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INTRODUCTION 

 

 

 

Interactions between drugs and a protein 

strongly affect the pharmacological behaviors 

such as the drug distribution, free drug 

concentration and the metabolism of the drug 

[1, 2]. These interactions also influence the drug 

stability and toxicity during the 

chemotherapeutic process [1]. 

Hemoglobin (Hb) is one of the most important 

functional proteins in blood that carry oxygen in 

animals.  It also transports carbon dioxide and 

regulate the blood pH.   Hb is a tetramer that 
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ABSTRACT 

The effect of chloroquine phosphate (CQP) an antimalarial drug on human hemoglobin (Hb) was 

investigated using UV-Vis spectroscopy.  The absorbance at 405 nm was measured as a function of 

time in mixtures of CQP-Hb, maintaining Hb concentration at 2.56 µM for all experiments.  In the 

presence of 200 mM, 100 mM and 50 mM of CQP in 35 mM phosphate 120 mM NaCl buffer at pH 

7.4, Hb was decreased by 21.87 % 14.46 % and 8.99 % respectively after 60 min.  At pH 4.0 Hb was 

dropped by 23.34 % and 8.16 % at 100 µM and 50 µM concentrations of CQP respectively.  The 

pseudo first order rate constant k1 (fast phase) and k2 (slow phase) was larger at pH 4.0 than at pH 

7.4.  The absorbance at 405 nm gives information on the structure of Hb specifically arising from the 

heme group of Hb, hence, indicate the disruption of the Hb structure leading to denaturation.  Our 

results show that the concentration of CQP and the pH of the reaction affect the denaturation of Hb 

and also the denaturation takes place in the absence of other cellular matter.  These results also 

support the proposed anti- malarial action of CQP.      
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contains four globin chains two α-chains and 

two β-chains [3]. Each globin chain carry a 

heme group as a prosthetic group hence has 

four oxygen-binding sites on one Hb molecule. 

Any drug that enters the systemic circulation is 

transported through the blood and has the 

possibility of interacting with Hb. Therefore, the 

study on Hb-drug interaction can provide 

information of the structural features of the 

drug, the therapeutic effectiveness, 

bioavailability, side effects etc. and also 

elucidate the properties of the drug-protein 

complex [3, 4, 5]. Though many research is 

carried out on the binding of drugs to proteins 

only few reports are available on the 

interaction between Hb and drugs.  

Chloroquine phosphate (CQP) is an antimalarial 

drug with a complex pharmacology. It kills the 

malaria parasites by inhibiting the 

ferriprotoporphyrin IX (FP) detoxification and 

causing it to accumulate to lethal levels when 

the parasites denature or degrade hemoglobin 

[6]. Several studies were conducted to 

understand the mechanism of the action of CQP 

and also to understand the structure of the 

Chloroquine-Ferriprotoporphyrin IX Complex [7, 

8]. Previous studies have shown that 

antimalarial drugs bind to DNA, RNA, liposomes 

and proteins [9,10]. As detected by 

fluorescence spectra CQP was bound to both 

human serum albumin and human hemoglobin 

proteins forming a Hb–CQP complex which is 

stabilized by electrostatic attraction [11]. 

However, studies performed on the interaction 

of Hb with primaquine and quinacrine showed 

that the drug does not bind to Hb, but bind to 

albumin and the lipid vesicles [12]. Using 

fluorescence spectral studies binding constants, 

binding distances and other thermodynamic 

parameters were evaluated for the Hb-CQP 

complex [11].  Previous studies also showed 

that hemoglobin in the presence of 

chloroquine, underwent rapid denaturation in a 

suspension of normal erythrocytes when it was 

incubated at 38°C in sodium acetate buffer at 

pH 5 and predicted similar phenomenon occurs 

in acidic endosomes of malaria parasites [13].  It 

is also predicted that the stroma is also 

required for chloroquine phosphate (CQP) to 

accelerate hemoglobin denaturation and 

chloroquine does not initiate hemoglobin 

denaturation on its own. Lowering of the 

incubation temperature and increasing the pH 

to 6 in a Hb- CQP mixture helped the reduction 

of Hb denaturation.  It is believed that the 

primary antimalarial action is the binding of 

chloroquine to ferriprotoporphyrin IX (FP) and 

removing it from the oxidized hemoglobin and 

producing toxic FP-chloroquine complexes and 

excess of denatured globin [13]. However, 

denaturation of Hb is reported to be enhance 

under acidic conditions even in the absence of 

CQP or other denaturants.  The displacement of 

the heme group with denaturation, induced 

with acidic pH has been studied by monitoring 

the disappearance of the soret band of Hb [15]. 

