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ABSTRACT 
 

In recent years with the widespread use of medication, the relevance of drug  nutrient interactions in 

daily practice continues to increase.Such interactions can involve one or more nutrients, present in food 

and nutrition. Drug food interactions can occur mechanistically in the absorption, distribution, metabolism 

and excretion of intestinsas well as in the interaction of receptors with drugs. Accordingly, in an in vivo rat 

study, the study assesses the effect of long term use of high and low doses of nimodipine on serum levels 

(Zn, Cu and Fe).,Twenty  four male Sprague Dawly rats were assigned to three groups of 8 rats each, the 

first group was treated with D.W as a control group, the second group was treated with 20mg / kg 

nimodipine and the third group was treated with 80mg / kg nimodipine, all groups received oral treatment 

for 30 days, On day 31 all groups of rats were sacrificed and blood samples were drawn and collected for 

later analysis of trace elements in the polyethylene tubes. The findings showed that nimodipine treatment 

cause a significant decrease  Concentration of the serum iron and zinc compared with control with lowest 

serum iron level observed in group received high dose of nimodipine. However, compared with control, 

both low and high doses of nimodipine had no effect on serum copper concentration. In conclusion using 

low or high doses of nimodipine lead to significant decrease in serum concentration of iron and zinc but no 

effect was observed in the serum concentration of copper compared to the control group level. 

  
 

INTRODUCTION 
 

              There is still a range of safe and adequate exposure for each element, within which homeostasis 

maintain optimal concentration and functions of the tissues   . Each metal may be toxic if the normal safe 

exposure range is exceeded. Different mechanisms in living body maintain the optimal function in the 

biological system through a wide range of exposures to the environment and diet. Some trace elements 
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carrier molecules have buffering capacity against excess, but more important is kinetic control of the 

mechanisms of absorption and excretion (1). 

 

               With the wide use of medication, the relevance of drug food interactions has continued to 

increase. Interactions may include a single nutrient, multiple nutrients, general food, or nutrition status.  

Drug food interactions can occur mechanistically in the absorption, distribution, metabolism and excretion 

in intestines, as well as in the interaction of receptors with drugs (2).  

 

                There are numerous factors (dietary, drugs and host) can interact and affect mineral absorption in 

living organism. However, Micronutrient bioavailability can be enhanced by increasing concentration of 

nutritional substances or by decreasing of anti-nutrients concentration (3). The absorption mechanisms of 

trace elements, especially iron and zinc, were extensively studied but are not fully understood. The 

absorption process involves the absorption of nutrients from the intestinal lumen by intestinal mucosal 

cells, the transfer of the nutrient through the mucosal cell and the transmission from the intestinal cells to 

other tissues and organs. (4, 5). In fact, Zn, Cu, Fe, Se and Cr are important for growth and function and 

regulated precisely where excess and deficiency have resulted in various diseases (6). 

 

                Copper is an essential micronutrient required for a wide range of physiological functions 

including antioxidants, angiogenesis and biosynthesis of neurotransmitters (7). There are numerous 

transporters and variety of  carrier proteins participate in regulation of absorption, distribution and 

excretion of trace elements and interactions on these carriers are predictable, the most important of these 

carriers are divalent metal transporters(DMT1), first cloned from rodents in 1995(8). The mRNA for 

divalent metal transporters was found in duodenum, liver and erythroid cells, but can also be easily 

identified throughout the kidney, brain, thymus, heart, lung and testis. (9). On the expression of divalent 

metal conveyors mRNA constructs in Xenopus oocytes or HEK293 cell lines suggest that divalent metal 

conveyors can also function in the pH - dependent transport of metals other than iron, including 

manganese, nickel and possibly zinc (9). Divalent metal transporter-1 mediates the absorption of dietary 

iron across the duodenal brush border membrane, It has been established that iron transport by DMT1 is pH 

dependent and that ferrous iron is the preferred form of the metal for uptake(10), On the other hand there 

are contradictory reports on the localization of DMT1 in the brain[11].Transporters also play a key role in 

excretion or reabsorption of trace elements. Recent study have clearly demonstrated that DMT1 can 

transport iron,zinc and cadmium along the loop of Henle and distal tubule(12). 
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                 In the last years, there are remarkable progresses in studying the metal channels specificity and 

possible involvement of more than one ion in the same channel, Ca- channels play important role in trace 

elements movement across cell membrane. They also found that nimodipine as calcium specific L-type 

calcium-gated channel blocker inhibits iron uptake(13). Cardiac L-type voltage-gated calcium channels 

provide an important means for the entry of iron into cardiac myocytes and suggested that iron overload 

patients could be treated with this potential therapy (14). 

