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ABSTRACT 

 

Propolis is a natural product that has been extensively used 

to treat several diseases. However, the safety evaluation of propolis 

on maternal toxicity has not been reported. This study was aimed to 

analyze the effect of propolis administration during pregnancy on 

the function of maternal liver and kidney. A total of 25 pregnant 

mice were equally divided into five groups (n ≥ 5): control group 

(Tween 80 1%); low-dose (380 mg/kg b.w) and high-dose (1400 

mg/kg b.w) of ethanol extract of propolis from South Sulawesi; low-

dose (380 mg/kg b.w) and high-dose (1400 mg/kg b.w) of water 

extract of propolis from Banten. Propolis was administered for 18 

days of gestation. Maternal weight, serum ALT, AST, urea, 

creatinine and the histopathological changes of liver and kidney 

were analyzed to determine maternal liver and kidney function. The 

result showed that neither ethanol extract of propolis from South 

Sulawesi nor water extract of propolis from Banten at low and high 

dose decreased maternal weight gain. No significant alteration was 

found in the serum ALT, AST, urea and creatinine between all 

groups. In addition, the present study found no specific  

histopathological changes of liver and kidney in all groups. This 

study concludes that propolis administration during pregnancy is 

relatively safe for mothers. 

 

1. INTRODUCTION 

 

Propolis is a resinous product collected by bees from 

various plants and used to construct their hives and to protect the 

colony1,2. This substance has also an important role in bee 

immunity3. In the other hand, propolis has been used as a human 

medicinal product to treat various diseases due to its antibacterial, 

antiviral, antifungal, antiseptic, anti-inflammatory, and antioxidant 

properties4. In addition, propolis indicates to possess antidiabetic 

and antihyperlipidemic properties5,6. Therefore, propolis has been 

proposed as a new drug in the future7. 

Propolis appears to be a relatively safe for consumption. 

Burdock8 found that propolis did not show any adverse effect at a 

dose of 1400 mg/kg. In addition, acute and sub-chronic toxicity 

studies showed that propolis did not alter any physiological function 

in experimental animals9,10. An observational study concludes that 

propolis is safe for human use, yet the allergy reaction may appear11. 

Although the toxicity study of propolis has been extensively  

conducted, the information regarding the effect of propolis use  

during pregnancy is still limited. Indeed, several metabolism 

changes happen during pregnancy and might cause an alteration in 

the absorption, distribution, and elimination of drugs. These 

changes could happen due to plasma volume expansion, decreased
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albumin concentration, increased glomerular  

filtration, changes in drug metabolizing enzymes 

and gastrointestinal function12. 

The consumers of the natural products are 

mostly women13. Pregnant women use the natural 

products for some reasons including its health 

benefits and potentially no side effect14. However, 

several natural products, including green tea, 

fenugreek, asparagus, ginseng, gingko biloba, and 

ginger were reported to possess an embryo toxicity 

effect15-18. Moreover, the safety evaluation of 

natural product in pregnancy has been an important 

question19. Our last publication showed that propolis 

at daily dose (380 mg/kg) did not appear to inhibit 

fetal development20. However, the information 

regarding its effect on maternal health had not been 

reported. Therefore, the present paper wanted 

to report the effect of propolis administration 

during pregnancy on maternal toxicity. 

 

2. MATERIALS AND METHODS 

 

2.1. Preparation of propolis extracts 

 

Propolis samples were obtained from 

Banten and South Sulawesi province, Indonesia. 

Propolis from Banten was manufactured by 

Tetragonula laevicep, while that from South 

Sulawesi was manufactured by Tetragonulai biroi. 

These samples were extracted by water and 70% 

ethanol, respectively. Thus, there were two kinds of 

tested propolis, namely water extract of propolis 

from Banten (WEB) and ethanol extract of propolis 

from South Sulawesi (EES). Propolis from Banten 

was Mangifera-type propolis, while propolis from 

South Sulawesi was Calophyllum-type propolis. We 

tested these samples because both samples possessed 

high antiemetic activity and are probably used for 

nausea and vomiting treatment during pregnancy21. 

Propolis was prepared using ultrasound-

assisted extraction. Propolis was cut into small 

pieces then dissolved in the solvent (water or 

70% ethanol) with ratio of 1:10. Ultrasound was 

applied for 4 h. Subsequently, the mixture was 

filtered and evaporated to obtain the dry extract. 

Samples were stored at -20oC until used21. 

