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Abstract
We compared the effects of monocarboxylic and dicarboxylic acids on osmotic fragility (OF) in rat and guinea pig
red blood cells (RBCs) in vitro. Monocarboxylic acids possessing 4 to 8 straight-chain hydrocarbons increased OF in
rat RBCs in a concentration-dependent manner. The increases in OF were also dependent on the number of
carbons in the hydrocarbon chain bonded to the carboxylic group. Benzoic and cyclohexane-monocarboxylic acids
also increased OF in rat RBCs in a dose-dependent manner. Although most of the dicarboxylic acids possessing a
straight hydrocarbon chain decreased OF in rat RBCs, malonic acid showed the greatest potential to decrease OF
among the substances tested. None of the monocarboxylic acids increased OF in guinea pig RBCs. Among the
dicarboxylic acids possessing a benzene ring, isophthalic and terephthalic, but not phthalic acid, decreased OF in
rat RBCs dose-dependently. Three cyclohexane-dicarboxylic acids decreased OF in guinea pig RBCs, while they
had no effect on OF in rat RBCs. With regard to the action of those carboxylic acids on the cell membrane,
hydrophobic hydrocarbons of a certain structure are thought to enter the phospholipid layer with the hydrophilic
carboxylic group remaining at the membrane surface where it affects the nature of the cell membrane, thus changing
osmotic resistance in the RBCs. Inter-species differences in the RBC membrane were confirmed in the OF response
to those carboxylic acids. The differences in OF response to the monocarboxylic and dicarboxylic acids observed in
rat and guinea pig RBCs are speculated to be due to differences in the nature of the RBC membrane formed by the
various phospholipids.

Keywords: Carboxylic acid; Erythrocyte; Membrane; Osmotic
fragility; Guinea pig; Rat; Inter-species differences; Phospholipid

Introduction
Previous reports have shown that osmotic fragility (OF) in
erythrocytes is a useful indicator for evaluating the interactions
between various substances and the cell membrane in vitro. It was
demonstrated that general [1] and local anesthetics [2], some kinds of
drugs [3] and toxins [4], as well as inorganic [5] and organic
compounds [6] have the potential to change OF in red blood cells
(RBCs). The cholesterol content, which is one of major components of
the cell membrane, is known to affect membrane fragility in
erythrocytes [7,8]. However, the mechanisms underlying these changes
in OF in RBCs have not been clarified in detail.
We have demonstrated that the application of various kinds of
monocarboxylic and dicarboxylic acids changes OF in isolated RBCs
in rats in vitro [9]. Some monocarboxylic acids, possessing straight
hydrocarbon chains of more than 4 carbon atoms in length, increase
OF in both a dose-dependent and carbon atom number-dependent
manner. Benzene-monocarboxylic acid (Benzoic acid) and some of its
derivatives also increase OF in rat RBCs [10]. On the other hand, some
dicarboxylic acids, including benzene dicarboxylic acids, decrease OF
in rat RBCs [11]. A series of experiments indicated that
monocarboxylic and dicarboxylic acids directly affect the cell
membrane, particularly the phospholipid layer, and change its
resistance to osmotic pressure in rat erythrocytes [9,11].
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In terms of their physico-chemical characteristics, both
monocarboxylic and dicarboxylic acids are amphipathic substances,
being composed of a hydrophobic hydrocarbon and one or two
hydrophilic carboxylic groups. In terms of their direct effect on the
RBC membrane, the hydrophobic hydrocarbon element is thought to
enter the RBC membrane while the hydrophilic carboxylic groups
remain outside, interacting with the phospholipids distributed on the
outer surface of the cell membrane. Interactions between the
hydrocarbon bound to the carboxylic group and phospholipids in the
plasma membrane are thought to affect RBC resistance to osmotic
pressure.
We have used rat RBCs as a prototypical cellular model system to
examine chemical-mediated effects on the plasma membrane.
However, there have been many reports that the composition of
phospholipids in erythrocytes appear to differ among species [12-15].
It is, therefore, now unclear whether the effects of monocarboxylic
acids and/or dicarboxylic acids on OF are a particular phenomenon in
rat erythrocytes or represent a common characteristic in erythrocytes
across animal species.
Thus, we compared the OF response to some monocarboxylic and
dicarboxylic acids in RBCs isolated from rats and guinea pigs whether
the OF response to various carboxylic acids reported in rat RBCs was
similar to that in guinea pig RBCs and gain better further insight into
the problem of inter-species differences.
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Animals
The animals were maintained in accordance with the National
Institutes of Health Guidelines for the Care and Use of Laboratory
Animals. The feeding of animals and sampling of blood were
performed at the Institute of Experimental Animals in the New Drug
Research Center, Inc. (Eniwa, Hokkaido, Japan).
Male Sprague-Dawley rats (Crl:CD (SD), 8 weeks old, Charles River
Laboratories Japan, Inc., Japan) and male Hartley guinea pigs
(Slc:Hartley, 4 weeks old, Japan SLC, Shizuoka, Japan) were housed in
individual stainless-steel metabolic cages. The cages were placed in a
room with controlled temperature (22 ± 3˚C), relative humidity (50 ±
20%) and lighting (light 08:00-20:00). The animals had free access to
tap water and a pelleted rat (CRF-1, Oriental yeast Co., Ltd., Tokyo,
Japan) or guinea pig diet (Labo G standard, Nosan Co., Yokohama,
Japan) for more than 1 week before the start of the experiments. Blood
samples were collected from the rats (387 ± 31 g, n=8) and guinea pigs
(415 ± 74 g, n=12) from 9 to 12 (10 ± 1 weeks) and 5 to 7 weeks old (6
± 1 weeks), respectively.