              Nimodipine is a calcium channel blocker that is highly effective for treating classical angina and 

migraine, is well absorbed by oral administration, peak blood levels occur in approximately one hour, with 

a half-life of 1 to 2 hours and protein binding in excess of 95 %. (15). Nimodipine has been used as a 

standard treatment for cerebral vasospasm and cerebral ischemia in recent years (16). The current study 

was planned to measure the long-term effect on serum concentration of trace elements (Zn, Cu and Fe) rats 

of low and high doses of nimodipine. 

METHODS AND MATERIALS 

Reagents and Chemicals  

Nimodipine tablet(Bayer company germany), Chloroform (BDH Ltd., Poole, England), Diethyl 

Ether(May and Baker, England), Nitric acid &Perchloric acid(Fluka-Garantie (Poch), Germany). 

Preparation of drug solutions  

One tablet of Nimodipine (60mg) was dissolved in distilled water to produce a standard solution 

with a concentration of 2mg/ml from which different doses were prepared according to study design.   

 Animals and Study Design 

24 adult male rats of 200 - 300 g body weight were obtained from the animal house, of College of 

Pharmacy, University of Basrah, Iraq. The rats were housed on a 12 h light/12 h dark cycle, and received 

the standard pellet and water ad libitum. After  one week acclimatization period, the animals were divided 

into three groups consisting of 8 rats each; first group was treated with D.W as control group, the second 

group was treated with nimodipine 20mg/kg and the third group was treated with nimodipine 80mg/kg. The 

drug was prepared as a watery solution dissolved in D.W. and  given   daily as a single dose orally using 

gavage tube for 30 days. Then consequently  on day 31, all rats  were sacrificed after anesthesia with ether; 

then  blood samples were obtained and serum was frozen for later analysis(17). 

Evaluation of Zn, Cu, and Fe 
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               Concentrations of trace elements were evaluated by using atomic absorption spectrophotometer 

Buck Model 211- VGP (VER 3.94 C by Analyst: Gerald J. De Menna), 0.05 ppm for Fe and 0.005 ppm for 

Zn and Cu detection limit, respectively(18, 19). Fixed flame requirements and stabilized wave lengths for 

Zn, Cu and Fe, respectively (wavelengths 214, 324, 247 nm). The time of measurement was 3 seconds[20 

]. Standard solutions aspirated primarily for calibrating the device before the sample aspiration. 6 Standard 

concentrations for each element were prepared using 1000 ppm supplied by company of Buck, and their 

absorbance was designed to prepare the calibration curve. Based on the following formula, the 

concentration of each mineral was calculated (20): 

Concentration of the test sample PPM = Dilution factor  ×  Read concentration PPM 

Analysis of statistics 

              Data were presented as mean ± S.D ; all data were statistically assessed using one way ANOVA 

variance analysis, supported by Tukey's post-hoc analysis. Significantly different values with P < 0.05 were 

considered. Analysis was carried out using the prism graph pad 6. 

RESULTS 

                     The expected modulatory effects of low and high doses of nimodipine on the trace element 

serum concentration (ZN, Cu & Fe) were evaluated in the present study ; and quantified in comparison 

with the control group. In figure(1), long-term administration of both low(20mg/kg) and high(80mg/kg) 

doses of nimodipine decrease serum zinc concentrations significantly(P<0.05) as compared with control ; 

furthermore, no significant differences between groups treated with nimodipine were reported in serum Zn 

levels. Figure (2) clearly indicate that both low (20mg/kg) and high doses (80mg/kg) of nimodipine  did not 

affect rat serum copper concentration compared with their levels in the control group.  

                  On the other hand, as shown in figure (3) the mean iron serum level in the nimodipine-treated 

group was significantly(P<0.05)  reduced compared to the control group with the lowest iron level in the 

high dose nimodipine-treated group. In all tested groups there was no significant correlation between Zn, 

Cu and Fe as summarized in figures(4,5 and 6). 
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Figure(1): Effects of long-term use of nimodipine on serum zinc level; values are presented as mean±S.D; 

values with non-identical letters (a,b) represent significant differences among groups. * significantly 

different compared to control (P<0.05). 

