Chapter 5
Effect of Antimalarials Treatment on Rat Liver
Mitochondrial ATPase Kinetics Properties
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Introduction

In earhier chapters it was shown that the three antimalarials CQ, PQ and Q adversely
affected the oxidative phosphorylation in rat liver mitochondria as well as the
mitochondrial FoF1 ATPase activity (Chapter 4). Inhibition of FoFl1 ATPase in S
Pneumoniae by Q has also been reported (1). The process of energy transduction i.e.
oxidative phosphorylation is dependent on the membrane phospholipids as is the function
of the FoF1 ATPase (2). Requirement of acidic phospholipids for FoF1 ATPase is well
established (3). Antimalarials are reported to alter the lipid/phospholipid profiles. It has
also been reported that following treatment with CQ, the ratio of acidic phospholipids to
basic phospholipids had increased in rat liver (4). In a recent report Ross gt al. have
shown that CQ treatment resulted in the induction of cardiolipin synthesis (5). Thabrew
et al. have reported that treatment with CQ and Q resulted in alterations in the lipid/
phospholipid composition of the rat liver microsomes (6). Deepalakshmi et al. showed
that oral feeding of CQ resulted in increase in the total phospholipids and decrease in
cholesterol 1n rat liver mitochondria (7). Hence it was of interest to find out that what will
be the effect on the kinetic properties of FoF1 ATPase in liver mitochondria. The results

of these investigations are summarized in this chapter.

Materials and Methods

Details of chemicals used are as described in Chapter 4.

The treatment with antimalarials and isolation of mitochondria were essentially the same

as described in Chapter 3 and Chapter 4 respectively.
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Assay of ATPase activity

ATPase activitiy was measured in the assay medium (total volume 0.4 ml) containing 50 A
mM Tris-HCl buffer pH 7.4, 75 mM KCl and 0.4 mM EDTA. "I‘he assays were
performed in the presence of 6 mM MgCl; and 100 pM DNP. After pre-incubz}tﬁpmg the
mitochondrial protein (Ca. 100pug) in the assay medium at 37 °C, the reaction was
“initiated by the addition of ATP at a final concentration of 5 mM (8). The reaction was
carried out for 10 mun and then terminated by the addition of 0.1 mi of 5% (w/v) sodium
dodecyl sulfate (SDS) solution and the amount of liberated inorganic phosphorus was

estimated by the method of Fiske and Subba Row (9).

For substrate kinetics studies concentration of ATP was varied in the range from 0.1 mM

to 5 mM

For temperature kinetics studies, experiments were carried out with fixed ATP
concentration of 5 mM and the temperature was varied from 5°-53°C with an increment

of 4°C at each step.

The data for substrate kinetics were analyzed by the Lineweaver-Burk, Eadie-Hofstee
and Eisenthal and Comish-Bowden methods for the determination of Km and Vmax (10).
The values of Km and Vmax obtained by the three methods were in close agreement and

were averaged
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The data on temperature kinetics were analyzed for determination of energies of
activation 1n the high and low temperature ranges (E; and E; respectively) and phase

transition temperature (Tt) according to the method described previously (11).

Al the kinetics data were computer analyzed employing Sigma plot version 5.0 (12,13).

Protein estimation was by the method of Lowry et al with bovine serum albumin used as

the standard (14).

Resulis are given as mean + SEM.

Statistical evaluation of the data was by Students’ t-test.

Results

As was evident from Table 5 (Chapter 4) the antimalarials had differential effect on rat
liver mitochondnal ATPase. Treatment with CQ for 7 days resulted in 28 % increase in
the activity whereas 14 day treatment had a reverse effect i.e. 33 % decrease. PQ
treatment caused a progressive decrease of 24 to 32 % while Q treatment resulted in

elevation (29 and 13 % increase) in the activity.

Since the effects of the three antimalarials were different, in the next series of
experiments we checked the dependence of the enzyme activity on substrate i.e. ATP

concentration The substrate saturation curves for the control and antimalarials treated
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groups are shown in Fig. 1. It is evident that the typical substrate saturation pattems were

obtained for the control and all the antimalarials treated groups.

The data were then analyzed in terms of Lineweaver-Burk, Eadie-Hofstee and Eisenthal
and Co'rnish~Bowden methods (10). For the sake of brevity only the corresponding
Eadie-Hofstee plots are shown in Fig. 2. From the Eadie-Hofstee plots it is clear that in
the control group the mitochondrial ATPase activity resolved in three components. This
1s consistent with previously reported observations by us and other investigators (15,16).
A similar three component pattern was seen even for CQ-7 group. However, CQ
treatment for 14 days resulted in abolishment of one component. Only two components
were evident. A pattern similar to that of the CQ-14 group was also seen following PQ
treatment. In the animals treated with Q the typical three component pattern was evident.

