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ABSTRACT

Over several decades, animals have been used as models to investigate the human‑specific drug toxicity, but 
the outcomes are not always reliably extrapolated to the humans in vivo. Appropriate in vitro human‑based 
experimental system that includes in  vivo parameters is required for the evaluation of multiple organ 
interaction, multiple organ/organ‑specific toxicity, and metabolism of xenobiotic compounds to avoid the use 
of animals for toxicity testing. One such versatile in vitro technology in which human primary cells could be 
used is integrated discrete multiple organ co‑culture (IdMOC). IdMOC system adopts wells‑within‑well concept 
that facilitates co‑culture of cells from different organs in a discrete manner, separately in the respective 
media in the smaller inner wells which are then interconnected by an overlay of a universal medium in the 
large containing well. This novel in vitro approach mimics the in vivo situation to a great extent, and employs 
cells from multiple organs that are physically separated but interconnected by a medium that mimics the 
systemic circulation and provides for multiple organ interaction. Applications of IdMOC include assessment 
of multiple organ toxicity, drug distribution, organ‑specific toxicity, screening of anticancer drugs, metabolic 
cytotoxicity, etc.
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INTRODUCTION

Man is exposed to lots of chemical entities through ingestion, 
inhalation, or by the agents getting in contact with the skin. The 
chemical entities can be pharmaceuticals, food preservatives/
additives/colorants, agrochemicals, environmental pollutants, 

cosmetics, etc., All these daily use chemicals produce their own 
impacts when used at certain concentrations for specific periods 
of time. In case the concentration or the exposure time of a 
particular chemical exceeds the permissible limit, it may cause 
adverse cellular effects including those at the molecular level. 
Therefore, assessment of toxicological risk and knowledge 
of side effects about all the chemical substances are essential 
from the perspective of human welfare. Over a long period of 
time, animal experimentation has been practiced as a tool to 
identify the toxicity of chemical entities. Many reports have 
shown that data obtained from animal experiments are not 
reliably predictive of the human risks.[1] It is well known that 
xenobiotic chemicals tested on laboratory animal models do 
not always reflect the absorption, distribution, metabolism, 
excretion, and toxicity (ADMET) in humans because in vivo 
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biology and physiology are more complex in humans than in 
lab animals.[2] Species differences in xenobiotic metabolism, 
drug–drug interaction, and sensitivity are the major issues 
which limit the use of animal in vivo test methods for human 
drug toxicity testing.[3] In the light of Russell and Burch’s 
3R concept  (replacement, reduction, and refinement),[4] the 
scientific community and regulatory authorities have become 
conscious about the pain and distress caused to animals during 
experiments. Both poor relevance of data generated from 
animal experiments to humans and the ethical considerations 
of animal experiments have urged attention to in vitro methods 
for human risk assessment.

In vitro toxicology testing is considered as an essential tool to 
enrich our understanding about harmful chemicals and also 
predict their harmful effects on humans. However, the in vitro 
test methods do provide adequately reliable toxicological data, 
including mechanistic understanding about the toxicants, but 
the monoculture of established cell lines in isolation, without 
any cell‑to‑cell communication, and deficiency of metabolic 
enzymes due to altered gene expression give an impression that 
this approach cannot provide the complexity of human in vivo 
biology to the same extent as it happens in humans.[5‑7] Several 
drawbacks of the conventional cell culture technique warrant 
a next‑generation in vitro technique. Thus, the scientific need 
for improved methods has brought up a new technique, the 
Integrated discrete Multiple Organ Co‑culture  (IdMOC). 
IdMOC is a patented novel in vitro experimental system which 
is much advantageous in a way that it allows use of primary 
cells or organ slices, multiple organ interaction, and analysis 
of metabolic cytotoxicity. Herein, we review IdMOC in vitro 
technology to highlight its advantages over the conventional 
in vitro test system.

