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Abstract 
 

         The current study aimed to clarify hazardous effect of ponceau 4R as food colour on rats 
and the effect of vitamin E as an antioxidant to prevent its toxic effect. Fourty premature 

growing male albino rats were divided into four groups, the first served as control group, the 

second supplemented with vitamin E (150 mg/kg),the third treated with ponceau 4R(0.19 

mg/kg) and fourth treated with ponceau 4R(0.19 mg/kg) and vitamin E (150 mg/kg). Half of 
each group was treated for 3 m, the other half was treated for 6 months.  

         Rats treated with ponceau 4R showed highly significant decrease (P<0.01) in serum total 

lipids, proteins, albumin levels and cholinesterase activity throughout the experimental period, 
while recorded a significant decrease (P<0.05) in glucose level till the end of the experiment 

and in globulin level and A/G ratio after 3 months of treatment only. On the other hand, 

significant increase was detected in total cholesterol level (P < .01) and AST activity (P < .05) 

after both periods of treatment, while ALT activity showed insignificant change. It seams from 
the presents study that vitamin E has protective effect against the side effect of ponceau 4R on 

rats. 
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Introduction 
 

         Food additives are substances that not 
normally consumed as a food by itself or as 

a typical ingredient of the food. The impor-

tance of chemical food additives has been 

increasingly emphasized in recent years for a 
technological purpose in the manufacture, 

processing preparation, packing and 

transport (FAO & WHO,1991) and also to 
enhance the quality of food products 

(Hannaa and Azzah, 1999). 

         But also, food additives are conceded 
to be one of the difficult problems which 

cause some toxicological effects on children, 

specially in the age of nursery, because they 

used food containing colorants and additives 
in great amounts which attracts their 

attention. 

         Food colourants such as ponceau 4R 
are (is use all over the world on great 

amounts) one of synthetic colourants which 

are derived from chemical substances 
(Hannaa and Azzah, 1999).  

Antioxidant is a molecule stable enough to 

donate an electron to rampaging free radical 

and neutralize it. Vitamin E is one of the 
lighter antioxidants found in the diet (mainly 

stored in adipose tissues, liver and muscle) 

(Abdel- Khalek et al., 2003).  
         Vitamin E is a principle antioxidant in 

the body and providing a protective role to 

prevent oxidantion of unsaturated fats. It 
plays a role in cancer preventation (Metin et 

al.,2003 and Guyton&Hall,2004). 

         Many toxicological aspects have been 

noticed in children in the age of nursery. So, 
this attracts our attention to study the 

changes of biochemical parameters of 

premature rats which produced after long 
term administration of one resample food 

colour  (ponceau 4R)  and  to  exam  one of 
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 natural antioxidant vitamin E to see if it 

could minimize the additive hazards, if 

present. 
 

Animal and Methods 
 

Animals: 

         Forty immature growing male albino 

rats of local strain with body weight (b. wt.) 
ranging between (40-50 gm) were used in 

the current work . Rats were divided into 

four equal groups: 
Group I    : Served as control.  

Group II : Supplemented with vitamin E 

(150 mg/kg). 

Group III : Treated with ponceau 4R (0.19 
mg /kg).  

Group IV : Treated with ponceau 4R (0.19 

mg /kg) and vitamin E (150 mg/kg). 
         After three months of treatment, half of 

the rats of each group was decapitated, while 

the other half was continuing treatment for 
three months more, then decapitated and 

blood sera were collected for determination 

of total lipids level (Knight et al., 1972), 

cholesterol (Martinek, 1970), transaminases 
(aspartate (AST) and alanine (ALT)) 

(Reitman and Frankel, 1975), total protein 

(Doumans, 1975),albumin (Doumas et al., 
1971), glucose (Trinder, 1969) and 

cholinesterase activity (Gorun et al.,1978). 

The statistical analysis of the obtained data 

was done according to Armitage (1974) and 

Lenter et al. (1982). Significant differences 
between the means of control and treated 

groups were considered at P 0.05.  
 

