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ABSTRACT  6 
 7 
Aims: This study investigated in vitro and in vivo effect of quercetin on transmembrane 
hepatocyte Na+, K+- ATPase activity in normal Wistar rats.  
Study design:  One factor experimental design. 
Place and Duration of Study: Department of Biochemistry, Federal University of 
Technology, Akure, Ondo State, Nigeria, between April and September 2010. 
Methodology: In vitro effect of quercetin on transmembrane hepatocyte Na+, K+-ATPase 
activity was investigated through enzyme assay by measuring the released inorganic 
phosphate (Pi) through the method of Fiske and Subbarow, while in in vivo experiment, three 
(3) main groups of male Wistar rats weighing 200-250g (n=5) were randomly selected. 
Group 1 (IP; Intraperitoneal), group 2 (IV; Intravenous) and 3 (OR; Oral) group. All three 
groups were administered with quercetin 50 mg/kg body weight (once/day) for 5 days 
through respective route. The control for each group received equal volume of vehicle 
through respective route of administration. Hepatocyte Na+, K+-ATPase activity for each 
group was assayed after days of quercetin administration.  
Results: In vitro results indicated that quercetin, with IC50 of 5.75 µm showed high inhibitory 
activity on Na+, K+-ATPase, while in vivo result showed inhibitory activity on hepatic Na+ K+-
ATPase irrespective of the routes of administration. Quercetin through the oral route showed 
significant (F5, 12= 265.8; P=0.05) inhibitory effect on hepatic Na+ K+-ATPase compared to 
control. Administration of quercetin though the parenteral routes (intraperitoneal and 
intravenous) showed significant (F5, 12= 265.8; P<0.001) inhibitory effect compared to 
respective control. The parenteral routes of administration of quercetin have significant (F5, 

12= 265.8; P<0.001) inhibitory effect on hepatic Na+ K+-ATPase compared to the oral route     
Conclusion: Quercetin showed high inhibitory effect in vitro on hepatocyte Na+, K+- ATPase 
activity in normal rats. In vivo administration of quercetin showed significant inhibitory effect 
on hepatocyte Na+, K+- ATPase activity in normal rats, with the parenteral routes of 
administration exerting significant inhibitory effect compared to the oral route. 
 8 
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1. INTRODUCTION  11 
 12 
Ubiquitous transmembrane enzyme, Na+, K+-ATPase, also Known as sodium pump 13 
transports Na+ and K+ across the plasma membrane by hydrolyzing ATP [1]. Like the H+, K+-14 
ATPase, Na+, K+-ATPase belongs to the P-type ATPases. It is composed of majorly two 15 
subunits α and β. The catalytic α subunit is a large membrane protein approximately 16 
between 110,000 – 113,000 Da, and it contains the binding sites for ATP, sodium, 17 
potassium, Phosphate and cardiac glycoside [2, 3], while the β subunit with approximately 18 
35,000 to 55,000 Da is assumed to be necessary for the activity of the complex [4]. Of the 19 
four (4) α isoforms that have been identified in mammals with tissue –specific pattern of 20 
expression, the α1 isoform is however ubiquitous ad has been identified in hepatocytes in 21 
the basolateral and bile canalicular membranes [5, 6] 22 



 

The Na+, K+-ATPase plays an important role in the control of the ionic intracellular milieu, 23 
this process is needed for the maintenance of the characteristic intracellular concentration of 24 
sodium and potassium, and to determine the transmembrane electrochemical gradients for 25 
these ions. It is also needed for regulation of metabolism, proliferation, differentiation and 26 
most importantly cell volume. It is a common belief that the electrochemical sodium gradient 27 
provides the driving force for secondary active sodium-coupled transport of a variety of 28 
solutes, including certain amino acids and bile, and also drives the activity of many other 29 
transporters like Na+, H+ exchanger and Na+-K+2Cl- cotransporter involved in the regulation 30 
of intracellular pH and cell volume respectively [7]. Knowing that apoptotic cells lose K+, and 31 
gain Na+ in a process that involves the Na+, K+-ATPase underpins the significance of this 32 
ubiquitous membrane protein in both physiologic and pathologic states [8, 9]. It has been 33 
hypothesized that variations in hepatocyte ATP might be transduced into neural signaling by 34 
modulating Na+, K+-ATPase activity, in that, decrease in hepatocyte ATP which reduce the 35 
activity of Na+, K+-ATPase, thus depolarizing the cell which in turn would affect hepatic 36 
neuronal activity through close coupling or release of a neuromodulator. This is evidenced 37 
by the observation that feeding behaviour in rats is stimulated by intraperitoneal or hepatic 38 
portal administration of ouabain, an inhibitor of the Na+, K+-ATPase [10 - 12].  39 