PRINCIPLES OF IdMOC TECHNOLOGY AND 
THE PLATE DESIGN

IdMOC technology has been developed by In Vitro Admet 
Laboratory  (IVAL), USA, and patented by Dr. Albert P. Li 
as an in  vitro experimental system for the assessment of 
human xenobiotic metabolism, drug distribution and toxicity. 
According to Dr. Li, IdMOC is based on the concept that in 
the human body, there are multiple organs that are physically 
separated but interconnected by the systemic circulation, 
allowing multiple organ interaction.[8]

The main advantage of the system is design of the culture plate. 
IdMOC uses wells within well concept which means the plate 
has chambers/large containing wells, with each having six 
small inner wells. This kind of plate design allows culture of 
different cell types from different organs or different cell types 
from the same organ separately in the small inner wells. In the 
six inner wells of each chamber, one can culture six different 

cell types, one in each well, three different cell types each in 
duplicate or two different cell types each in triplicate. After 
culturing the two or more cell types in the six small inner 
wells, in their respective media, they can be interconnected 
by filling the chamber/large containing well with a universal 
medium which contains the drug/xenobiotic compound at a 
certain concentration for a defined incubation period. Then 
the xenobiotic‑treated cells can be subjected to assays and 
the medium can be used to analyze the metabolite(s) of the 
parent xenobiotic compound.[9] Figure 1 represents the concept 
of IdMOC and the schematic design of the IdMOC plate.[10]

Therefore, the assay plate is designed to interconnect different 
organ systems to mimic critical in vivo situation under in vitro 
condition. The IdMOC plates provide equivalents of 6, 24, 
and 96 well plates for assay. For example, the 96‑well assay 
plate has 16 large containing wells/chambers, each of which 
has 6 small inner wells [Figure 2]. Therefore, one can test a 
single xenobiotic compound at eight different concentrations, 
in duplicates, or 16 different xenobiotic compounds at a 
particular concentration. Between these two extremes, different 
numbers of compounds and different combinations of cells are 
possible. On the other hand, using conventional cell culture 
plate, one can check the toxicity of only a single compound in 
different concentrations, but the wells cannot be interconnected 
for cell‑to‑cell communication.

ADVANTAGES AND LIMITATIONS OF IdMOC 
OVER THE SIMPLE CONVENTIONAL CELL 
CULTURE TECHNIQUE

In the human body, liver is the major organ involved in the 
first‑phase clearance of ingested xenobiotic compounds and, 
also, in the control of the systemic levels of drugs and other 
chemicals. The toxicant gets metabolized in the liver, and 
the metabolic product(s) is/are transported in circulation to 
the distal, non‑hepatic organs such as kidney, lung, brain, 
intestine, and so on, and can produce adverse effects, may be 
in tissue‑/organ‑specific manner.[10] Therefore, in the body, 

Figure 1: (a) The human body is conceptualized here as multiple 
organs connected by blood, the principle adopted in the IdMOC system. 
(b) A cross-section of the IdMOC plate is depicted, demonstrating the 
culture of multiple cell types (cells A–C) in physically separated cultures 
in different wells but later interconnected by flooding of a common 
medium. The IdMOC, thus, mimics the humans in vivo, with multiple 
organs as physically separated entities connected by a common fluid 
(blood in vivo; the overlay medium in the IdMOC)[18]

ba
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liver is the first and immediate organ liable for the xenobiotic 
attack. Drugs such as troglitazone, nefadazone, trovafloxacin, 
etc., have been withdrawn due to their hepatotoxic effect.[11] 
Because the parent xenobiotic compound would either directly 
exert its toxic effect on the target cells or gets metabolized by 
the liver, the metabolite acts as a toxin to produce an adverse 
cellular effect either in the very organ that metabolizes the 
compound (say, liver) or more distal organs  (say, kidney 
and/or lung). Sometimes, after the Phase I metabolism, the 
parent xenobiotic substance becomes neutralized by liver 
detoxification and is excreted via kidney. Therefore, the 
understanding of hepatic detoxification mechanism is very 
crucial to find the direct hepatotoxicity  (liver injury) and 
the metabolite‑induced toxicity of a particular xenobiotic 
substance. Lack of multiple organ interaction in the 
conventional cell culture does not allow the metabolites to 
pass from one cell type to another cell type in the same organ 
or from one organ to another organ. Thus, the cytotoxic effect 
produced by the activated metabolite and the differential 
response of the metabolically competent (e.g., hepatocytes) 
and incompetent  (e.g., fibroblasts) cells toward a particular 
xenobiotic compound, which cannot be studied adopting the 
conventional cell culture system, can be conveniently studied 
adopting IdMOC technology.

