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Introduction 

Many factors influence the kinetic events of compounds within the 
body including binding to blood and tissue components, enzymatic and 
cellular activity and membrane permeability1. One process, erythrocyte 
permeability, is generally not investigated as often compounds perme-
ate this membrane so readily that it does not rate limit disposition of 
compounds. However, time to reach partitioning equilibrium between 
erythrocytes and plasma or plasma water ranges between a few seconds 
to several hours for different drugs2. Therefore, erythrocytes play an im-
portant role in the transport and disposition kinetics of compounds that 
accumulate in erythrocytes to an appreciable extent2-4.

The primary binding sites of drugs in the erythrocytes are associated 
with haemoglobin (e.g. digoxin and derivatives, sulfonamides, mefloquine, 
phenytoin, phenothiazines, salicylic acid and congeners, imipramine and 
derivatives), plasma membranes (e.g. codeine, chlorpromazine, imip-
ramine) or proteins2,5. Acetazolamide, methazolamide, chlorthalidone 
and dorzolamide are bound extensively to carbonic anhydrase which is 
present in cytosol of erythrocytes6-11. Cyclosporin A and tacrolimus are 
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strongly bound to the cytosolic proteins in the erythrocytes12,13. It is com-
monly assumed that only unbound drug molecules in the plasma water 
of blood can leave the capillary bed in the liver and kidney for elimi-
nation. Therefore, the drugs that are bound to or partitioned into the 
erythrocytes are not immediately available for elimination as they cannot 
leave the capillary bed of eliminating organs. One implication of the red 
blood cell (RBC) distribution kinetics concerns the influence of route of 
administration on hepatic extraction of compounds. Because of the short 
transit time between the absorption site and liver14 (1-2 s) orally absorbed 
compounds may have insufficient time to equilibrate within the blood 
before reaching the hepatic sinusoidal bed. In contrast, most drug mol-
ecules delivered into the liver after intravenous administration should 
have more time for equilibration than occurs after oral administration. 

Therefore, the degree of first-pass hepatic extraction of drugs, especially 
those with a high affinity for erythrocyte components, may be greater for 
intestinally absorbed than systemically circulating drug15,16.

Chlorpromazine (as chlorpromazine hydrochloride, CPZ) is classi-
fied as a low-potency typical antipsychotic drug and in the past, it was 
used in the treatment of both acute and chronic psychoses including 
schizophrenia and the manic phase of bipolar disorder as well as am-
phetamine-induced psychoses. Due to side effects, the use of chlorprom-
azine has been largely replaced by newer generation of atypical antipsy-
chotics which are generally better tolerated. Chlorpromazine has also 
been used in porphyria, short term management of severe anxiety and 
aggressive episodes, severe hiccups, severe nausea/emesis17,18. It has 
previously been shown that CPZ has an affinity for blood components 
including erythrocyes19,20. CPZ was reported to interact with erythrocyte 
membranes, membrane lipids and hemoglobin20,21. Although the mecha-
nism of interaction is not known, it was reported that CPZ distributes 
asymmetrically between the inner and outer layers of the membrane22. 
At physiological pH, it is bound to the inner face of the membrane23,24. 
At low concentration (<1.0 mM), CPZ protects erythrocytes against hy-
potonic lysis25, whereas at higher doses (>0.5-1.0 mM), CPZ causes loss 
of erythrocyte membrane integrity and cell lysis24,26. It was also reported 
that CPZ forms little pores on the membrane allowing transport of micro 
solids like Na+ but not hemoglobin or the other ions27. Therefore, in the 
present study, CPZ was chosen as the model compound to investigate the 
effect of concentration and hematocrit on erythrocyte uptake.
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Materials and Methods

Materials

Chlorpromazine hydrochloride (CPZ) was a generous gift from 
Eczacıbaşı (Turkey). All other chemicals were of analytical grade and 
used as received. The human erythrocyte suspension and whole blood 
were obtained from the Blood Bank of Hacettepe University Hospital (An-
kara).

Methods
CPZ Uptake by Erythrocytes

Human erythrocyte suspension obtained from the Blood Bank was 
centrifuged (NF 615 Nuve) at 4000 rpm for 10 minutes. The supernatant 
and the Buffy coat were discarded, and then packed erythrocytes were 
washed three times with phosphate buffer saline (PBS, pH 7.4)28. After 
the final washing, the supernatant was removed and the erythrocytes 
were diluted to the required hematocrit (20, 30, 40%). However, the colour 
intensity of these suspensions was too high for reliable measurement of 
CPZ, these suspensions were further diluted with PBS (1/500 v:v). The 
number of erythrocytes in each suspension was determined using Coulter 
Counter (Coulter Max M, UK) and hematocrit value of the suspension was 
expressed as cell/mL. Also, after dilution with PBS (1/500), whole blood 
was used to investigate CPZ uptake by erythrocytes. 