The values of Km and Vmax for the components of ATPase are given in Table 1. These
values for the control group are consistent with our previously reported observations
(16) CQ treatment for 7 days resulted in the lowering of Km of the first component
whereas the Km of the third component had increased. The Vmax values for all the
components almost doubled. This is consistent with the data in Table S (Chapter 4). CQ
treatment for 14 days, on the other hand, resulted in increased value of Km of component
I as well as component II; the Vmax of both the components increased. Apparently, the

third component was absent

PQ treatment for 7 days brought about a small decrease in Km and increase in Vmax of
the first component. Similar changes were noted even for component II. For the PQ-14

group the pattemn was almost the same



Fig.1. Typical substrate saturation curves for rat liver mitochondrial ATPase in controls
and antimalarials treated animals. Experimental details are as given in the text. For
determination of substrate kinetics of ATPase, ATP was used as a substrate over a
concentration range of 0.01 to 5SmM. The abscissa represents the reaction velocity v, while
the ordinate represents [S]. Reaction velocity v = pmol of Pi liberated hr'! mg protein™.
[S]= mM ’
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Fig.2. The respective Eadie-Hofstee plots for rat liver mitochondrial ATPase in controls -
and antimalarials treated animals. Experimental details are as given in the text and in Fig.
2. The abscissa represents the reaction velocity v, while the ordinate represents v/[S].
Reaction velocity v == pumol of Pi liberated hr’ mg protein. V/[S]= reaction velocity

divided by the corresponding substrate concentration.



cQ

PQ

163

: 14
Fig. 2 A
12
10 ~
Control |
6,..
4__
2._.
"\0\\
0 O B e
7 day 2 4 6 8 10 12 14 14 day
25 12
\ ; ;
20 10
8 -
15 H
6_
10 .
4_..
5 o
0 L I 0 ! ! l
0 5 10152025303540 0 5 10 15 20
12 ! 14
{ D E
10 ?\‘ 12
3 | 10 -
N : -
5 \
1] ° 7
) \\\\V\\P\ .
5 |
2 \ 2
0 - \ , , 0 e N B
C 5 10 15 20 0 2 4 6 810121416
18 14
144 F 12 G
Al
1= \ 10 -
10 .\ 5
8_
- \y 6 -
3 - | %o
K ‘;\ 4
1«\\ 2
- {
c 4 \’ , , 0 1 T T T
- 1 0 5 10 15 20 25



164

‘Toxuod Surpuodse11od oY) yum paredwos 100 0>d » PUe 200°0>d | ‘10°0>d
‘sanjea NS F ursw oY) Furnenojes 0] padeidae pue

.

q S00>d,

0’S uoIsI9A 10[d BwdI§ Suisn 1Xa1 9y} Ul PAqLIOS3P Se SISATRUR JO SPOYIRW JUIISJIP 921U} AQ POIR[NOTED SI0M SANJBA XBW A PUB WY oY ],
urajoxd Sur /1y paieIaqi 1J Jo s[owin se passaidxe S1 XBwA
AW se passardxo s1 wy]

AW § 03 1(°( JO 9SuBI UONRIIUIOUOD O] JOAO J IV SBM 9SBJ 1Y [BLIPUOYDOIW JSAT] JBI 9y} JO UOHBUTULISSP

sonoury Ioj pasn ajensqns oy ‘sesoyjuared oY) Ul POJEOIPUI SUOHBAINSGO JO JoqUINU 97} JO JAHS F UBSW SB USAIS OIe S3NSoI oy

"1X3} oY} UT USAIS se oIe S[1eIep [eIuswLIadxa oy,

oSTL OFLLL VT ,€01°0F999°¢ L£8€ [FISH 1T 960 0F618°0 6CE0FILO9 £10°0F861°0 (® +I1-0

88V TFHIL 61 BLUOFSIY € 986°0FCSO01  660°0FLLEO JLLY OFLEO ¥ 0£0°0FSET0 ® L0

- - 0TEIFOLI'LL  TIL'OF98T'T » 880 0FE99°9 140 0FEET0 (8) v1-0d

- - €08'0FIFPC Pl 9ETOFESET LOST0FOLS ¥ «ELO'0F6LI 0 (8) L-0d

- - SETIFOISEl  OSTUOFPLL'L ,SOE OF8LY'D 82007880  (8) ¥I1-0D

L0SETFS80'LT STTOFSI'E  LELOITFLZI'VL  ¥80°0FH96 0 plLTOFPOY'O  TI00F6¥10  (8) L-0D

769°0 FO8L b1 IITOFLIL'T 8TSOFSIL'S LEO'OFSTE0 667 0FCIE '€ 800°0FC1T0  (L1)[onuo)
Xput A ] Xpuwi A uy Xpid A ury