Another issue with conventional in  vitro testing is the use 
of continuous, transformed cell lines such as 3T3 cells and 
HepG2 cells. These cells can be used to detect general toxic 
agents, but would be of limited use for toxicity that, due to 
xenobiotic metabolizing enzyme activities or organ‑specific 
biochemical pathways, would lead to organ‑specific 
interaction.[10] Primary cells or organ slices are used in IdMOC 
because primary hepatocytes are the closest model for the 
liver in vivo. Especially, human primary cells are important 
experimental systems for the prediction of human‑specific drug 
properties and risk assessment. Technologies for obtaining, 
cryopreserving, and culturing primary cells from humans 

are well established and can be adopted.[12,13] Alternatively, 
cryopreserved primary cells can be availed from reputed 
commercial sources also. Organ slices can also be used for 
multiple organ toxicity testing. However, organ slices prepared 
from the biopsy samples donated by humans are viable only 
for 24 h and cannot be used for long‑term studies.[10] In such 
a case, the suspense in the availability of biopsy samples is 
a lacuna. Also, results from experiment to experiment would 
vary depending on the genetic makeup, health status, and 
age of individuals from whom the organ slices are derived. 
Considering the limitations, IdMOC system using cells, rather 
than organ slices, is appropriate to screen the chemical entities 
with respect to liver metabolism.

Identification of pharmacokinetic, pharmacodynamic, 
and safety profile of a drug is crucial for successful drug 
development. Failure of drug molecules to testify any one 
of these properties results in clinical failure.[14] Animal 
experiments which are adopted to test these properties fail 
to mimic the in vivo condition of humans. Thus, the testing 
modality should be very close to humans right from the 
preliminary screening of drugs to avoid the loss of huge 
amounts spent in animal experimentation for drug discovery.[15] 
IdMOC could be the rewarding in vitro model to study the 
ADMET properties of a drug because the system allows 
use of appropriate human primary cells or organ slices, 
co‑culture of two to six different cell types from different 
organs or the same organ, and the introduction of cell–cell 
communication by flooding with the universal medium in the 
chamber/containing well which renders it to be a versatile 
technology for the preliminary screening of potential drugs. 
However, the information derived using the primary cells 
that are co‑cultured in the IdMOC plate will depend on the 
quality, particularly with regard to the degree of retention of 
organ‑specific properties.[9,10] One of the major challenges 
associated with IdMOC plate design is that there is no directed 
flow of the medium from one inner well to another. Therefore, 
other in vivo parameters such as concentration and residence of 
drug/toxin at each organ may not be assessed. Thus, the system 
cannot model the sequential pharmacokinetic events as present 
in vivo.[9] This major limitation of the IdMOC technique in the 
context of pharmacokinetic evaluation can be overcome by the 
incorporation of microfluidics technique to the inner wells of 
the IdMOC plate. Such development would potentially broaden 
the applications of IdMOC technology. But the potential use of 
cytochrome P450 (CYP) enzyme inducers and inhibitors would 
help to identify the drug–drug interaction, bio‑availability, 
metabolic pathway, and induction and inhibition of the drug.[16]

IdMOC provides for assessment of acute cytotoxicity by 
adopting 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) assay/ATPase assay, apoptotic evaluation using 
caspase assay, and sub‑acute toxicity testing by assessing cell 
cycle arrest, oxidative stress, DNA damage, etc., Apart from its 

