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ABSTRACT
The present study examines the postnatal effects of in utero exposure to artemisinin in the rat.
Pregnant Wistar rats were administered with methanolic leaf extract of Artemisia annua (AAL) with
100, 200, or 400 mg/kg body weight from gestation day (GD) 7 to 9. At parturition, newborns were
observed for clinical signs and survival. Male and female pups from control and AAL exposed
animals were weaned and maintained up to postnatal day (PD) 100. Litter size and birth weights of
control and experimental pups were comparable. Survival index and developmental landmarks were
decreased in AAL-exposed rats when compared to controls. Elapsed time (days) for vaginal opening
was significantly delayed in experimental pups when compared to control pups. Behavioral
observations such as cliff avoidance, negative geotaxis, surface rightening activity, and ascending
wire mesh were impaired in experimental pups. Decrease in total duration of estrous cycle, increase
in conception time and post implantation loss were observed in 200 mg/kg body weight administered
group. These results indicate that in utero exposure to AAL compromised postnatal developments
and fertility efficiency in female progeny.
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1. INTRODUCTION
The jeopardy of malaria during pregnancy is devastating not only to the mother, but also to
the developing foetus. More than 50 million pregnant women suffer with malaria every year. World
Health Organization (WHO) estimates that 80% of the world populations currently use herbal drugs
for healthcare1,2,3. Since fetuses are more sensitive to drugs, selection of drugs during pregnancy
should be done with caution. Generally pregnant women prefer herbal medicines rather than
pharmaceutical drugs for an accurate foetus development4. Artemisia annua L. (asteraceae) is a
medicinal herb that has been used for more than 2000 years for the treatment of malaria and other
disorders. Artemisinin, the principal product of Artemisia annua, approved by the US Food and Drug
Administration and currently preferred antimalarial drug widely used in combination therapies5. In
addition to its antimalarial activity, A. annua also possesses anti-inflammatory, antibacterial and
cytotoxic phytochemicals6,7. Though previous studies warranted exposure to even low concentrations
of artemisinin at different stages of pregnancy causes foetal resorptions in rats and rabbits8,9,10,11,
systematic studies on post natal development of progeny exposed to artemisinin during embryonic
development is lacking. In the present study, we investigated the pregnancy outcomes of dams
exposed to AAL and developmental, behavioral and reproductive consequences in female progeny.

2. MATERIALS AND METHODS
2.1. Plant extract preparation and Phytochemical analysis
Artemisia annua seedlings were obtained from the Central Institute of Medicinal and
Aromatic Plant (CIMAP), Lucknow and grown up to flowering stage in Sri Padmavathi Mahila
Visvavidyalayam (Women’s University), Tirupati (A.P). The leaves were collected, washed
thoroughly in water, and air-dried for two weeks at 35°C. Dried leaves were ground into powder
using an electric blender. Powder was stored in air tight container at 4°C. Extraction was carried out
with 100 g of A. annua leaf powder in 500 mL of 70% methanol by soxhlation for 18 h by using
Soxhlet apparatus. The extracts were concentrated using rotary flash evaporator under reduced
pressure and controlled temperature (60°C), and stored at 4°C in air-tight containers for further
studies.

2.2. Animals and housing
Female Wistar rats (body weight 190–210 g) with a normal estrus cyclic pattern were
selected and purchased from an authorized vendor (M/S Raghavendra Enterprises, Bengaluru, India).
The rats were housed in polypropylene cages (18" x 10" x 8") lined with sterilized paddy husk as
bedding material. The animals were provided with filtered tap water and standard rodent feed
(purchased from Sai Durga Agencies, Bengaluru, India) ad libitum throughout the study. The rats
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were maintained in well-controlled laboratory conditions (temperature 25 ± 2 °C; 12-h light and 12-h
dark cycle, humidity 50 ± 10 %). The experiments were carried out in accordance with the guidelines
of the Committee for the Purpose of Control and Supervision on Experiments on Animals,
Government of India (CPCSEA, 2003) and approved by the Institutional Animal Ethical Committee
at Sri Venkateswara University, Tirupati, India (vide no. IAEC/No- 438/01/a/CPSEA).

2.3. Treatment
After a 2-weeks acclimatization period, the rats were housed as breeding pairs (one male and
one female in proestrous stage). Female rats were examined every morning while evidence for
mating was confirmed by the presence of a vaginal plug and/or sperm in a vaginal smear. The
cohabitation period was 4 days. On pregnancy day 0 (determined by the presence of sperm in vaginal
smear), the dams were divided into four groups, each group consisting of four animals. The first
group served as control. Pregnant rats in the second, third, and fourth groups were daily administered
with 100, 200, and 400 mg plant extract /Kg bw (dissolved in DMSO) respectively through oral
gavage from days 7 to 9 of gestation (GD 7 – 9). The dosage levels of AAL were based on previous
studies on rats12,13,14, which caused decreased fertility efficiency. All rats were allowed to deliver
pups. Litter size and live pups were counted and their sex and survival rate on postnatal day 21 was
determined. Two days after birth, the offspring were cross-fostered. Ten pups (5 male and 5 females)
were housed with a lactating dam and were weaned on postnatal day 22. Thereafter male and female
animals were housed separately in groups of three to five.

