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Abstract. Interest in Müller cell physiology dates back to 1962, where the origin of b-wave 
signal from the retina was proposed to be originating from Müller cells. There are diseases such as 
hepatic retinopathy resulted from elevated blood ammonia level. Although injuries associated with 
ammonia exposure are well studied, retinal injuries have not been adequately described in the 
literature. The aim of this work is firstly to investigate the effects of ammonia (gas or solution) on the 
b-wave of rats’ retinae and secondly to employ Fourier transformation for the analysis of b-waves. To 
achieve these goals, albino rats were used where they exposed to ammonia, either via inhalation or 
instillation to the cornea. Retinal b-wave was recorded and then analyzed by Fourier transformation, 
taking into account the possible systemic role monitored by the erythrocytes osmotic fragility test and 
the hemoglobin characteristics. Our results indicate that the average b-wave can be resolved by 
Fourier transformation into several components that reflect the electrical/chemical coupling between 
Müller cells and the other retinal neurons. The recorded changes in the b-wave were influenced not 
only by the way of ammonia exposure, but also by ammonia induced fragile-erythrocytes. 
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INTRODUCTION  

In patients with liver insufficiency the blood ammonia concentration is 
elevated, which induces morphological, structural and functional retinal alterations 
referred to as hepatic retinopathy [17–22]. Occupational hazards due to ammonia 
exposure were increased as a consequence of different human activities and life 
modernization. Ammonia as a chemical compound is used as a fertilizer by 
agricultural workers [18]. It is the most important gas healthwise found in swine 
buildings because it can occur at levels high enough to be an irritant to the 
respiratory system [13]. Also, it is an important bulk chemical widely used in 
textiles, leather, plastics, pesticides, explosives, some refrigerant installations and 
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household cleaning products [6,18]. Ammonia is used as sprays in cases of 
criminal assault and armed robberies by the assailant as a method of causing 
temporary blindness [5], and can be produced due to different livestock operations 
[10]. The human is also a direct source of ammonia release. Blood and sweat 
ammonia concentration increased significantly during the incremental exercise [2].  

The area burned by ammonia may vary considerably [3] and depends on 
various factors such as ammonia concentration, extent of exposure, duration of 
contact, regional properties, and time to treatment [26]. Anhydrous ammonia’s 
affinity for mucosal surfaces commonly results in acute ocular injury presenting as 
uveitis, conjunctivitis, blepharospasm, and blindness, as well as ocular sequelae 
which include iritis, glaucoma, cataract and retinal atrophy [19]. Since the Müller 
cells are the main origin of the b-wave and its influencing by ammonia exposure 
has not been adequately described in the literature, we present in this article for the 
first time to our knowledge the analysis of b-wave by applying the Fourier 
transformation concept, and the impact of ammonia exposures on its functional 
characteristics with regard to the possible role of blood erythrocytes. 

MATERIALS AND METHODS  

EXPOSURE PROCEDURE 

Albino (Wister) rats, 175±25 g, were selected from the animal house facility 
at the Research Institute of Ophthalmology, Giza, Egypt. The research protocol 
was approved by the local ethical committee that applies the ARVO (The 
Association for Research in Vision and Ophthalmology) statements for using animals 
in ophthalmic and vision research. Rats were randomly divided into normal 
(control) and experimental groups (ammonia treatments). Six experimental groups, 
each composed of 15 rats (30 eye balls), were exposed to ammonia concentrations 
of 25, 50 or 100 ppm. Three experimental groups have inhaled ammonia vapor 
(INH-groups) in a specially designed chamber for one hour daily. The chamber 
was designed to have two parts separated by a porous stainless steel network. The 
lower part (10 cm height) contains 20 mL of different ammonia solutions (INH-25, 
INH-50 or INH-100 ppm). The glass lids of the animal’s chambers have two 5 cm 
openings to allow for atmospheric oxygen and the excess ammonia vapor to flow 
freely. All these treatments were continued for one week. The other three 
experimental groups (TOP-groups) were subjected to ammonia solution topically 
via single instillation of 10 µL of the different ammonia concentrations; TOP-25, 
TOP-50 or TOP-100 ppm to the cornea for 5 minutes. The ammonia was obtained 
from Bioedwic Co. (Cairo, Egypt) as a solution with concentration of 30%. 
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OSMOTIC FRAGILITY MEASUREMENT 

