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The Effect of Isoprostanes on endogenous amino acid transmitters in bovine eye balls 
By: LaKira Brown 

  
Introduction Isoprostanes are a new class of lipids that are generated in vivo, nonenzymatically during 

free radical mediated lipid peroxidation (LPO) of polyunsaturated fatty acids. Structurally, they are 

isomeric to prostaglandins, the cox-derived products of arachidonic acid (Paolo Montuschi, Peter J. Barnes 

and L. Jackson Roberts II1791-1800) Due to their chemical stability, they provide a reliable index for 

oxidant component of several diseases in vivo, a property that distinguishes them from other free radical 

generated products of arachidonic acid. Isoprostanes are therefore measured as indices of LPO in the body 

fluids such as blood, urine, bile, pericardial and cerebrospinal fluid, in addition to tissue (Rauen T. et al. 19-

31) Some isoprostanes have potent pharmacological effects in vitro and in vivo. For instance, in the 

mammalian iris ciliary bodies, they have been reported to modulate sympathetic neurotransmitter release 

(Opere et al. 386 - 392). In the retina 8-isoPGF2�  it has been shown to have a dual regulatory effect on 

exogenous glutamate release (Opere 1629-1632) 

Neurotransmitters are chemicals that are used to relay, amplify and change signals between a 

neuron and another cell. Neurotransmitters are synthesized endogenously, that is, within the presynaptic 

neuron. Neurons are a large class of cells in the nervous system. They can sometimes be called nerve cells. 

Neurons process and transmit information. (Rauen T. et al. 19-31) Glutamate is one of the 

neurotransmitters that are present in over 50% of the nervous tissue.  In the eye, it is a major excitatory 

neurotransmitter in the retina, where it serves as a synaptic messenger for three classes of neurons; the 

photoreceptors, bipolar cells and ganglion cells.  Excessive release of glutamate has been shown to be 

associated with excitotoxic neuronal cell death in the retina. 

 There is a large body of work dealing with the role of glutamate as a neurotransmitter in the retina, 

this represents more than twenty years of increasing effort in this field of study. There is a general 

agreement that photoreceptors, bipolar cells and ganglion cells in the vertical pathway use glutamate as a 
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neurotransmitter. Cones take up glutamate because it is heavily immunoreactive for glutamate mainly in the 

synaptic region or pedicle. Cones also show an electrogenic glutamate transporter. Post-synaptic glutamate 

receptors are carried by horizontal cells and bipolar cells. Glutamate is depolarizing to horizontal cells as 

well as OFF bipolar cells through non NMDA receptors (N-methyl d-aspartate). ON bipolar cells are 

hyperpolarized by glutamate through the sign inverting APB (2-amino-4-phosphonobutyrate). They are 

very highly conserved as well as post-synaptic to cones in retinae from amphibian to primates and they 

underlie the separation between ON and OFF channels that persist roughout the visual system. Rods are 

stained well for glutamate particularly in synaptic and spherule region. The light responses of horizontal 

cell axon terminals that receive input from rods are blocked by glutamate antagonists. The APB closes the 

channels isolated and identified rod bipolar cells from the retina. In the dark all the signals pass through a 

single type of rod bipolar cell, APB blocks all the activity that is driven by light in ganglion cells. APB 

copies the dark released rod transmitter which implies that the transmitter that the rods release is glutamate.  

Bipolar cells may also contain other neurotransmitters such as glycine and others but these substances are 

co-localised with high levels of glutamate. 

Glycine is the major inhibitory neurotransmitter in the retina and glutamine is a metabolite of 

glutamate. Glycine is found in ON cone bipolar cells. The most common transmitter candidates besides 

glutamate are aspartate, homocysteate and N-acetyl aspartyl glutamate (NAAG).  All of theses are 

structurally related to glutamate and interestingly they possess some of the same properties as glutamate.  

Aspartate is a relatively selective NMDA agonist and thus can mimic the action of glutamate at NMDA 

receptors.  However, even at NMDA receptors, aspartate is less potent than glutamate and aspartate is 

ineffective at other glutamate receptor.  In fact, glutamate is the only substance that directly activates all 

glutamate receptors.  But there is another way that aspartate can mimic the action of glutamate.  Aspartate 

and glutamate are both substrates for the acidic amino acid transporter.  Therefore, relatively high 
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concentrations of aspartate can block glutamate uptake, thus raising the extracellular concentration of 

glutamate sufficiently to activate receptors and associated ion channels.  High concentrations of aspartate 

can produce results that are blocked by glutamate antagonists. (Massey 201-221)  Therefore glutamate 

plays a very important role in the retina.  