Results 
 

         The present study recorded insignif-

icant difference in serum total lipid, choles-
terol, protein, albumin, globulin, A/G ratio, 

glucose, AST& ALT levels and choline-

sterase activity in rats which were treated 

with vitamin E and rats which were treated 
with vitamin E combined with ponceau 4R 

after three and six months in comparison 

with the control rats (Tables 1&2). 
         Otherwise, rats treated with ponceau 

4R showed significant decrease (P<0.01) in 

total lipids, total proteins, albumins levels 
and cholinesterase activity throughout the 

experimental periods and recorded a 

significant decrease (P<0.05) in globulin 

level and A/G after 3 months of treatment 
only. Otherwise, they recorded significant 

increase in serum cholesterol level (P<0.01), 

and AST activities (P<0.05) when compared 
with control group after three and six months 

while no significant change was recorded in 

ALT activity till the end of the experiment 

(Tables 1&2).  
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Table(1): Serum total lipids, total cholesterol, total proteins, albumin,   globulin and A/G 

ratio of rats treated with food colour (ponceau 4R) and/or antioxidant(vitamin 

E) for three and six months. 
 

Periods 

 

Three month period Six month period 

Paramrters Treatme

nts 

 

 

Control Vitamin E 

(150mg/kg) 

Ponceau 4R 

(0.19mg/kg) 

Ponceau 

4R & 

vitamin E 

Control Vitamin E 
(150mg/kg) 

Ponceau 4R 

(0.19mg/kg) 

Ponceau 

4R & 

vitamin E 

Total lipids 

mg/dl 

Mean 

± S.E 

prob. 

352.32 

8.21 

------ 

352.54 

12.30 

N.S 

262.72 

5.12 

0.01 

334.36 

14.53 

N.S 

357.52 

8.05 

----- 

358.94 

8.52 

N.S 

311.78 

5.04 

0.01 

338.78 

7.13 

N.S 

Total 

cholesterol 

mg/dl 

Mean 

± S.E 

prob 

123.24 

2.01 

------ 

122.32 

1.54 

N.S 

145.84 

5.37 

0.01 

127.06 

3.32 

N.S 

114.34 

4.91 

----- 

118.76 

5.81 

N.S 

133.04 

2.45 

0.01 

115.92 

2.91 

N.S 

Total 

protein 

mg/dl 

Mean 
± S.E 

prob 

6.90 
0.07 

----- 

6.98 
0.12 

N.S 

5.62 
0.12 

0.01 

6.76 
0.24 

N.S 

6.76 
0.10 

----- 

6.56 
0.13 

N.S 

5.76 
0.10 

0.01 

6.56 
0.14 

N.S 

Albumin 

g/dl 

Mean 

± S.E 

prob 

4.50 

0.08 

----- 

4.16 

0.19 

N.S 

3.60 

0.07 

0.01 

4.25 

0.15 

N.S 

4.43 

0.07 

---- 

4.64 

0.13 

N.S 

3.64 

0.09 

0.01 

4.48 

0.07 

N.S 

Globulin 

g/dl 

Mean 

± S.E 

prob 

2.40 

0.14 

----- 

2.82 

0.10 

N.S 

2.02 

0.07 

0.05 

2.51 

0.14 

N.S 

2.33 

0.04 

----- 

1.92 

0.21 

N.S 

2.12 

0.16 

N.S 

2.08 

0.17 

N.S 

A/G ratio Mean 

± S.E 

prob 

1.88 

0.14 

----- 

1.48 

0.18 

N.S 

1.78 

0.05 

0.05 

1.69 

0.16 

N.S 

1.90 

0.02 

----- 

2.42 

0.34 

N.S 

1.72 

0.17 

N.S 

2.15 

0.21 

N.S 

Prob. = Probability                        0.05 = Significant at P≤ 0.05 

N.S    = Non significant                       0.01 = Highly Significant at P≤ 0.01 
 

Table(2): Serum glucose, AST, ALT and cholinesterase of male albino rats treated with food 

colour (ponceau 4R) and/or antioxidant(vitamin E) for three and six months. 
 