 

 

 

 

 

 

 

 

Figure(2): Effects of long-term use of low & high dose of nimodipine on serum copper level; values are 

presented as mean ±S.D; no significant differences among treated groups as compared with control 

(P>0.05). 
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Figure(3): Effects of long-term use of nimodipine on serum iron level; values are presented as mean±S.D; 

values with non-identical letters (a,b) represent significant differences among groups; * significantly 

different compared to control (P<0.05) 
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Figure(4): correlation analysis of zinc with iron and copper in the control group. No significant correlation 

analysis was observed within group. 
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Figure (5): correlation analysis of zinc with iron and copper in the 20mg nimodipine treated group. No 

significant correlation analysis was observed within group. 
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Figure(6): correlation analysis of zinc with iron and copper in the 80mg nimodipine treated group. No 

significant correlation analysis was observed within group. 
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DISCUSSION 

            The drug nutrient-interaction field has exploded in recent years with the discovery of many new 

proteins and transporters that can be involved in drug and mineral absorption, distribution and excretion. 

On the other side, drugs that are used frequently, particularly for chronic disease treatment, may modulate 

the function of specific transporters and interact with substrates (2). In this study, 30 days of nimodipine 

administration significantly decreased Zn and Fe serum levels compared to control group. Interpretation of 

our finding was somewhat difficult as there were conflicting data on intake of Ca-channel blockers and 

homeostasis of trace elements. 

              Mechanistically, nimodipine treatment decreased the serum concentrations of iron can be 

explained according to the fact that it may enhances urinary iron excretion by interfering with DMT-1 

activity, This result matched many of the previously reported data. Iron   accumulation in organs  was 

completely resolved after using nifedipine (a medication used to treat high blood press) by increasing iron 

excretion in the urine about five-fold compared to the solvent-treated control group in mice. The role of 

DMT-type1 is augmented by Ca2 + dihydropyridine channel blockers (21). They therefore propose a new 

rationale for treating primary and secondary iron overload based on appropriate mouse models. It has also 

been developed that cardiac calcium channels have an essential mechanism for the entry of iron into 

cardiac myocytes and propose that calcium channel blockers can be a potential therapeutic target for iron 

overload patients, this by inhibiting the entry of iron by DMT(14). The result of this study showed that 

highest dose of nimodipine(80mg/kg) show maximum reduction of serum iron concentration, this outcome 

supported by previous research, where revealed that nimodipine, a specific L-type gated calcium channel 

blocker, suppresses iron uptake (similar to calcium uptake) in a dose-dependent way (13).  

               Because DMT has been allocated in various organs, as the DMT1 mRNA has also been found in 

duodenum, heart, erythroid cells, lung, brain, thymus, lungs, liver, and testis, and facilitates the absorption 

of nutritional iron through the duodenal brush border membrane (9). 

So interference with activity of such transporters may affect substrate absorption. It has also been 

discovered that staining of duodenal tissue by Prussian blue confirmed iron precipitation in the enterocytes 

of the nifedipine-treated mice group. The effect can be clarified by enhanced DMT1-mediated enterocytic 

iron absorption combined with non-affected iron distribute to circulation by ferroprotein anticipate results 

of this kind , so absorption will not increase concomitantly with increase DMT activity , this possibility is 

consistent with our data of decrease iron levels (21).  
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            Our finding showed a significant(P<0.05)  reduction of serum zinc concentration with use of 

nimodipine compared with control group, this reduction can be explained in the same manner as in iron 

level reduction, where many researches demonstrated that both zinc and iron  subjected to the same 

transporter. it  obviously shown in the rat that DMT1 can carry iron across the Henle loop and distal, tubule 

also carries zinc and cadmium, and Ca channel plays a major role in the movement of trace elements across 

the cell membrane (21). 

           Distal cadmium permeability was strongly blocked by iron and zinc and may involve divalent 

transporters(22) Moreover, DMT1 has a strong affinity for zinc (9).  

Unlike this idea, Mackenzie B et al discovered that Ca-channel blockers such as nifedipine did not 

influence the transport of iron or manganese in HEK293 cells transfected with human DMT1 isoform 1A/-

IRE (23).  In the current study, we also assess the effects of long-term nimodipine administration on the 

serum copper concentration, which is not known as DMT-1 substrate, to allow a more accurate 

determination of the effect of nimodipine on membrane transporters Compared to the control group, orally 

doses of nimodipine seemed to have no  significant effects on serum copper levels. This finding can be 

attributed to the fact that copper homeostasis requires numerous chaperones and transporters, all working 

to preserve intracellular levels of Cu and to defend the cell from this metal's toxicity (24). 

            There are special copper transporters, the high-affinity of copper importer is functionally and 

structurally preserved in yeast, fruit flies, plants and humans and is also located in intracellular vesicles in 

the intestinal plasma membrane. The significance of such a carrier in severe disorders like Menkes and 

Wilson's Diseases is quite obvious (25, 26).  