Quercetin (3, 3’ 4’, 5, 7-pentahydroxyflavone) is one of several naturally-occurring dietary 40 
flavonoids compounds, ubiquitously found in fruits, vegetables, herbs, tea, wine, etc. 41 
Quercetin belongs to the group of flavonoids, and generally, flavonoids are characterized by 42 
a phenyl benzo (γ) pyronederived structure consisting of two benzene rings (A and B) linked 43 
by a heterocyclic pyran or pyrone ring [13]. In plants, the flavonol aglycone is most 44 
commonly present conjugated at the 3- position of the unsaturated C-ring with a sugar 45 
moiety, forming O-β-glycosides such as quercitrin or rutin [14]. Quercetin can be obtained 46 
from plants via extraction of the quercetin glycosides followed by hydrolysis to release the 47 
aglycone and subsequent purification. Flavonols exhibit numerous biological and 48 
pharmacological effects, including anti-oxidant, chelation, anti-carcinogenic, cardioprotective, 49 
bacteriostatic, and secretory properties [13]. The biological action of quercetin is connected 50 
with its antioxidant properties which are mainly due to: (1) its ability to scavenge free radicals 51 
and reactive oxygen species (ROS) (superoxide anion, hydroxyl-radical) [15], (2) to form 52 
complexes with metal ions, thus preventing oxidation of the metals with oxygen yielding ROS 53 
(Haber–Weiss and Fenton reactions) [16, 17]; and (3) reduction of Fe3+ to Fe2+ [18]. These 54 
mechanisms explain the inhibition of the lipid peroxidation reactions by quercetin [19-20] and 55 
its ability to prevent deoxyribose degradation [18]. The mechanism(s) contributing to the 56 
health beneficial effects of quercetin involve the quenching of free radicals, elevating 57 
antioxidant status, and membrane modulating effects [21]. Quercetin has shown a potent 58 
effect at membrane level modulating the activity of membrane transport processes of 59 
erythrocyte’s Na+, K+-ATPase and Na+, H+ antiport in diabetic patients [22]. 60 
 61 
Our previous researches showed that quercetin elevated antioxidant status and modulated 62 
Na+, K+-ATPase in rat brain [23], and also potentiated hepatoprotective and antioxidant 63 
response to intraperitoneal, intravenous, subcutaneous and oral administration in Wistar rats 64 
[24]. Meanwhile, a recent work by Kairane et. al. [25] showed that genistein, an exogenous 65 
antioxidant like quercetin, has an inhibitory effect on Na+, K+-ATPase in normal brain, but 66 
improve the activity of this pump in Alzheimer’s disease brain. Since our prior works showed 67 
inhibitory effect of quercetin on cerebral Na+, K+-ATPase, but antioxidant effect in both the 68 
brain and liver in rats, we have taken to investigating the effect of quercetin on hepatic Na+, 69 
K+-ATPase in normal rats. 70 
 71 
2. MATERIAL AND METHODS 72 
 73 
2.1. Chemicals 74 



 