 

2.2. Experimental animals 

 

Mice in the present study were obtained 

from the Tropical Biopharmaca Research Centre, 

Bogor. Mice aged 8-10 weeks and weighed 25-30 g. 

All animals were caged under the standard condition 

and fed with pellet diet and water ad libitum. The 

cages were cleaned twice a week. Estrous cycle 

was checked using the method of Byers et al.22 to 

determine the best time for breeding. 

Female mice at proestrous and estrous 

stage were mated with the male on a one-to-one 

basis in separate cages. The day 0 of pregnancy 

was determined by the presence of a vaginal plug. 

A total of 25 pregnant mice were randomly divided 

into five groups (n = 5), including control group 

(1% Tween 80), low-dose of WEB group (380 

mg/kg), high-dose of WEB group (1400 mg/kg), 

low-dose of EES group (380 mg/kg), high-

dose of EES group (1400 mg/kg). The samples 

were administered in a dose of 5 ml/kg. The 

administrations were done from 0 until 18 days 

of gestation. The weight of pregnant dams was 

measured once per two days and they were sacrificed 

at day 18 of gestation. All animal experiments have 

been approved by the Animal Care and Use 

Committee, IPB University (No. 64-2017 IPB). 

 

2.3. Serum alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), urea, creatine 

analysis 

 

Blood was taken by intracardiac injection. 

Serum was obtained after centrifugation at 

1000 rpm for 15 min and used to analyze ALT, 

AST, creatinine and urea concentrations using 

the colorimetric technique23. 

 

2.4. Histopathological analysis 

 

Liver and kidney were harvested after 

laparotomy to examine the histopathological 

changes. The organs were fixed in 10% neutral 

buffer formalin. After trimming, washing, 

dehydrating in alcohol, clearing in xylene and 

embedding in paraffin, the tissues were sectioned by 

microtome at 4-6 µm and stained with hematoxylin 

and eosin24. Liver and kidney histopathological 

scoring system used Roenigk classification and 

semiquantitative method, respectively25,26. 

 

2.5. Statistical Analysis 

 

Data were presented as mean ± standard 

deviation. The differences in maternal weight 

gain, organs weight, and biochemical profiles 

of blood were determined using ANOVA  
with Duncan's post-hoc multiple range 

test. Meanwhile, ANOVA with a post-hoc 

Bonferroni correction was applied to analyze 

the differences of histopathological score 

between the groups. The significant level was 

considered at p < 0.05.
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3. RESULTS 

 

No pregnant mice died during the 

administration. The present study showed that 

propolis did not appear to decrease maternal body 

weight gain (p > 0.05). Furthermore, the gravid 

uterine-corrected weight gain did not differ 

between the groups (Table 1). This implies that 

the difference in maternal weight gain was not 

associated with the fetal weight differences. 

 
Table 1. Maternal weight gain. 

 

Groups Weight gain (g) Gravid uterus weight (g) Corrected weight gain (g) 

Control 18.77 ± 2.04 14.99 ± 4.56 4.02 ± 1.00 

Low-dose of EES 19.02 ± 0.86 15.64 ± 1.08 3.38 ± 0.97 

High-dose of EES 18.99 ± 1.45 13.43 ± 2.79 6.67 ± 1.35 

Low-dose of WEB 20.66 ± 2.74 16.94 ± 3.39 5.77 ± 0.54 
High-dose of WEB 18.98 ± 2.67 14.86 ± 4.25 4.12 ± 1.07 

Corrected weight gain = [(weight at day 18 - gravid uterus weight) - weight at day 0] 

EES   : ethanol extract of propolis from South Sulawesi 

WEB : water extract of propolis from Banten 

 
Table 2. Weight of organs. 
 

Groups 
Weight 

of liver (g) 

Relative weight 

of liver (%) 

Weight 

of kidney (g) 

Relative weight 

of kidney (%) 

Control 2.55 ± 0.38 7.45 ± 1.48 0.22 ± 0.05 0.65 ± 0.06 
Low-dose of EES 2.42 ± 0.34 7.32 ± 1.05 0.20 ± 0.02 0.63 ± 0.04 

High-dose of EES 2.63 ± 0.64 7.85 ± 0.89 0.20 ± 0.03 0.60 ± 0.04 

Low-dose of WEB 2.28 ± 0.23 6.59 ± 0.27 0.20 ± 0.02 0.59 ± 0.04 

High-dose of WEB 2.46 ± 0.37 7.82 ± 1.02 0.22 ± 0.04 0.70 ± 0.10a 

Relative weight of organ: [weight of organ (g)/(maternal weight (g) - gravid uterus weight (g))] x 100% 
a : the difference between the intervention groups was significant but not with the control group 

EES   : ethanol extract of propolis from South Sulawesi 

WEB : water extract of propolis from Banten 

 

There were no remarkable differences in 

the organ weight and serum parameters. No 

significant differences were observed either in 

maternal weight-corrected (relative weight) or 

uncorrected liver and kidney weight between the 

control and intervention groups (p > 0.05). 

