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Abstract

This article describes the use and precision of the CellTiter-Glo® 3D Cell 
Viability Assay to assess viability of 3D InSight™ Liver Microtissues (InSphero) 
in 96-well and 384-well Akura™ plate formats.

Introduction

Biology is commonly defined by a complex sequence of a multitude of 
biochemical reactions within a cell, and also by the interplay of cells with 
their neighboring cells. In higher order organisms, cell-to-cell interactions are 
crucial to fulfill concerted, tissue- or organ-specific tasks. Such vital cell-to-cell 
interactions can only be recreated in vitro by 3-dimensional cell culture models, 
preferably in scaffold-free systems. Most primary cells and cancer cells 
spontaneously form spheroids when cultivated in suitable formats, such as the 
hanging drop or microgravity rotating vessel system. 

Spheroid cultures are rapidly gaining popularity for biopharmaceutical research 
since they are now available in standard microtiter plate formats and can 
be handled by robotic systems. Despite the greater biological complexity of 
spheroid cultures compared to 2D cultures, biochemical assays can still be 
performed after certain modifications. 

Cell viability is a crucial biomarker in in vitro cell-based screening for the 
measurement of toxicity or cell proliferation. ATP is a global indicator 
of cellular viability and metabolism, with broad acceptance in screening 
applications. The CellTiter-Glo® 3D Cell Viability Assay represents an ideal tool 
for the assessment of viability in spheroid cultures because it is employed 
in a convenient “add, mix, measure” format. It is formulated with a potent 
lytic component capable of liberating ATP from the entire cellular mass. The 
substrate mix contains luciferase, which in the presence of Mg2+ and ATP, 
converts luciferin into oxyluciferin and concomitantly releases energy in the 
form of luminescence. Signal strength is directly proportional to the amount of 
ATP present, which indicates cellular viability and metabolic activity.  

With growing acceptance of 3D spheroids in toxicology discovery screening, 
there is the need for high-throughput plate formats compatible with robotic 
handling. Previous studies have shown the greater hepatotoxicity predictivity 
of the CellTiter-Glo® 3D Assay in 3D cell culture compared to 2D cell culture 
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摘要

本文描述了在 96 孔和 384 孔 Akura™ 微孔板中应用 CellTiter-Glo® 
3D Cell Viability Assay 检测 3D InSight™ 肝脏微组织（InSphero）
活力的方法和准确度。

简介

生物学通常由细胞内大量生化反应的复杂序列定义，也可由细胞与邻
近细胞的相互作用定义。在高级生物体中，细胞间相互作用对于实现
协调一致的组织或器官特异性功能至关重要。这种重要的细胞间相互
作用只能通过三维细胞培养模型在体外重现，最好是无支架系统。当
以合适的形式培养时，如悬滴法或微重力旋转容器系统，大多数原代
细胞和癌细胞自动聚集成球体。

因为球体培养现在采用标准化的微量滴定板格式，并且可以通过机器
人系统处理，所以球体培养在生物制药研究中迅速普及。尽管与 2D
培养相比，球体培养的生物学更复杂，但经某些修饰后仍可进行生化
检测。

细胞活力是体外细胞筛选中检测毒性或细胞增殖的关键生物标志物。
ATP 是细胞活力和代谢的综合指标，在筛选中应用广泛。CellTiter-
Glo® 3D Cell Viability Assay 采用“添加 - 混合 - 测量”的方便格式，
是评估球体培养物活力的理想工具。该试剂盒由能够从整个细胞团中
释放 ATP 的强效裂解组分组成。底物混合物含有萤光素酶，在 Mg2+

和 ATP 存在下，能将萤光素转化为氧化萤光素，并同时以发光信号释
放能量。发光强度与所含 ATP 量成正比，而 ATP 量与细胞活力和代
谢活性成正比。
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in 96-well plates. This application note compares ATP measurements from compounds with different liver safety 
profiles (safe or causing Drug-Induced Liver Injury; DILI) in Akura™ 96-well vs. 384-well plates containing 3D InSight™ 
Liver Microtissues (InSphero). Additional parameters were assessed, including effects of randomization of treatment 
groups within both plate types, Zʹ factor calculations, and whether IC50 values were consistent for n=4 compared to n=8 
biological replicates.  

The Zʹ (Z-prime) statistic is widely used as a measure of assay quality, showing the separation between the distributions 
of the positive and negative controls. The Zʹ factor describes how well the positive and negative controls are separated 
and indicates likelihood of false positives or negatives. Values between 0.5 and 1 are excellent, values between 0 and 
0.5 may be acceptable, and values less than 0 indicate the assay is unlikely to be usable in a high-throughput context.