TI1 Jusuodmo))

[ Jusuoduio))

[05u0dwo))

"9SBJ.LV [BIIPUOYD0IIUI JIAY] T8I JO sanjtodord SOjaur] 21BIISqNS U0 JUIUITEII} S[RIIR[BWIIUE JO 105]JH ‘1 9[qel



165

Q treatment resulted in increased values of Km of component Il and increase in Vmax in
all the three components (Table 1), which is consistent with the results shown in Table 5

(Chapter 4)

In the light of compositional changes in the lipids and phospholipids profiles as reported
(5-7) and altered substrate saturation kinetics (Table 1and Fig. 1,2) it was of interest to
find out the effect of antimalarials treatment on temperature dependent changes in the
ATPase activity. The typical plots depicting the tempe;ature dependence of ATPase
activity are shown in Fig. 3. It can be noted that the pattern was comparable for control,
CQ-7 and Q treated animals where a progressive increase in the activity with increasing
temperature was noted. For CQ-14 group and PQ treated groups the pattern deviated
from the control in that over the temperature range of 21°C to 37°C the rate of increase

was lowered considerably thus producing a plateau region.

The data were then analyzed in terms of Arrhenius plots to find out the energies of
activation and phase transition temperature(s). The corresponding Arrhenius plots are
shown in Fig 4. As can be noted typical biphasic plots were obtained for control, CQ-7
and Q-7 groups; the plots were monophasic for Q-14 group. In CQ-14 and PQ treated
animals the plots were chair shaped with two breaks. Other reserchers have also reported

chair shaped Arrhenius plots for mitochondrial ATPase and cytochrome oxidase (17,18).

The data on energies of activation and phase transition temperature are given in Table 2.
As can be noted CQ treatment for 7 days resulted in increased energy of activation

without any change in phase transition temperature. Following CQ treatment for 14 days



Fig. 3. Typical temperature curves for rai liver mitochondrial ATPase in controls and
antimalarials treated animals. Exberimental details are as given in the text. The ATPase
activity was determined with 5 mM ATP. The abscissa represents the reaction velocity v,
while the ordinate represents the temperature in °C. Reaction velocity v = pmol of Pi

liberated hr'! mg protein™.
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Fig. 4. The respective Arrhennius plots for rat liver mitochondrial ATPase in controls and
antimalarials treated animals. Experimental details are as given in the texv and Fig. 5. The
abscissa represents the log of reaction velocity v, while the ordinate represents reciprocal of
absolute temperature T*1000. Reaction velocity v = pmol of Pi liberated hr'' mg protein™.

Absolute temperature T= °Kelvin.
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a transient energy of activation E; of about 28 Kcal became evident; at the same time the
value of E; and E; increased. Phase transition temperature was elevated by 4.5° and
additional break in the plot appeared at 34°C. Almost similar pattern was obtained in PQ-
7 and PQ-14 groups. Q treatment for 7 days resulted in increase in the value of E; with a
6.3°C increase in the phase transition temperature. Interestingly, in the Q-14 group the
phase transition was abolished and a comparatively higher value of energy of activation

was observed (Table 6).

In conclusion 1t can be said that treaiment with the three antimalarials effected the
mitochondrial membrane functions in the host tissue. As is evident, the kinetic properties
in terms of Km and Vmax were indeed greatly influenced by antimalarial treatment.
Likewise, the Arrhenius plots also revealed significant alterations following antimalarial
treatment. Of particular interest was ’d;e chair shaped Arhenius plots in CQ-14 and PQ
treated animals (both 7 day and 14 day treatment groups). Significance of these changes
remains obscure at this stage but could perhaps relate to changes in the mitochondrial

lipid/ phospholipid compositions. This possibility is further checked in the next chapter.
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Summary

The effect of antimalanals (chloroquine, primaquine and quinine) treatment on
mitochondria FoFl ATPase kinetics properties were studied. Treatment with
antimalanials resulted in altered substrate and temperature kinetics properties of
mitochondrial ATPase. Treatment with antimalarials increased the Vmax of almost all
the three components. Prolonged treatment with chloroquine and treatment with
primaquine resulted in loss of one component; quinine treatment was least affective.
Interestingly the group which showed loss of one component showed a chair shaped
Arrhenius plots with three energies of activation and two phase transition temperatures.
The cor;esponding energtes of activation i.e. E; and E; were higher when compared to
controls. Similarly Tt; was also higher than that in the controls. The results thus suggest
that long-term treatment with antimalarials alters the function of membrane bound

enzyme such as FoF1 ATPase.



