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curcumin-loaded marinosomes; PLGA, polylactic-co-glycolic acid; 
FASD, fetal alcohol spectrum disorder 

Introduction
Curcumin, obtained from rhizome of turmeric, is widely used 

as spice and food colouring agents,1 while also consume commonly 
in their diets by more than one billion people. Apart from kitchen 
uses, Ayurveda, Unani and Siddha system of medicines and in the 
Chinese medicines, uses of curcumin has been recommended for a 
wide range of disorders and diseases. In Ayurveda, its use has also 
been recommended for diverse medical indications such as wound 
healing, nausea, indigestion, inflammation,2 liver diseases, improving 
skin complexion and as an antioxidants etc.3,4 It has been reported by 
several workers, being an effective antioxidant, curcumin counteracts 
oxidative stress-induced damages by retrieving the situation of redox 
disequilibration and thus recovering the activity of endogenous 
antioxidative defense system.5‒7 

Since more than 50% of pregnancies are unplanned, sometimes 
the situation becomes crucial when a woman comes to know that she 
has to undergo treatment with some medication like epileptic drugs 
(might be a teratogenic) while she is pregnant and she is neither 
allowed undergoing for ‘Medical Termination of Pregnancy (MTP) 
nor keep the treatment pending until delivery. 

Hence, it is now time to consider the priority of the situation and 
start research to develop medication regarding reduce the incidence 
and impact of birth defects. So, the products (natural or synthetic) 
which may have potential for helping to prevent birth defects among 
babies likely to be born from women taking any teratogenic drugs and 
also to allow the woman to continue with her unplanned pregnancy.5

Discussion
Drug administration during the critical developmental period of 

development most of the time (in case of antiepileptic drugs (AEDs) 
i.e. valproic acid etc) produces toxic ROS by impairing glutathione 
homeostasis and induced birth defects.5,7 During gestation maternal 
circulation is directly linked to fetal circulation and the liver is the 
main site of drug metabolism hence, oxidative stress in the maternal 
system may induce oxidative stress in the foetuses which may cause 
fetotoxicity or embryotoxicity expressed in various ways including 
birth defects.8 Some investigators also suggest that, increased 
oxidative stress to the developing foetus imposed by the intermediate 
metabolites of drugs (AEDs) may be responsible for the teratogenic 
effects.9,10 They further added that as the embryonic and foetal 
antioxidant defence mechanisms are immature and develop slowly 
with the advancement in gestational age, enhanced oxidative stress 
may cause irreversible embryonic and foetal damage.

In several clinical studies have been carried out with Curcumin 
and also sowing the one of the major problems with Curcumin is 
perceived to be the bioavailability. However, the pharmacokinetics 
studies related to Curcumin from past three decades revealed its 
poor absorption and rapid metabolism that severely restrain its 
bioavailability activities. Forecast of its bioavailability revealed 
by the observation if showed its low serum levels, limited tissue 
distribution, apparent rapid metabolism and short half-life. In 1978, 
Wahlstrom and Blennow,11 first revealed the uptake, distribution, and 
excretion of Curcumin in rat and found negligible amounts in blood 
plasma after oral administration of 1g/kg demonstrate it was poorly 
absorption from the gut.11 At higher dose of curcumin (2g/kg to rats 
orally) showed maximum concentration in serum is 1.35±0.23µg/
mL was observed at time 0.83 ), whereas in humans the same dose 
of curcumin consequently in either undetectable or extremely low 
(0.006±0.005µg/mL at 1h) serum levels.12 In a human clinical trial 
study, dosing of 3.6g of curcumin via oral route showed concentration 
in plasma 11.1nmol/L after an hour.13 So, the serum levels of curcumin 
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Abstract

The yellow pigment of turmeric (Curcuma longa) i.e. Curcumin (diferuloylmethane 
has been associated with a number of properties such as antioxidant, anti-inflammatory, 
neurotrophic activity, antibacterial, antiviral, and anticancer etc. Oxidative stress is 
believed to be one of a major contributing factor for teratogenesis (congenital birth 
defects). However, enhanced oxidative stress may cause irreversible embryonic and 
foetal damage. However, Curcumin attracted attention due to its promising actions but 
limited bioavailability and inability to detect Curcumin in circulation or target tissues 
has causing hindered in the validation of a causal role. Here, we discuss the various 
scientific article enhance their activity by the improving their in intriguing form like 
nonoparticle complex or with supplementation or in encapsulated form making its 
importance advance in the treatment of various ailments rather than congenital birth 
defects also. 
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in rats and in human are very much deferent. Whether curcumin 
metabolites are as active as curcumin itself is, unfortunately, not clear. 
Many studies point out that curcumin metabolites glucuronides and 
tetrahydro curcumin (THC) are less active than curcumin itself.14 The 
stability of Curcumin is observed by their half-life existence in the 
body. However, systemic elimination or clearance from the animal 
system determines its relative biological activity but unfortunately 
earlier study reported that when Curcumin was given orally 1g/kg to 
rats then approximately seventy five percent of it was excreted in the 
feces and insignificant amounts were noted in the urine.11 Although 
, now in the fast growing technology and science the drug delivery 
system of the chemical molecule now modified and enhancing their 
properties by the supplementation of additives along them that 
potentiate their effects . 