Therefore, divalent metal transporters perform just a minimal role in the absorption and excretion of 

copper that is not influenced by the effect of nimodipine on this transporter's activity.   This previous report 

promotes our result that the concentration of serum copper in the group allowed to treat with nimodipine is 

unaltered compared to control. 
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  على تراكيز الزنك والنحاس والحديد في مصل الدم مع احتمالية تورط النواقل ثنائية التكافؤ دواء النيموديبين تأثير

   رسول جلوب

 ، البصره ،العراق.فرع الصيدلة والسموم ، كلية الصيدلة ، جامعة البصرة 

  لخلاصةا

مستمرة. هذه التداخلات في السنوات الأخيرة اهمية التداخلات بين الاغذية والادوية وذلك لانتشار استخدام الادوية بصورة زدادت ا  

يمكن ان تنطوي على المغذيات المنفردة، والمغذيات متعددة، والغذاء بشكل عام. ميكانيكيا، تحدث هذه التداخلات خلال عملية الامتصاص 

. وفقا لذلك، تم تصميم بياوسليكون التأثير ايجابيا  الطرح وقدخلال عملية  ،التمثيل الغذائي، أو توزيع الدواء داخل الجسم، والتمثيل الغذائي او

هذه الدراسة لتقييم تأثير على المدى الطويل على حد سواء الجرعات المنخفضة والعالية من النيموديبين على تركيز مصل الدم من العناصر 

لى ثلاث مجموعات كل النزرة (الزنك، النحاس والحديد) في الفئران. أربع وعشرين من الذكور البالغين من فئران سبراغ دولى تم تقسيمها إ

فئران ، تم معاملة المجموعة الأولى بالماء المقطر وتم اعتبارها مجموعة السيطرة، تمت معالجة المجموعة الثانية  ٨مجموعة تتكون من 

يق الفم لمدة ، كل المجاميع تلقت العلاجات عن طر كغ/مغ٨٠تمت معالجة المجموعة الثالثة بدواء النيموديبين كغ و/مغ٢٠بدواء النيموديبين 

تم التضحية بالفئران وجمعت عينات الدم لتحليل العناصر النزرة. أظهرت النتائج أن دواء النيموديبين يقلل بشكل  ٣١يوما، وفي يوم  ٣٠

ت ملحوظ تراكيزكل من الحديد والزنك مقارنة مع مجموعة السيطرة مع أدنى مستوى في تركيزالحديد في الدم لوحظ في المجموعة التي تلق

جرعة عالية من دواء النيموديبين. ومع ذلك، بالمقارنة مع مجموعة السيطرة، لم يلاحظ اي تأثيير لكل من الجرعات المنخفضة والعالية من 

ل دواء النيموديبين على تركيز النحاس في مصل الدم. في الختام أن الاستخدام طويل الامد للجرع العالية والمنحفضة لدواء النيمودبين يقل

 .كل ملحوظ تراكيز مصل الدم لكل من الحديد والزنك ولم يكن هناك تأثير على تراكييز النحاس مقارنة بمجموعة السيطرةبش

REFERENCES 

1. Mertz, W. (1981). The essential trace elements. Science, 213:1332. 

2. Boullata, JI. and Hudson LM.( 2012) .Drug-nutrient interactions: A broad view with implications for 

practice. J AcadNutrDiabet.,112(4):506-517. 

3. House WA.( 1999). Trace element bioavailability as exemplified by iron and zinc. Field Crops Research, 

(27) 115-141. 

4. Scholz-Ahrens KE, Ade P, Marten B, Weber P, Timm W, Açil Y, Glüer CC, Schrezenmeir J. (2007). 

Prebiotics, probiotics, and synbiotics affect mineral absorption, bone mineral content, and bone 

structure. J Nutr. 137(3 Suppl 2):838S-46S. 

5. Olivares M, Pizarro F, Ruz M, de Romaña DL.( 2012) .Acute inhibition of iron bioavailability by zinc: 

studies in humans. Biometals, 25(4):657-64. 



 

102 

        Bas.J.Vet.Res.Vol.20, No.1, 2021. 

 
6. Madsen E, Gitlin JD.( 2007) .Copper and iron disorders of the brain. Annu Rev Neurosci.,30:317-337. 

7. Zimnicka AM, Ivy K. and Kaplan JH.( 2011). Acquisition of dietary copper: a role for anion 

transporters in intestinal apical copper uptake. Am J Physiol Cell Physiol, 300(3):C588-C599. 