Reagents
Biochemical grade formic acid, acetic acid, propionic acid, n-butyric
acid, n-valeric acid, n-caproic acid, n-enathic acid, n-capric acid, oxalic
acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic
acid, suberic acid, azelaic acid, benzene-monocarboxylic acid (benzoic
acid), 1, 2-benzenedicarboxylic acid (phthalic acid), 1, 3benzenedicarboxylic acid (isophthalic acid), 1, 4-benzenedicarboxylic
acid (terephthalic acid), cyclohexane-monocarboxylic acid, and 1, 2-,
1, 3-, and 1, 4-cyclohexane-dicarboxylic acids (cis- and trans- mixture)
were purchased from Tokyo Kasei Kogyo Co., Ltd (Tokyo, Japan) or
Wako Pure chemical Co., Ltd. (Osaka, Japan). All other reagents used
in this study were of biochemical grade.
All patients with medical conditions were first managed by the
specialist to treat the primary causes and all patients were evaluated
post operatively regarding to: discharge destination, mortality,
morbidity, pain status and daily activity.

Preparation of rat and guinea pig RBCs
On the day of the experiment, the rats and guinea pigs were
anesthetized with pentobarbital sodium (60 mg/kg). Blood samples
(12-15 ml) were collected into heparinized test tubes from the
abdominal aorta in rats and the postcava in guinea pigs. The RBCs
were separated from the plasma by centrifugation at 2000 g for 15 min
(Model 2420, Kubota Inc., Tokyo, Japan). The crude RBCs obtained
were then washed three times with cold 0.9% NaCl solution at two
times the volume of RBCs. A dense-packed cell suspension was
obtained and thereafter kept in ice-cold water until subsequent
treatment.