Aim The aim of my project is to determine the effect of intravitreally applied isoprostanes, 8-

isoprostaglandin (PG) E2 and 8-isoPGF2�  on endogenous amino acid neurotransmitter levels in bovine 

retina, ex vivo.  

Materials and Methods Before the major part of the project began, minor steps had to be done. Centrifuge 

tubes had to be labeled and dated, sample number, isoprostane and concentration had to be indicated. Inside 

each tube was 500µl of perchloric Acid (PCA). The PCA was used to deproteinize the tissue/sample, also 

meaning to preserve the sample. The tubes were weighed and the numbers was recorded.  

The eyeballs were brought from “Omaha’s Slaughter House”  in an ice bucket. Initially, excess 

tissue was trimmed off of the eyeball before they were equilibrated in oxygenated Krebs buffer solution for 

30 minutes. Either isoprostane (test) or vehicle (control) was injected into the vitreous humor of each 

eyeball. The eyeballs were then incubated for 30 minutes in oxygenated Krebs buffer solution. The retina 

and the vitreous humor were isolated from the eyeballs and put into the centrifuge tubes containing PCA. 

The tubes were weighed again and the number was recorded. The tissues were homogenized and 

centrifuged at 14000rpm, 4ëC for 15 minutes. The tubes were then kept in a freezer at -80ëC for storage. 

After being frozen in the freezer the tubes were thawed and centrifuged again at 13000rpm at 3ëC for 15 

minutes. The tubes were placed on ice and ready for testing. The sample was put into a mini bottle for easy 

injection into the HPLC machine. The mini bottle contained 16µl of the sample, 4µl of homoserine, and 

50µl of o-phthaldialdehyde (OPA). The homoserine was used as an internal standard. The internal standard 

concentration was 5000ng/µl. The OPA is the derivatization agent which enabled easy detection of amino 
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acids. It was prepared with 27mg of o- phthaldialdehyde, 500µl of Ethanol, 20µ of mercaptoethanol, and 

4.5µl of borate buffer. The liquid in the mini bottle was injected into the High Pressure Liquid 

Chromatography machine (HPLC). 

The HPLC system: 

 The HPLC is a mode of chromatography which is most widely used in analytical technique due to 

its ability to easily separate a wide variety of chemical mixtures. It uses a liquid mobile phase to separate 

components of a mixture. The components are dissolved in a solvent and forced to flow through a 

chromatographic column under high pressure. The mixture is resolved into its separate components in the 

column , by their electrochemical properties.  This mobile phase is used to clean out the column that plays a 

major part in the detection process of the amino acid. In our study mobile phase was prepared by using 

7.098 of sodium phosphate, distilled water, 125ml of methanol and Phosphoric acid was used to adjust the 

pH level to 6.75. After the mobile phase was made the gas has to be sucked out using a gaseous machine. 

The mobile phase was then ready for its important job. The HPLC machine has 5 components; pump 

injector, column, detector, recorder or data system.  

Figure 1  

 
Fig. 1 The High Pressure Liquid Chromatography (HPLC) machine.  
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The pump is needed for forcing the solvents through the packed stationary phase beds. The flow 

rate of the pump has to remain stable. The flow rate that we used was .6ml per minute. The injector is an 

injector valve that sucks up the liquid out of the mini bottle into the column. The column is fitted with 

extremely small diameter. The internal diameter of the column is about 4 to 4.6mm. This is what the 

sample will go through to produce results. The column has to be under high pressure so it runs though a 

column heater. After going through the column the sample will then go through the detector. The detector 

passes a beam of light through the flowing column effluent as it passes through a low volume flowcell. 

Finally after the sample has been though the whole process, the results then go to data system. It is 

important to use an electronic data system. This increases the analysis accuracy and precision. This will 

then print out a graph of the analysis of the amino acids that were detected using perchloric acid and 

electrochemical detection. ("HPLC Introduction."34) Figure 2 provides a sample of the flow chart. 