Periods 

 
Three month period Six month period 

Paramrters 

 
Treatments 

 
 

Control 
Vitamin E 

(150mg/kg) 
Ponceau 4R 
(0.19mg/kg) 

Ponceau 
4R & 

vitamin E 
Control 

Vitamin E 
(150mg/kg) 

Ponceau 4R 
(0.19mg/kg) 

Ponceau 
4R & 

vitamin E 

Glucose  

mg/dl 

Mean 

± S.E 
prob. 

99.38 

6.34 
----- 

100.10 

8.46 
N.S 

76.40 

3.27 
0.05 

114.30 

3.20 
N.S 

96.34 

4.16 
------- 

90.60 

3.64 
N.S 

79.60 

3.81 
0.05 

97.22 

4.47 
N.S 

AST 

µ/L 

Mean 

± S.E 

prob 

27.94 

1.55 

----- 

29.04 

0.96 

N.S 

40.66 

4.12 

0.05 

80.20 

2.00 

N.S 

30.98 

0.40 

------ 

28.38 

1.23 

N.S 

35.40 

1.47 

0.05 

32.64 

1.21 

N.S 

ALT 

µ/L 

Mean 

± S.E 

prob 

24.50 

1.50 

----- 

26.30 

1.01 

N.S 

23.30 

2.78 

N.S 

25.98 

1.14 

N.S 

24.64 

1.19 

------ 

25.50 

1.32 

N.S 

28.34 

1.24 

N.S 

25.23 

0.84 

N.S 

Cholin-

esterase 

µ/ml 

Mean 

± S.E 

prob 

11.70 

0.89 

----- 

9.22 

1.19 

N.S 

7.96 

0.44 

0.01 

12.18 

0.44 

N.S 

10.50 

1.05 

----- 

9.62 

0.74 

N.S 

6.12 

0.58 

0.01 

10.46 

0.36 

N.S 

Prob. = Probability    0.05 = Significant at P≤ 0.05 

N.S    = Non significant                          0.01 = Highly Significant at P≤ 0.01 
AST   = Aspartat aminotransfere  ALT= Alanine aminotransfere. 
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Discussion  
 
         The present study is concerned with 

toxicological effects of one of synthetic food 

colouring (ponceau 4R) of food stuffs. Most 
of food additives used in growing countries 

are not permissible (Al-Sharkawi et al., 

1996). The effects of synthetic colouring 

(ponceau 4R) to food stuffs on some 
biochemical parameters of rats were 

investigated. Antioxidants is any substance 

that, when present at low concentration 
compared with those of an oxidisable 

substrate, significanttly delays or prevent 

oxidation of that substrate.Antioxidant 

protective mechanisms can be classified 
according to their mode (preventative, chain 

breaking), site (intracellular, extracellular), 

mechanism (enzymatic and nonenzymatic) 
of action (Lavrik et al.,1993 and Grisolia 

&Tarahashi, 1994). The role of an 

antioxidant vitamin E were also studied 
throughout the experiment.  

         Insignificant change in serum total 

lipids and total cholesterol of rats treated 

with an antioxidant (vitamin E) and rats 
treated with vitamin E combined with 

ponceau 4R may be due to the protective 

role of vitamin E to prevent oxidation of the 
hormone-sensitive lipase which regulate 

lipid and cholesterol metabolism (Gyton & 

Hall, 2004 and Ganong, 2005).  
         While, treatment with ponceau 4R 

revealed a highly significant decrease in 

serum total lipids and highly significant incr-

ease in serum total cholesterol. The decrease 
in total lipids may be due to lipoysis, via 

stimulation of hormone-sensitive lipase 

(Abdel-Dayem, 2002). Otherwise, the 
elevation in serum total cholesterol level 

could be attributed to the peroxidation of cell 

membrane lipids (Standberg, 1977) or to the 

blockage of liver bile ducts, causing 
reduction or cessation of its secretion to 

duodenum. Consequently, it appearred in the 

serum causing cholestasis and also may be 
due to the mobilization of free fatty acids 

from the adipose tissue to blood stream and 

increase level of acetyl Co.A,leading to 
increase in thesynthesis of cholesterol 

(Ganong, 2005).  