Experimental Procedure
The experimental procedures were similar to those reported
previously [10,11]. The dense-packed cell suspension (30 µl) was
transferred into a 0.6 ml of phosphate-NaCl buffer solution (pH 7.4)
containing monocarboxylic or dicarboxylic acids at 0, 0.1, 0.25, 0.5, 1,
2.5, 5, 10, 25, 50 and 100 mM in 1.5-ml micro test tubes (Nichiryo Co.,
Ltd., Tokyo, Japan). The osmolarity was regulated by the amount of
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NaCl added to the buffer solution when each substance was applied. To
compare the effect of each monocarboxylic acid (parent chemical) and
its corresponding dicarboxylic acid, OF determination was undertaken
using RBCs obtained from the same animal. All RBC suspensions used
for treatment with the chemical compounds were incubated by shaking
(1 stroke/sec) at 37ºC for 1 hr (Shaking Bath TBK 202 DA. Advantec
Co., Ltd., Tokyo, Japan). Each RBC suspension was mixed gently by
mixer (Vortex Genie 2, model-G560, Scientific Industry, Inc. NY.,
USA) after incubation, and then 50 µl aliquots were transferred into a
96 deep-well micro-plate (2 ml volume, Whatman Inc., Piscataway, NJ,
USA) containing 1 ml of NaCl solution ranging from 0.1 to 0.8%. The
deep well plate was immediately centrifuged at 1300 g (Plate Spin II,
Kubota Inc., Tokyo, Japan) for 10 min at room temperature. The
supernatants (200 µl) containing various concentrations of
hemoglobin derived from the hemolyzed RBCs were transferred into
another 96 well micro-plate (300 µl volume, Whatman Inc.,
Piscataway, NJ, USA) and determined colorimetrically at 540 nm
(Microplate Reader Model 680, Bio-Rad Laboratories, Tokyo, Japan).

Statistical Analysis
Complete hemolysis of the RBC suspension occurred in the 0.1%
NaCl solution, for which the hemoglobin concentration was defined as
100%. Hemolysis of the RBCs did not occur in the 0.8% NaCl solution,
for which the hemoglobin concentration was defined as 0%. The
effective concentration of the NaCl solution inducing 50% hemolysis
(EC50) of the applied RBCs was calculated from the hemolysis curve
by using a straight-line equation between the points immediately
adjacent to 50%. The EC50 value was used to indicate OF in the
erythrocytes. All values are expressed as means ± S.D. The significance
of the differences between the control (0 mM) and subsequent
concentrations (0.1-100 mM) was determined by Dunnett’s test
following one-way ANOVA. Statistical analyses were performed using
Excel Tokei for Windows 2012 (SSRI Co., Ltd., Tokyo, Japan). A
difference with P<0.05 was considered to be statistically significant.

120
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Figure 1: Typical hemolytic curves for rat and guinea pig RBCs
exposed to monocarboxylic and dicarboxylic acids. Data for rats
(left panel) and guinea pigs (right panel) are shown. Values are
means ± SD (n=6). Hemolytic curves for rat and guinea pig RBCs
were obtained after exposure to substances at each concentration
for 1 hr. Curves were determined for the control (no tested
substance) at 0 mM, and n-valeric, n-enathic, adipic and suberic
acid at 100 mM (other concentrations not shown). The EC50 values
for hemolysis (concentration in NaCl%) were obtained using a
straight-line equation between the points immediately above and
below 50%. The values obtained were used as a measure of OF.
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Figure 2: Effects of monocarboxylic acids with straight hydrocarbon
chains and their corresponding dicarboxylic acids on OF in rat and
guinea pig RBCs. Data for rats (left panel) and guinea pigs (right
panel) are shown. Comparisons between the effects of formic and
oxalic acid (A), acetic and malonic acid (B), propionic and succinic
acid (C), and n-butyric and glutaric acid (D) are presented. Values
are the means ± SD (n=6). The monocarboxylic acid is represented
by closed circles (●) and the dicarboxylic acid by closed triangles
(▲). Open symbols indicate that there was a significant difference
between the control (0 mM) and subsequent concentrations
(0.1-100 mM) on the basis of Dunnett’s test (P<0.05).