Circular dichroism analysis also showed that 

binding of CQP changed the conformational 

structure of Hb proteins with a decrease in the 

α-helix content of Hb [11].   Therefore, in order 

to obtain more precise information on the 

impact of chloroquine on Hb denaturation we 

investigated the kinetics of the denaturation of 

purified human Hb in the presence of CQP at 

different concentrations and at pH 7.4 and 4. 

  

MATERIALS AND METHODS 

Reagents and Chemicals 

Human hemoglobin Lyophilized powder 

(molecular weight 64,500 D), sodium 

phosphate, NaCl, were of biological grade and 

was purchased from Sigma Chemicals USA.  

Chloroquine phosphate was obtained from 

State Pharmaceutical Manufacturing 

Corporation Sri Lanka.    

 

Apparatus 

CARY 50-BIO UV–Vis -Varian 

spectrophotometer (double beam) was used to 

obtain the absorption spectral data. 
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Buffers and solutions 

Sodium phosphate (35mM), sodium chloride 

(120 mM) buffer at pH 7.4 (PS7.4) at 

physiological conditions was used in all 

experiments. A solution of monosodium 

phosphate (35mM) with sodium chloride (120 

mM) was used in experiments performed at pH 

4 (PS4) to keep the ionic strength and ion 

contributions a constant through the 

experiments performed at pH 7.4 and 4 

 

Effect of Chloroquine Phosphate on 

Hemoglobin denaturation 

Blank experiments were performed for both Hb 

and CQP.  A sample of Hb (2.56 µM in PO4
-2, 

NaCl buffer at pH 7.4 and pH 4) was scanned at 

190 – 700 nm for a period of 2 hr.   Under 

similar conditions stated above, a CQP sample 

was also scanned and did not observe any 

absorption peaks overlapping in the 

wavelengths around 390 -415 nm [11]. 

 

Denaturation of Hb in the presence of CQP at 

pH 7.4 

A 2. 00 ml Hb (0.25 mg/1 ml) and 1.00 ml of 

CQP (250 mg/1 ml) in PS7.4 buffer was mixed in 

a cuvet to give a final concentration of 200 mM 

CQP and 2.56 µM Hb in the final reaction 

mixture.  The resulting mixture was scanned 

over a period of 1 hour, every 2 minutes in the 

range of 190-700 nm, at 30 0C. The above 

reaction was also performed with varying 

concentrations of CQP of 125 mg/ml and 62.5 

mg/ml to give a concentration of 100 mM CQP 

and 50 mM CQP respectively in the final 

reaction mixture while keeping the Hb 

concentration the same [11]. The experimental 

method was slightly modified from that of the 

reference suit our experimental procedure 

under UV – Visible conditions.   

Using the spectral data (absorbance at 405 nm), 

the % denaturation of Hb as a function of time 

was calculated [15].   The pseudo first-order 

rate constant (k) for the disappearance of the 

soret band which is associated with the 

denaturation of Hb was obtained from the 

slope of a linear fit of logarithmic values of the 

absorbance at 405 nm (concentration heme in 

native Hb) vs. time (t).  All experiments were 

performed in triplicates. 

 

Denaturation of Hb in the presence of CQP at 

pH 4 

Similar experiments were also performed in PS4 

by mixing 2.00 ml hemoglobin (0.25 mg/1 ml, 

2.56 µM Hb in final reaction mixture) with 1.00 

ml of Chloroquine at different concentrations as 

80 µg/ml and 40 µg/ml to give a concentration 

of 100 µM CQ and 50 µM in the final reaction 

mixture and was scanned over a period of 1 

hour every 2 minutes in the range of 190-700 

nm, at 30 0C.  Similar to the above experiments 

using the spectral data (absorbance at 405 nm), 

the % decrease of Hb as a function of time and 

the pseudo-first order rate constant (k) for the 

disappearance of the soret band which is 

associated with the denaturation of Hb was 

obtained from the slope of a linear fit of 

logarithmic values of the absorbance at 405 nm 

(heme in native Hb) vs. time (t).  All 

experiments were performed in triplicates [11, 

15]. The experimental method was slightly 

modified from that of the reference suit our 

experimental procedure under UV – Visible 

conditions 

 

