
		
			Research Article

		

		
			Comparative Pharmacodynamic Effect between Folate Isolated from Spinacia Oleracea Leaves and Synthetic Folic acid on Pregnant Mice 

		

		
			 Sarah S. Abdel Abbas1, Huda F. Hasan2*

			 

		

		
			1Department of Pharmacology and Physiology, College of Veterinary Medicine, University of Baghdad, Iraq; 2Department of Pharmacology and Physiology, College of Veterinary Medicine, University of Baghdad, Iraq.

		

		
			Abstract | The objective was designed to study a comparative effect between natural folate and synthetic folic acid on pregnant mice. Folate was extracted from Spinacia oleracea leaves; a pilot study was conducted by using different doses (0.123, 0.861, 1.72, 2.5 and 3.44) mg/kg. Sixty mice were divided into four collections, first group (G1) was control group, second group (G2) was treated with folate (2.33) mg/kg of B.W, third group (G3) was treated with folic acid (0.861) mg/kg B.W, fourth group (G4) were treated with extract of Spinacia Oleracea (100) mg/kg B.W.  The RBC, Hb, ovaries and uterus weight ratio, folic acid concentration and pregnancy ratio in G2 revealed a significant rise in comparison with G3, G4 and G1.  LH, FSH, progesterone and estrogen levels increase statistically in G2 group when compared with G1 and G3. Uterine tissue in G2 showed an increase in the number of endomaterial glands. G4 appeared increase of endometrium thickness, while G3 showed rounded basal nuclei of the endometrial glands. Ovaries tissues in G2 and G4 showed the cortex contained numerous follicles and presence the corpus luteum. G3 revealed maturation of follicles more than G1.The study was concluded the naturally extracted folate had the ability to maintain the pregnancy ratio, RBC, Hb, regulation of reproductive hormones and level concentration of folic acid by metabolized in the small intestine more than synthetic folic acid. 
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			INTRODUCTION

			 

			Spinacia Oleracea had various biological activities like virus inhibitor, anthelmentic, antioxidant hepato-protective, reducing risk of breast cancer and megablastic anemia (Patil et al., 2009). Spinacia Oleracea richest source of folate and a very valuable food during pregnancy, it was highly beneficial building up the blood and in the deterrence and management of anemia (Luka et al., 2014). Folate is soluble in water and previously identified as folacin. Folate was played a vital role in the reproduction of cells in the fetus and was highly essential in a rapid proliferation of cell growth during pregnancy and fetal growth. It also acts as the carbon carrier in the formation of the “heme” and is essential in the formation of the red blood cells (Floch and Martin, 2013). Folic acid,is also identified as pteroylmonoglutamic acid, and an artificial compound (Martina et al., 1997). Folic acid was required in the embryonic phase of fetal development, prior to a stage where female become visually pregnant and during pregnancy to avoid the risk of neural tube defect and to achieve optimal-red-cell-folate levels (Czeizel and Dudás, 1992).This study was done to do a comparative effect between natural Folate and synthetic Folic acid on pregnancy mice.

			 

			MATERIALS AND METHODS

			 

			Plant extraction:  The leaves were extracted by using 70% ethanol alcohol, by using soxhlet apparatus. According to method recorded by Sahaf and Moharramipour, (2013).

			 

			Isolation of Folate: The folate has been isolated according to methods recorded by de Paiva et al. (2015). Twenty grams of spinacia Oleracea crude extract  were transferred to flask and then added 400ml of extraction solution (7.6 gm of ammonium acetate, 20 gm of ascorbic acid (1%) and 1.4 µL of  2-mercaptoethanol, then the mixtures were motivated in vortex for 20 seconds and warmed at 40°C for ten minute in water bath. After that the extract was filtered, and then the extract was placed in glass Petri dish within incubator with 45°C until complete drying. Before drying folate five milliliter of filtrated folate extract was carried out to analysis by using HPLC to confirm the isolated folate. The standard of folate (5-CH3-H4-folate, H4-folate, 5-HCO-folate,  10-HCO-H4-folate, Pteroic acid, and Folic acid) was prepared by adding 1ml NaOH to 10 mg of folate then the mixture was mixed with 8 mmol/L-1 of ammonium acetate at pH 6.8.