The method used to test the osmotic fragility of erythrocytes was carried out 
as previously described using increasing concentrations of NaCl solutions [23]. As 
NaCl concentration decreases from isotonicity, a fraction of the erythrocytes 
hemolysis and solutions acquire red color, which is measured spectrophotometrically 
at 540 nm. Freshly heparinized rat blood (50 µl) was mixed with 5 mL of different 
isotonic NaCl (0.9%) concentrations in the range 0–0.9%. The tubes were then 
mixed immediately by inverting them several times; care was taken to avoid the 
formation of foam. The suspensions were left for 30 min at room temperature, and 
then centrifuged for 5 minutes at 3000 rpm. The resultant supernatants were 
removed and the absorbance was estimated using Shimadzu uv-vis spectrometer 
(540a, Japan). Plotting the absorbance against NaCl concentrations resulted in a 
sigmoidal shape that is by differentiation yielding a Gaussian peak where the 
maximum value of this peak is known as the average osmotic fragility (H50). H50 is 
the NaCl concentration producing 50% hemolysis. 

HEMOGLOBIN EXTRACTION AND UV-VIS CHARACTERIZATION 

Based on the procedure previously described by Trivelli et al. [27], 
heparinized blood samples were centrifuged at 1500 rpm for 10 min at 4 ºC. The 
supernatant and the buffy coat were removed; the remaining packed cells were 
washed with two volumes of physiological saline (0.9% NaCl). This procedure was 
repeated two additional times, where the saline was removed after each washing. 
Packed erythrocytes were lyses with de-ionized water, and the mixture was 
centrifuged at 10000 rpm for 30 min at 4 ºC in order to obtain hemoglobin. The 
absorption spectra of different hemoglobin samples were recorded in the UV-
visible range 190–700 nm using Shimadzu UV-vis 240a spectrometer (Japan). 

RECORDING OF RETINAL b-WAVE 

The animals were dark adapted for 3 hours before the electrophysiological 
recording. They were anesthetized intraperitoneally by 35 mg/kg sodium thiopental, 
and after establishing the anesthesia, animals were placed on the pad of an 
operating table where their body temperature was maintained at 37 ºC. Each rat 
was positioned with its head resting to one side and local anesthesizing eye drops 
were also applied. The electroretinogram (ERG) was recorded by using three Ag-
AgCl electrodes. The active electrode was a wick electrode placed at the corneal 
periphery. The other two electrodes were placed on the skin of the lower eyelid and 
on the ear, as reference and earthed electrodes, respectively. A white flash was 
used in this work with fixed intensity (4 lux) and duration (0.2 s). The resulted 
electrophysiological signals were pre-amplified using CEPTU preamplifier 
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(Bioscience, UK). The pre-amplified signals were delivered to a computer system 
attached to a digital oscilloscope (Velleman Co., Taiwan), to be recorded and 
analyzed by the provided software. 

STATISTICAL ANALYSIS 

Data were expressed as the mean±SD. Comparison between multiple groups 
was performed using analysis of variance (ANOVA), commercially available 
statistical software package (SPSS-11, for windows) was used where the 
significance level was set at p<0.05.  All the spectral analysis was performed with 
OriginPro 7.5 software (Origin Lab Corporation, Northampton, MA, USA). 

RESULTS 

OSMOTIC FRAGILITY 

The osmotic fragility data for rat erythrocytes are illustrated in Figure 1, 
where the normalized data are presented in panel (a). For better evaluation of these 
normalized curves, they were differentiated and represented in panel (b). Different 
parameters can be estimated from such mathematical manipulations. These 
parameters are: the average osmotic fragility (the peak position at x-axis, H50), 
peak intensity and peak width as shown in Table 1. It is clear from Figure 1a that 
the hemolytic curves were shifted to the right side, relative to the normal, due to 
the inhalation of different concentrations of ammonia vapor. The average osmotic 
fragility as well as the corresponding peak width were increased, these changes 
were concomitant with a significant decrease in the peak intensities. 