Whole blood or erythrocyte suspensions (4.06 - 7.76x106 cell/mL) 
were incubated with CPZ (5, 7.5, 10, 15 mg/mL) at 37ºC, and concentra-
tion decrease in buffer was determined by measuring CPZ absorbance 
(254 nm) automatically at 2.5 min-intervals for 30 min, using a Shimad-
zu UV-160 A model spectrophotometer (Japan)29,30. 

CPZ Interaction with Erythrocyte membrane

After dilution (1/500 v:v) of erythrocyte suspension (20, 40%) with 
phosphate buffer, the suspension was centrifuged at 4000 rpm for 10 
min and buffer phase was removed. Erythrocyte membranes were pre-
pared by hemolysing packed erythrocytes in distilled water (5 mL) and 
centrifuging at 4000 rpm for 15 min. Post hemolytic residue was washed 
three times with PBS (pH 7.4), and then erythrocyte membrane was di-
luted with PBS. 
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A suspension of erythrocyte membranes (3 mL) was incubated with 
CPZ (5, 15 mg/mL) at 37 ºC, and concentration decrease in buffer was 
determined by measuring CPZ absorbance (254 nm) automatically at 2.5 
min-intervals for 30 min, using a Shimadzu UV-160 A model spectropho-
tometer (Japan). 

CPZ Interaction with Hemolysate

After dilution (1/500 v:v) of erythrocytes suspension (20, 40%) with 
phosphate buffer, the suspension was centrifuged at 4000 rpm for 10 
min and the buffer phase was removed. Erythrocytes were hemolysed in 
distilled water and then centrifuged at 4000 rpm for 15 min. The upper 
hemolysate layer was removed and used to investigate the possible inter-
action between CPZ and hemolysate. 

Two different hemolysate (3 mL), obtained from the hemolysis of 
erythrocyte suspensions with hematocrit values of 20 and 40%, were 
incubated with CPZ (5, 15 mg/mL) and concentration decrease in buffer 
was determined by measuring CPZ absorbance (254 nm) automatically 
at 2.5 min-intervals for 30 min, using a Shimadzu UV-160 A model spec-
trophotometer (Japan).

Sample Analysis

Concentration of CPZ was determined by means of a spectrophoto-
metric method. The calibration curve was constructed in PBS (pH 7.4), 
over the concentration range of 0 to 15 µg/mL. Calibration equation 
and corresponding determination coefficient (r2) were obtained by least-
square linear regression analysis. The method was validated as to linear-
ity, specificity, precision (repeatability and reproducibility), and stability.

Data Analysis 

Mean time to reach equilibrium (MET) and the area under the curve 
(AUC) values were estimated from the buffer concentration-time profiles 
using the following equations28, 

∫=
30

0

)( dttCAUC                 (1)
30

dt
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AUC

dtttC
MET

∫
=

30

0

)(
          (2)

Erythrocyte-associated CPZ (fRBC) was calculated indirectly from the 
hematocrit (H) and concentrations in blood (CB) and buffer (CP)

31. 

fRBC = 1- [Cp (1-H) /CB]       (3)

Permeation coefficient (PC; cm/s) of CPZ across erythrocyte mem-
brane was estimated from Equation 4.

60⋅⋅
⋅∆∆

=
oRBC

RBC

CA
VtC

PC    (4)

where ΔC/Δt is the slope of erythrocyte concentration- time profiles; 
VRBC is the volume of erythrocytes (cm3); ARBC is surface area of erythro-
cytes (cm2), and Co initial drug concentration (μg/mL).

All tabulated results were expressed as mean ± SE. The results were 
compared by means of Kruskall-Wallis and Mann-Whitney U tests. A p 
value less than 0.05 was considered significant.

Results and Discussion

CPZ was successfully determined using the spectrophotometric 
method and there were no interfering peaks at 254 nm, from phosphate 
buffer, blood and blood components. The method was linear in the con-
centration range of 0 to 15 µg/mL (r2= 0.999). The coefficient of varia-
tion values estimated from repeatability and reproducibility studies were 
within the acceptable range (<2%), indicating that the precision of the 
method was satisfactory. CPZ was found to be stable during the time 
course of experiment.

30

dtt C  ( t )

PC ∫=
30

0

)( dttCAUC
60⋅⋅
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VtC
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Preliminary incubation studies indicated that distribution equilib-
rium between erythrocytes and buffer (or plasma) was achieved within 
10 min. Therefore, 30 min incubation period was selected for all experi-
ments. Mean time to reach equilibrium was estimated from buffer con-
centration-time profiles. Regardless of the conditions used, the equilib-
rium was achieved within 15 minutes. This observation was in agreement 
with the literature32.