Results
Typical hemolytic curves for rat and guinea pig RBCs in
response to monocarboxylic and dicarboxylic acids
Typical hemolytic curves for rat and guinea pig RBCs exposed to
monocarboxylic and dicarboxylic acids are shown in Figure 1. The 50%
hemolysis of the added RBCs was defined as the EC50 value and used
as a measure of OF. The EC50 value in rat RBCs was 0.357 ± 0.018 for
the control at 0 mM, 0.483 ± 0.030 for n-valeric acid at 100 mM, 0.580
± 0.043 for n-enathic acid at 100 mM, 0.308 ± 0.045 for adipic acid at
100 mM and 0.312 ± 0.024 for suberic acid. The curves were shifted to
be right with increases in monocarboxylic acid concentration and were
shifted slightly to be left with increases in dicarboxylic acid
concentration. On the other hand, in guinea pig RBCs, the EC50 value
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was 0.379 ± 0.018 (control at 0 mM), 0.393 ± 0.015 (n-valeric acid at
100 mM), 0.345 ± 0.022 (n-enathic acid at 100 mM), 0.357 ± 0.013
(adipic acid at 100 mM) and 0.343 ± 0.007 (suberic acid at 100 mM).
The curves were not changed by treatment with monocarboxylic acid
and were slightly shifted to the left by treatment with dicarboxylic acid
in a concentration-dependent manner.
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Figure 3: Effects of monocarboxylic acids with straight hydrocarbon
chains and their corresponding dicarboxylic acids on OF in rat and
guinea pig RBCs. Data for rats (left panel) and guinea pigs (right
panel) data are shown. Comparisons between the effects of n-valeric
and adipic acid (A), n-caproic and pimelic acid (B), n-enathic and
suberic acid (C), and n-capric and azelaic acid (D) are presented.
Values are the means ± SD (n=6). The monocarboxylic acid is
represented by closed circles (●) and the dicarboxylic acid by closed
triangles (▲). Open symbols indicate that there was a significant
difference between the control (0 mM) and subsequent
concentrations (0.1-100 mM) on the basis of Dunnett’s test
(P<0.05).

The effects of monocarboxylic and dicarboxylic acids
possessing straight hydrocarbon chains on OF in rat and
guinea pig RBCs
Concentration-response relationships between the tested chemicals
and their effects on the EC50 values in rat and guinea pig RBCs are
shown in Figures 2 and 3.
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The effects of monocarboxylic and dicarboxylic acids
possessing ring-like hydrocarbons on OF in rat and guinea
pig RBCs.
The application of benzoic acid increased OF in rat RBCs, with OF
values significantly higher than the control value (0 mM) observed at
concentrations above 25 mM (P<0.05) (Figure 4A). Although phthalic
acid treatment did not affect OF in rat RBCs, isophthalic and
terephthalic acids both decreased OF in a dose-dependent manner. OF
values significantly lower than the control value (0 mM) were induced
at 50 and 100 mM (P<0.05). In guinea pig RBCs, the application of
benzoic acid, phthalic and terephthalic acids decreased OF, with the
values obtained at 100 mM being significantly lower than the control
value (P<0.05) (Figure 4A). Isophthalic acid tended to decrease OF, but
the change was not statistically significant.
For compounds possessing a cyclohexane ring, cyclohexanemonocarboxylic acid increased OF in rat RBCs in a dose-dependent
manner, with the values obtained at 10 mM or more being significantly
higher than the control value (P<0.05) (Figure 4B). The three kinds of
cyclohexane-dicarboxylic acid tested did not affect OF in rat RBCs at
any of the concentrations tested. In guinea pig RBCs, cyclohexanemonocarboxylic acid and the three tested cyclohexane-dicarboxylic
acids decreased OF, with the values obtained at 50 and/or 100 mM
being significantly lower than the control value (P<0.05) (Figure 4B).