 75 
Quercetin was obtained from Sigma-Aldrich (Germany). All other chemicals used were of 76 
analytical grade and obtained from FLUKA, BDH (Germany) and other standard commercial 77 
suppliers. 78 
 79 
2.2 Animals 80 
 81 
Male adult Wistar rats (200–250 g) obtained from the animal facility of the Department of 82 
Biochemistry of the Federal University of Technology, Akure, Nigeria were used in this study. 83 
Animals were maintained with food and water ad libitum and under a 12-h light/12-h dark 84 
cycle. The “principle of laboratory animal care” (National Institute of Health-NIH publication 85 
No. 85-23) guidelines and procedures were followed in this study (NIH publication revised, 86 
5). The Ethical Committee of the Faculty Postgraduate Committee, Faculty of Science, 87 
Federal University of Technology, approved the research work. 88 
 89 
2.3 In vitro Effect of Quercetin on Na+, K+-ATPase Activity 90 
 91 
Immediately after the animals were euthanized, the liver was quickly removed and the 92 
homogenate was prepared in 0.05 M Tris–HCl, pH 7.4. The homogenate was centrifuged at 93 
4,000 rpm at 4 oC for 7 min and the supernatant was used for the assay of Na+, K+-ATPase. 94 
The reaction mixture for Mg2+-dependent- Na+, K+-ATPase activity assay contained 3 mM 95 
MgCl2, 125 mM NaCl, 20 mM KCl, 200mM sodium azide and 50 mM Tris–HCl, pH 7.4 and 96 
100–120 µg of protein, in a final volume of 500 µl. The reaction was initiated by addition of 97 
ATP to a final concentration of 3.0 mM. Controls were carried out under the same conditions 98 
with the addition of 0.1 mM ouabain [26, 27]. Na+, K+-ATPase activity was calculated by the 99 
difference between the two assays. Released inorganic phosphorous (Pi) was measured by 100 
the method of Fiske and Subbarow [28].    101 
 102 
2.4 In vivo Experiment 103 
 104 
The animals were divided randomly into the following groups (n=5 per group): group 1 (IP, 105 
intraperitoneal); group 2 (IV, intravenous); group, and 3 (OR, oral) group. Groups 1, 2 and 3 106 
were administered quercetin at a dose of 50 mg/kg (once/day) for 5 days. Quercetin was 107 
pre-dissolved in ethanol. Control for each group received equal volume of vehicle through 108 
respective route of administration.  109 
 110 
2.4.1 Tissue preparation for in- vivo experiment 111 
 112 
Animals were anesthetized with ether and euthanized by decapitation and whole liver were 113 
quickly removed, placed on ice and homogenized in cold 50 mM Tris–HCl pH 7.4. The 114 
homogenate was centrifuged at 4,000 g for 10 min to yield the low-speed supernatant (S2). 115 
For all analyses, protein content was determined by the method of Lowry et al. [29], using 116 
bovine serum albumin as the standard. 117 
 118 
2.4.1.1 In-vivo effect of quercetin on Na+, K+-ATPase activity 119 
 120 
The assay was carried out as described earlier for in-vitro assay. Released inorganic 121 
phosphorous (Pi) was measured by the method of Fiske and Subbarow [28]. 122 
 123 
2.5 Statistical analysis 124 
 125 
The results of the in vivo experiment are expressed as mean ± SEM and statistical 126 
difference was determined by Student Newman Keul’s Test after a one-way analysis of 127 



 

variance (ANOVA) was done. The level of significant was set at 5% (P < 0.05) for all 128 
treatment carried out. For the in vitro experiment, IC50 was calculated with the aid of Adobe® 129 
Page Maker® 7.0 from graphs plotted with the aid of Graph pad PRISM® version 3.00.  130 
 131 
3. RESULTS AND DISCUSSION 132 
 133 
3.1 In vitro Effect of Quercetin on Na+, K+-ATPase Activity 134 
 135 

