLU = 相对发光单位。

6.B. 在 ADCC 实验中检测细胞特异性的细胞毒性

LDH-Glo™ Cytotoxicity Assay 可用于测定在抗体依赖性细胞介导的细胞毒性作用 (ADCC) 研究中从膜受损的靶细胞

释放到细胞培养基中的 LDH 活性。图 8 中的 ADCC 实例证明 LDH-Glo™ Cytotoxicity Assay 可用于检测利妥昔单抗

（rituximab）介导的靶细胞杀伤。EC50 值与利妥昔单抗相关的文献 (1) 中报道的数值一致。
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图 10. 检测细胞增殖。96 孔板每孔接种 2,500 个 A549 细胞，在不加（-）或加入（+）10mM 二甲双胍（metformin）
的条件下培养 24、48 或 72 小时。在每个时间点移出 5μl 培养基上清样品，稀释到 95μl LDH 储存缓冲液中并冻存，用

于检测从细胞内释放到培养基中的 LDH（蓝色柱形）。细胞样品加入 Triton X-100 孵育 10 分钟，用同样的方式收集样

品并冻存，用于检测细胞中总的 LDH 释放（红色柱形）。将所有样品融化，用 LDH 储存缓冲液进一步稀释 5 倍，加

入等体积（50μl）的 LDH 检测试剂，室温孵育 60 分钟后记录发光信号。RLU= 相对发光单位。

6.C. 评估细胞数量和细胞增殖

乳酸脱氢酶是一种胞浆蛋白，大量存在于多种细胞的细胞质中。LDH 活性与孔中细胞的数量直接相关，可以用于定量

细胞在增殖期间的数量变化，或用作测定孔中细胞总数的归一化因子。孔中存在的细胞数量与发光值成正比，而后者

代表的是 LDH 活性。此外，通过测量释放到培养基中的 LDH 的含量，并且与 LDH 总量的变化进行比较，可以鉴定和

表征影响细胞增殖的药物。具体实例如图 10 所示。用二甲双胍处理细胞后，未检测到释放到培养基中的 LDH 量有明

显增加（蓝柱）。对照组样品中的总 LDH 量随着时间的增加而增加，但二甲双胍处理组样品中的总 LDH 量不随时间

延长而变化。这些数据表明二甲双胍会抑制细胞增殖，但不会使细胞裂解。
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6.C. Assessing Cell Number and Cell Proliferation

Lactate dehydrogenase is an abundant cytosolic protein present in the cytoplasm of many cell types. LDH activity 
directly correlates with the number of cells in a well and can be used to quantitate changes in cell number during 
proliferation, or as a normalization factor for determining the total number of cells in a well. The number of cells 
present will be directly proportional to the luminescence values, which represent LDH activity. In addition, by 
measuring the amount of LDH released into the medium and comparing to the changes in total LDH, drugs affecting 
cell proliferation can be identified and characterized. An example is provided in Figure 10. Upon treating cells with 
metformin, no significant release of LDH into the medium was detected (blue bars). The total amount of LDH 
increased with time in control samples, but not metformin treated samples. These data indicate that metformin inhibits 
cell proliferation but does not lyse the cells.

Figure 10. Detecting cell proliferation. 2,500 A549 cells were plated in a 96-well plate and incubated in the 
absence (–) or presence (+) of 10mM metformin for 24, 48 or 72 hours. To measure LDH release (blue bars) into 
medium from cells at each time point, samples (5µl) were removed, diluted into LDH Storage Buffer (95µl) and frozen. 
To measure total LDH release (red bars), samples were incubated for 10 minutes with Triton X-100, collected and 
frozen the same way. All samples were thawed, further diluted 1:5 in LDH Storage Buffer, an equal volume (50µl) of 
LDH Detection Reagent was added and luminescence was recorded after 60 minutes incubation at room temperature.  
RLU = Relative Luminescence Units.
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产品 规格 目录号

RealTime-Glo™ MT Cell Viability Assay

100 次反应 G9711

10 × 100 次反应 G9712

1,000 次反应 G9713

CellTiter-Glo® 3D Assay

10 ml G9681

10 × 10 ml G9682

100 ml G9683

CellTiter-Glo® 2.0 Assay

10 ml G9241

100 ml G9242

500 ml G9243

CellTox™ Green Cytotoxicity Assay

10 ml G8741

50 ml G8742

100 ml G8743

产品 规格 目录号

RealTime-Glo™ Apoptosis and Necrosis Assay
100 次反应 JA1011

1,000 次反应 JA1012

Caspase-Glo® 3/7 Assay

2.5 ml G8090

10 ml G8091

10 × 10 ml G8093

100 ml G8092

细胞活力检测产品

细胞凋亡检测产品

6.E. 相关产品

6.D. 参考文献

1.  Tada, M. et al. (2014) Development of a Cell-Based Assay Measuring the Activation of FcRIIa for the Characterization  
 of Therapeutic Monoclonal Antibodies. PLoS ONE 94(4), e95787. Doi:10.1371/journal.pone.0095787
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产品 目录号

GloMax® Navigator Microplate Luminometer GM2000

GloMax® Discover System GM3000

GloMax® Explorer System GM3500

发光检测仪和多功能读板仪

产品 规格 目录号

Glucose Uptake-Glo™ Assay 5 ml J1341

Glucose-Glo™ Assay 5 ml J6021

Glutamate-Glo™ Assay 5 ml J7021

Glutamine/Glutamate-Glo™ Assay 5 ml J8021

Lactate-Glo™ Assay 5 ml J5021

NAD(P)H-Glo™ Detection System 10 ml G9061

NAD/NADH-Glo™ Assay 10 ml G9071

NADP/NADPH-Glo™ Assay 10 ml G9081

Mitochondrial ToxGlo™ Assay 10 ml G8000

能量代谢检测产品

可提供其它规格。
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