Discussion
The results of this study showed that OF responses to
monocarboxylic acids and dicarboxylic acids vary considerably
between rat and guinea pig erythrocytes. Most of the monocarboxylic
acids tested, except for those possessing a short, straight hydrocarbon
chain, demonstrated OF-increasing activity in rat RBCs. However,
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Except for formic acid and n-capric acid, the treatment of guinea
pig RBCs with monocarboxylic acids did not change the OF (Figures 2
and 3). Formic acid gradually decreased OF with increases in
concentration with statistically significant decreases (P<0.05) obtained
at concentrations of 10 mM or more (Figure 2A). Although no change
in OF was observed on treatment with n-capric acid up to 25 mM,
hemolysis of the RBCs occurred abruptly at concentrations of 50 and
100 mM. Thus, no OF value could be obtained for n-capric acid at 50
or 100 mM in guinea pig RBCs (Figure 3D). All of the tested
dicarboxylic acids decreased OF in guinea pig RBCs in a
concentration-dependent manner (Figures 2 and 3). Statistically
significant decreases in OF were observed at dicarboxylic acid
concentrations of 25, 50 and/or 100 mM (P<0.05).

none of the monocarboxylic acids tested in the present experiment
showed OF-increasing activity in guinea pig RBCs. With regard to the
dicarboxylic acids, most of those tested demonstrated OF-decreasing
activity in both rat and guinea pig erythrocytes. Although hemolysis
was induced by n-capric acid at 50 and/or 100 mM in both rat and
guinea pig RBCs, dose-dependent increases in OF were also induced at
lower doses below 50 mM in rat, but not in guinea pig RBCs. This is
the first report to compare OF responses to monocarboxylic and
dicarboxylic acids in erythrocytes from different animal species.

EC50 of hemolysis (% NaCl)

The application of monocarboxylic acids, except for formic, acetic
and propionic acids, increased OF in the rat RBCs in a concentrationdependent manner (P<0.05). The increases in OF were also dependent
on the number of carbon atoms in the respective hydrocarbon chains.
No OF value could be obtained for n-capric acid at 100 mM as
hemolysis of the RBCs occurred immediately on its application at that
concentration (Figure 3D). For dicarboxylic acids, most of the acids
tested, except azelaic acid, decreased OF in a concentration-dependent
manner in rat RBCs. The decrease in OF induced by malonic acid was
the largest among the dicarboxylic acids tested (Figure 2B). Statistically
significant decreases in OF occurred at a dicarboxylic acid
concentration of 50 and/or 100 mM (P<0.05). Azelaic acid tended to
decrease OF, but no significant decrease in OF was obtained even at
100 mM (Figure 3D).
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Figure 4: Effects of benzene monocarboxylic acids, cyclohexane
monocarboxylic acid and their corresponding dicarboxylic acids on
OF in rat and guinea pig RBCs. Data for rats (left panel) and guinea
pigs (right panel) data are shown. Comparisons between the effects
of benzene-monocarboxylic acid and three kinds of benzenedicarboxylic acid (A), or cyclohexane-monocarboxylic acid and
three kinds of cyclohexane-dicarboxylic acid (B) are presented.
Values are the means ± SD (n=6). Benzoic acid, phthalic acid,
isophthalic acid and terephthalic acid are represented by closed
circles (●), closed triangles (▲), closed squares (■), and closed
inverted triangles (▼), respectively, in panel A; and cyclohexanemonocarboxylic acid, 1,2-, 1,3-, and 1,4-cyclohexane-dicarboxylic
acid are presented by closed circles (●), closed triangles (▲), closed
squares (■), closed inverted triangles (▼), respectively, in panel B.
Open symbols indicate that there was a significant difference
between the control (0 mM) and subsequent concentrations
(0.1-100 mM) on the basis of Dunnett’s test (P<0.05).
There have been many reports that monocarboxylic acids directly
affect the phospholipid bilayer of the plasma membrane to induce
biological activities in specific tissues or cells. Monocarboxylic acids,
including benzoic acid, and its chemical analogues, affect the axonal
membrane to accelerate procaine absorption into the lipid bilayer both
in vivo and in vitro [16,17]. n-Butyric acid changes the fluidity of the
cell membrane of colon cancer cells [18], while salicylic acid
derivatives, which are also derivatives of benzoic acid, affect the plasma
membrane and change the shape, stiffness and relaxation time of
isolated RBCs [19]. Based on X-ray diffraction and fluorescence
spectroscopy studies, it has recently been reported that acetylsalicylic
acid and salicylic acid interact with human erythrocytes and perturb
the membrane bilayer [20]. These results suggest that both the
carboxylic acids investigated in this study might also change the
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structure and strength of the cell membrane, thereby inducing
biological activity in individual cells.
Based on the same experimental techniques as those used in the
present study, we previously reported, that some monocarboxylic acids
increase OF, whereas their corresponding dicarboxylic acids decrease
OF in rat RBCs [11]. We hypothesized that monocarboxylic and
dicarboxylic acids also interact with the lipid bilayer of the RBC
membrane, resulting in the observed changes in OF in rat
erythrocytes. Both types of carboxylic acid possessed a hydrophobic
hydrocarbon element and one or two hydrophilic carboxylic groups in
their molecules. We speculated that the hydrocarbon chain enters the
RBC membrane, with the hydrophilic carboxylic base remaining
outside of the membrane, where it interacts with the phospholipids
present in the outer layer of the plasma membrane [9,11]. The degree
of activity on the cell membrane probably depends on the dimensions
(length, size and/or form) of the hydrophobic hydrocarbon chain in
the molecules. On the other hand, the composition of the
phospholipids in the cell membrane was reported to vary between
tissues within the same species [21] and between the same tissues
among different species [22]. The biological activities of carboxylic
acids may, therefore, be dependent not only on their chemical
structure but also on the characteristics of the lipid layer in which the
action sites are located.
Although the composition of the compounds contained in the cell
membrane is complicated, apart from proteins, the cell membrane
layer is mostly composed of two lipid-soluble substances, cholesterol
and phospholipid. We have calculated the cholesterol/total lipid
(cholesterol plus phospholipid) ratio in guinea pig and rat erythrocytes
from the data presented in two previous reports [12,13]. The values
obtained were 0.73 and 0.42 for rats and 0.53 and 0.34 for guinea pigs,
respectively, with the ratio of cholesterol in guinea pig RBCs slightly
lower than that in rat RBCs. It was demonstrated that the cholesterol
content in the membrane affects osmotic resistance in erythrocytes or,
more accurately, the cholesterol:phospholipid ratio was shown to be
inverse proportion to OF in human RBCs [23,24].
Phospholipid head and fluidity
index