         Concerning, serum total proteins and 

albumin the present data indicated highly 

significant decrease in rats treated with 
ponceau 4R till the end of the experiment. 

This decrease in total protein may be due to 

substantially of protein synthesis in the liver, 

this depression may be due to an alternation 
in the intracellular protein synthesis 

mechanism and the oxidative enzyme 

change were probably secondary in altering 
proteins (Ganong, 2005). This result in 

agreement with Amer et al.(1994) who 

reported that the decrease of protein may be 

attributed to reduction of serum globulin 
level supports with the disturbance on the 

immunoglobulin production, these was 

accompanied by a decrease of body weight 
gain. It may be result of toxicity especially 

on the muscle. These data were in 

disagreement with Al-Shinnawy (1994) and 
Gomaa (1995). The results of the present 

study showed that treatment with poncea 4R 

after three and six months period 

respectivily caused a highly significant 
decrease of serum albumin level, these 

decrease may be due to loss of protein 

fromation from the alimentary tract, or to 
decrease formation of protein in the liver 

(impaired ability of the liver to form 

albumin) (Ganong, 2005).  
         Rats treated with ponceau 4R revealed 

significant decrease in serum globulin and 

A/G ratio after three months periods, these 

decrease may be due to the disturbance on 
immunoglobulin production or may be due 

to block protein synthesis while fast 

breakdown occurs (Eremin and Yanni et al., 
1981). This leads to an increase of free 

amino acids and to decrease of protein 

turnover (Yanni et al., 1991). 

         Glucose is a key molecule in 
carbohydrate metabolism. It is formed as a 

result of the digestion of complex 

carbohydrates or as a reults of synthesis 
within the body (glucoeogenesis) (Gyton & 

Hall, 2004).   

         The present data showed a significant 
decrease in rats treated with ponceau 4R 

which  showed  after  three  and  six months  
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periods. This may be due to the effect of 

ponceau 4R on cells of pancreas which lead 

to increase secretion of insulin hormone 
which reduce glucose in serum or may be 

due to liver disease or due to adrenocorticol 

insufficiency, anterior pituitary insufficiency 

and hypothyrodisum (Ganong, 2005).  
         The present results showed that rats 

treated with ponceau 4R revealed a signi-

ficant elevation in serum AST activity throu-
ghout the experiment which was considered 

as an indicator of tissue damage and necrosis 

of liver cells as a result to tissue toxicity 

which disturbs the integrity of cell memb-
rane resulting an increase of the enzyme 

level in blood specialy transaminases 

(AST& ALT) which present within the 
cytoplasm of living cells (Luckens and 

Phelps, 1969, Ignatov, 1976 and Begum & 

Vijayaraghvan, 1995). Or may be due to 
alteration in permeability of cell membrane, 

increasing the synthesis of the enzyme or 

decreasing rate of degradation of enzyme 

(Ganong, 2005). 
         Rats treated with vitamin E or vitamin 

E combined with ponceau 4R recorded 

insignificant differences in serum AST & 
ALT activities till the end of the experiment 

may be related to the protective role of 

vitamin E in modulating the toxic effect of 
ponceau 4R on liver function (AST & ALT)  

and indicated that vitamin E improved liver 

function (Ahmed and Mannaa, 2000). 

         Acetyl cholinesterase inhibition is one 
of the most important negative effects and 

the interaction with the enzyme results in 

acute cholinergic poisoning (Howared & 
Janice, 1980). The results in the present 

work showed a significant decrease in 

cholinesterase activity in group treated with 

ponceau 4R after three and six months. This 
decrease may be due to a sing of metabolic 

alternations of brain cholinergic synapses 

which form a part of an inhibitory 
mechanism controlling the activity of 

cholinergic neurons. The inhibitory effect of 

ponceau 4R administration on cholinesterase 
activity could be due to a direct action on the 

enzyme activity (Abdel-Rahiem et al., 1999).  