Methods

Microtissue Formation and Drug Treatment

3D InSight™ Liver Microtissue formation was conducted 
in the InSphero Akura™ PLUS hanging drop culture 
platform, by allowing primary human hepatocytes to 
co-aggregate with primary human Kupffer cells and 
endothelial cells. After aggregation, the microtissues 
were transferred (“dropped”) into Akura™ 96-well 
or 384-well microplates. Liver microtissues were 
incubated with known safe (negative control) or 
DILI compounds (Chlorpromazine, Ketoconazole, 
Troglitazone, Rosiglitazone, Tolcapone, or Entacapone) 
for 14 days, with complete media exchanges at days 
5 and 9. The highest concentration tested for each 
compound was 100µM, which was then diluted in half-
log dilution for a total of seven test concentrations 
(Table 1). In the 96-well plate format, each treatment group had n=4 biological replicates (n=8 for DMSO vehicle control). 
In the 384-well plate format, each treatment group had n=8 biological replicates (n=32 for DMSO vehicle control). 
An additional n=8 microtissues per plate were treated with 100µM Chlorpromazine, for Zʹ calculations. To determine 
whether the well location within the plates would affect endpoint measurements, the drugs were assigned randomized 
locations within the plate using a Tecan D300e Digital Dispenser (Figure 1). 

Compound Stocks (mM) Max (mM) Dilution

Chlorpromazine 25 100 Half-log

Ketoconazole 40 100 Half-log

Troglitazone 30 100 Half-log

Rosiglitazone 30 100 Half-log

Tolcapone 40 100 Half-log

Entacapone 50 100 Half-log

Table 1. DILI compound concentrations. The compounds chosen for this experiment 
represent known toxic (Chlorpromazine, Ketoconazole, Troglitazone, Rosiglitazone, 
Tolcapone) and non-toxic (Entacapone) developmental drugs, some of which are structurally 
related (Tolcapone and Entacapone). The concentrations chosen were based on previous 
studies and Cmax. A 7-point concentration curve was chosen, with half-log dilution.
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Figure 1. Randomization of plate layout. Illustration depicting randomization of the different treatment groups into the 384-well and 96-well plates. Media control (white), DMSO vehicle control 
(red), Chloropromazine (pink), Ketoconazole (green), Troglitazone (blue), Rosiglitazone (yellow), Tolcapone (lavender) and Entacapone (teal).

随着 3D 球体在毒理学发现筛选中的接受度越来越高，亟需可与机器人处理兼容的高通量板格式。先前的研究表明，
CellTiter-Glo® 3D Assay 在 3D 细胞培养中的肝毒性预测能力高于 96 孔板中的 2D 细胞培养。本应用说明比较了含
3D InSight™ 肝脏微组织（InSphero）的 Akura™ 96 孔与 384 孔孔板中不同肝脏安全性化合物（安全或有药物性肝
损伤；DILI）的 ATP 测量值也评估了其他参数，包括两种孔板处理组位置随机化的影响、Z’因子计算以及 4 个与 8 个
生物学重复的 IC50 值是否一致。

Z’（Z-prime）统计值是被广泛用作评估检测质量的指标，表示阳性和阴性对照分布的分离程度。Z’因子描述阳性和阴
性对照的分离程度，并提示假阳性或假阴性的可能性。0.5 和 1 之间表明检测方法非常适合筛选应用，0 和 0.5 之间
为可能适合，小于 0 表明检测方法不太适合在高通量背景下使用。 

方法

微组织形成和药物处理

在 InSphero Akura™ PLUS 悬滴培养板中，原代人肝
细胞与原代人 Kupffer 细胞和内皮细胞共聚集，形成 3D 
InSight™ 肝脏微组织。聚集后，将微组织转移（“滴”）
至 Akura™ 96 孔或 384 孔微孔板中。将肝脏微组织与
已知的安全（阴性对照）或DILI化合物（氯丙嗪、酮康唑、
曲格列酮、罗格列酮、托卡朋或恩他卡朋）共同孵育 14
天，并在第 5 天和第 9 天完全更换培养基。各化合物的
最高试验浓度为 100µM，然后以半对数稀释法稀释，得
到总共 7 个试验浓度（表 1）。在 96 孔板中，每个处理
组有 4 个生物学重复（DMSO 溶剂对照有 8 个重复）。
在 384 孔板中，每个处理组有 8 个生物学重复（DMSO
溶剂对照有 32 个重复）。