Figure 2: A 96-well IdMOC plate (kind courtesy, Dr. Albert P. Li)
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use for toxicity assessment, IdMOC serves as a potent model 
to study the end points of hepatic metabolism by determining 
the gene expression pattern of hepatic function, Phase I, Phase 
II metabolic enzymes, and efflux and uptake transporters. All 
these assays can be conducted even by researchers working 
in small‑scale laboratories. In the absence of absolute 3D 
models, the systemic, repetitive, and quantitative analysis of 
a biological system in terms of unknown substances studied 
through the IdMOC system represents human in vivo biology 
to a better extent than the simple 2D culture of single cell type/
primary cells adopting the conventional in vitro approach.

APPLICATIONS OF IdMOC

Multiple organ toxicity screening
Every year the drug regulatory authorities update the details 
of drugs that are recalled/withdrawn during clinical trials and 
also at post‑marketing stage. One of the main reasons for 
the withdrawal of a marketed drug is the side effects caused 
to non‑target organs. One such example is Rezulin, a drug 
that was introduced in the year 1997 for treatment of Type II 
diabetes but withdrawn in the year 2000 for the reason of 
hepatotoxicity.[1,16] Every drug is pre‑clinically tested on 
non‑human animal models, which is followed by small‑scale 
human clinical trials conducted with the drug. Even then, 
after marketing, when the drug reaches the heterogeneous 
large‑scale human population, side effects are realized. So, 
a better approach and effort is necessary to improve the 
pre‑clinical efficacy of the drug to exactly predict human 
drug toxicity. As discussed earlier, animal models have some 
drawbacks in the accurate prediction of human drug toxicity. 
On the other hand, in IdMOC technique, human primary cell 
types isolated from different organs are cultured in the discrete 
small inner wells and an overlying universal medium connects 
all the cell types from different organs. Therefore, the toxic 
potential of a drug can be evaluated in cells from multiple 
organs under identical experimental conditions to identify 
multiple toxic end points at a time.

For example, aflatoxin B1  (AFB1) is a well‑known 
hepatotoxin and its differential and selective toxicity 
toward hepatocytes has been illustrated using the IdMOC 
system  [Figure  3].[10] Human hepatocytes, human renal 
proximal tubule cells, and human pulmonary epithelial cells 
co‑cultured in the inner wells of the IdMOC plate and the 
cells, each in duplicate, were flooded with the universal 
medium containing AFB1 at different concentrations ranging 
from 0.27 to 200 µM for 48 h. The percent viability of all the 
three cells co‑cultured in the IdMOC plate was determined 
adopting ATPase assay. The result showed that even at a low 
concentration, AFB1 was selectively toxic to hepatocytes. 
These results were consistent with and also comparable to 
the in vivo data. Thus, the IdMOC proved to be an effective 

system for the evaluation of organ‑specific toxicity to screen 
the side effects/efficacy of a drug on the target organ as well 
as on non‑target organs.[9,10,17]

Organ‑specific toxicity screening
Every organ is made up of different tissues or cell types. Each 
cell type of the particular organ may have different function and 
architecture that change the response of the particular cell type 
toward a particular xenobiotic compound. In such case, a single 
cell type used in multiple organ toxicity evaluation may not be 
the complete representative of an organ. Thus, after deriving 
information for a particular compound from the multiple organ 
toxicity testing, it is very important to evaluate organ‑specific 
toxicity to check which cell type of the organ is sensitive for 
a particular xenobiotic compound. For example, liver is made 
up of three major cell types: hepatocytes, Kupffer cells, and 
stellate cells. Among these cell types, hepatocytes are mainly 
involved in the metabolism of xenobiotics and are susceptible 
to toxic insult. Therefore, using different cell types of the 
same organ, IdMOC technique can provide hepatotoxicity 
model, cardiotoxicity model, nephrotoxicity model, etc., The 
organ‑specific toxicity model can be used in paracrine signaling 
by evaluating the cellular factors secreted by one cell type on 
a different cell type within the same organ.[9,10,17]