The in vitro result in this study showed that quercetin, like ouabain a potent inhibitor of Na+, 136 
K+-ATPase, has an inhibitory effect on the hepatocyte Na+, K+-ATPase activity (see figure 1). 137 
While the IC50 for ouabain was 3.63 µm, the IC50 for quercetin was 5.75 µm. These indicate, 138 
as noticed in our previous research [23], that quercetin showed inhibitory activity in both 139 
normal liver and brain Na+, K+-ATPase. However, using Rukunga and Simon’s classification 140 
of activity of some natural products [30], both ouabain and quercetin (with IC50 3.63 µm and 141 
5.75 µm respectively) have high inhibitory activity on hepatic Na+, K+-ATPase activity. Both 142 
ouabain and quercetin showed a concentration-dependent inhibitory activity on hepatic Na+, 143 
K+-ATPase activity. Genistein, an exogenous antioxidant like quercetin, has been shown to 144 
have inhibitory effect on Na+, K+-ATPase activity in normal brain, but improved the activity of 145 
Na+, K+-ATPase in Alzheimer disease (AD) brain [25]. The speculation to genistein affecting 146 
Na+, K+-ATPase activity in control and AD brains in opposite directions was said to be that 147 
Na+, K+-ATPase is redox sensitive. That whereas shifts both into a more reduced and 148 
oxidized states cause the suppression of Na+, K+-ATPase activity in control brain, the 149 
antioxidant activity of genistein may change redox balance back towards the reduced state 150 
and thus helping to improve Na+, K+-ATPase activity in the AD brain. We have shown in our 151 
previous work [24] that quercetin showed hepatoprotective and antioxidant effects in normal 152 
rat liver. Thus quercetin, an antioxidant like genistein, showing inhibitory effect on normal 153 
hepatocyte Na+, K+-ATPase might achieved this, like genistein, by shifting both into a more 154 
reduced and oxidized state to cause inhibitory activity on normal hepatocyte Na+, K+-155 
ATPase. We used normal hepatocyte Na+, K+-ATPase in this study, a further work will be 156 
necessary to investigate the effect of quercetin on Na+, K+-ATPase in a diseased liver. 157 

 158 



 

    Fig. 1. Na+, K+-ATPase inhibitory activity of ouabain compared with quercetin in rat    159 

    liver. 160 

 161 

3.2 In vivo Effect of Quercetin on Na+, K+-ATPase Activity  162 

This study also investigated the effect of in vivo (oral, intraperitoneal and intravenous) 163 
administration of quercetin on hepatic Na+ K+-ATPase activity. The results indicated that 164 
quercetin showed inhibitory activity on hepatic Na+ K+-ATPase in vivo irrespective of the 165 
routes of administration. Quercetin through the oral route showed significant (F5, 12= 265.8; 166 
P=0.05) inhibitory effect on hepatic Na+ K+-ATPase activity compared to control. 167 
Administration of quercetin though the parenteral routes (intraperitoneal and intravenous) 168 
showed significant (F5, 12= 265.8; P<0.001) inhibitory effect compared to respective control. 169 
The parenteral routes of quercetin administration have significant (F5, 12= 265.8; P<0.001) 170 
inhibitory effect on hepatic Na+ K+-ATPase activity compared to the oral route (see figure 2). 171 
The pattern of inhibition exhibited in this study between the oral and parenteral routes, has 172 
also been seen in the hepatoprotective and antioxidant effects of quercetin in normal rats 173 
[24]. This has been attributed to poor absorption of quercetin in the small intestine when 174 
administered through the oral route [30-32].     175 

 176 

Fig. 2. Effect of quercetin on hepatocyte Na+, K+- ATPase activity; comparing different 177 
routes of administration.  178 
Each bar is expressed as Mean ± SEM of released inorganic phosphate (Pi) (n=5 per group). a P = 179 
0.05 compared to oral control,   b P < 0.001 compared to oral and c P < 0.001 compared to 180 
intraperitoneal. 181 



 

  4. Conclusion 182 
Quercetin showed high inhibitory effect in vitro on hepatocyte Na+, K+- ATPase activity in 183 
normal rats. In vivo administration of quercetin showed significant inhibitory effect on 184 
hepatocyte Na+, K+- ATPase activity in normal rats, with the parenteral routes of 185 
administration exerting significant inhibitory effect compared to the oral route. 186 



 