However, the significant difference in the 

corrected kidney weight (relative weight) was 

observed at high dose of WEB group in 

comparison to the other intervention groups 

(Table 2). This study also found that serum ALT, 

AST, urea, and creatinine were statistically not 

significant between the groups (Table 3). 

Propolis administration generally did not 
 

 

 
 

 

Figure 1. Liver and kidney histopathological score of pregnant mice after propolis administration for 18 days of gestation. EES: 
ethanol extract of propolis from South Sulawesi; WEB: water extract of propolis from Banten. Liver histopathological 

scoring system used scale from 1 to 4 (1 = mild or none; 2 = moderate or severe; 3a = mild fibrosis, portal fibrotic septa, 

extension into the lobuli and portal tract enlargement; 3b = moderate or severe fibrosis; 4 = cirrhosis, regenerating noduli 

and bridging of the portal tracts), while kidney scoring system used scale from 0 to 5 ( 0 = normal; 1 = < 10% injury, minimal; 
2 = 10 -25%, mild; 3 = 26-50%, moderate; 4 = 51-75%, severe; 5 = >75%, very severe). ANOVA with a post-hoc Bonferroni 

correction did not find any differences in either liver or kidney histopathological score between the groups (p > 0.05). 
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Figure 2. Maternal liver section after administration of propolis for 18 days of gestation. A: control; B: low-dose of ethanol extract 

of propolis from South Sulawesi; C: high-dose of ethanol extract of propolis from South Sulawesi; D: low-dose of water 

extract of propolis from Banten; E: high-dose of water extract of propolis from Banten; bar = 50 µm; magnification = 40x. 

Mild cell degeneration (blue triangle) was found in all groups. Sinusoidal dilatation (white arrow) and Kupffer cells 
(black arrow) infiltration were found in high-dose of ethanol extract of propolis from South Sulawesi group. 

 

appear to alter liver and kidney tissue architecture. 

The histopathology score of both tissues showed  

no significant difference (Figure 1). However, 

sinusoidal dilation and Kupffer cells infiltration 

were found in the high-dose of EES group. In 

addition, mild cell degeneration tissue was found 

in all groups (Figure 2). Indeed, no specific 

histopathological change was also found in 

kidney tissue. Nevertheless, we found the 

expansion of Bowman’s space, mild protein 

accumulation on glomerolus, and hyperplasia of 

mesangial cells either in high-dose of EES or 

high-dose of WES group (Figure 3). 

 

4. DISCUSSION 

 

Body weight is one of the main 

indicators of maternal toxicity27. No inhibition of 

maternal weight gain probably indicated that 

propolis did not cause maternal toxicity.        

The findings were supported by previous 

toxicological studies reported that propolis did 

not alter weight gain9,10. Maternal weight gain     

is a gross parameter to examine the fetal 

development or overall health status of pregnant 

mother. However, the correlation between 

maternal and developmental toxicity is not 

always linear. Therefore, maternal toxicity 

could not be used as the single indicator for 

developmental toxicity and should be handled 

case by case basis27. 

We conducted the further examination 

throughout organ investigation. Liver and 

kidney weight are the two most common female 

organs used in the toxicity studies. The organ 

weight changes may indicate the pathological 

implication28. The previous study also found no 

alteration in those two organs after propolis 

administration29. In contrast, Mohammadzadeh 

et al.9 found an increase in relative weight of 

the liver after sub-chronic administration of 

propolis. However, they speculated that the 

vehicle solution (30% ethanol) was the reason 

for those changes. 
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Table 3. Serum ALT, AST, urea, and creatinine concentration. 
 