To create a lung model, major cell types of the lung, such as 
bronchial epithelial cells (bronchus), small airway epithelial 
cells (alveolus), and micro‑vascular endothelial cells (capillary 
of the lung), each in duplicate, were co‑cultured in IdMOC assay 
plate and the cells were treated with increasing concentrations 
of nicotine, which is a key ingredient of cigarette smoke, for 
24 h [Figure 4]. The cytotoxic concentration of the cigarette 
smoke was assessed adopting MTT assay and the relative 
viability against different concentrations of nicotine was 
plotted. The results revealed that the smoke condensate was 
cytotoxic to all the three cell types, wherein bronchial epithelial 
cells were the most susceptible. Thus, the IdMOC lung model 
proved that cigarette smoke is associated with lung cancer as 
well as toxicity.[10]

Figure 3: Organ-specific cytotoxicity determination in the IdMOC 
system, illustrated with aflatoxin B1, a known hepatotoxic agent[10]
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Anticancer drug screening
Tumor xenograft grown in nude mouse is the most common 
in  vivo model used to test the efficacy of anticancer drugs 
during pre‑clinical screening. But the pre‑clinically tested 
anticancer drug does not always pass through the human 
trials. The drug may affect the normal cells. At the laboratory 
screening level, these limitations can be overcome by using 
a tumor‑bearing man model of IdMOC in which one can 
co‑culture the target cancer cells with normal cells from key 
organs that allows selecting an anticancer drug with acceptable 
toxic potential toward normal tissues.[8,9,18] The end points 
such as cell viability, cell proliferation, cell survival, gene 
expression pattern, DNA repair mechanism, hormone receptor, 
growth factor receptor, drug metabolism, and drug resistance 
can be assessed by adopting real‑time PCR technique. Thus, 
the cost factor and number animals used for pre‑clinical trial 
are reduced while adopting IdMOC technique.[18]

One such study with tamoxifen  (TMX) revealed the IdMOC 
system to perform as an in vitro model of a tumor‑bearing man. 
Since TMX is an anti‑mammary cancer drug, it was tested on 
MCF‑7 mammary cancer cell, with human primary hepatocytes, 
renal proximal tubule cells, pulmonary epithelial cells, aortic 
endothelial cells, and astrocytes as normal cells. TMX showed 
cytotoxicity towards the MCF-7 cancer cell at a very low dose 
(IC50 19.9 µM) compared with the other cell types [Table 1].[18] 

Thus, the estrogen receptor (ER) antagonist TMX was proved 
cytotoxic to ER‑positive MCF‑7 cell, in a dose‑dependent 
manner, with negligible effect on the normal cells.[18] Also, the 
results revealed that human hepatocytes are highly resistant to 
TMX treatment compared to the other cell types used in the 
study. Thus, the study concluded that TMX may have strong 
metabolic clearance by hepatocytes.[18] IdMOC is an efficient 
model for discovery of anticancer drugs which are specifically 
toxic to cancer cells and not toxic or less toxic to normal cells.

Metabolic toxicity
One of the critical limitations of conventional cell culture 
technique is evaluation of toxicity upon xenobiotic 
biotransformation. In the liver, Phase I bioactive metabolism 
and Phase II detoxification process may have several 
possible effects on xenobiotic compounds. Thus, the 
xenobiotic compound is either bio‑activated or detoxified. The 
conventional in  vitro techniques/methods are inadequate to 
study the metabolic cytotoxic effect of a xenobiotic compound 
because monoculture of hepatocytes in isolation with lack 
of well‑to‑well interconnection prevents metabolites from 
reaching their sensitive organs (either hepatic or non‑hepatic). 
IdMOC technology solved this problem concerned with the 
determination of the metabolic cytotoxicity when the following 
three model toxicants, each with specific pattern of liver 
metabolism, were used:
•	 TMX is a non‑steroidal antagonist of estrogen receptor 

used for breast cancer treatment. Since TMX is a direct 
acting toxicant, it does not need any metabolic activation 
at liver. So, TMX acts directly on the target cells without 
liver metabolism, to produce toxic effect.[19‑22]