			 

			Pilot Study

			The treatment of folate in all groups was given before one week of mating and continued to late periods of pregnancy: Thirty female mice were alienated equally addicted to six collections as following:The first group was control group, the second, third, fourth, fifth, sixth and seventh groups were treated with folate at doses (0.123mg/kg, 0.861mg/kg, 1.72mg/kg, 2.5mg/kg and 3.44mg/kg) respectively given orally once time daily by stomach tube. After end the periods of folate treatment, the Hb (gm∕dl), RBC ([image: Image4453726.PNG]∕µl) and pregnancy ratio were measured to determine the log dose  response curve, in addition to calculate ED50 and maximum effective dose  by using simple line equation and highest R2 to select the appropriate effective dose that given the best results according to Haley and  Knott, (1992).

			 

			Experimental Study

			Sixty female mice were divided into four equal group, the treatment for all groups was given orally by stomach tube before one week of mating and continued to late periods of pregnancy as following: The first group (G1) was given only distilled water as control group. The second group (G2) was treated with folate (2.33) mg/kg of B.W. The third group (G3) was treated with folic acid (0.861) mg/kg B.W. The fourth group (G4) was treated with alcoholic crude extract of Spinacia Oleracea (100) mg/kg B.W.

			 

			Hemoglobin test:  the test was done by using spectro-photometer according to the method mentioned by (Hasan et al., 2012). 

			 

			Red blood cells counting (RBCS): Isotonic solution of Hayems fluid was used for diluting the blood and counting RBCs by haemocytometer method according to Coles, (Coles, 1974).

			 

			Reproductive Organs Weight Ratio 

			The ovary and uterus ratios were measured according to Wen et al., (2018). Ovarian and uterus ratios (%) = ovarian weight (gm.) or uterus weight (gm.) /body weight (gm.) × 100%. 

			 

			Determination of Serum Estrogen, Progesterone, Lh and Fsh Levels 

			The quantitative analysis was done by using commercial Radio immunoassay (RIA) kits (Pel-Freez Biologicals, USA)

			 

			Pregnancy Ratio 

			The pregnancy ratio according to Friedman et al. (1991). Pregnancy ratio= number of alive fetuses + number of absorbed fetuses + number of death fetuses / total number of female mating mice.

			 

			Concentration of Folic Acid in the Liver Tissue 

			The concentration of folic acid was measured according to method recorded by Molloy and Scott, (1997) with mild modification at Wahaj Al-Danalibratory/ Baghdad.

			 

			Statistical Analysis

			The analyses of consequences were done by using the Statistical Analysis System-one way. Least significant difference LSD test at (P˂0.05) was customized to statistically compare between results means in the current study (SAS, 2012).

			 

			RESULTS

			 

			The RBC and Hb levels in pilot study of folate treated groups at doses (0.861, 1.72, 2.583 and 3.44) mg/kg revealed a momentous elevation (P˂0.05) when linked with folate treated group at dose (0.123 mg/kg) and control group, as in Figure (1).     

			 

			[image: 134123.png] 

			Figure 1: Effect of folate doses (0.123, 0.861, 1.72, 2.583 and 3.44) mg∕kg on hemoglobin mg∕dl and red blood cells [image: Image4717685.PNG]∕[image: Image4717685.PNG]  at late period of pregnancy mice. *Means having with the different letters in same column differed significantly. * n=5

			 

			The pregnancy ratio result of folate doses was demonstrated in Figure (2). The oral administration of folate at doses (0.861, 1.72, 2.583 and 3.44) mg/kg to mice showed a momentous elevation (P˂0.05) when likened with folate treated group at dose (0.123 mg/kg) and control group.

			 

			[image: 134149.png] 

			Figure 2: Effect of folate doses (0.123, 0.861, 1.72, 2.583, and 3.44) mg∕kg on pregnancy ratio in mice at late pregnancy. * Means having with the different letters in same column differed significantly. *n=5

			 

			Log dose response curve, maximum effective dose and ED50: The log dose response curve of RBC count, Hb level and Pregnancy ratio% in groups of mice at late pregnancy treated with different doses of folate (0.123, 0.861, 1.72, 2.583 and 3.44) mg/kg shown in Figures (3, 4 and 5) respectively. In addition the simple line equation revealed the Maximum effective folate dose of RBC count, Hb level and Pregnancy ratio% were (2.33, 2.25 and 2.19) mg/kg respectively, while the ED50 were (0.36, 0.43 and 0.40) mg/kg respectively, the maximum effective doses of folate extract of RBC count, Hb level and Pregnancy ratio% were nearly converged and the highest one appeared with RBC count which depended in current experiment.