Buffer concentration-time profiles obtained from incubation of CPZ 
(5, 7.5, 10, 15 μ/mL) with erythrocyte suspensions were given in Figure 
1. Area under the curve (AUC) values estimated from these profiles by 
means of linear trapezoidal method, and results were summarized in 
Table 1. For all conditions, AUC values increased significantly with an 
increase in CPZ dose (p<0.05). There was a linear correlation between 
the CPZ concentrations and corresponding AUC values (r2 > 0.997), indi-
cating that CPZ uptake by erythrocytes was linear within the concentra-
tion range used in this study. For a given concentration, AUC value de-
termined from the incubation with whole blood suspension was slightly 
lower than those obtained with the erythrocyte suspension, however, the 
difference was not significant. In the case of erythrocyte suspension, al-
though, the AUC values decreased slightly with an increase in the hema-
tocrit value for all CPZ dose studied, there was no significant difference 
between them. On the other hand, almost identical AUC values were 
obtained from the studies undertaken with erythrocyte membrane and 
hemolysate (Table I). 

Influence of hematoctit and dose on uptake of CPZ by erythrocytes 
was given in Figure 2. When washed erythrocyte suspension was used, 
the fraction of CPZ uptaken by erythrocytes was influenced by both CPZ 
dose and hematocrit value of suspension. For a given dose, CPZ uptake 
by erythrocytes was increased with an increase in hematocrit value (e.g. 
for 5 μg/mL CPZ, 11 and 24% for the hematocrit values of 4.06x106 and 
7.76x106 cell/mL, respectively). For a given hematocrit value, erythrocyte 
uptake was decreased with an increase in CPZ dose (e.g. for hematocrit 
value of 4.06x106 cell/mL, 11 and 6 % for 5 and 15 μg/mL, respective-
ly). This observation could be due to 3-fold increase in CPZ dose com-
pared to 2-fold increase in cells numbers in the suspension. On the other 
hand, when whole blood suspension was used, uptake was higher (about 
34%) than those obtained with the erythrocyte suspensions, and was 



IN VITRO CHARACTERIZATION OF CHLORPROMAZINE HYDROCHLORIDE UPTAKE BY HUMAN 
ERYTHROCYTES: EFFECT OF CONCENTRATION AND HEMATOCRIT

163

Figure 1
Buffer concentration time profiles of chlorpromazine hydrochloride (5, 7.5, 10, 15 mg/
mL), obtained from erythrocyte suspensions with hematocrit values of 4.06x106 cell/ml 

(•), 5.74 x106 cell/ml (♦) and 7.76 x106 cell/ml (¨) (mean ± S.E, n=4).
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not influenced by CPZ dose. Higher uptake with whole blood suspension 
could be attributed to possible interaction of CPZ with other blood com-
ponents such as plasma proteins and other cells present in blood. When 
erythrocyte membrane was used, for a given concentration, interaction 
between CPZ and membrane was less than erythrocytes suspensions 
(e.g. for 5 μg/mL CPZ and hematocrit value of 4.06x106 cell/mL, 11% 
for erythrocyte suspension and 4% for erythrocyte membrane), and was 
very similar for different hematocrit values (e.g. for 15 μg/mL CPZ and 
hematocrit values of 4.06x106 and 7.76x106 cell/mL, about 2%). Similar 
observation was made with hemolysate (e.g. for 5 μg/mL CPZ and hema-
tocrit value of 4.06x106 cell/mL, 11% for erythrocyte suspension and 4% 
for erythrocyte membrane; for 15 μg/mL CPZ and hematocrit values of 
4.06x106 and 7.76x106 cell/mL, about 1% ).

The permeability coefficients of CPZ across erythrocyte membranes 
were summarized in Table II. When washed erythrocytes were used, for a 
given concentration, the permeability values were decreased with an in-
crease in hematocrit value. For a given hematocrit value, permeability co-
efficient decreased with an increase in CPZ dose. However, the differences 
in permeability values obtained as a function of dose and hematocrit val-
ues were not significant (p>0.05). Similarly, when whole blood suspension 

Figure 2
Uptake (%) of chlorpromazine hydrochloride (5, 7.5, 10, 15 mg/ml) by erythrocytes 

[hematocrit 4.06x106 cell/ml (•), 5.74 x106 cell/ml (o) and 7.76 x106 cell/ml (♦)] and whole 
blood [WB ()].
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was used, there was no significant difference in permeability values es-
timated for different CPZ dose (p>0.05). On the other hand, when eryth-
rocyte membrane suspension was used, permeability values were found 
to be significantly influenced both by hematocrit and CPZ dose (p<0.05). 