RESULTS 

Control samples of Hemoglobin and 

Chloroquine phosphate  

The blank Hb sample (2.56 µM Hb in PS7.4 

buffer and PS4) that was scanned over a period 

of 1hr between 190-700 nm showed that Hb 

was stable under both pH conditions PS 7.4 

buffer (Fig. 1) and PS4.  The CQP scanned 

between 190-700 nm also showed to be stable 

under both pH conditions (Fig. 2).  
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Fig.1: The Plot of absorbance of blank Hb (2.56 µM) sample scanned across the wavelengths of 190 

nm – 700 nm 

 

Fig. 2: Blank chloroquine phosphate scanned across a wavelength of 190 nm – 700 nm 

 

 

Denaturation of Hb in the presence of CQP at 

pH 7.4 

Measurements of the absorbance at 405nm 

corresponding to the soret band of Hb (2.56 

µM), in the presence of 200 mM Chloroquine, 

exhibited a drop in the absorbance with time. 

Within 8 minutes the band decreased by 13.68 

%, and within 60 minutes it was dropped by 

21.87 %. At Chloroquine concentration of 100 

mM and 50 mM within 8 minutes the peak was 

dropped by 9.77 %, and 5.47 %, and within 60 

minutes it was dropped by 14.46 % and 8.99 % 

respectively (Fig 3a, 3b, 3c, Table 1). The plot of 

the Absorbance vs time clearly show that the 

drop in the absorbance was rapid within the 

first 8 min and was slow thereafter up to 1 hr.   
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[a] 

Table 1: The drop of heme % with time and the pseudo-first-order rate constant of the 

denaturation of Hb in 35mM sodium phosphate, 120 mM sodium chloride buffer at pH 7.4 in 

reaction mixture of Hb (2.56 µM) with chloroquine phosphate concentration of 200 mM, 100 mM, 

and 50 mM 

 

Concentration of 
CQP 

Drop % of Hb at 
8 min 

Drop % of Hb at 
60 min 

First phase Rate 
constant 
k1 (min-1) 

phase Rate 
constant 
k2 (min-1) 

200 mM 13.68 % 21.87 % 1.3 ×10-2 1.6 ×10-3 

100 mM 9.77 % 14.46 % 6.1 ×10-3 8.2 ×10-4 

50 mM 5.47 % 8.99 % 2.8 ×10-3 6.6 ×10-4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[b] 
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Fig. 3: The plot of absorbance of the reaction mixture of Hb -CQP in Phosphate NaCl buffer at pH 

7.4 scanned across 190 nm – 700 nm.  (a)  2.56 µM Hb with 200 mM,CQP, (b) 2.56 µM Hb  with  

100 mM  CQP and (c) 2.56 µM Hb with  50 mM 

 

Kinetics of the denaturation of Hb in the 

presence of CQP at pH 7.4 

The drop in the absorbance at 405 nm indicated 

the environment of the heme group is changing 

which could be caused by the denaturation of 

Hb. The rate of denaturation of Hb was 

measured by using a pseudo-first order rate 

plot of the absorbance at 405 nm as a function 

of time. There were two phases clear in this 

pseudo-first order plot where within first 8 min 

the rate was faster than the rate thereafter. The 

rate of the first phase (within the first 8 min) of 

the denaturation of hemoglobin in the presence 

of 200 mM, 100 mM, and 50 mM chloroquine 

showed the rate constant k1 to be 1.3 ×10-2 min-

1, 6.1 ×10-3 min-1, and 2.8 ×10-3 min-1 

respectively.  The rate constant k2 of the second 

phase that is after 8 min of the reaction time 

the rates were comparatively slow, and in the 

presence of 200 mM, 100 mM and 50 mM CQP, 

the rates were 1.6 ×10-3 min-1, 8.2 ×10-4 min-1 

and 6.6 × 10-4 min-1 respectively (Fig 4a, 4b, 4c 

Table 1).   
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S 0.0010242

R-Sq 99.2%

R-Sq(adj) 99.1%

Graph of ln absorbance Vs time for phase 2

ln [absorbance ]=  - 0.2784 - 0.000815 time(min)
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a
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]
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-0.20

-0.21

S 0.0013426

R-Sq 98.3%

R-Sq(adj) 98.2%

Graph of ln absorbance Vs time for phase 2

ln [absorbance] =  - 0.1714 - 0.000657 time(min)

  

time (min)

ln
 [

ab
so

rb
an

ce
]