•	 AFB1 is a mycotoxin that contaminates human food and 
it is reported to be a hepatotoxic agent.[19] Human CYP 
isoenzymes 1A2[23,24] and 3A4[25] metabolize AFB1 into a 
highly reactive (AFB1)‑8,9 epoxide  that causes toxicity 
at the site where metabolic activation occurs whereas 
the other metabolites are detoxified.[26‑28] Therefore, a 
non‑toxic parent compound, AFB1, requires bio‑activation 
in the liver to form extremely reactive metabolite which 
causes toxicity to the hepatic cells themselves.[19]

•	 Cyclophosphamide  (CPA) is an immune suppressant 
which is used as an anticancer agent. Mostly, CYP2B6 
isoenzyme[29,30] acts on CPA and converts it into a 
chemotherapeutically active 4‑hydroxy‑cyclophosphamide 
metabolite to exert its anticancer activity.[31] Therefore, 
CPA is a pro‑drug because biotransformation of CPA is 
important to form a toxic diffusible metabolite which is 
transported via circulatory system to exert its therapeutic 
effect on the cancer cells and perhaps toxic effect on 
hepatic or non‑hepatic organs.[8,9,19]

To emphasize the importance of liver metabolism and 
metabolism‑dependent cytotoxicity, metabolically competent 
primary human hepatocytes[32,33] and metabolically incompetent 

Figure 4: Evaluation of nicotine cytotoxicity toward multiple pulmonary 
cell types co-cultured in the IdMOC system: A lung model[10]

Table 1: EC50, EC90, and EC99 for human 
hepatocytes (hepatocytes), human aortic 
endothelial cells, human astrocytes (astrocytes), 
human renal proximal tubule epithelial cells, 
human small airway epithelial cells, and human 
breast adenocarcinoma cells  (MCF‑7)[18]

Hepatocytes HAEC Astrocytes RPTC SAEC MCF‑7

EC50 58.4 24.1 31.9 34.9 11.4 19.9

EC90 204.2 137.9 105.9 115.5 121.8 62.5

EC99 412.9 300.6 211.8 230.9 279.7 123.5

HAEC=Human aortic endothelial cells, RPTC=Renal proximal tubule epithelial 
cells, SAEC=Small airway epithelial cells, MCF-7=Michigan cancer foundation-7
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mouse 3T3 fibroblast cells[34‑36] were chosen and co‑cultured 
in the IdMOC plate to assess the toxic effect of a parent 
compound/bio‑activated metabolite on metabolically 
competent hepatic cells  (where metabolism occurs) and/or 
metabolically incompetent (target/sensitive organ) cells.

The inner wells of IdMOC 96‑well plate were seeded with three 
wells each of thawed primary human hepatocytes in plating 
medium and 3T3 cells in Dulbecco’s modified Eagle’s medium. 
Cells were incubated for 4 h for attachment. Afterward, the 
three model toxicants, viz., AFB1, TMX, and CPA, were 
taken separately at designated concentrations and diluted with 
hepatocyte induction medium that was flooded into each of 
the large chamber/well, thereby interconnecting all the inner 
wells of each chamber. Then, the plates were incubated for 
16 h and the cells were subjected to cytotoxicity evaluation 
by adopting MTT assay.[19]

Table  2 presents the experimental results with the human 
hepatocytes and 3T3 fibroblast cells adopting IdMOC 
technology, which classified these model toxins into three 
distinct profiles as follows:
•	 TMX was cytotoxic to both 3T3 cells and hepatic cells 

directly at low concentrations and the presence of 
hepatocyte in co‑culture system only slightly impinged 
on 3T3 cells. Thus, TMX was concluded to be a direct 
acting cytotoxicant with hepatic detoxification.