The results of this study suggest that CPZ interacts with erythro-
cytes irrespective of the conditions used. The site for interaction was re-
ported to be hemoglobin25,33 and erythrocyte membrane27,34. Recognizing 
that only unbound drug molecules are capable of passing through the 
membranes, such an interaction limits not only the distribution but also 
elimination CPZ within the body. This aspect can be further investigated 
in the absence and presence of erythrocytes using in situ perfused liver 
preparation.

Summary

Although erythrocytes are not expected to constitute any barrier ef-
fect for rapidly penetrating substances, they may have profound effects 
on the distribution and elimination of compounds that slowly equili-
brates and/or extensively partition into erythrocytes. Chlorpromazine 
hydrochloride (CPZ) was chosen as a model compound to investigate the 
effect of concentration and hematocrit on erythrocyte uptake. Suspen-
sions of erythrocyte with hematocrit values of 4.06-7.76x106 cell/mL and 
whole blood were incubated with CPZ solutions (5, 7.5, 10, 15 μg/mL). 
Suspensions of erythrocyte membranes and hemolysates were also incu-
bated with CPZ (5, 15 μg/mL). Absorbance of CPZ in buffer phase was 
automatically measured at 2.5 min. intervals for 30 min. Mean time for 
equilibration and the area under curve values (AUC) were determined 
from buffer concentration time profiles, whereas degree of drug uptake 
and permeation coefficient across erythrocyte membranes were estimat-
ed from the erythrocyte concentration time profiles. For all conditions, 
equilibrium between buffer and erythrocytes was achieved within 15 min, 
and there was a linear correlation between the AUC values and CPZ dose. 
When erythrocyte suspension was used, uptake was found to be influ-
enced by both concentration and hematocrit. On the other hand, CPZ up-
take (about 34%) was not influenced by drug concentration when whole 
blood suspension was used. In addition, in all conditions, the permeation 
coefficients for CPZ was found to be  in the range of 0.34-6.75x10-6 cm/s.  

Keywords: Chlorpromazine Hydrochloride, Erythrocytes, Hematocrit, 
Permeation Coefficient 
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Özet

Klorpromazin Hidroklorürün İnsan Eritrositleri Tarafından 
Tutulumunun in Vitro Karakterizasyonu: Konsantrasyon ve 

Hematokritin Etkisi

Eritrositlerin hızla penetre olan maddeler için herhangi bir bariyer et-
kisi oluşturması beklenmese de eritrositlerle yavaş dengelenen ve/veya 
aşırı partisyon gösteren bileşiklerin dağılımı ve eliminasyonu üzerinde 
önemli etkileri olabilir. Klorpromazin hidroklorür (CPZ), eritrosit tutulu-
mu üzerine konsantrasyon ve hematokritin etkisini incelemek amacıyla 
model ilaç olarak seçilmiştir. Hematokrit değerleri 4.06-7.76x106 hücre/
mL olan eritrosit süspansiyonu ve tam kan değişik CPZ konsantrasyon-
ları (5, 7.5, 10, 15 μg/mL) ile inkübe edilmiştir. Eritrosit membranı süs-
pansiyonu ve hemolizat da CPZ (5, 15 μg/mL) ile inkübe edilmiştir. Tam-
pon fazındaki CPZ’nin absorbansı 30 dakika süreyle 2.5 dakika aralıklar-
la otomatik olarak ölçülmüştür. Ortalama dengeye ulaşma zamanı ve eğri 
altında kalan alan (AUC) tampon konsantrasyon zaman profillerinden 
tayin edilirken ilaç tutulum derecesi ve eritrosit membranından perme-
asyon katsayısı eritrosit konsantrasyon zaman profillerinden hesaplan-
mıştır. Bütün şartlarda tampon ve eritrositler arasındaki dengeye 15 da-
kika içinde erişilmiş ve AUC ile CPZ dozu arasında lineer bir korelasyon 
bulunmuştur. Eritrosit süspansiyonu kullanıldığında tutulum hem kon-
santrasyon hem de hematokritten etkilenmiştir. Buna karşılık tam kan 
süspansiyonu kullanıldığında CPZ tutulumu (%34 civarı) ilaç konsant-
rasyonundan etkilenmemektedir. Ek olarak bütün koşullarda CPZ için 
permeasyon katsayısı 0.34-6.75x10-6 cm/s sınırları arasındadır. 

Anahtar kelimeler: Klorpromazin Hidroklorür, Eritrosit, Hematokrit, 
Permeasyon Katsayısı.
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