         From the above mentiond results, it is 

clear that the administration of food colour 
(ponceau 4R) to rats caused many disturb-

ance in different biochemical parameters of 

rats. 

         Finally, it is recommended that the use 
of ponceau 4R as food colour must be 

limited due to hazardous effect to the childs 

and human health. It is well recommended 

the use of vitamin E as antioxidant to 
prevent the toxic effect of food colours. 

 

References 
 
1- Abdel-Dayem, S. M (2002): Biochemical 

alteration pregnant albino rats intoxicated 

with dimethylnitrosamin (DMNA). J. Egypt. 
Ger. Soc. Zool., 3(A):Comparative 

physiology: 243-264. 

2- Abdel-Khalek, L. G.; Bahgat, M. M. and 

Abu-Safi, H. M. (2003): Effect of prolo-

nged intake of the antioxidants on different 

body systems in male albino rats.  J. Egypt. 

Ger. Soc. Zool., 40(A):Comparative physi-

ology: 351-361.  

3- Abdel-Rahim, A. A.; Yassin, M.; Abdel-

Aziz, I. And Kerrit, A. A. (1999): Effects 

of sodium nitrite administration on acetylch-
olinesterase activity in discrete brian regions 

of rabbit. J. Egypt. Ger. Soc. Zool., 30 (A): 

Comparative  physiology: 21-33.  

4- Ahmed, H. H. and Mannaa, F. (2000): 
Protective effect of vitamins C and  E 

against the toxic action of drinking sodium 

nitrate contaminated water  in adult male 

rats. J. Egypt. Ger. Soc. Zool., 32(A): 

Comparative  physiology:165-185. 

5- Al-Sharkawi, I. M.; Mansour, M. A. And 

El-Fiky, B. K. (1996): Non-premitted food 

colourants in the local markets in the tanta 
city and the physiological derangment of 

their short term oral intake on liver and 

kidney functions. J. Union. Arab Biol. Cairo. 

Zool., 6(A): 351-371. 

6- Al-Shinnawy, M. S. A. (1994): Metabolic 

profile and thyroid function in albino rats 

treated with an insecticide. Ph. D. Thsis, Fac. 

Educ., Ain shams, Univ. 

7- Amer, T. A.; Budawy, M. E.; Ibrahim, H. 

A. And El-Sawi, M. R. (1994): Effects of 

curacron toxicity on some liver functions 3- 
lipid metabolism and metabolic products. J. 

Union Arab. Biol., 2(A): 263-282.  

8- Armitage, P. (1974): Statistical methods in 

medical research. Black well scientific pub. 

Oxford, London: 116-120. 

9- Begum, G. And Vijayaraghavan,S. (1995): 
In vivo toxicity of dimethoate on proteins 

and transaminases in the liver tissue of fresh 



Some Biochemical Parameters Of Young Male………… 

 78 

water fish clarias batrachus. Bull. Environ. 

Contam. Toxicol., 54:370-375. 

10- Doumas, B. T.; Watson, W. A. and Biggs, 

H. G. (1971): Albumin standards and meas-

urements of serum albumin bromocreasol 

green. Cln. Chem. Acta., 31:87-96. 

11- Doumas, B. T. (1975): Colorimetric 

determination of total protein in serum or 

plasma. Clin. Chem.,21(8): 1159-1166.  

12- Eremin,Y. N. and Yocharina,  M. G.  

(1981): Effect of nitrites on the  thyroid 
gland of rats in response to different diets of 

iodine deficiency.  Vopr. Pitan, 5:60-62. 

13- FAO and WHO (1991): Codex general 

standard for the labelling of food additives 

when sold as such (World Wide Standard). 

Codex Alimentarius, 91: 51-91. 

14- Ganong, W. F. (2005): Review of medical 

physiology, 25th ed., Lange Med. Public. 

Chapter,17: 267-302. 

15-  Gomaa, G. M. A. (1995): Protective effect 

of phospholipids and some vitamins against 
insecticides in toxication in male rats. Ph. D. 

Thesis, Dep.  Zool. Fac. Sci., Ain Shams, 

Univ. 