Analysis of data 

With the graphs a comparison was done that compared the area under the peak (AUP) of the amino 

acid to the AUP of the homoserine. The internal standard concentration was 5000ng/µl 

 
amount of homoserine=  5000 x  4   x 30  
           70  
 
amount of homoserine x amount of amino acid ÷ 30 x 500 

area of homoseriene 
 
This provided the amount of amino acid that was detected in the sample. Another formula that was used 

was dividing the amount of the amino acid by the weight of the tissue. The weight of the tissue was 

obtained by subtracting the weight of test tube and pechloric acid from the weight of the test tube and 

pechloric acid and tissue. After we obtained all values off the different components of amino acids, we did 

a statistic analysis to show the significance between the drug and the control.   
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Results 
 

As indicated in Figure 3, intravitreous injection of 8-isoPGF2�  (Panel A) enhanced while 8-isoPGE2 

(Panel B) attenuated glutamate levels in bovine retinae. Low concentrations of 8-isoPGF2�  (10-10M; Figure 

3, Panel A) inhibited while higher concentrations (10-8-10-4 ) enhanced glutamine levels in the retinea. 

Interestingly, 8-isoPGE2 (10-10-10-4M) inhibited glutamine levels in the retina (Figure 4). 8-isoPGE2 (10-

8M) significantly (P< 0.001) inhibited the glycine levels in bovine retinae, ex vivo.  

 
 
Figure 2  

 
Fig. 2  Sample data of detected amino acids that prints of the data system. The y-axis is the amount 
detected and the x-axis is the time it was detected. The areas under the peak are the most important. It is 
used to tell how much of an amino acid was detected.  
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Fig. 3 Effect of isoprostanes (IsoP) on glutamate levels in bovine retinae, ex vivo. Control or in presence of 
8-isoPGF2�  (Panel A) and 8-isoPGE2 (Panel B). Vertical bars represent ± SEM. *P<0.05, significantly 
different from control. Number of observations in parenthesis 
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Fig.4 Effect of isoprostanes (IsoP) on glutamine levels in bovine retinae, ex vivo. 8-isoPGF2�  (Panel A) 
and 8-isoPGE2 (Panel B) % change form control. Vertical bars represent ± SEM. *P<0.05, **p<0.01 
significantly different from control. Number of observations in parenthesis 

-75

-50

-25

0

10-10Ml

10-8M
10-6M

10-4M

(4) (4) (4)(3)

*

**

**

B

G
lu

ta
m

in
e 

(%
ch

an
g

e 
fr

o
m

 c
o

n
tr

o
l)

-50

0

50

100

150

200 10-10Ml

10-8M

10-6M

10-4M

(4)
(4)

(4)

(3)*

**
G

lu
ta

m
in

e 
(%

ch
an

g
e 

fr
o

m
 c

o
n

tr
o

l)



 9 

0

100

200

300

400

500

600

700

800

900

CONTROL

10-8M

(4)

(3)
*

G
ly

ci
n

e 
(p

g
/m

g
 w

g
t)

                                 
 
 Figure 5: Effect of isoprostanes (IsoP) on glycine (10 nM) levels in bovine retinae, ex vivo. Control or in 
presence of 8-isoPGE2 (10 nM). Vertical bars represent ± SEM. ***P<0.001 significantly different from 
control. Number of observations in parenthesis 
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Discussion  

Glutamate is the major excitatory neurotransmitter in the retina. It transfers visual information from 

the retina to the brain and it is the transmitter that is released from photoreceptors, bipolar cells and 

ganglion cells. Glycine is an inhibitory transmitter found in bipolar cells. The receptors of glycine are 

found in neurons that are postsynaptic. It has been shown that excessive release of glutamate is associated 

with excitotoxic neuronal cell death in the retina. Evidence also shows that neurototoxicity could be 

involved in ischemic retinal disorders where excessive concentrations of this amino acid have been 

observed. (Rauen T. et al. 19-31)  In this study, we found that 8-isoPGF2�  enhanced glutamate levels, 

implying that 8-isoPGF2�  would make ocular condition diseases characterized by elevation of glutmate 

release worse. High glutamate levels have a potential of increasing toxicity in the eye.On the other hand, 8-

isoPGE2 reduced endogenous glutamate levels. It is therefore possible that 8-isoPGE2 it has a potential 

therapeutic role in some ocular diseases because it can be used to protect the eye from high levels of 

glutamate. 

Conclusion  

Intravitreally applied isoprostanes can regulate endogenous excitatory and inhibitory amino acid 

neurotransmitter levels in bovine retinae, ex vivo in addition to being markers of oxidative stress. Since the 

levels of isoprostanes are elevated under conditions characterized by oxidative stress, it is important to 

study their potential role in the physiological functions of the body.  
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