 

 
Fig. 1. Hemolytic curves in rats erythrocytes exposed to different concentrations of ammonia vapor 

(a), and (b) the average osmotic fragility obtained by the differentiation of curves in panel (a). 
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Table 1 

Summary of the different parameters that resulted from the differentiation of the hemolytic curves  

 Peak 
position (H50) 

Peak intensity Peak width 

Normal 48 ± 0.3 0.055 10.3 ± 0.9 

V-25 ppm †67.8 ± 0.1 †0.04 †16.5 ± 1.5 

V-50 ppm †71.2 ± 0.6 †0.044 †15.0 ± 1.0 

V-100 ppm †67.7 ± 1.0 †0.048 †15.7 ± 0.7 

† Statistically significant. 

HEMOGLOBIN CHARACTERIZATION 

The UV-vis spectra, in the range 190–700 nm, of the hemoglobin molecule 
for the normal and ammonia treatment groups are shown in panel (a) of Figure 2. 
The transitions exhibited by the hemoglobin molecule in this range involve loosely 
bound (n or π ) electrons. All the hemoglobin spectra prepared from the different 
ammonia vapor inhaled groups were characterized by the presence of six bands 
(bands 1–6) as the normal pattern. Below 200 nm, about 190 nm, the absorption 
band (band 1) is due to the absorption of light by the peptide bonds between the 
amino acid residues, which are large in number and overlap heavily, so it is 
difficult to resolve and assign spectral changes. In the UV range 250–300 nm (band 
2), the absorption of light is due to the delocalized electrons of the aromatic side 
chains [11].  

In the wavelength region 300 to 700 nm, the absorption of light is associated 
with the excitation of the porphyrin structure. The molecular orbitals involved in 
the electronic transitions come from the porphyrin ring, iron atom and axial ligand. 
The coordinated-covalent bond between iron and the proximal histidine exhibits 
transition at 340 nm (band 3) as previously mentioned by Ashry et al., [4]. The 
porphyrin ring shows a characteristic intense band near 400 nm (band 4), and two 
additional bands near 550 nm (band 5) and 570 nm (band 6). The band near 570 
nm is considered to be purely electronic transition involving the porphyrin ring of 
the heme group, while that near 550 nm is considered to be composed of vibronic 
transitions [16]. Accordingly, as shown in Table 2, each detected band has the 
same characteristic parameters (intensity, band width and band area) as its 
corresponding normal one. Moreover, the structural characteristics of Hb 
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molecules can be better understood by the different intensity ratios mentioned in 
that table. The ratio I(6)/(5) is larger than unity for oxygenated Hb, if there is 
decrease in this ratio it indicates the transformation of Hb molecule to the oxidized 
form which is not our case. The change in the ratios I(4)/(2) (increase) and I(4)/(6) 

(decrease) reflects the presence of free heme and the breakdown of Hb molecule 
respectively. The non-covalent bond between the heme and the protein parts was 
not affected as indicated by the absorbance of band (3), which implies that this 
bond is in its normal stretching state and did not breakdown. The second 
derivatives of Hb spectra shown in panel (b) were used to resolve any overlapped 
peaks as well as for the precise estimation of the peak positions. No change in the 
total number of peaks was detected. 

 

 
Fig. 2. UV-Visible absorption spectra of hemoglobin samples prepared from the normal  

and ammonia vapor treated groups (a), and their second derivative spectra (b). 

ANALYSIS OF b-WAVE 

Figure 3 shows the average b-wave of the different groups relative to the 
normal one. The useful parameters that can be used to characterize the b-wave are 
the amplitude, which reflects the activity of the Müller cells, and the width (time 
latency) that reflects the response time of the cells. In the normal b-wave, the 
amplitude was 0.92±0.1 mV where its width was 1.8±0.02 ms. Due to the 
inhalation of ammonia vapor there was a significant decrease in the amplitude 
(0.3–0.4 mV) associated with a significant increase in the corresponding time 
latency (4–4.5 ms). On the other hand, the same phenomena were noticed for the 
TOP-groups with different magnitudes; the amplitude range was 0.4–0.7 mV and 
the time latency was 2.9–3.9 ms. 
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Table 2 

Summary of the hemoglobin characteristic bands and the different intensity ratios 

ppm Band (1) Band (2) Band (3) Band (4) Band (5) Band (6) ‡I(4)/(2) ‡I(4)/(6) ‡I(6)/(5) 