			 

			[image: Image4729409.PNG] 

			Figure 3: Log dose response curve of folate extract on Rbcsx 106/µl of mice at late pregnancy.

			 

			The results of RBC and Hb in G2 revealed a significant a rise (P˂ 0.05) in comparison with G3, G4 and G1. The G3 showed statistical decrease (P˂ 0.05) in RBCc and Hb levels when compared with G2 and G4. (Table 1).

			[image: 134188.png] 

			Figure 4: Log dose response curve of folate extract on Hb (mg/dl) of mice at late pregnancy.
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			Figure 5: Log dose response curve of folate extract on pregnancy ratio (%) of mice at late pregnancy.

			 

			Table 1: The effect of Spinacia, Oleracea leave ethanolic extract (crude) 100mg/kg B.W, 2.38 mg/kg of B.Wfolate extract from Spinacia Oleracea and 0.861 mg/kg B.W folic acid on blood picture (Hbgm∕dl and Rbc[image: Image4756637.PNG]∕µl) in mice at late pregnancy.

			
				
					
					
					
				
				
					
							
							Parameters/

							Groups

						
							Mean ± SE
					

					
							
							RBC x 106/ µl

						
							Hb (gm∕dl)
					

					
							
							G1 

						
							
							5.50 ± 1.35 d

						
							
							11.10 ± 1.58 c

						
					

					
							
							G2

						
							
							8.10 ± 1.10 a

						
							
							15.60 ± 0.89 a

						
					

					
							
							G3

						
							
							6.80 ± 1.15 c

						
							
							11.92 ± 1.14 c

						
					

					
							
							G4

						
							
							7.30 ± 1.38 b

						
							
							13.50 ± 1.61 b

						
					

					
							
							LSD values

						
							
							0.551 *

						
							
							1.015 *

						
					

				
			

			

			* (P<0.05).

			*Means with a different letter in the same column differed significantly

			*n=15

			 

			The folic acid concentration of mice liver tissue in G2 exhibited a momentous increase (P˂0.05) when matched with G1, G3 and G4, whereas G3 exposed a significant a rise (P˂0.05) in folic acid concentration in comparison with G1 and there was a significant decline (P˂0.05) when likened with G4. The folic acid concentration in G4 showed statistical increase (P˂0.05) in comparison with G1  (Table 2).  

			 

			The results in Table (3) showed that levels of LH, FSH, progesterone and estrogen in mice at late pregnancy increase statistically (P˂0.05) in of G2 when likened with G1 and G3. The results of LH, FSH, progesterone and estrogen in G3 exhibited a significant decrease (P˂0.05) as likened with G4 and there was a statistical elevation (P˂0.05) in likened with G1. Whereas the G4 showed a statistical increase (P˂0.05) in the LH, FSH, progesterone and estrogen levels in compared with G1.   

			 

			Table 2: The effect of Spinacia Oleracea leaves crude extract 100mg/kg B.W, folate isolated from Spinacia Oleracea (2.38 mg/kg) B.W and folic acid (0.861 mg/kg) B.W on concentration of folic acid in liver tissues (µg/ml).

			
				
					
					
				
				
					
							Parameters/Groups
							Concentration of folic acid in liver tissues (µg/ml)
					

					
							
							G1

						
							
							2.86 ± 0.76 d

						
					

					
							
							G2

						
							
							6.67 ± 0.82 a

						
					

					
							
							G3

						
							
							3.48 ± 0.92 c

						
					

					
							
							G4

						
							
							4.99 ± 1.23 b

						
					

					
							
							LSD values

						
							
							0.615 *

						
					

				
			

			

			* (P<0.05).