用 100µM 氯丙嗪处理额外的 8 个微组织孔板，用于计算 Z’因子。为确定微孔板的微孔位置是否会影响终点测量，使
用 Tecan D300e 数字分配器将药物随机分配至微孔板（图 1）。

表 1.DILI 化合物浓度。本实验选择的化合物有已知有毒的代表性药物
（氯丙嗪、酮康唑、曲格列酮、罗格列酮、托卡朋）和已知无毒的代
表性药物（恩他卡朋），其中部分药物具有结构相关性（托卡朋和恩
他卡朋）。根据先前研究和 Cmax 选择浓度。选择半对数稀释所得的
7 个点的浓度曲线。 

化合物 储备液（mM） 最大值（µM） 稀释法

氯丙嗪 25 100 半对数

酮康唑 40 100 半对数

曲格列酮 30 100 半对数

罗格列酮 30 100 半对数

托卡朋 40 100 半对数

恩他卡朋 50 100 半对数

图 1. 孔板布局的随机化。图示描述将不同处理组随机分配至 384 孔和 96 孔板。培养基对照（白色）、DMSO 溶剂对照（红色）、
氯丙嗪（粉色）、酮康唑（绿色）、曲格列酮（蓝色）、罗格列酮（黄色）、托卡朋（淡紫色）和恩他卡朋（蓝绿色）。
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Assessment of Drug Dependent Cytotoxicity

After 14 days in culture, a visual assessment was performed, and the microtissues were subjected to ATP measurement 
with the CellTiter-Glo® 3D Cell Viability Assay according to the technical manual #TM412. Luminescence was measured 
with a TECAN Infinite® 200 Pro microplate reader. The sensitivity was set to 1,000ms.  

To determine the precision of CellTiter-Glo® 3D measurements within a plate, Zʹ factors were determined for both  
plate formats (Figure 2 and 3). IC50 values of the 6 compounds tested were calculated in 96-well vs. 384-well plates 
(Figure 4). Finally, to determine whether a smaller n value could be used in the 384-well plates without sacrificing 
accuracy, additional experiments were performed comparing n=8 to n=4 for each treatment group (n=32 to n=8 for  
DMSO vehicle control; Figure 5).
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Figure 2. Description of Z-prime calculations. This figure (modified from Zhang et al.2) defines the separation band. The horizontal axis shows the value determined by the assay. The vertical 
axis shows how commonly each value occurs. The graph shows data for both negative and positive controls. Zʹ factor = S/R.
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Figure 3. Distribution of Z’ factors in 96- vs. 384-well plate. To determine the precision of CellTiter-Glo® 3D 
measurements within a plate, Z’ factors were determined for both plate formats.  

药物依赖性细胞毒性评估

共培养 14 天后，目视评估，并根据技术手册 #TM412 使用 CellTiter-Glo® 3D Cell Viability Assay 测量微组织的
ATP。使用 TECAN Infinite® 200 Pro 微孔板读数仪测量发光值。灵敏度设定为 1000ms。

为确定板内 CellTiter-Glo® 3D 测量的精密度，测定了两种板形式的 Z’因子（图 2 和图 3）。计算 96 孔板和 384 孔板
中的 6 种测试化合物的 IC50 值（图 4）。最后，为确定 384 孔板中是否可以使用较小的生物学重复而不牺牲准确度，
进行额外实验，比较了每个处理组8个重复和4个重复的结果（比较了DMSO溶剂对照组32个重复和8个重复的结果；
图 5）。
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图 2. 描述 Z-prime 的计算。该图（改编自 Zhang et al.2）表明分离程度。水平轴显示测定值。垂直轴显示每个值的出现频率。
该图显示阴性和阳性对照的数据。Z’因子 =S/R。

图 3. 96 孔和 384 孔孔板的 Z’因子分布。为检测板内 CellTiter-Glo® 3D
测量的精密度，测定了两种板形式的 Z’因子。
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Figure 4. Comparison of IC50 values in 96- vs. 384-well Akura™ plates after drug treatment. Liver microtissues were treated with Chlorpromazine (Panel A), Ketoconazole (Panel B), 
Troglitazone (Panel C), Rosiglitazone (Panel D), Tolcapone (Panel E) or Entacapone (Panel F). IC50 values were calculated for all compounds tested in both 96-well and 384-well  
format plates.  
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图 4. 药物处理后的 96 孔和 384 孔 Akura™ 孔板的 IC50 值的比较。使用氯丙嗪（A 组）、酮康唑（B 组）、曲格列酮（C 组）、
罗格列酮（D 组）、托卡朋（E 组）或恩他卡朋（F 组）处理肝脏微组织。计算 96 孔和 384 孔板内所有化合物的 IC50 检测值。
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Figure 5. Effect of number of biologic replicates on IC50 calculations. To determine whether halving the number of biological replicates from eight to four produced similar IC50 
calculations, 3D InSight™ Liver Microtissues were treated with Tolcapone (Panel A) or structurally related Entacapone (Panel B) in different regions of the 384-well plate.  
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图 5. 生物学重复数量对 IC50 计算的影响。为了确定生物学重复的数量从 8 减半至 4 是否产生相似的 IC50 计算值，在 384 孔板的
不同区域用托卡朋（图 A）或结构相关的恩他卡朋（图 B）处理 3D InSight™ 肝脏微组织。
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Results