Groups ALT (U/L) AST (U/L) Urea (mg/dl) Creatinine (mg/dl) 

Control 157.65 ± 32.77 86.70 ± 32.71 0.27 ± 0.10 32.52 ± 7.47 

Low-dose of EES 145.78 ± 60.89 54.36 ± 19.96 0.31 ± 0.14 28.56 ± 6.59 
High-dose of EES 134.74 ± 90.73 89.90 ± 39.89 0.24 ± 0.13 32.00 ± 6.41 

Low-dose of WEB 139.48 ± 46.78 54.08 ± 25.84 0.45 ± 0.18 30.78 ± 4.54 

High-dose of WEB 142.36 ± 22.12 73.05 ± 27.29 0.45 ± 0.31 31.88 ± 7.83 

EES   : ethanol extract of propolis from South Sulawesi 

WEB : water extract of propolis from Banten 

 

Liver and kidney function can be observed 

by measuring the organ-specific parameters. For 

instance, ALT, AST, ureum and creatinine are 

good indicators to assess liver and kidney 

functions, respectively30,31. Moreover, an increase 

in the concentration would be the indication of 

organ dysfunction. The present study showed 

that propolis did not appear to compromise the 

liver and kidney function. This means the 

metabolism of pregnant dams seemed to work 

well even with propolis administration. This 

confirmed our maternal weight gain data. The 

previous studies also found no significant 

changes in serum ALT, AST, urea, and 

creatinine concentrations after sub-chronic 

administration of propolis9,10. In contrast, one 

study showed that the serum AST and potassium 

ions were raised after administration of methanol 

extract of propolis32. It was probably due to the 

extraction method that only produced the 

concentrated extract. Thus, the methanol residue 

might cause the alteration. Methanol has been 

known since 1879 to possess toxic effect, including 

acidosis and brain damage33.
 

 

 
 

 

Figure 3. Maternal kidney section after administration of propolis for 18 days of gestation. A: control; B: low-dose of ethanol extract 
of propolis from South Sulawesi; C: high-dose of ethanol extract of propolis from South Sulawesi; D: low-dose of water 

extract of propolis from Banten; E: high-dose of water extract of propolis from Banten, bar = 50 µm; magnification = 40x. 

Mesangial cell hyperplasia (black arrow) and protein accumulation in glomerolus (blu triangle) were found in high-

dose of ethanol extract of propolis from South Sulawesi group, while mesangial cell hyperplasia (black arrow) and 
Bowman’s space expansion (white arrow) were found in high-dose of water extract of propolis from Banten group. 
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There was an interesting result with regard 

to serum ALT and AST concentration. In spite of 

not statistically different, propolis administrations 

tend to reduce those concentrations. It is commonly 

known that laboratory routine procedures may 

cause animal stress and lead to liver injury34. 

The hepatoprotective activity of propolis might 

be the reason for our findings. Previous study 

found that propolis ameliorated CCl4-induced 

hepatotoxicity35. The anti-inflammatory, antioxidant, 

antihyperlipidemic and antihypertrophic activities 

of propolis were probably responsible to this 

property. Furthermore, propolis also found to 

possess renal protective effect36. However, we 

could not show the tendency through our serum 

parameter data. 

Histopathologically, propolis administration 

during pregnancy did not cause any specific 

changes in the liver and kidney tissue. Although 

we found some non-specific changes, maternal 

metabolism changes during pregnancy might 

contribute. Mild cell degeneration and infiltration 

are common even in the control group37. 

Leukocytes, monocytes and lymphocytes increase 

during pregnancy as a response to the maternal 

oxidative stress38. In addition, an increase in 

fluid volume, systemic vasodilatation, and fluid 

retention response to pregnancy might cause 

hydronephrosis, proteinuria and glucoseuria12,39,40. 

 

5. CONCLUSIONS 

 

Propolis administration during pregnancy 

appears not to cause maternal toxicity. Serum 

ALT, AST, urea and creatinine did not differ 

between the groups. The histopathological  

examinations did not show any specific changes. 

 

6. ACKNOWLEDGMENTS 

 

We wish to thank to the Ministry of 

Research, Technology and Higher Education of the 

Republic of Indonesia for funding this research. 

 
Conflict of interest 

Authors declare no conflict of interest. 

 

Funding 

The Ministry of Research, Technology and Higher 

Education of the Republic of Indonesia under the 

scheme Master Program of Education Leading to 

Doctoral Degree for Excellent Graduates (PMDSU). 

 

Ethics approval 

All animal experiments have been approved by the  

Animal Care and Use Committee, IPB University 

(No. 64-2017 IPB) 
 

Article info: 

Received April 16, 2020 
Received in revised form July 3, 2020 

Accepted July 27, 2020 
 

REFERENCES 

1.          Salonen A, Saarnio S, Julkunen-Tiitto R. Phenolic 
compounds of propolis from the boreal coniferous zone. 

J Apic Sci. 2012;56(1):13-22. 