			* Means with a different letter in the same column differed significantly

			*n=15

			 

			Table 3: The effect Spinacia Oleracea leaves crude extract 100mg/kg B.W, folate isolated from Spinacia Oleracea (2.38 mg/kg) B.W and folic acid (0.861 mg/kg) B.W on LH. (U/L), FSH. (U/L), Progestrone (Ng/ml) and Estrogen (Pg/ml).

			
				
					
					
					
					
					
				
				
					
							Parameters/Groups
							Mean ± SE 
					

					
							LH. (U/L)
							FSH. (U/L)
							Progestrone (Ng/ml)
							Estrogen (Pg/ml)
					

					
							
							G1 

						
							
							1.200 ± 0.18 c

						
							
							1.00 ± 0.29 c

						
							
							25.30 ± 

							2.14 d

						
							
							59.20 ± 2.28 d 

						
					

					
							
							G2 

						
							
							5.40 ± 

							1.27  a

						
							
							4.20 ± 1.22 a

						
							
							40.80 ± 2.13 a

						
							
							69.70 ± 1.61 a

						
					

					
							
							G3

						
							
							2.50 ± 

							0.81 b

						
							
							1.90 ± 2.04 b

						
							
							33.30 ± 2.04 c

						
							
							63.60 ± 0.92 c

						
					

					
							
							G4

						
							
							4.22 ± 

							1.15 a

						
							
							3.50 ± 1.32 a

						
							
							37.50 ± 

							1.62 b

						
							
							67.10 ± 1.58 b

						
					

					
							
							LSD value

						
							
							1.285 *

						
							
							0.900 *

						
							
							3.186 *

						
							
							2.510 *

						
					

				
			

			

			* (P<0.05).

			* Means with a different letter in the same column differed significantly

			*n=15

			 

			The pregnancy ratio in G2 revealed a statistical arise (P˂ 0.05) in comparison with the G1, G3 and G4. In the current study, the G2, G3 and G4 revealed a significant elevation (P˂0.05) in pregnancy ratio as likened with G1 group (Table 4).

			 

			Table 4: The effect of Spinacia Oleracea leaves crude extract 100mg/kg B.W, folate isolated from Spinacia Oleracea (2.38 mg/kg) B.W and folic acid (0.861 mg/kg) B. on pregnancy ratio %.

			
				
					
					
				
				
					
							 Groups
							Mean ± SE of Pregnancy ratio (%)
					

					
							
							G1 

						
							
							62.00 ± 1.00 d

						
					

					
							
							G2

						
							
							88.00 ± 1.30 a

						
					

					
							
							G3

						
							
							74.00 ± 1.84 c

						
					

					
							
							G4

						
							
							85.00 ± 1.41 b

						
					

					
							
							LSD value

						
							
							3 *

						
					

				
			

			

			* (P<0.05).

			* Means with a diiferent letter in the same column differed significantly

			*n=15

			 

			Histopathological study of G2 showed increase number of endometrial gland and dilation of blood vessels as compared with G1 and other treated groups as in Figure (6). The uterus of G4 appeared increase of endometrium thickness due to hyperplasia of surface epithelium of endometrium and also in lamina properia layer of uterus as compared with G1 and G3 as in Figure (7). The G3 showed an increase in number of the endometrial glands which were tall columnar with rounded basal nuclei and blood capillaries, and stromal cells as compared with G1 as in Figure (8). The G1 showed normal architecture as inFigure (9). The histological section of ovary in G2 showed the cortex contained numerous follicles at various stages of maturation and presence the corpus luteum more than G1, G3 as in Figure (10). The G4 showed the cortex contained numerous follicles at various stages of maturation and blood vessels as in Figure (11). The G3 revealed the cortex of ovary contained numerous follicles at various stages of maturation more than G1 and other groups in addition to presence the corpus luteumless than other groups, furthermore, to contain lymphatics, nerves and numerous blood vessels as in Figure (12), and finally the ovary of   G1 showed normal tissue as in Figure (13).

			 

			[image: 134275.png] 

			Figure 6: Histopathological section of G2 showed the endometrium of  uterus  and the presence of  surface epithelium, lamina properia and increase number of  endomaterial gland with dilation of blood vessels (H&E X 100).

			[image: 134283.png] 

			Figure 7: Histopathological section of G4 showed hyperplasia of endometrium of uterus (H&E X 40).