ETHICAL APPROVAL  187 
 188 
The “principle of laboratory animal care” (National Institute of Health-NIH publication No. 85-189 
23) guidelines and procedures were followed in this study (NIH publication revised, 5). The 190 
Ethical Committee of the Faculty Postgraduate Committee, Faculty of Science, Federal 191 
University of Technology, approved the research work. 192 
 193 
REFERENCES 194 
 195 
1.    Kaplan JH, Biochemistry of Na, K-ATPase. Anna Rev Biochem 2002;71:511-535. 196 
2.    Geering K., Beggoch A., Good P. Oligomerization and maturation of Na, K-  197 
       ATPase: Functional interaction of the cytoplasmic NH2 terminus of the beta subunit with  198 
       the alpha subunit J Cell Biol 1996;133:113, 199 
3.    Vasilets LA, Schwarz W. Structure-function relationship of cation binding in the Na+/K+- 200 
       ATPase Biochimica et Biophysica Acta 1993;1154(2):201-222. 201 
4.    Kirley TL. Determination of three disulfide bonds and one free sulfhydryl in the beta  202 
       subunit of (Na,K)- ATPase. J Biol Chem 1994;269:19659. 203 
5.    Lingrel JB Kuntzweiler T. Na+ K+-ATPase J Biol Chem 1994;269:19659. 204 
6.   Brisse J. Sastre B. Bongrand P. Chamlian A. Immunocytochemical study of Na+ K+- 205 
      ATPase alpha 1 and beta 1 subunits in human and rat normal hepatocytes using   206 
      confocal microscopy Cell Mol Biol 1995;41:499. 207 
7.    Erlinger S. Does Na+-K+ ATPase have any role in bile secretion? Am J Physiol  208 
      Gastrointest Liver Physiol 1982;243:G243. 209 
8.    Yu SF. Na+, K+-ATPase: the new face of old player in pathogenesis and  210 
       apoptotic/hybrid cell death. Biochem Phaemacol 2003;6:1601. 211 
9.    Panayiotidis MI, Bortrar CD, Cidlowski JA. On the mechanism of ionic regulation of  212 
       apoptosis: would the Na+/K+ ATPase please stand up? Acta Physiol 2006;186:203. 213 
10.  Langhans W. Role of the liver in the metabolic control of eating: what we know- and  214 
       what we do not know. Neurosci Biobehav Rev 1996;20:145-153. 215 
11.  Langhans W., Schharrer E. Metabolic control of eating, in: S.A.P. [Ed.] Metabolic  216 
       Control of Eating, Energy Expenditure and the Bioenergetics of Obesity. World Review  217 
       of Nutrition and Diebetics, S. Karger, Basel. 1993, pp. 1-67.  218 
12.  Langhans W. Scharrer E. Evidence of a role of the sodium pump of hepatocytes in the  219 
       control of food intake. J Auton Nerv Syst 1987;20:199-205. 220 
13.  Harwood M, Danielewska-Nikiel B, Borzelleca JF, Flamm GW, Williams GM, Lines TC.  221 
       A critical review of the data related to the safety of quercetin and lack of evidence of in 222 
       vivo toxicity, including lack of genotoxic/carcinogenic properties. Food Chem Toxicol  223 
       2007;45:2179-2205.   224 
14.  Merck. Quercetin. The Merck Index: An Encyclopedia of Chemicals, Drugs and  225 
       Biologicals, ed 13, Merck & Co., Inc. Whitehousse Station, New Jersey 2001, 1438. 226 
15.  Javanovic SV, Steenken S, Tosic M, Majanovic A, Simic MG. Flavonoids as  227 
       antioxidants. J Am Chem Soc 1994;116:4846-4851. 228 
16.  Morel I, Lescoat G, Gillard P, Gillard J. Role of flavonoids and iron chelation in  229 
       antioxidant action. Methods Enzymol 1994;234:443. 230 
17.  Miral L. Fernandez MT, Santos M, Rocha R, Florencio MH, Jennings KR, Interactions of  231 
       flavonoids with iron and copper ions: a mechanism for their antioxidant activity. Free   232 
       Radical Res. 2002;3:1199-1208. 233 
18.  Omololu PA, Rocha JBT, Kade IJ. Attachment  of rhamnosyl glucoside on quercetin  234 
       confers protein iron-chelating ability on its antioxidant properties. Exp Toxicol Pathol  235 
       2011;63(3):249-255.  236 
19.  Hayek T, Fuhrman B, Vaya J, Rosenblat M, Belinky P, Coleman R. Reduced     237 
       Progression of atherosclerosis in apolipoprotein E- deficient mice following consumption  238 
       of red wine, or its polyphenols quercetin or catechin in association with reduced  239 



