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Abstract— A cell microinjection system is a widely used tool
in the domain of cell biology and it allows us to deliver a specific
amount of substance into a cell using a fine tipped needle (or a
microinjection pipette) under the observation of a microscope.
Cell microinjection systems are widely used for delivering drugs
to a single cell for the treatment of diseases, like Cancer,
Alzheimer’s, Sickle cell anemia and Cystic fibrosis etc.,
developing organs, like heart, lungs and kidney, and in-vitro
fertilization. This paper surveys the state-of-the-art
microinjection techniques and cell microinjections systems and
proposes an electronic design for the semi-automated micro cell
injection system, which works on the principle of capillary
pressure microinjection (CPM). The distinguishing feature of the
proposed system is its low cost without compromising on the
accuracy or movement precision.
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Cell microinjection systems can be broadly classified in
three categories: manual, semi-automated and full automated.
Manual Microinjection systems, depicted in Figure 1, are the
ones in which the operator performs cell microinjection
manually with the assistance of several mechanical knobs. The
position of the cell holding and injection / suction pipettes can
be adjusted by rotating the mechanical knobs.
Cell
microinjection is a very delicate process and operators need
several years of training to become proficient in performing
microinjection. Despite such rigorous training, the success rate
of manual microinjection is very low [2]. Operators need to
spend hours in front of microscopes in uncomfortable
positions to perform microinjection procedures manually. The
main limitations of manual microinjection systems include
low efficiency and poor reproducibility, which is a result of

I. INTRODUCTION
Cell Microinjection is a process in which a fine tipped
needle (microinjection pipette) is inserted inside a cell to
deliver a clearly predefined amount of substance. The
substance is injected into the desired cell by holding it with the
help of holding pipettes. Once the substance is injected, the
injection pipette is removed from the cell. During the entire
process the movements of holding the cell and microinjection
pipettes are controlled by a micromanipulator, which is
visually observed under a specialized microscope. The entire
procedure is carried out with the help of a cell microinjection
system.
A cell microinjection system is a widely used tool in the
domain of cell biology and it allows us to deliver a specific
amount of substance into a cell using a fine tipped needle (or a
microinjection pipette) under the observation of a microscope.
Cell microinjection systems are widely used for delivering
drugs to a single cell for the treatment of diseases, like Cancer,
Alzheimer’s, Sickle cell anemia and Cystic fibrosis etc.,
developing organs, like heart, lungs and kidney, and in-vitro
fertilization (commonly known as test tube babies).

Fig. 1. Manually operated cell microinjection system

the fact that a slight vibration in human hands may cause
undesired movements and wobbly effect during the procedure.
Semi-Automated
Micromanipulator
cell
injection
procedure is carried out using a micromanipulator controller a
kind of joystick and an interactive graphical user interface
(GUI) where the operator can see the real-time video on a
computer screen as shown in Figure 2. Semi-automation is
achieved through treating cell microinjection process as a
computer game. The operator interacts with the system
through a visual feedback device, such as monitor, and a

micromanipulator controller as a controlling device.
Customized micromanipulator controller is designed as an
input device for all motion commands that allows the operator
to control the fine movements of the injection pipette through
precise motorized control system. The wobbly effect in human
hands can be overcome by deploying dedicated filters. The
GUI allows the user to perform the microinjection with ease
by just watching the monitor screen. It converts a tedious and
exhausting manual microinjection task into a computer game.
The interactive GUI for microinjection puts the operator in
front of a computer screen instead of microscope and this new

of research, involving mechanical, electrical and software
engineering and biological sciences. To the best of our
knowledge, there is no review of microinjection systems
available in the literature.
The rest of the paper is organized as follows: We present
various microinjection techniques in Section II. This is
followed by a comprehensive literature survey of existing cell
microinjection systems in Section III. Based on our literature
survey, we propose an electronic design for a cost-effective
and accurate semi-automatic cell injection system in Section
IV. Finally, we conclude the paper in Section V.
II. MICROINJECTOR CONTROLLER
There are different types of microinjection techniques that
are currently in use in various microinjection systems. The
methods of delivery are based on different properties, such as
chemical, optical, electrical and mechanical etc.