			 

			[image: 134292.png] 

			Figure 8: Histopathological section of G3 showed increase in number of the endometrial glands that glandular epithelia are tall columnar with rounded basal nuclei and blood capillaries, and stromal cells, as compared with control group   (H&E X 40).

			 

			[image: 134303.png] 

			Figure 9: Histological section in G1 showed normal uterine tissue (H&E X 100).

			 

			[image: 134311.png] 

			Figure 10: Histopathological section in ovary of G2 showed the cortex contained numerous follicles at various stages of maturation and corpus luteummore than G1 (H&EX40).

			 

			[image: D:\سارة ادوية ماجستير\crude\ovary\Image-65_2018-06-16.jpg]Figure 11: Histopathological section in ovary of G4 showed the cortex contained numerous follicles at various stages of maturation (H&EX400).
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			Figure 12: Histopathological section in ovary of G3 showed the cortex contained numerous follicles at various stages of maturation and corpus luteum, also contained lymphatics, nerves and numerous blood vessels (H&EX40)

			 

			[image: D:\سارة ادوية ماجستير\control\ovary\Image-24_2018-06-14.jpg] 

			Figure 13: Ovary section of G1 showed the cortex contained several follicles at different periods of maturation, medulla contained lymphatic’s, nerves and numerous blood vessels (H&EX40).

			 

			DISCUSSION

			The decrease of RBC [image: Image4453726.PNG] ∕µl, Hb count, folic acid concentration, estrogen, progesterone, LH, FSH and pregnancy ratio in normal pregnancy mice may be related to low blood folates led to anemia due to a metabolic block in the utilization of folate and decrease in erythrocyte folate concentration. This is followed by a rise in homocysteine concentration lead to that decrease ovarian response to endogenous FSH pulses and then disturbance in hormones production and increase in oxidative stress then decrease in pregnancy ratio, the requirement for folic acid, and hence for food folate, probably increases progressively during pregnancy. The same results reported by Aslinia et al. (2006).

			 

			The increase in results of RBC [image: Image4453726.PNG] ∕µl , Hb count, concentration of folic acid, estrogen, progesterone, LH , FSH and increase endomaterial gland in G2 may be attributed to Folate eventually produce a metabolite known as tetrahydrofolate (THF) which then cycles between methylenetetra-hydrofolate and the final product 5-MTHF, which is an important to increase RBC [image: Image4453727.PNG] ∕µl and Hb count and played an important role in enhancement fertility lead to a crucial role in cell growth and the formation of DNA, current outcomes advocated that folate may be a vital in the response of ovary to FSH (Kamen and Smith, 2004). Furthermore, natural Folate caused decreases in the ranks of homocysteine in the circulation, and then improvement blood supply to the tissues and decrease oxidative stress lead to lead to regulation of hormones during pregnancy, enhancement pregnancy ratio and improvement cell division, reduction in cytokines creation, regulation in nitric ocide metabolism, inhibition in apoptosis and enhancement methylation reaction (Ortega et al., 2006). Folic acid can be entered the chief folate metabolic cycles in the form of tetrahydrofolate (THF). Different from natural folate, which can be metabolized to THF in the small intestinal mucosa, and converted by methylation’ into 5-MTHF before entering the bloodstream,  Folate form most naturally preferred by the body, so much so that the intestinal lining has “transport proteins” that bind to it and selectively absorb it into the blood, while folic acid endures preliminary methylation and reduction in the tissue of liver, where alteration to the THF form needs di-hydrofolatereductase and this process is slow and inefficient. Folic acid can be product in unnatural altitudes of unmetabolized folic acid ingoing in circulation and accumulation in the blood (Obeid et al., 2010).