A

There are some reports on the ratio of hydrophilic head-type
phospholipids in the rat and guinea pig RBC membranes [13,14]. The
percentages of each head type among the phospholipids in rat and
guinea pig RBCs are shown in Table 1. The ratio of each head type
among phospholipids in the membranes differs slightly between rat
and guinea pig RBCs. With regard to the phospholipid fluidity index as
a determinant of cell membrane fluidity [25], however, there is no
apparent difference between the rat and guinea pig RBCs (Table 1).
Hydrophobic acyl hydrocarbons are derived from fatty acids, which
include acyl chains of various lengths, and have both saturated and
unsaturated carbon bonds in the moiety. We found the ratios of the
main fatty acids in rat and guinea pig erythrocytes from data in two
different reports [12,26] (Table 2). Another report compared the fatty
acid composition in rat and guinea pig RBCs [15] (Table 2).
Remarkable variations can be seen in the composition of fatty acids
bound to the hydrophilic head of phospholipids in rat and guinea pig
RBCs. The saturation index, a determinant of cell membrane fluidity
[27], was lower in rat RBCs than in guinea pig RBCs. These results
indicate that membrane fluidity in rat RBCs is higher than that in
guineas pig RBCs. In a previous experiment using specific
phosphatidylcholine (PC) transfer protein, total replacement of native
PC with 1-palmitoil-2-oleoyl and 1-palmitoil-2-linoleoyl PC in the
outer layer of the human erythrocyte did not change OF values or
potassium ion (K+) permeability [28]. On the other hand, 1palmitoil-2-alachidonoyl PC in human RBCs induces K+ leakage from
cells [28]. Polyunsaturated fatty acids, including alachidonic acid, have
a crooked acyl chain in their moiety. These chains are thought to
disturb the rigid binding of acyl-chains in the phospholipid layer of the
cell membrane. This disturbance of the membrane structure
subsequently facilitates interactions between the carboxylic acid and
the membrane. Differences in fatty acid composition between
erythrocyte membranes is speculated to be one of the factors
explaining the differences in OF response between rat and guinea pig
RBCs. The notion that OF in rat RBCs is influenced by the distribution
of the different types of fatty acids is supported by the results of
previous reports [29,30].