Micronized of the Curcumin in a PTZ-induced seizure model in 
zebrafish (Danio rerio) through supercritical carbon dioxide processing, 
a suitable green chemistry technique to prepare and modify material 
properties. The results showed very promising protective effects, 
slowing seizure development both in larvae and adult animals.15 
Recent article revealed that the Curcumin-loaded marinosomes 
(CURMs - encapsulated in krill lipids-based liposomes) showed a 
powerful antioxidant activity to develop a potential anticancer therapy 
from low-cost and readily available nutraceuticals. Reflux followed 
by thin drug-lipid film method is used successfully to incorporate the 
drug into the liposomal membrane at high encapsulation efficiency 
(EE). These new CURM techniques showed as a favorable in vitro 
drug delivery system to target cancer disease.16 To improve curcumin 
bioavailability, polyelectrolyte complexation method to form layer-
by-layer assembled nanoparticles, for curcumin delivery, negatively 
charged acylated cruciferin (ACRU), a rapeseed globulin. The studies 
suggested that improved permeability efficiency of free curcumin 
through the Caco-2 cell monolayer and these ACRU/CS NPs can be 
used for encapsulation and delivery of curcumin in functional foods 
also.17 The other effective formulation that enhance the bioavailability 
of Curcumin by Polylactic-co-glycolic acid (PLGA) encapsulated 
Curcumin nanoparticles,18 curcumin-beta-cyclodextrin nanoparticle,19 
and in humans, curcumin bioavailability was huge increased by about 
2,000% at 45 minutes after co-administering of the Curcumin orally 
along with piperine.12

Although, Curcumin has been known as a potent scavenger 
of reactive oxygen species (ROS), which enhances the activity of 
antioxidants properties by suppresses phosphorylation of transcription 
factors involved in inflammation and apoptosis in the tissues. The 
Curcumin containing turmeric extract rescues ethanol-induced 
developmental defect in the zebrafish model for fetal alcohol spectrum 
disorder (FASD) which was due to ethanol-induced oxidative stress as 
reported.20 In another study, Curcumin reduces high glucose-induced 
NTD formation by blocking cellular stress and caspase activation, 
suggesting that curcumin supplements could reduce the negative 
effects of diabetes on the embryo.21

Conclusion 
Use of Curcumin since ancient times has been used against 

human ailments in Asian countries. Now modern science has 
delineated the molecular basis in advance form for their use. Various 
formulations of Curcumin that are currently available are also 
discussed here. However daily going research will going to improve 

the bioavailability of Curcumin, via development of new strategies 
through the modification of the modulation of route administration 
and complexes and structural modifications of Curcumin. Therefore, 
further investigation will be needed to determine by the experimental 
findings because of its great medicinal value for human being.

Acknowledgements
Mrs. Vimala Bind contributing in the preparation of manuscript.

Conflict of interest
The authors declare that there is no conflict of interests regarding 

the publication of this paper.

References
1. Huang MT, Lou YR, Ma W, et al. Inhibitory effects of dietary 

curcumin on forestomach, duodenal, and colon carcinogenesis in 
mice inhibitory effects of dietary curcumin on forestomach, duodenal 
, and colon carcinogenesis in mice. Cancer Res. 1994;54(22):5841–
5847.

2. Reddy AC, Lokesh BR. Studies on the inhibitory effects of curcumin 
and eugenol on the formation of reactive oxygen species and the 
oxidation of ferrous iron. Mol Cell Biochem. 1994;137(1):1–8. 

3. Maheshwari RK, Singh AK, Gaddipati J, et al. Multiple biological 
activities of curcumin: A short review. Life Sci. 2006;78(18):2081–
2087.

4. Soudamini KK, Unnikrishnan MC, Soni KB, et al. Inhibition of lipid 
peroxidation and cholesterol levels in mice by curcumin. Indian J 
Physiol Pharmacol. 1992;36(4):239–243.