Fig. 2. Semi-Automated Micromanipulator Cell Injection System Block
Diagram

position and operating environment is much more comfortable
and user friendly. Semi-Automated system provides higher
accuracy, which enables the operator to work in delicate
narrow spaces with high precision.
In order to eliminate the errors made by humans and to
perform cell microinjections more quickly and reliably, fully
autonomous microinjection systems have also been recently
proposed [3]. It starts with the acquisition of a real-time video
from a Charge Couple Device (CCD) camera, which is then
ripped off into multiple frames. The colored image is
transformed to gray for enhanced image identification process.
The Digital Image Processing (DIP) algorithms automatically
identify the location and keep the track of cell nucleolus,
injection and holding pipette from the grabbed frame. This
DIP algorithm uses a state-of-the-art method for tracking
pipette and cells in real time. Cells are then segmented using
well-known image processing techniques. These accurate
position coordinates are fed to a motion control algorithm,
which decides the most optimum path to perform cell
microinjection procedure without the direct involvement of
human. However, most of these systems are still in the
development stage and the ones that are developed do need
some sort of human intervention.
In this paper, we provide a comprehensive tutorial and
survey about the existing technologies used in the
development of cell microinjection systems. The intent is to
provide a comprehensive overview of the domain to facilitate
further research and development in this multidisciplinary area

A. Chemical Based Systems
Chemically automated micro injector is an autonomous a
micro fluidic device that does not need external electrical
signals. It usually consists of chemically actuated micro
injectors and micro fluidic networks. In some cases, the
operation of the micro injectors depends on the change of
volume of the oxygen bubbles produced by the hydrogen
peroxide decomposition.
B. Optical Based Systems
Optical micro-injector is an ultrasonic actuator of siliconnitride micro injectors. The injectors are longitudinally
vibrated with tip velocities controllable by actuation frequency
and voltage using piezoelectric actuators. Electro mechanical
system (MEMS) based force sensors are used to measure the
forces.
C. Electrical Based Systems
Electrical micro injectors, also called piezoelectric micro
injectors, are controlled by electric current. So the voltage
given will determine the force with which the injector is able
to inject into a cell or pull out of a cell, without damaging the
cell or causing cell death. Another type of electrically
controlled method for injection is the cytoplasmic delivery
method, which is unique as it manipulates transgenes using
electrical forces. MEMS based devices use electrostatic charge
to physically pick up transgenes and place them in the
cytoplasm. From there, they are propelled and electroporated
into the pronuclei by electrical pulses [13].
D. Mechanical Based Systems
Capillary pressure microinjection (CPM) allows
penetrating a thin micro capillary on a cell membrane and thus
delivering the filing liquid from the capillary to the cell. It is
the most suitable technique that allows the injection of a large
number of molecules [7]. Manually operated CPM is error
prone and thus have a poor efficiency, and is susceptible to
contamination [10]. It also comes with a risk of contamination