 

       susceptibility of LDL to oxidation and aggregation. Arterioscler Thromb Vasc Biol  240 
       1997;17:2744-2752. 241 
20.  Zhao Y, Gao Z, Li H, Xu H. Hemin/nitrite/H2O2 induces brain homogenate oxidation and  242 
       nitration: effects of some flavonoids. Biochim Biophys Acta 2004;1675:105-112. 243 
21.  Renugadevi J, Prabu SM, Quercetin protect against oxidative stress related renal  244 
       dysfunction by cadmium in rats Exp Toxicol Pathol 2010;62:471-481. 245 
22.  Mishra N, Rizvi SI, Quercetin Modulates Na+, K+ ATPase and Sodium Hydrogen  246 
       Exchanger in Type 2 Diabetic Erythrocytes. Cell Mol Biol 2012;58:148-152. 247 
23.  Ogundajo A, Imoru J, Kade I, Olawoye T. Quercetin elevates antioxidant status and  248 
       Modulates ouabain-sensitive transmembrane sodium pump in rat brain. TPI Journal   249 
       2014;3(10):69-75. 250 
24.  Ogundajo AT, Imoru JO, Asaolu FM. Quercetin potentiates hepatoprotective and  251 
       antioxidant response to intraperitoneal, intravenous, subcutaneous and oral  252 
       administration in Wistar rats. Asian J Biomed Pharma Sci 2014;04(38):57-61.  253 
25.  Kairane C, Mahlapuu R, Ehrlich K, Zilmer M, Soomets U. The effects of different  254 
       antioxidants on the activity of cerebrocortical MnSOD and Na, K-ATPase from post   255 
       mortem Alzheimer’s disease and age-matched normal brains. Current Alzheimer Res  256 
       2014;11(1):79-85. 257 
26.  Kade IJ, Paixão MW, Rodrigues OED, Barbosa NBV, Broga AL, Avila DS, Nogveira  258 
       CW, Rocha JBT. Comparative Studies on Dicholesteroyl Diselenide and Diphenyl  259 
       Diselenide as Antioxidant Agents and their effect on the Activities of Na+/K+ ATPase  260 
       and δ-Aminolevulinic acid Dehydratase in Rat Brain. Neurochem Res 2008;33:167-178. 261 
27.  Tsakiris S., Marinou K., Schulpis KH. The Effect of Galactose Metabolic Disorders on  262 
       Rat Brain Na+, K+-ATPase Activity. Z. Naturforsch. 2002;57c:939-943.   263 
28.  Fiske CH, Subbarow TJ. The colorimetric determination of phosphorus. Journal Biol  264 
       Chem 1925;66:375-378. 265 
29.  Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ. Protein measurement with Folin- 266 
       Phenol reagent. Journal Biol Chem 1951;193:265-275. 267 
30. Brown JP. A review of the genetic effects of naturally occurring flavonoids,  268 
      anthraquinones and related compounds. Mutat Res 1980;75:243-277. 269 
31. Tamura G, Gold C, Ferro-luzzi A, Ames BN. Fecalase. A model for activation of dietary  270 
      glycosides to mutagens by intestinal flora. Roc Natl Acad Sci USA 1980;77:451-455. 271 
32. Bokkenheuser VD, Shackleton CHL, Winter J. Hydrolysis of dietary flavonoid glycosides  272 
      by strains of intestinal bacteroides from humans. Biochem J 1987;248:953-956. 273 
 274 