16- Gorun, V.;  Proinov, I.;Baltescu, V.; 

Balaban, G. And Barzu, O. (1978): 
Modified Ellman procedure for assay of 

cholinesterase in crude enzymatic prepar-

ation. Anal. Biochem., 86: 324-326. 

17- Grisolia, C. K. and Takahashi, C. S. 

(1994): Assessment of interactions of the 

antimalarial drugs chloroquine with NaNO2 
and HgCl2 in rodents. Mutat. Res., 305(2): 

151-156. 

18- Guyton, A.C. and Hall, J.E. (2004): Text 

book of medical physiology. Metabolism 

and temperature regulation. 14th ed. W.B. 

Sounders Company in U.S.A. 

19- Hannaa, H. M. And Azza, A. F. (1999): 

Effect of some food colourants on thyroid 

gland of albino rats: histological, hitoch-

emical and toxicological study. Annual 

Confer. For the Egpt. Soci. Of Toxicol., (6-

7), October, Alexand. Univ.  
20- Howard, W. and Janice, E. (1989): An 

investigation of acetylcholin-esterase acti-

vity following a high level acute exposure of 

pordoxon. Pesticide Biochem. And Physiol., 

33: 125-131. 

21- Ignatov, M. (1976): Changes in some blood 

biochemical indices in chikens poisoned 

with thimet and lebaycide. Veter inarname-

ditsinkii Nauki, 13: 14-20. 

22- Katzung, B. G. (1995): Basic and clinical 

pharmacology. Alange Medical Book, 6
th

 ed. 

Eisei Shikensho. Hokoku., 112: 48-56. 

23- Knight, J. A.; Anderson, S. and Rawie, J. 

M. (1972): Chemical basics of the sulfo-

Phosphvanillin reaction for estimating total 

serum lipid. Clin. Chem., 18: 199-202. 

24- Lavrik, O.I.; Kinzirskii, A. S.; Shashkina, 

L. F.; Ivanova, V. M. and Kruglova, O.N. 
(1993): The testing of carcinogenicity of 

dispirotripiper azine derivatives by 

combined administration with sodium nitrite. 

Eksp. Klin. Farmakol., 56 (3): 54-57.  

25- Lentner, C.; Lentner, C. and Wink, 

A.(1982): International medical and 

pharmaceutical information. Vol. 2. Ciba-

Geigy limited, Basal, Switzerland. 

26- Luckens, M. M. And Phelps, K. I. (1969): 
Serum enzyme patterns in acute poisning 

with organochlorine insecticides. J. Pharm. 
Sci., 58: 569-575. 

27- Martinek, R. G. (1970): Measurements of 

serum total cholesterol in practical clinical 

biochemistry. Vol. 15th ed.: 655-657. 

28- Metin, G.; Atukeren, P.; Gumustas, M.; 

Belce, A. and Kayserilioglu, A. (2002): The 

effect of vitamin E treatment on oxidative 

stress generated in trained rats. Tohoku. J. 

Exp. Med., 198 (1): 47-53. 

29- Reitman, S. and Frankel, S. (1957): A 

colourimeteric method for determination of 
serum glutamic oxaloacetic and glutamic 

pyruvic  transaminases. Am. J. Clin. Path., 

28: 56-61. 

30- Sayed, H. N.; Sadhu, H. G.; Bhatngar, V. 

K.; Dewan, A. and Venkaiah, K. (1992): 
Cardic toxicity following short term 

exposure to methomyl in spray men rabbits. 

Human and  Exp. Toxical., 11(2): 93-97. 

31- Standberg, A. S.(1977): Nitrate  and nitrite 

supply and metabolism in man. Nutr. Abs. 

Rev.,  47(A): 1119-1125. 

32- Trinder, P. (1969): Determination of 
glucose in blood using glucose oxidase with 

an alternative acceptor. Ann. Clin. Biochem., 

6: 24-27. 

33- Yanni, M.; Abdel-Dayem, S. M. and 

Abdel-Azim, B. H. (1991):  Biochemical 

and histological due to preservative in rats. 