605040302010

-0.26

-0.28

-0.30

-0.32

-0.34

-0.36

S 0.0041303

R-Sq 97.2%

R-Sq(adj) 97.1%

Graph of ln [absorbance] Vs time (min) for phase 2 

ln [absorbance] =  - 0.2698 - 0.001554 time(min)

 

Fig. 4: The semi-logarithmic plot of absorbance at 405 nm as a function of time in a reaction 

mixture of Hb -CQP in phosphate-NaCl buffer at pH 7.4.  (a)  2.56 µM Hb with 200 mM,CQP, (b) 

2.56 µM Hb  with  100 mM  CQP and (c) 2.56 µM Hb with  50 mM 

 

Denaturation of Hb in the presence of CQP at 

pH 4  

The denaturation of Hb was measured at two 

different concentrations, 100 µM and 50 µM of 

CQP. The concentration of CQP required to 

observe the denaturation of Hb at lower pH was 

1000 less as compared to that required to 

observe changes at pH 7.4.  A rapid decrease in 

the absorbance at 405 nm was observed within 

first 4 minutes and thereafter the decrease was 

slow.  Within the first 4 min the absorbance at 

405 nm was dropped by 16.17 %, and 4.67 %, at 

CQP concentrations of 100 µM and 50 µM 

respectively.  Within a period of 60 min, the Hb 

was dropped by 23.34 %.and 8.16 % at 100 µM 

and 50 µM concentrations of CQP respectively 

(Fig 5a, 5b, 5c, Table 2).       

 

 

 

 

 

[b] 

[c] 
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Table 2: The drop of heme % with time and the pseudo-first-order rate constant of the 

denaturation of Hb in 35mM sodium phosphate, 120 mM sodium chloride solution at pH 4 in 

reaction mixture of  Hb (2.56 µM)  with chloroquine phosphate concentration of 100 µM and 50 

µM 

 

Concentration of 

CQ 

Drop % of Hb at 

4 min 

Drop % of Hb at 

60 min 

First phase Rate 

constant 

k1(min-1) 

phase Rate 

constant 

k2 (min-1) 

100 µM 16.17 % 23.34 % 2.4 ×10-2 8.6 ×10-4 

50 µM 4.67 % 8.16 % 7.6×10-3 5.0×10-4 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

Fig. 5: The plot of absorbance of the reaction mixture of Hb -CQP in Phosphate NaCl solution at pH 

4, scanned across 190 nm – 700 nm.  (a)  2.56 µM Hb with 50 µM, CQP, (b) 2.56 µM Hb  with 100 

µM  CQP 

Kinetics of the denaturation of Hb in the 

presence of CQP at pH 4 

The pseudo-first order rate constants for the 

denaturation of Hb was determined for the two 

phases the fast and the slow phase.  The 

[a] 

[b] 
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pseudo-first order rate constant k1 for the initial 

fast phase was 2.4 ×10-2 min-1 and 7.6 ×10-3 min1 

at 100 µM and 50 µM chloroquine 

concentrations respectively. The rate constant 

k2 of the second phase was 8.6 ×10-4 min-1 and 

5.1 ×10-4 min-1 at 100 µM and 50 µM 

chloroquine concentrations respectively (Fig 6a, 

6b, 6c, Table. 2). 
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ln
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]
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-0.39

-0.40
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Graph of ln absorbance Vs time for phase 2

ln [absorbance] =  - 0.3989 - 0.000507 time(min)
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]
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-0.49

-0.50

-0.51

-0.52

-0.53

-0.54

S 0.0013433

R-Sq 99.1%

R-Sq(adj) 99.0%

Graph of ln absorbance Vs time for phase 2

ln [absorbance] =  - 0.4895 - 0.000864 time(min)

 

Fig. 6: The semi-logarithmic plot of absorbance at 405 nm as a function of time in a reaction 

mixture of Hb -CQP in phosphate-NaCl buffer at pH 7.4 (a) 2.56 µM Hb with 50 µM, CQP, (b) 2.56 

µM Hb  with  100 µM  CQP 

 

DISCUSSION 

UV–Vis absorption spectroscopy is a simple and 

straightforward method to understand the 

influence of CQ on the quaternary structure of 

the proteins [15]. In the present study, we have 

observed the change in UV absorption spectra 

[a] 

[b] 
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at the soret band of Hb describing the influence 

of CQP on denaturation of Hb.  The absorbance 

at 405 nm gives information on the structure of 

Hb in specifically arising from the heme group 

of Hb.  Therefore, the measurements at 405 nm 

gives information of the structure of the protein 

and changes indicate the disruption of the Hb 

structure.  Therefore, the conformational 

changes of Hb were evaluated by the 

measurement of the absorbance at 405 nm. 