Normal 
*27.3±1.5

†36±1.7 
14.0±4.6 
3.9±1.0 

14.1±4.9
1.3±0.9 

28.5±1.3
41±1.3 

20.7±3.4
3.1±1.7 

24.6±1.5
5.2±1.9 4.0±0.3 6±0.5 1.3±0.3 

INH-25 
*26.6±1.4 
†37.2±1.4

11.9±6.5 
2.2±0.5 

14.8±5.4
1.3±1.0 

28±1.4 
39.2±1.4

23.1±5.5
3.3±1.9 

24.2±1.5
4.7±2.0 4.4±0.4 6.3±0.1 1.2±0.4 

INH-50 
*26.8±1.6
†32.4±1.4

12.2±4.5 
3.3±0.9 

14.0±3.8
1.4±0.93

29.5±1.3
43.4±1.4

20.1±2.4
3.2±1.7 

23.8±4.6
5.4±1.9 4.6±0.4 6.0±0.2 1.3±0.1 

INH-
100 

*26.7±1.5
†34.2±1.4

13.4±4.5 
3.6±0.9 

15.6±3.5
1.6±1.0 

28.3±1.3
40.3±1.3

21.6±2.3
3.2±1.9 

24.2±1.2
5.1±1.9 4.1±0.2 6.0±0.3 1.3±0.2 

* First line in each cell reflects the band width ± S.D. 
† Second line in each cell reflects the area of the band ± S.D. 
‡ Intensity ratio of the bands. 
 

 
Fig. 3. Typical b-waves trace for normal and different ammonia treatment groups. 

Fourier transformation is widely used in spectroscopy, particularly FTIR. 
With Fourier transformation, it is possible to monitor changes in the structure and 
properties of biomolecules such as DNA, RNA, proteins, carbohydrates, lipids in 
biological tissues and cell, simultaneously. Fourier transform (Figure 4) with fourth 
derivative, deconvolution and non-linear curve fitting methods were used to 
analyze b-wave signals from the Müller cells of the various animal groups used in 
this study. As illustrated in Figure 3, the average peak of the normal b-wave can be 
resolved by the curve enhancement procedure into three components with specific 
intensity (i.e. amplitude), peak width and peak area that are shown in Table 3. The 
b-wave of the INH-25 ppm and INH-50 ppm was characterized by three 
components too but with different amplitudes, peak widths and peak areas. As the 
inhaled ammonia concentration increased to 100 ppm, the average b-wave 
indicates the presence of four components. On the other hand, the TOP-groups 
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show another behavior where the number of the estimated components was three 
for the TOP-25 ppm, and then it increased into four components for the TOP-50 
ppm and TOP-100 ppm groups. Again the relative distribution of these estimated 
components was differing from that of the INH-groups. The number of the 
estimated peaks was confirmed by the fourth derivatives shown in Figure 4. 

 

 
Fig. 4. Fourier deconvolution of the recorded b-waves for all studied groups and the different 

coupling components that resulted from the curve enhancement procedure. 

 
Fig. 5. Fourth derivative of the average b-waves used to confirm the number  

of estimated coupling components. 

As shown in Table 3, these estimated components were named as comp 1–4. 
The detailed analysis of these components indicates that component 1 amplitude 
was decreased for all ammonia treatment groups, while its width increased for all 
ammonia exposure groups but TOP-100 ppm. On the other hand, the area under the 



9 Analysis of retinal b-wave due to ammonia exposure  

 

277 

estimated peaks was found to be decreased in all ammonia exposed groups but 
TOP-25 ppm, thus mimicking the normal value of this peak. Considering 
component 2, the decreased amplitude was established only for INH-50 ppm and 
INH-100 ppm, while it fluctuated for TOP-groups, i.e., suddenly increased at  
TOP-25 ppm and then mimicking the normal at TOP-50 ppm, finally it decreased 
for the TOP-100 ppm group. The width of this component shows different 
characteristics; unchanged for INH-groups, and decreased for TOP-groups with the 
maximum decrease noticed at TOP-100 ppm group. Looking to the area, it is not 
changed at INH-25 ppm or INH-50 ppm, but decreased for the higher  
INH-ammonia concentration; 100 ppm. Regarding the peak area of the TOP-groups, 
it was found to be increased for TOP-25 ppm and TOP-50 ppm groups, while 
decreased at TOP-100 ppm one. 