due to the involvement of human operators during the
microinjection process [15].
III. STATE-OF-THE-ART
Microinjections have been used since early 1900s to
facilitate micro manipulation of single cells [16] and
suspended cells [4]. This mechanical technique has enabled
massive advancements in the field of genetic engineering and
transgenic. By far this technology has made possible the
delivery of proteins, cDNA constructs, peptides, drugs and
particles into transfection-challenged cells. Direct-pressure
microinjection is an important tool for introducing a range of
substances into the cytoplasm or nucleus of a cell. This
procedure remains the most direct method to gain insights into
the dynamics and functions of intracellular components, to
produce transgenic organisms, or to overcome infertility and
other such problems. Microinjection technique has been used
for transgenic animal production, in vitro fertilization and
RNA interference [16]. In 2007, this technique was used to
inject a batch culture of embryo of zebra fish [10].
Blastocysts stem cell therapy was also enabled by designing a
semi-automated microinjection system [11]. Manipulation of
blastocyst had been used to create knocked-out or gene
targeted-mice, which had genetically altered embryonic stem
(ES) cells microinjected during the blastocyst stage into early
embryo [12] introduced xanthine dehydrogenase gene of
Drosophila into parental element along with an intact helper
P-element which was microinjected into embryo deficient for
this gene. Such embryos were used to develop flies with rosy
colored eyes than mosaic eyes as in the first parental
generation. Microinjection of Xhenopus oocytes had also been
made possible and rendered easier because of the large size of
oocytes [14].
Recently a fully automated cell injection has been
developed [1]. This system provides an automated
methodology for in vitro cell injection using robotic systems
and image processing by assembling commercially available
micromanipulation systems and a GUI build in Open CV and
C++. In this system, cells have been identified with the help of
bright-field microscopy without using chemical markers. Use
of Eppendorf FemtoJet micro injector and actuators make this
system highly non-customizable and expensive. Similarly, an
in-house microinjection system has been reported in [17] just
to rotate a batch of oocyte to desired orientation. Using this
system, the mechanical trajectory (MT) has been used for
Injection Micropipette (IM) to calculate minimum exerted
force for cell manipulation. This system helps scientists to
orient batch of oocytes without any mechanical deformation
and accuracy. But this system cannot perform injection or
extraction from a single cell. Another microinjection system
has been reported in [9] for studying the mechanical behavior
of cells. This system has been assembled using commercial
actuators and injectors that make it a bit unattractive based on
the “ease of manufacturing” and cost point of view.

There are various other components of a microinjection
system
including
an
inverted
light
microscope,
micromanipulator, micropipette holder, gas pressure regulator,
micropipette puller, glass capillary tubing, micrometer syringe
and vibration isolation table [5]. More elaborate systems can
be assembled according to the experimental needs of the
investigator, e.g., specimen incubator, CCD (charge-coupled
device) camera, digital image processing software and
computer.
IV. PROPOSED MICRO INJECTION SYSTEM
The biggest limitation of existing microinjection systems,
in terms of using them in a developing nation like Pakistan, is
their huge costs. The purchase of these systems not only
requires a significant amount of foreign exchange upfront but
also a hefty after sales support cost. Just a disposable needle
can cost as much as $1000, while the whole system could cost
somewhere close to $100,000. This constraint disallows the
scientists of developing nations to compete with the rest of the
world and to test their locally manufactured synthesized drugs
on cellular cultures. The system, proposed in this paper, is
expected to cost around $5000 and due to the local design and
manufacturing the aftersales support would cost a fraction of
the cost in the case of imported solutions.
A semi-automated micro-injection has two main
components; a cell holding pipette, and a cell injection/suction
micropipette. The cell injection/suction micropipette is used to
deliver contents into the cell or sub-cellular compartment and
the needle is removed. The whole procedure is performed
under a micromanipulator setup. The semi-automated system
requires high efficiency and experience to obtain desirable
results [8]. However, even all the training and experience did
not produce desired results and the survival rates of
microinjected cells were often found to be ranging from 40%
and 70% [6]. Therefore, while minimizing the cost, another
major objective of the system is to improve on the accuracy
and precision of the system.
A mechanical setup has been designed, as shown in Figure
3, for the Semi-Automated micro cell injection. Two sets of
micromanipulators have been placed on both sides of the
OPTIKA IM-2 microscope for the injection and holding
purposes.
The position coordinates of a cell holding and a cell
injection/suction pipette micromanipulators are governed by
the Micromanipulator Controller whereas the pressure of the

Fig. 3. Semi Automated Micro Cell Injection System

cell holding and cell injection/suction pipettes are managed by
the Microinjector Controller. The operator controls the
controllers by observing the microscope view on the monitor.
The primary task of the Mechanical Interface is to track the
movements made by an operator’s hand and to transfer this
data to the Micromanipulator and Microinjector with high
precision. The purpose of developing customized
Micromanipulator Controller and Microinjector Controller is
to facilitate the operator in performing the entire procedure.
The
two
input
mechanical
interface
devices
“Micromanipulator
Controller”
and
“Microinjector
Controller” are depicted in Figures 4a and 4b, respectively.