B

Rat

Guinea pig

Rat

Guinea pig

Phosphatidyl choline (PC)

47.1

41.1

48.1

50.9

Phosphatidyl ethanolamine (PE)

21.5

24.6

23

21.8

Phosphatidyl serine (PS)

10.8

16.8

9.4

11.3

Phosphatidyl inositol (PI)

3.5

2.4

4.5

2

Sphingomyelin (SM)

12.8

11.1

13.3

11.6

Phosphatidic acid (PA)

> 0.3

4.2

0

2.7

Lysophospadidyl choline (LC)

3.8

> 0.3

1.3

0

Phospholipid fluidity index

1.4

1.2

1.3

1.5

Values are the percentage of total phospholipids in the RBC membrane. The
values are quoted from A [13] and B [14]. The phospholipid fluidity index was
calculated from the respective phospholipid values using the formula (PC/(PE
+SM)) [25].

Table 1: Essential phospholipid composition and phospholipid fluidity
index in rat and guinea pig RBCs.

J Membra Sci Technol, an open access journal
ISSN:2155-9589

Fatty
acid
saturation index

and

A

B
Rat

C

Guinea pig

Rat

Guinea pig

Saturated fatty acid
Palmitic acid

(16:0)

26.9

11.2

22.1

12

Stearic acid

(18:0)

15.9

27.1

14.8

24.9

Oleic acid

(18:1)

5.5

7.1

8.9

9.9

Linoleic acid

(18:2)

10.5

19.5

11.4

19.9

Arachidonic acid

(20:4)

36.2

23.2

30.0

18.0

2.9

3.8

1.7

2.5

Unsaturated fatty acid

Saturation index

Values are the percentage of total phospholipids in the RBC membrane. The
values are quoted from A [26], B [12] and C [15]. The saturation index was
calculated from the respective fatty acid values using the formula (Stearic acid/
Oleic acid) [27].

Table 2: Essential fatty acid composition and saturation index in rat
and guinea pig RBCs.
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The composition of phospholipids in the RBC membrane, however,
is much more complicated. It was reported that the membrane lipid
bilayer in erythrocytes is asymmetrical, or that the type and amount of
phospholipids differ between the outer and inner layers of the RBC
membrane in humans [31] and other animals [32-35]. The distribution
of phospholipids in the outer and inner leaflet has been compared and
demonstrated to differ markedly among various mammalian species
[36]. It has also been demonstrated that the type and amount of acyl
chain-bonded hydrophilic heads differ between the outer and inner
layer of the RBC membrane in various species [32,33,37]. At present,
information is available for the phospholipid composition in rat RBCs
[32], but not in guinea pig RBCs.
In terms of the direct action of carboxylic acids, after the
hydrophobic portion enters the cell membrane, interaction between
these elements and phospholipids in the cell membrane are thought to
occur under various conditions, resulting in changes in the membrane
matrix characteristics. Therefore, the differences in OF response
observed on the application of the same compound, as observed in rat
and guinea pig erythrocytes, is thought to be related to the
composition of the cell membrane, particularly the outer phospholipid
layer, not the tested compound itself.
In conclusion, we clarified that OF response to monocarboxylic and
dicarboxylic acids differs between rat and guinea pig RBCs. The
biological activities of various carboxylic acids thought to be
dependent not only on their chemical structure but also on the
characteristics of the lipid layer. The phospholipid composition of the
cell membrane was reported to vary between tissues within the same
species [21] and between the same tissues among different species [22].
We, therefore, need to clarify whether the phenomenon observed in
this study can be extrapolated to the erythrocytes of species other than
rats and guinea pigs.
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