Egypt. J. Histol., 14(2): 431-449. 

 

 
 



Eman G. E. Helal et al  

 79 

دراست بعض المعايير الكيميائيت علي ذكور الجرذان البيضاء الغير بالغت 

 .وفيتاميه هـ  4R المعالجت بمادة البووسوا 
 

سمير عطيت * محمود أحمد القصاص * إيمان جمال الديه عسث هلال 

 *زعقوق 

 *وهشام جمال عبد الواحد ** أماوي فوزي محمود  

 الاقخصادكهٛت ( **بُاث)يعت الأصْشجا -كهٛت انعهٕو  –قسى عهى انحٕٛاٌ *

 .انًُضنٙ بجذة 
 

         
إحذٖ انًٕاد انًهَٕت  4Rحٓذف انذساست انحانٛت نًعشفت انخأثٛش انضاس نًادة انبَٕسٕا       

انخييٙ حضيياف إنييٙ الأازٚييت ٔانًاييشٔباث ٔالأدٔٚييت عهييٙ انجييشراٌ انصيي ٛشة ٔكييزن  حييأثٛش 

 . انطبٛعٛتفٛخايٍٛ ْـ   كٕاحذ يٍ يضاداث الأكسذة 
 ٔنقذ حى حقسٛى عذد أسبعٍٛ جشرا يٍ انزكٕس انبٛضاء اٛش انبان ت إنٙ أسبع يجًٕعاث 

انًجًٕعت الأٔنٙ حى اسخخذايٓا كًجًٕعت ضيابطت ببٛعٛيت ا انًجًٕعيت انياَٛيت حيى         

ا انًجًٕعت انيانيت حيى يعانجخٓيا بًيادة انبَٕسيٕا ( كجى /يجى 150) يعانجخٓا بفٛخايٍٛ ْـ  
4R (0.10 كجيييى/ يجيييى  ) 4ا أييييا انًجًٕعيييت انشابعيييت فيييخى يعانجخٓيييا بًيييادة انبَٕسيييٕاR 

 . بالإضافت إنٙ فٛخايٍٛ ْـ

ٔبعذ ثلاد شٕٓس يٍ بذأ انًعانجت حى ربح َصف كم يجًٕعيت ٔحيشا انبياقٙ نًيذة          
 . ثلاثت شٕٓس إضافٛت يع َفس انًعانجت

صييااٛت فييٙ يسييخٕ٘ انييذٌْٕ ٔانبشٔحُٛيياث ٔنقييذ أرٓييشث انُخييااً َقصيياه را دلانييّ إح         
ٔكزن  سجهج اَخفاضاه فيٙ  ٔ انجهٕكٕص A/Gٔانكٕنٍٛ اسخشٚض ٔ ( الأنبٕٛيٍٛ)ٔانضلال  

يحخٕ٘ انذو يٍ انجهٕبٕٛنٍٛ  بًُٛا أرٓشث صٚادة راث دلانت إحصااٛت فٙ يسخٕ٘ انذو يٍ 

ذ يقاسَخٓيا عُي  4Rفيٙ انًجًٕعيت انًعانجيت بًيادة انبَٕسيٕا  AST انكٕنسيخشٔل َٔاياب 
 . ALTبانًجًٕعت انضابطت بًُٛا نى ٚخ ٛش يسخٕٖ َااب اَضٚى 

ٔقيييذ أرٓيييشث انذساسيييت أٌ انًعانجيييت بفٛخيييايٍٛ ْيييـ ٔكيييزن  انًعانجيييت بفٛخيييايٍٛ ْيييـ          

يعييا  نييٛس نييّ حييأثٛش عهييٙ أ٘ يييٍ انًعيياٚٛش انسييابقت بانًقاسَييت بانًجًٕعييت  4Rٔانبَٕسييٕا 
 . انضابطت

فٗ حقهٛم انخأثٛشاث انضاسِ نٓزة انًادة  Eس انفعال نفٛخايٍٛ ٔ قذ أٔضحج انذساست انذٔ

 .انًهَٕت