2.  Bankova V, Popova M, Trusheva B. Propolis volatile 

compounds: chemical diversity and biological activity: 
a review. Chem Cent J. 2014;8(1):28. 

3.    Borba RS, Spivak M. Propolis envelope in Apis mellifera 

colonies supports honey bees against the pathogen, 

Paenibacillus larvae. Sci Rep. 2017;7(1):1-6. 
4.  Król W, Bankova V, Sforcin JM, Szliszka E, Czuba Z, 

Kuropatnicki AK. Propolis: properties, application, and 

its potential. J Evid Based Complementary Altern Med. 

2013;1-3. 
5.  Purohit AS, Joshi KU, Kotru BH, Kotru SU. Effect of 

Indian propolis on haematological parameters in 

experimentally induced hyperlipidemic male albino 

rabbits. Asian J Pharm Clin Res. 2013;6(1):17-9. 
6.   Zhao Y, Tian W, Peng W. Anti-proliferation and insulin 

resistance alleviation of hepatocellular carcinoma cells 

HepG2 in vitro by Chinese propolis. J Food Nutr Res. 

2014;2:228-35. 

7.   Sforcin JM, Bankova V. Propolis: is there a potential   

for the development of new drugs?. J Ethnopharmacol. 

2011;133(2):253-60. 

8.   Burdock GA. Review of the biological properties and 
toxicity of bee propolis (propolis). Food Chem Toxicol. 

1998;36:347-63. 

9.  Mohammadzadeh S, Shariatpanahi M, Hamedi M, 

Ahmadkhaniha R, Samadi N, Ostad SN. Chemical 
composition oral toxicity and antimicrobial activity of 

Iranian propolis. Food Chem. 2007;103:1097-103. 

10. Ramadan A, Soliman G, Mahmoud SS, Nofal SM, 

Abdel-Rahman RF. Evaluation of the safety and 
antioxidant activities of Crocus sative and propolis 

ethanolic extracts. J Saudi Chem Soc. 2012;16:13-21. 

11. Menniti-Ippolito F, Mazzanti G, Vitalone A, Firenzuoli 

F, Santuccio C. Surveillance of suspected adverse  
reaction to natural health products the case of propolis. 

Drug Saf. 2008;31:419-23. 

12. Frederiksen MC. Physiologic changes in pregnancy and 

their effect on drug disposition. In Seminars in  
perinatology. 2001;25(3):120-3. 

13. Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey 

S, Van Rompay M, et al. Trends in alternative medicine 

use in the United States 1990-1997: results of a follow-
up national survey. JAMA. 1998; 280:1569-75. 

14. Chez RA, Jonas WB. Complementary and alternative 

medicine Part I: clinical studies in obstetrics. Obstet 
Gynecol Surv. 1997;52:704-8. 

15. Goel RK, Prabha T, Kumar MM, Dorababu M, Singh G. 

Teratogenicity of Asparagus racemosus Willd root a 

herbal medicine. Indian J Exp Biol. 2006;44:570-3. 
16. Park D, Jeon JH, Shin S, Joo SS, Kang DH, Moon SH, 

et al. Green tea extract increases cyclophosphamide-

induced teratogenesis by modulating the expression of 

cytochrome P-450 mRNA. Reproductive Toxicol. 2009; 
27:79-84. 

17. Taloubi LM, Rhouda H, Belahcen A, Smires N, Thimou



Pharmaceutical Sciences Asia 

 
230 

A, Mdaghri AA. An overview of plants  causing 
teratogenicity: Fenugreek (Trigonella foenum-graecum). 

Int J Pharm Sci Res. 2013;4:514-6. 

18. Mohammed OJ, McAlpine R, Chiewhatpong P, Latif 

ML, Pratten MK. Assessment of developmental 
cardiotoxic effects of some commonly used 

phytochemicals in mouse embryonic D3 stem cell 

differentiation and chick embryonic cardiomyocyte 

micromass culture models. Reproductive Toxicol. 

2016;64:86-97. 

19. Ernst E. Herbal medicinal products during pregnancy: 

are they safe? BJOG. 2002;109:227-35. 

20. Fikri AM, Sulaeman A, Handharyani E, Marliyati SA, 
Fahrudin M. The effect of propolis administration on 

fetal development. Heliyon. 2019;5(10):e02672. 