• 	 The hepatotoxicant AFB1 showed greater cytotoxic effect 
on hepatocytes than 3T3 cells. The presence of hepatocyte 
promoted the bio‑activation of AFB1, but did not increase 
the cytotoxic potential of AFB1/reactive metabolite to 
impinge on 3T3  cells, thereby suggesting that AFB1 
is a metabolism‑dependent selective cytotoxicant to 
hepatocytes.

•	 The presence and absence of hepatocyte co‑cultured 
with 3T3  cells altered the cytotoxicity of CPA on 
metabolically incompetent 3T3 cells. In the presence of 
hepatocytes, the cytotoxic potential of CPA to 3T3 cells 
was greatly increased. Thus, the presence of metabolically 
competent hepatocytes facilitated CPA to produce the 

diffusible active metabolite to exert its cytotoxic effect 
at a higher rate on metabolically incompetent 3T3 cells. 
To substantiate this influence, a non‑specific P450 
inhibitor, 1‑aminobenzotraizole, was used to attenuate 
the cytotoxicity of CPA toward both 3T3  cells and 
hepatocytes, thus confirming the CYP enzyme activation 
upon CPA‑induced toxicity. Thus, CPA is categorized as a 
metabolism‑dependent cytotoxicant with stable, diffusible 
toxic metabolites.[19]

Using IdMOC plates, one can model hepatic metabolism with 
the non‑hepatic organs which are prone to be sensitive for a 
particular drug. For e.g., co‑culturing of primary hepatocytes 
with proximal tubular kidney cells can be an appropriate 
model to study the metabolism‑induced drug toxicity on 
kidney (nephrotoxicity).

Some of the advantages of such models are as follows:
•	 The complete information about the induction or inhibition 

of hepatic Phase I and Phase II enzymes, as a result the 
cellular changes that happened to the target organ, can be 
obtained simultaneously for a particular test drug.[14,37,38]

•	 The major pathway involved in the drug metabolism can be 
identified using selective inhibitors or inducers available 
for the Phase I enzymes. For example, ketoconazole is 
a selective inhibitor of CYP3A4 enzyme. If the tested 
drug induces CYP3A4 Phase I enzyme, the inhibitor 
ketoconazole inhibits the metabolism of the particular 
drug. As a result, one can infer that the drug is metabolized 
by CYP3A4 enzyme.[14‑16,38]

•	 Identification of drug‑induced metabolism would permit 
one to evaluate the drug–drug interaction. In drug–drug 
interaction, a drug can affect the metabolic stability of 
another drug. This kind of interaction leads to the failure 
of the drug in clinical trials. For example, the antifungal 
ketoconazole, a potent inhibitor of CYP3A4, causes 
drug–drug interactions with the drugs that are substrates 
of CYP3A4.[14‑16,38]

•	 In these cases, the fate of the parent compound and its 
metabolites can be analyzed by high performance liquid 
chromatography (HPLC) or liquid chromatography/mass 
spectrometry (LC/  MS). The outcome of this analysis 
would provide information regarding the stability and 
metabolite profile of the tested drug.[9,14]

IdMOC system’s application in high content analysis
Use of IdMOC system in high content analysis is a recent 
development. To increase the quality of information 
generated by IdMOC system, the high content analysis, a 
quantitative and multi‑parametric tool that is powerful for 
the evaluation of toxicity in vitro, of cytotoxic endpoints was 
performed using fluorescent stains calcein‑AM (live stain), 
ethidium homodimer‑I  (dead stain), and Hoechst 33342 
(nuclear stain), which facilitate analysis of live and dead 

Table 2: EC50 values of the model toxicants 
aflatoxin B1, cyclophosphamide, and tamoxifen 
for 3T3 cells and human hepatocytes cultured 
in IdMOC
Toxicant IC50 (µM)

3T3 (without 
hepatocytes)

3T3 (without 
hepatocytes)