8.Gruenheid S, Cellier M, Vidal S. and Gros P.( 1995) .Identification and character-ization of a second 

mouse Nramp gene. Genomics 25:514–525. 

9. Gunshin H, Mackenzie B, Berger UV, Gunshin Y, Romero MF, Boron WF, Nussberger S, Gollan 

JL and Hediger MA.( 1997). Cloning and characterization of a mammalian proton-coupled metal-

ion transporter. Nature, 388:482–488 

10. Forbes JR and Gros P.( 2003) . Iron, manganese, and cobalt transport by Nramp1 (Slc11a1) and 

Nramp2 (Slc11a2) expressed at the plasma membrane. Blood,102:1884–1892. 

11.Moos T and Morgan EH.( 2004). The significance of the mutated divalent metal transporter (DMT1) on 

iron transport into the Belgrade rat brain. J Neurochem, 88:233–245. 

12.Wareing M, Ferguson CJ, Green R, Riccardi D, and Smith CP. In vivo characterization of renal iron 

transport in the anaesthetized rat. J Physio 2000.524: 581–586. 

13.Gaasch JA, Geldenhuys WJ, Lockman PR, Allen DD and Van der Schyf CJ. (2007) .Voltage-gated 

calcium channels provide an alternate route for iron uptake in neuronal cell cultures. Neurochem Res, 

32:1686-1693. 

14.Oudit GY, sun H, trivieri MG, Koch SE, et al.( 2003). l-type ca2+ channels provide a major pathway 

for iron entry into cardiomyocytes in iron-overload cardiomyopathy. nature medicine. 9: 1187 - 1194. 

15. Rathinaraj BS, Rajveer C, Choudhury PK, sheshraoB G and Shinde GV.(2010). Studies on 

dissolution behaviour of sustained release solid dispersions of nimodipine. International Journal of 

Pharmaceutical Sciences Review and Research, 3(1):77-82. 

 

16. Doukas AP. (2011) Continuous intra-arterial infusion of nimodipine at the onset of resistant vasospasm 

in aneurysmal subarachnoidal haemorr-hage .Neurological Research, 290-294. 

17. Akinloye O, Abbiyesuku FM, Oguntibeju OO, Arowojolu AO, Truter EJ.( 2011) .The impact of 

blood andseminal plasma zinc and copper concentrations on spermogram and hormonal changes in 

infertile Nigerian men. Reprod Biol, 11(2):83-98. 



 

103 

        Bas.J.Vet.Res.Vol.20, No.1, 2021. 

 
18. Colagar AH, Marzony ET, Chaichi MJ.(  2009) . Zinc levels in seminal plasma are associated with 

sperm quality in fertile and infertile men. Nutr Res, 29(2):82-88. 

19. Gerald J. De Menna. Operation manual of atomic absorption spectrophotometer .BUCK 211 USA.  

20. Fayed AHA and Gad SB.( 2011). Effect of sildenafil citrate on trace element concentration in serum 

and brain of rats. J Trace Elem Med Biol, 25:236-238. 

21. Ludwiczek S, Theurl I, Muckenthaler M, Jakab M, Mair SM, Theurl M, Kiss J, Paulmichl M, 

Hentze MW, Ritter M, Weiss G.( 2007 ) . Ca2+ channel blockers reverse iron overload by a new 

mechanism via divalent metal transporter-1. Nature Medicine, 13(4):448-54. 

22. O. Barbier, G. Jacquillet, M. Tauc, P. Poujeol and M. Cougnon.( 2004). Acute study of interaction 

among cadmium, calcium, and zinc transport along the rat nephron in vivo. Am J Physiol Renal 

Physiol, 287:1067–1075. 

23.Mackenzie B, Shawki A, Ghio AJ, Stonehuerner JD, et al.( 2010) . Calcium-channel blockers do not 

affect iron transport mediated by divalent metal-ion transporter-1. Blood, 115: 4148-4149. 

24. Balamurugan K and Schaffner W.( 2006) . Copper homeostasis in eukaryotes: teetering on a tightrope. 

Biochem Biophys Acta,1763:737-746. 

25. Nose Y, Wood LK, Kim BE, Prohaska JR, Fry RS, Spears JW, Thiele DJ. (2010). Ctr1 is an apical 

copper transporter in mammalian intestinal epithelial cells in vivo that is controlled at the level of 

protein stability. J BiolChem; 285(42):32385-32392. 

26. Hamza I, Prohaska J and Gitlin JD.( 2003) . Essential role for Atox1 in the copper-mediated 

intracellular trafficking of the Menkes ATPase. Proc Natl Acad Sci USA, 100:1215-1220.  

 

 

 