5. Kumar A, Chandasana H, Bhatta RS, et al. Curcumin affords 
protection against valproic acid induced teratogenicity by curtailing 
oxidative stress and inhibiting CYP2C9 activity. RSC Adv. 
2015;5(101):82756–82764.

6. Venkatesan N. Curcumin attenuation of acute adriamycin myocardial 
toxicity in rats. Br J Pharmacol. 1998;124(3):425–427.

7. Zhang B, Wang X, Nazarali AJ. Ascorbic acid reverses valproic acid-
induced inhibition of hoxa2 and maintains glutathione homeostasis in 
mouse embryos in culture. Cell Mol Neurobiol. 2010;30(1):137–148.

8. Wells PG, McCallum GP, Chen CS, et al. Oxidative stress in 
developmental origins of disease: teratogenesis, neurodevelopmental 
deficits, and cancer. Toxicol Sci. 2009;108(1):4–18.

9. Danielsson BR, Danielsson C, Nilsson MF. Embryonic cardiac 
arrhythmia and generation of reactive oxygen species: common 
teratogenic mechanism for IKr blocking drugs. Reprod Toxicol. 
2007;24(1):42–56.

10. Ornoy A. Embryonic oxidative stress as a mechanism of teratogenesis 
with special emphasis on diabetic embryopathy. Reprod Toxicol. 
2007;24(1):31–41.

11. Wahlström B, Blennow G. A study on the fate of curcumin in the rat. 
Acta Pharmacol Toxicol (Copenh). 1978;43(2):86–92.

12. Shoba G, Joy D, Joseph T, et al. Influence of piperine on the 
pharmacokinetics of curcumin in animals and human volunteers. 
Planta Med. 1998;64(4):353‒366.

13. Sharma RA. Euden SA, Platton SL, et al. Phase I clinical trial of 
oral curcumin: biomarkers of systemic activity and compliance. Clin 
Cancer Res. 2004;10(20):6847–6854.

https://doi.org/10.15406/mojbb.2018.05.00089
https://www.ncbi.nlm.nih.gov/pubmed/7954412
https://www.ncbi.nlm.nih.gov/pubmed/7954412
https://www.ncbi.nlm.nih.gov/pubmed/7954412
https://www.ncbi.nlm.nih.gov/pubmed/7954412
https://www.ncbi.nlm.nih.gov/pubmed/7954412
https://www.ncbi.nlm.nih.gov/pubmed/7845373
https://www.ncbi.nlm.nih.gov/pubmed/7845373
https://www.ncbi.nlm.nih.gov/pubmed/7845373
https://www.ncbi.nlm.nih.gov/pubmed/16413584
https://www.ncbi.nlm.nih.gov/pubmed/16413584
https://www.ncbi.nlm.nih.gov/pubmed/16413584
https://www.ncbi.nlm.nih.gov/pubmed/1291474
https://www.ncbi.nlm.nih.gov/pubmed/1291474
https://www.ncbi.nlm.nih.gov/pubmed/1291474
https://www.ncbi.nlm.nih.gov/pubmed/9647462
https://www.ncbi.nlm.nih.gov/pubmed/9647462
https://www.ncbi.nlm.nih.gov/pubmed/19655241
https://www.ncbi.nlm.nih.gov/pubmed/19655241
https://www.ncbi.nlm.nih.gov/pubmed/19655241
https://www.ncbi.nlm.nih.gov/pubmed/19126598
https://www.ncbi.nlm.nih.gov/pubmed/19126598
https://www.ncbi.nlm.nih.gov/pubmed/19126598
https://www.ncbi.nlm.nih.gov/pubmed/17570632
https://www.ncbi.nlm.nih.gov/pubmed/17570632
https://www.ncbi.nlm.nih.gov/pubmed/17570632
https://www.ncbi.nlm.nih.gov/pubmed/17570632
https://www.ncbi.nlm.nih.gov/pubmed/17548185
https://www.ncbi.nlm.nih.gov/pubmed/17548185
https://www.ncbi.nlm.nih.gov/pubmed/17548185
https://www.ncbi.nlm.nih.gov/pubmed/696348
https://www.ncbi.nlm.nih.gov/pubmed/696348
https://www.ncbi.nlm.nih.gov/pubmed/9619120
https://www.ncbi.nlm.nih.gov/pubmed/9619120
https://www.ncbi.nlm.nih.gov/pubmed/9619120
https://www.ncbi.nlm.nih.gov/pubmed/15501961
https://www.ncbi.nlm.nih.gov/pubmed/15501961
https://www.ncbi.nlm.nih.gov/pubmed/15501961


Citation: Akhilesh K, Bind V. Curcumin bioavailability issues and its effect on birth defects. MOJ Bioequiv Availab. 2018;5(2):109–111. 
DOI: 10.15406/mojbb.2018.05.00089

Curcumin bioavailability issues and its effect on birth defects
Copyright:

©2018 Akhilesh et al. 111

14. Ireson C, Orr S, Jones DJ, et al. Characterization of metabolites of 
the chemopreventive agent curcumin in human and rat hepatocytes 
and in the rat in vivo, and evaluation of their ability to inhibit 
phorbol ester-induced prostaglandin E2 production. Cancer Res. 
2001;61(3):1058–1064.