Human 
hepatocyte

TMX 25.5 36 39

AFB1 697 923 10.8

CPA 107080 2713 971

The 3T3 cells were cultured in IdMOC plate in the presence (with 
hepatocytes) and absence (without hepatocytes) of three wells of 
human hepatocytes[19], AFB1=Aflatoxin B1, CPA=Cyclophosphamide, 
TMX=Tamoxifen
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cells and measurement of nuclear area and cell density. As 
the fluorescence intensity of the live cells decreases, the 
cytotoxicity increases, whereas the dead cell intensity increases 
when the cytotoxicity decreases. Two model toxicants that 
are detoxified and activated by the liver, 4‑aminophenol and 
CPA, respectively, were screened for hepatotoxicity (human 
primary hepatocytes) and metabolism‑dependent toxicity on a 
non‑liver cell type (3T3‑L). It was found that 4‑aminophenol 
is less toxic to 3T3 cells in the presence of hepatic cells than 
in the absence of hepatic cells, which shows the metabolic 
detoxification of the compound by the hepatic cells. On the 
other hand, CPA is more toxic to 3T3 cells in the presence of 
hepatic cells than in the absence of hepatic cells showing that 
CPA needs metabolic activation by liver. Thus, the conjunction 
of high content analysis with the IdMOC technology provides 
quick and high‑quality screening of multiple compounds 
for hepatotoxicity and the effects of hepatic metabolism on 
non‑liver cell types.[39]

POPULARIZATION OF IdMOC TECHNOLOGY

Advancement of 3Rs research is one of the objectives of 
Mahatma Gandhi‑Doerenkamp Center  (MGDC).[38‑41] This 
objective was realized when MGDC and Dr. Albert Li, CEO, 
AP Sciences, USA, entered into an understanding to distribute 
IdMOC plates, free of cost, to deserving researchers. Through 
this arrangement, Dr.  Li, the inventor of this technology, 
provides a gift of a substantial number of IdMOC plates to 
MGDC for distribution to qualified and competent Indian 
scientists interested in in  vitro toxicology/pharmacology 
for their research endeavors. At present, research using 
IdMOC technology is going on at three centers in India in 
collaboration with MGDC: (i) Narsee Monjee Institute of 
Management Studies (NMIMS) University, Mumbai; (ii) Sree 
Chitra Tirunal Institute for Medical Sciences and Technology, 
Thiruvananthapuram, Kerala; and (iii) Bharathidasan 
University, Tiruchirappalli, Tamil Nadu.

CONCLUSION

The IdMOC technology is a simple and new‑generation 
in  vitro experimental system which does not require any 
sophisticated laboratory equipment for the evaluation of 
distribution, metabolism, and toxicity of a xenobiotic. 
Co‑culture of multiple cell types of the same organ or 
multiple organs in a physically discrete manner allows 
the system to interact and helps to predict the multiple 
endpoints. Use of primary human cells and incorporation 
of metabolic cytotoxicity to the in  vitro system provides 
an insight to the scientific community that IdMOC is a 
physiologically relevant model for risk assessment. The 
embodiment of wells‑within‑well concept in IdMOC 
technology has promoted in  vitro technique from routine 

two‑dimensional cell culture to mimic, to a great extent, the 
real in vivo conditions. Thus, IdMOC is an innovative and 
less time‑consuming model that could replace animal testing 
methods perhaps to comply with the changing regulatory 
needs. In vitro approach has always been an adoptable 
technique and readily procures many in vivo key features. 
Thus, the technique could overcome the uncertainty of animal 
testing and withstand for a long period to reduce and replace 
the use of animals in scientific research. However, novel 
inventions and new methodologies will never stop until the 
in vitro condition matches or supersedes the in vivo condition. 
The future of cell culture could be the virtual human‑on‑chip 
which may simulate a complete human, but in a simple 
magnitude. IdMOC has a great potential simulating humans 
in vivo using in vitro conditions and this technique can be 
adopted by all researchers who are efficiently carrying out 
conventional in vitro cell culture in the laboratory.
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