Table 3 

Analysis of the average b-wave by Fourier transformation for all studied groups 

Estimated components of b-wave  
ppm 

Amplitude 
(mV) 

Latency 
(msec) Comp1 Comp 2 Comp 3 Comp 4 

Normal 0.92±0.07 1.8±0.2 

a0.7 
b1.3±0.03 
c1.1±0.06 

0.3 
3.2±0.2 

1.0±0.07 

0.01 
7.4±1.3 
0.35±0.1 

 

INH-25  †0.4±0.03 †4.31±0.4 

a0.08 
b2.8± 0.6 
c0.3±0.1 

0.3 
4.5±1.1 
1.5±0.8 

0.04 
3.9±1.5 

0.17±0.03 

 

INH-50 †0.3±0.02 †3.8±0.4 

a0.13 
b3.1±0.7 

c0.5±0.06 

0.22 
3.6±0.5 
1.0±0.1 

0.02 
1.5±0.5 

0.03±0.01 

 

INH-
100  

†0.3±0.07 †4.5±0.3 

a0.07 
b2.5±0.4 

c0.2±0.08 

0.1 
3.2±0.3 

0.4±0.06 

0.12 
2.9±0.1 
0.4±0.02 

0.06 
3.4±0.8 
0.3±0.09 

TOP-25  †0.7±0.07 †2.9±0.3 

a0.42 
b1.9±0.5 

c1.02±0.1 

0.59 
2.6±0.6 
1.9±0.5 

0.06 
3.4±0.6 
0.3±0.04 

 

TOP-50  †0.7±0.06 †3.9±0.1 

a0.31 
b2.12±0.4 
c0.8±0.06 

0.33 
2.0±0.3 

0.8±0.07 

0.3 
4.3±0.2 
1.6±0.3 

0.24 
2.1±0.6 
0.6±0.03 

TOP-
100 

†0.4±0.05 †3.9±0.3 

a0.05 
b1.08±0.05 
c0.07±0.01 

0.17 
1.3±0.4 
0.3±0.1 

0.17 
1.6±0.1 

0.33±0.08 

0.32 
3.1±0.3 
1.3±0.2 

a) The first line in these cells indicates the intensity value of the estimated component. b) The 
second line in these cells indicates the width of each estimated component±SD. c) The third 
line in these cells indicates the area of each estimated component±SD. 
† Statistically significant 
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The amplitude of component 3 was increased in all ammonia treatment 
groups associated by decreased peak width also, in all groups. The area of these 
estimated components fluctuated without any specific trend that could be related to 
the ammonia exposure way or the ammonia concentration. It was decreased for 
INH-25 ppm, INH-50 ppm and TOP-50 ppm groups; and none changed for the rest 
of the groups. Component 4 appeared after the exposure to the highest INH-
ammonia concentration, INH-100 ppm. As the ammonia applied topically, this 
component appeared at TOP-50 ppm and TOP-100 ppm groups, with amplitude, 
width and area values that proportionally increased with the applied ammonia 
concentration. 

DISCUSSION 

Müller cells are distributed radially across all retinal layers [1]. Interest in 
their physiological properties began many years ago when Faber [14] first 
proposed that the b-wave of the electroretinogram (ERG) was generated by the 
Müller cells. They constitute an anatomical and functional link between retinal 
neurons and blood vessels, and support the neurons by providing neurotrophic 
factors and blood-derived nutrients and by removing metabolic waste. Also, they 
are responsible for the maintenance of the homeostasis of the retinal extracellular 
milieu (ions, water, neurotransmitter molecules, and pH). Recent data suggest that 
they may also more directly contribute to information processing in the retina via 
modulation of the light-driven activity of ganglion cells [8]. 

The common analysis of b-wave aims to document its amplitude and width. 
Here, our recent analysis brings the area of the b-wave signal into consideration. 
Also, analyzing the contour of the b-wave using Fourier transformation concept 
combined with the non-linear curve fitting aiming to resolve the complex coupling 
nature between Müller cells and the other retinal neurons. As previously 
mentioned, the b-wave amplitude is indicative for the activity of Müller cells, while 
its width reflects the response time of the cells. In spectroscopy, the peak area 
usually indicates the concentration of that compound. In this work, the area reflects 
the number of Müller cells which participate in such chemical / electrical and/or 
metabolic coupling. Each estimated component resulted from Fourier analysis 
indicates a change in the relative coupling of the Müller-neurons network. 
Considering component 2, the number of cells responsible for such coupling was 
oscillating up or down its normal one, and in the two groups, INH-25 ppm and 
INH-50 ppm, it is the same. This may reflect a transitional coupling of Müller cells 
according to the actual physiological situation (s). 