21. Fikri AM Sulaeman A Marliyati SA Fakhrudin M. 

Antiemetic activity of Trigona spp propolis from three 
provinces of Indonesia with two methods of extraction. 

Pharmacogn J. 2018; 9:73-5. 

22. Byers SL, Wiles MV, Dunn SL, Taft RA. Mouse estrous 

cycle identification tool and images. PloS one. 2012;7:1-5. 
23. Thefeld W, Hoffmeister H, Busch EW, Koller PU, 

Vollmar J. Referenzwerte für die Bestimmungen der 

Transaminasen GOT und GPT sowie der alkalischen 

Phosphatase im Serum mit optimierten Standardmethoden. 
Dtsch Med Wochenschr. 1974;99:343-31. 

24. Carleton H. Carleton’s Histological Technique. 4th ed. 

New York (US): Oxford University Press; 1976. 

25. Ramachandran R, Kakar S. Histological patterns in drug-
induced liver disease. J Clin Pathol. 2009;62(6):481-92. 

26.  Bongoni AK, Lu B, Salvaris EJ, Roberts V, Fang D, McRae 

JL, Fisicaro N, Dwyer KM, Cowan PJ. Overexpression of 

human CD55 and CD59 or treatment with human CD55 
protects against renal ischemia-reperfusion injury in mice. 

J Immunol. 2017;198(12):4837-45. 

27. Chernoff N, Rogers JM, Kavlock RJ. An overview of 

maternal toxicity and prenatal development: considerations 
for developmental toxicity hazard assessments. Toxicology. 

1989;59(2):111-125. 

28. Michael B, Yano B, Sellers RS, Perry R, Morton D, 

Roome N, et al. Evaluation of organ weights for rodent 

and non-rodent toxicity studies: a review of regulatory 

guidelines and a survey of current practices. Toxicol  

Pathol. 2007;35:742-50. 
29. da Silva RO, Andrade VM, Rêgo ESB, Dória GAA, dos 

Santos Lima B, da Silva FA, et al. Acute and sub-acute 

oral toxicity of Brazilian red propolis  in rats. J 

Ethnopharmacol. 2015;170:66-71. 
30. Hosten AO. Bun and creatinine. In: Walker HK, Hall 

WD, Hurst JW, editors. Clinical methods: The history 

physical and laboratory examinations 3rd Edition. 

Boston: Butterworths; 1990. p.874-8. 

31. Kim WR, Flamm SL, Di Bisceglie AM, Bodenheimer 

HC. Serum activity of alanine aminotransferase (ALT) 

as an indicator of health and disease. Hepatology. 2008; 

47:1363-70. 
32. Shittu OK, Lawal B, Alozieuwa BU, Haruna GM, 

Abubakar AN, Berinyuy EB. Alteration in biochemical 

indices following chronic administration methanolic 

extract of Nigeria bee propolis in Wistar rats. Asian Pac 
J Trop Dis. 2015;5:654-7. 

33. Kostic MA, Dart RC. Rethinking the toxic methanol 

level. J Toxicol Clin Toxicol. 2003;41:793-800. 

34. Vere CC, Streba CT, Streba LM, Ionescu AG, Sima F. 
Psychosocial stress and liver disease status. World J 

Gastroenterol. 2009;15:2980-6. 

35. Gonzalez R, Corcho I, Remirez D, Rodriguez S, Ancheta 

O, Merino N, et al. Hepatoprotective effects of propolis 
extract on carbon tetrachloride‐induced liver injury in 

rats. Phytother Res. 1995;9(2):114-7. 

36. Boutabet K, Kebsa W, Alyane M, Lahouel M. 

Polyphenolic fraction of Algerian propolis protects rat 
kidney against acute oxidative stress induced by 

doxorubicin. Indian J Nephrol. 2011;21:101-6. 

37. Foster J R. Boorman's Pathology of the Rat Reference 

and Atlas. Cambridge (UK): Academic Press; 2015. 
38. Chandra S, Tripathi AK, Mishra S, Amzarul M, Vaish 

AK. Physiological changes in hematological parameters 

during pregnancy. Indian J Hematol Blood Transfus. 

2012;28:144-6. 
39. Abduljalil K, Furness P, Johnson TN, Rostami-

Hodjegan A, Soltani H. Anatomical physiological and 

metabolic changes with gestational age during normal 

pregnancy. Clin Pharmacokinet. 2012;51:365-96. 

40. Cheung KL, Lafayette RA. Renal physiology of 

pregnancy. Adv Chronic Kidney Dis. 2013;20:209-14.

 