Cellular ATP content is an important research tool for assessing cell viability. Due to its high sensitivity, the CellTiter-Glo® 
3D Cell Viability Assay is ideally suited for analyzing assay plates containing a single microtissue per well with a total 
cell number as low as a few hundred per data point. As opposed to other cell viability assays based on the reduction of 
tetrazolium salts, the ATP assay can be performed on microtissues with comparatively short incubation times due to 
rapid lysis providing access to ATP used in a rapid bioluminescence reaction. As shown in Figure 3, Zʹ factor values were 
very consistent, with an average value for both plate formats around 0.6. To interpret the Zʹ factor, these guidelines were 
used2: 

• A Zʹ factor of 1 is ideal. An assay can never have a Zʹ factor of 1.00000. This value is approached when you have a huge dynamic 
range with tiny standard deviations. In this situation, the separation band is almost as long as the dynamic range. Zʹ factors can 
never be greater than 1.0.

• A Zʹ factor between 0.5 and 1.0 is an excellent assay.

• A Zʹ factor between 0 and 0.5 is marginal.

• A Zʹ factor less than 0 means that the signal from the positive and negative controls could overlap, making the assay not very 
useful for screening purposes.

Dose response curves and IC50 values for all compounds tested were very similar between the two plate formats  
(Figure 4), regardless of randomization between the plates. Furthermore, the ability to use only n=4 biological replicates 
per treatment group, without affecting IC50 values (Figure 5), allows for doubling DILI screening capabilities.  

Conclusion

The CellTiter-Glo® 3D Cell Viability Assay perfectly suits the need for routine viability and cytotoxicity testing with 
advanced 3D in vitro cell culture systems, such as the scaffold-free 3D InSight™ Microtissues (InSphero). Combining 
biologically relevant cell culture models with user-friendly and sensitive assay systems will yield rapid, cost-effective,  
and predictive research results. 
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结果

检测细胞 ATP 含量是评估细胞活力的重要研究方法。由于 CellTiter-Glo® 3D 细胞活力检测法的高灵敏度，该方法非
常适合分析含单个微组织 / 孔的检测板，每个数据点的细胞总数可低至几百个。与基于四唑盐还原的其他细胞活力检
测法相反，CellTiter-Glo® 3D 细胞活力检测法快速裂解细胞释放 ATP，而 ATP 可用于快速生物发光反应，因此该方
法可在相对较短的孵育时间内对微组织进行ATP测定。如图3所示，Z’因子值非常一致，两种板形式的平均值均约为0.6。
为解释 Z’因子，应用以下指导原则 2：

• Z’因子为 1 是理想数值。检测所得 Z’因子不得为 1.00000。当 Z’因子的动态范围巨大且标准差微小时，Z’因子接
近 1.00000。在这种情况下，分离程度几乎与动态范围相同。Z 因子不得大于 1.0。

• Z’因子在 0.5 和 1.0 之间表示检测方法非常适合。

• Z’因子在 0 和 0.5 之间表示检测方法可能适合。

• Z’因子小于 0 意味着阳性和阴性对照的信号可能重叠，该检测不是很适合进行高通量筛选。

无论孔板之间的随机化情况如何，两种孔板之间所有试验化合物的剂量响应曲线和 IC50 值均非常相似（图 4）。此外，
每个处理组仅使用 4 个生物学重复不影响 IC50 值（图 5），这使得 DILI 的筛选能力翻倍。

结论

CellTiter-Glo® 3D Cell Viability Assay 非常适合在先进的 3D 体外细胞培养系统中常规检测活力和细胞毒性，例如无
支架的 3D InSight™ 微组织（InSphero）。将生物学相关的细胞培养模型与用户友好且灵敏的检测系统相结合，将
产生快速、经济有效和预测性的研究成果。
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1APPLICATION NOTE

Akura™ 96 和 384 球体微孔板中的
3D 微组织细胞活力检测