The response time of component 3 was increased relative to its normal one. 
Our detailed analysis gives the impetus that this component is directly related to 
Müller cells since it is the only component which shows a systematic response to 
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ammonia exposure regardless the exposure way. Another evidence that confirms 
this hypothesis comes from its amplitude that reflects the activity of the cells which 
participated in such interaction (increased activity). The number of the cells 
responsible for such interaction (peak area) was fluctuated without specific trends, 
meaning that such fluctuations are a normal physiological response buffering the 
induced stress. In the same context, component 4 is sensitive to the applied 
ammonia concentration since it was detected at higher ammonia concentrations, 
which may be indicative to the detoxification capacity of Müller cells. On the other 
hand, the activity of Müller cells inducing component 1 was decreased for all 
ammonia treatment groups accompanied by delayed response time but not for 
TOP-100 ppm. Regarding the number of cells involved in such coupling, it was 
decreased too but not for the TOP-25 ppm. It should be kept in our mind that these 
different coupling components do not operate independently; they produce the 
integral-average b-wave, therefore they reflect the functional interactions between 
Müller cells and retinal neurons including metabolic symbiosis and the processing 
of visual information.  Accordingly, the integral activity of Müller cells was 
decreased due to ammonia exposure concomitant with delayed response time. 

Comparing the b-wave between the INH-groups and TOP-ones would take 
either the possible systemic effects as well as the possible role of the cornea into 
consideration. The osmotic fragility of blood erythrocytes relates to the ability of 
its membrane to maintain its structural integrity when exposed to an osmotic stress. 
The osmolality at which the cells lyse is related to their shape, deformability and 
surface area/volume ratio, and is dependent upon their intrinsic membrane 
properties [7–24]. All the inhaled ammonia concentrations induce changes in the 
erythrocyte membrane characteristics that resulted in fragile erythrocytes as 
indicated by the right-shift of the sigmoidal curves (Figure 1a); this is also 
confirmed by resulted Gaussian peaks shown in panel b of Figure 1, where the 
increased peak width (Table 1) is indicative for abnormal increase in membrane 
elasticity. Roper et al. [23] mentioned that this right-shift also means that there is 
change in the shape of the erythrocytes that become spherical rather than ellipsoid, 
which will affect (reduce) its deformability. The retina is a highly metabolic organ; 
the b-wave was found to be affected by blood flow through the central retinal 
artery in laboratory animals [9–21] or in human patients [20]. Therefore, the 
recorded changes in the average-b-wave as well as in the individual coupling 
components will be influenced by the change in the blood flow/metabolic supply 
due to ammonia-induced fragile erythrocytes. On the other hand, the cornea 
contributes to approximately 2/3 of the total refraction of the eye [12]. In a 
previous study by Sherif [25] on the toxic effects of ammonia (gas or liquid), there 
were structural changes as well as vibrational ones that include both corneal lipids 
and proteins, which established the indirect essential role of the corneal tissue on 
imperfection of the eye. Both modes of ammonia application have a dualistic 
effect. The recorded b-wave characteristics in the INH-mode were affected by the 
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systemic toxic effect as well as the corneal changes. While, in the TOP-mode, the 
recorded b-wave characteristic was affected directly by the corneal toxicity 
associated with the topical application of ammonia, and by ammonia that diffused 
to the anterior chamber after a few seconds of injury, because of its high lipid 
solubility [15]. 

In conclusion, this article shows the possibility of applying the Fourier theory 
for the analysis of retinal b-wave, and that the estimated components reflect the 
different coupling between the Müller cells and the other neurons. There is the 
possibility that the recorded changes in the b-wave influenced by the pH changes 
associated with ammonia exposure and in case of topical contact there is the 
possibility of thermal damage since ammonia interacts with tissue water via an 
exothermic reaction. Applying this analysis for diagnostic purposes required 
further investigations since the ERG in different species differs not only due to 
species differences, but also due to the difference in the relative densities of the 
rods and cones. The toxic effect resulted from the inhaled ammonia does not 
extend to hemoglobin involving only the erythrocytes membrane. 
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