			 

			The increase RBC [image: Image4453727.PNG] ∕µl, Hb count, estrogen, progesterone, LH and FSH in G3 as compared with G1 may be attributed to folic acid similar to folate in producing a metabolite known as tetrahydrofolate (THF) which then cycles between methylenetetra-hydrofolate and the final product 5-MTHF. 5-MTHF is used in methionine synthase to also recycle homocysteine back into methionine lead to improve cell division, reduction in inflammatory cytokine production, regulation in NO metabolism (McNulty et al., 2013).The enhancement of RBC[image: Image4453727.PNG] ∕µl, Hb count, concentration of folic acid, improvement in reproductive hormones, pregnancy ratio and increase of endomaterium thickness and the numerous follicles in G4 perhaps attributed to Spinacia Oleracea has a great nutritious contents and curative importance in the improvement of numerous ailments such as flavonoids, saponins, cardiac glycosides, terpenes, steroids, folic acid, iron, vitamins A and C, and resins. Saponin and alkaloid have been informed to own anti-anaemic by enhancing the suitable consumption of the iron presented in the extract to synthesize heme-haemoglobin for fresh red blood cells and have the ability in increase blood supply to the maternal and increase enhancement of number of fetuses and then increase pregnancy ratio (Falcone et al., 1997). Spinacia Oleracea had a high percentage of natural folate, as active ingredient which converted directly to tetrahydrofolate lead to increase folic acid concentration in liver tissue (Moll and Davis, 2017). The extract is a good source of zinc which is played critical roles during embryogenesis, fetal growth, differentiation, cells divisions, and functions that are important for tissues growth (Maret, 2009). Also Spinacia Oleracea have vitamin B complex, which increase angiogenesis of uterus and then thickness of endometrium (Zielińska et al., 2017). The study was concluded the natural extracted folate had the ability to maintain the pregnancy ratio, RBC, Hb, regulation of reproductive hormones and level concentration of folic acid by metabolized in the small intestine more than synthetic folic acid.
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Abstract | The objective was designed to study a comparative effect between natural folate and synthetic folic acid on
pregnant mice. Folate was extracted from Spinacia oleracea leaves; a pilot study was conducted by using different doses
(0.123,0.861, 1.72, 2.5 and 3.44) mg/kg. Sixty mice were divided into four collections, first group (G1) was control
group, second group (G2) was treated with folate (2.33) mg/kg of B.W, third group (G3) was treated with folic acid
(0.861) mg/kg B.W, fourth group (G4) were treated with extract of Spinacia Oleracea (100) mg/kg B.W. The RBC,
Hb, ovaries and uterus weight ratio, folic acid concentration and pregnancy ratio in G2 revealed a significant rise
in comparison with G3, G4 and G1. LH, FSH, progesterone and estrogen levels increase statistically in G2 group
when compared with G1 and G3. Uterine tissue in G2 showed an increase in the number of endomaterial glands.
G4 appeared increase of endometrium thickness, while G3 showed rounded basal nuclei of the endometrial glands.
Oparies tissues in G2 and G4 showed the cortex contained numerous follicles and presence the corpus luteurn. G3
revealed maturation of follicles more than G1.The study was concluded the naturally extracted folate had the ability to
maintain the pregnancy ratio, RBC, Hb, regulation of reproductive hormones and level concentration of folic acid by
metabolized in the small intestine more than synthetic folic acid.
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INTRODUCTION

glutamic acid, and an artificial compound (Martina et al.,
1997). Folic acid was required in the embryonic phase of
Ypinacia Oleracea had various biological activities like vi- fetal development, prior to a stage where female become

rus inhibitor, anthelmentic, antioxidant hepato-protec-
tive, reducing risk of breast cancer and megablastic anemia
(Patil et al., 2009). Spinacia Oleracea richest source of folate
and a very valuable food during pregnancy, it was highly
beneficial building up the blood and in the deterrence and
management of anemia (Luka et al., 2014). Folate is sol-
uble in water and previously identified as folacin. Folate
was played a vital role in the reproduction of cells in the
fetus and was highly essential in a rapid proliferation of

visually pregnant and during pregnancy to avoid the risk of
neural tube defect and to achieve optimal-red-cell-folate
levels (Czeizel and Dudas, 1992).This study was done to
do a comparative effect between natural Folate and syn-
thetic Folic acid on pregnancy mice.

MATERIALS AND METHODS

Plant extraction: The leaves were extracted by using 70%

cell growth during pregnancy and fetal growth. It also acts
as the carbon carrier in the formation of the “heme”and is
essential in the formation of the red blood cells (Floch and
Martin, 2013). Folic acid,is also identified as pteroylmono-

ethanol alcohol, by using soxhlet apparatus. According to
method recorded by Sahaf and Moharramipour, (2013).

Isolation of Folate: The folate has been isolated accord-
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