15. Bertoncello KT, Aguiar GPS, Oliveira JV, et al. Micronization 
potentiates curcumin’s anti-seizure effect and brings an important 
advance in epilepsy treatment. Sci Rep. 2018;8:2645.

16. Ibrahim S, Tagami T, Kishi T, et al. Curcumin marinosomes as 
promising nano-drug delivery system for lung cancer. Int J Pharm. 
2018;540(1‒2):40‒49.

17. Wang F, Yang Y, Ju X, et al. Polyelectrolyte complex nanoparticles 
from chitosan and acylated rapeseed cruciferin protein for curcumin 
delivery. J Agric Food Chem. 2018;66(11):2685‒2693.

18. Khalil NM, do Nascimento TC, Casa DM, et al. Pharmacokinetics 
of curcumin-loaded PLGA and PLGA-PEG blend nanoparticles 
after oral administration in rats. Colloids Surf B Biointerfaces. 
2013;101:353–360.

19. Rachmawati H, Edityaningrum CA, Mauludin R. Molecular 
inclusion complex of curcumin-beta-cyclodextrin nanoparticle to 
enhance curcumin skin permeability from hydrophilic matrix gel. 
AAPS Pharm Sci Tech. 2013;14(4):1303–1312.

20. Muralidharan P, Connors CT, Mohammed AS, et al. turmeric extract 
rescues ethanol-induced developmental defect in the zebrafish 
model for fetal alcohol spectrum disorder (FASD). J Food Sci. 
2017;82(9):2221‒2225.

21. Wu Y, Wang F, Reece EA, et al. Curcumin ameliorates high glucose-
induced neural tube defects by suppressing cellular stress and 
apoptosis. Am J Obstet Gynecol. 2015;212(6):802.e1–8.

https://doi.org/10.15406/mojbb.2018.05.00089
https://www.ncbi.nlm.nih.gov/pubmed/11221833
https://www.ncbi.nlm.nih.gov/pubmed/11221833
https://www.ncbi.nlm.nih.gov/pubmed/11221833
https://www.ncbi.nlm.nih.gov/pubmed/11221833
https://www.ncbi.nlm.nih.gov/pubmed/11221833
https://www.nature.com/articles/s41598-018-20897-x
https://www.nature.com/articles/s41598-018-20897-x
https://www.nature.com/articles/s41598-018-20897-x
https://www.ncbi.nlm.nih.gov/pubmed/29408473
https://www.ncbi.nlm.nih.gov/pubmed/29408473
https://www.ncbi.nlm.nih.gov/pubmed/29408473
https://www.ncbi.nlm.nih.gov/pubmed/29451796
https://www.ncbi.nlm.nih.gov/pubmed/29451796
https://www.ncbi.nlm.nih.gov/pubmed/29451796
https://www.ncbi.nlm.nih.gov/pubmed/23010041
https://www.ncbi.nlm.nih.gov/pubmed/23010041
https://www.ncbi.nlm.nih.gov/pubmed/23010041
https://www.ncbi.nlm.nih.gov/pubmed/23010041
https://www.ncbi.nlm.nih.gov/pubmed/23990077
https://www.ncbi.nlm.nih.gov/pubmed/23990077
https://www.ncbi.nlm.nih.gov/pubmed/23990077
https://www.ncbi.nlm.nih.gov/pubmed/23990077
https://www.ncbi.nlm.nih.gov/pubmed/28796310
https://www.ncbi.nlm.nih.gov/pubmed/28796310
https://www.ncbi.nlm.nih.gov/pubmed/28796310
https://www.ncbi.nlm.nih.gov/pubmed/28796310
https://www.ncbi.nlm.nih.gov/pubmed/25595578
https://www.ncbi.nlm.nih.gov/pubmed/25595578
https://www.ncbi.nlm.nih.gov/pubmed/25595578

	Title
	Abstract 
	Keywords
	Abbreviations
	Introduction
	Discussion 
	Conclusion  
	Acknowledgements 
	Conflict of interest 
	References 