The CQP influence the spectral changes of Hb 

indicating the denaturation of Hb.  The Hb in 

the absence of CQP was stable for a period of 2 

hr without an observable decrease in the soret 

band.  However, our results showed that the 

denaturation of Hb was faster with the 

increasing concentration of CQP at both pHs, 

7.4 and 4. The experiments performed at pH 7. 

4 and 4.0 showed that the denaturation of Hb is 

much faster at pH 4 with the first phase rate 

constants k1 to be 2.4 ×10-2 min-1 and 7.6×10-3 

min-1 and the second phase rate constants k2 to 

be 8.6 ×10-4 min-1and 5.0×10-4 min -1 at CQP 

concentrations 100 µM and 50 µM in the final 

reaction mixture.  The denaturation of Hb at 

physiological pH was comparatively slow that 

the concentration of the CQP used to observe 

the spectral changes were comparatively large 

from that was used to determine the 

denaturation at low pH. The denaturation of Hb 

at all conditions that was investigated showed 

two phases, initial fast phase within the first 4- 

8 min and thereafter a slow phase for the 

disappearance of the soret band.  Similar 

phenomenon was observed during previous 

studies performed in the presence CQP and 

erythrocyte lysate [13].  Previous studies also 

have shown that chloroquine accelerates 

hemoglobin denaturation in erythrocytes under 

acidic conditions [13,16]. and such acidic 

environment is created during endosome 

maturation and the CQP can inhibit the 

maturation [17].   

The primary antimalarial action of chloroquine 

is to bind to ferriprotoporphyrin IX (FP) and 

remove it from oxidized hemoglobin producing 

toxic FP-chloroquine complexes and an excess 

of denatured globin. The researchers also 

showed the requirement of the stroma for CQP 

to induce hemoglobin denaturation.  However, 

our experiments performed using purified Hb 

also showed accelerated denaturation of Hb 

even in the absence of other red blood cell 

(RBC) cellular substances as membrane lipids, 

stroma etc. which have been proven to initiate 

hemoglobin denaturation [13, 18]. Since this 

study of denaturation of Hb is performed for 

the purified form of Hb, similar studies in the 

presence of erythrocytes or whole lysates 

would be expected to be much less as they 

contain antioxidants, enzymes and other 

inhibitors that would protect hemoglobin from 

oxidation. 

The displacement of the heme group with 

denaturation is induced with acidic pH has been 

extensively studied by monitoring the 

disappearance of the soret band. The 

disappearance of the soret band during the 

denaturation of hemoglobin occurs with the 

displacement of the heme and the heme group 

binding to a different site of the protein 

through hydrophobic interactions. It is 

interpreted that a breaking of the iron-

imidazole bond accompanied by protonation of 

the imidazole occurs during the displacement of 

heme from its native state [14].  However, 

though many researchers have shown that 

heme and Hb can undergo dimerization in the 

presence of membrane lipids [18] and in the 

presence of CQP [14] we did not observe any 

dimerization that cause precipitation taking 

place under the reaction conditions of our 

experiments.  This observation could be due to 

the use of purified Hb in the absence of lipid or 

any other RBC components.    

Our results support the predicted primary 

antimalarial action of chloroquine, that binds to 

ferriprotoporphyrin IX (FP) and remove it from 

oxidized hemoglobin producing toxic FP-

chloroquine complex leading to formation of 
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denatured globin proteins [13, 16]. It is also 

important to note that it is possible for the Hb 

to undergo denaturation even in the absence of 

unsaturated lipids and endosomes yet could be 

even more accelerated in their presence. 

Therefore, with the interaction of CQP, the Hb 

was denatured into a CQ- protein complex 

which is unfolded from its native state and the 

heme group could be associated at a different 

site of the globin chain.  

 

CONCLUSION 

The antimalarial drug chloroquine phosphate 

accelerates the denaturation of purified 

hemoglobin and the denaturation is increased 

with the increasing concentration of CQP.  The 

denaturation of Hb in the presence of CQP is 

also enhance with the decrease of pH to acidic 

conditions thus supporting the action of 

chloroquine as an antimalarial drug. 
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