LCD allows the operator to adjust the operating parameters
according to the operating conditions.
B. Micromanipulator Controller Interface Unit
The micromanipulator controller interface unit mainly
comprises of five key components. The noise suppressor filter
is fundamentally a passive low pass filter that eliminates any
high frequency noise contents caused by the switching of
inductive electrical loads. The dedicated quadrature decoding
chip decodes the optical encoders position signals and feeds it
to the microcontroller for further computation. The
microcontrollers are configured in master-slave topology and
are responsible for performing all the key tasks, i.e., reading
the knobs position, performing all the computations,
displaying the position coordinates on LCD, converting the
data according to the customized protocol and transmitting it
to the Micromanipulator Drive Unit. The RS-485 transceiver
converts the TTL signal into a differential signal. The debouncing circuit discards any false signals generated due to
the mechanical contacts of the switch. The input devices
fabricated circuit boards are depicted in Figure 6.

Fig. 4. Overview of Controlling Devices of Micromanipulation and
Microinjection. (a) Micromanipulator Controller (b) Microinjector
Controller

The electrical design related aspects of the proposed
system are discussed in following sections. The system
primarily comprises of Micromanipulator Controller Interface,
Micromanipulator Controller Interface Unit, Communication
Link, Micromanipulator Drive Unit and Micromanipulator as
shown in Figure 5.
A. Micromanipulator Controller Interface
The Micromanipulator Controller Interface consist of three
rotary knobs, one LCD and seven buttons. The rotary knobs

Fig. 5. Micromanipulator System Block Diagram

are directly coupled to position sensing sensors. The optical
encoders precisely track the hand movement. The buttons and

Fig. 6. Micromanipulator and Microinjector Controllers Circuit Boards

C. Communication Link and Customized Protocol
The RS-485 bus standard communication is selected for
our system because of its wide acceptance in industrial and
instrumentation applications. The differential transmission
ability of RS-485 makes it noise immune, compatible for long
distance communication and ensures a reliable link. The halfduplex communication mode is pertained because most of the
data flows from the controllers to the manipulators. The data
transmission baud rate of 230.4kb/s is selected and to transmit
one character serially 10 bits (start 1 bit + data 8 bit + stop 1
bit) are required. The maximum character transmission
frequency can be calculated as 23040 characters per second
with the baud rate of 230.4kb/s.
D. Micromanipulator Drive Unit:
The main task of the Micromanipulator Drive Unit (MDU)
is to drive the micromanipulator actuators in a controlled
manner. It gets the position coordinate commands from the
micromanipulator controller then translates the RS-485 bus
communication standard to TTL UART and feeds it to the
microcontroller. The microcontroller extracts the position
information and computes the stepper motor drive signals by
applying the position control algorithm. The proximity sensors
mounted on each axis of micromanipulator sends the data to
microcontroller through the noise filter and de-bouncing
circuit. Finally, the stepper motor driver drives the stepper
motor. The stepper motor drive is configured in 1/16 micro
stepping modes. The motor can complete one revolution in 16

x 200 = 3200 steps with a resolution of 3600 / 3200 = 0.1125
degrees / step. The MDU PCB artwork and fabricated circuit
board is depicted in Figure 7.

fabrication of customized micromanipulators has contributed
towards the reduction of the overall cost of the proposed
system and without compromising on the accuracy and
precision. We are currently manufacturing the mechanical
components of a semi-automated system to be able to test the
proposed electronic design in the real-world setting.
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