2.4. Pregnancy outcomes
Pregnant animals were evaluated for mortality, morbidity and general clinical signs, such as
behavioral changes such as agitation, lethargy, hyperactivity and cannibalism, neurological changes
such as convulsions, tremors, muscle rigidity and hyper-reflexia and autonomic signs (e.g.
lacrimation, piloerection, pupil size and unusual respiratory pattern). Additionally, pregnancy length,
litter size, and pup birth weight were recorded. The viability index [(number of live offspring on
PND 4/number of live offspring delivered) X 100], and the weaning index [(number of live offspring
on PND 21/number of live offspring delivered) X 100] were also evaluated.

2.5. Developmental landmarks in pups
Pups were individually identified by paw tattoo and observed every day for clinical signs of
toxicity until completion of the lactation period. The anogenital distance (AGD) and crown-rump
length was measured using Vernier calipers. The age at which the incidences of pinna unfold, lower
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and upper incisor eruption, fur development, eye opening, and vaginal opening was tracked by an
investigator that was blindfolded to treatment.

2.6. Behavioral studies
All the behavioral tests were performed between 08:00 a.m.and 12:00 noon. Pups were
submitted to behavioral evaluation only once in their lives. Litter mates were not used within a
group, but they were used across groups.

2.6.a. Cliff avoidance
On PD 5, a pup was placed on a table edge with the forepaws and nose over the edge. The
time required to complete backing and turning away from the edge of the table was recorded. The
number of pups with successful responses within 30 s was recorded.

2.6.b. Surface rightening
Each pup was placed in a supine position and allowed a maximum time of 15 s to upright
itself (two trials were given per day) on PD 6. Time of achievement of rightening reflex was
recorded.

2.6.c. Negative geotaxis
The time taken to complete a 180° turn when placed in a head down position on a 25°
inclined plywood surface was recorded. The number of pups with successful responses within 30 s
on PD 7 was recorded.

2.6.d. Ascending wire mesh
The wire mesh (50×30 cm) was dipped in a water bath at 26°C such that it is 31 cm above the
water surface. The pups on PD 16 were placed with their quarter hind and tail dipping in the water.
The number of pups to reach the top within 60 s was recorded.

2.7. Vaginal smear cytology and description of estrous stages of female progeny
From the postnatal day 70, vaginal smears were prepared every morning (6.00 – 8.00 am) and
observed under microscope to characterize the estrous cycle for 20 consecutive days. Different stages
of estrous cycle were determined using the method described by Zarrow et al.15 and reviewed by
Cooper et al.16.
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2.8. Evaluation of reproductive performance of female progeny
On PND 100, female rats from control and experimental groups in pro-estrous stage were
cohabited with untreated 100 day old male rats (1:1 ratio) to evaluate their fertility efficiency.
Successful mating was confirmed by the presence of vaginal plug or sperm in vaginal washing.
Pregnant rats were sacrificed on 18th day of gestation; both ovaries were removed and examined for
the number of corpora lutea. Uterine horns from both sides were removed and numbers of
implantations and live/dead fetuses were counted. Mating index (number of sperm positive
females/number of pairings×100), fertility index (number of pregnant females/number of
pairings×100), post-implantation loss (difference between the number of implantations and the
number of live fetuses expressed as per number of implantations) were calculated. In addition, the
conception time, the interval between the first day of cohabitation and the day of vaginal plug and/or
sperm in vaginal smear, was recorded for each female.

2.9. Statistical treatment of the data
The data were statistically analyzed using One-way Analysis of Variance (ANOVA)
followed by Tukey’s test. The data were expressed as mean ± S.D. and ‘p’ value < 0.05 was
considered significant. All statistical tests were performed using Statistical Package for Social
Sciences (SPSS Inc., Chertsey, UK).

3. RESULTS AND DISCUSSION
Administration of AAL did not cause any abortions in pregnant rats. No unusual behavior
(viz. head flicking, biting, licking, self-mutilation, aggressiveness, redness around eyes) was
observed in the control or experimental dams. None (0 %) of the animals in the control and AAL
exposed groups died during treatment and none of the animals were excluded from the research.
Pregnancy length, Litter size (number of pups delivered) and the body weight of pups
delivered to AAL exposed rats were comparable to those of control pups. Conversely, weaning- and
viability indices were decreased in experimental pups when compared to control pups (Table 1). Our
results are in agreement with those reported by Abolaji et al.13,17. All pups delivered to control and
experimental dams were apparently normal. However, the mortality recorded before weaning
suggests developmental toxicity of A. annua extract in the pups. This mortality could be due to in
utero direct toxic effect of A. annua extract on the pups, or it may be due to maternal toxicity18.
Adverse early-life experiences, including maternal exposure to stress during pregnancy, can
‘‘programme’’ persistent changes in several physiological systems and behaviors, probably via
epigenetic mechanisms. In this study, developmental landmarks such as crown-rump length and anogenital distance of pups were comparable in all experimental pups when compared to those of
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control pups (Table 2). The elapsed time for eye opening, lower and upper incisor eruption, pinna
unfolding, fur development and vaginal opening was also not delayed in experimental groups when
compared to control group (Table 2).
It is well established that prenatal and/or neonatal exposure to toxicants results in long-term
influences on brain, behavior, and reproductive functions19,20. In the present study, prenatal exposure
to graded doses of AAL resulted in significant delay in the cliff avoidance, negative geotaxis,
rightening reflex response, and ascending wire mesh activity, when compared to the control pups
(Table 3). Previous studies with dogs, monkeys, rats and humans reported that artemisinin
compounds revealed considerable neurotoxic potency (gait disturbance, loss of spinal and pain
response reflexes, and prominent loss of brain stem and eye reflexes)21,22,23.
The mean age of puberty in female rats and beginning of the estrous cycle is based on the
occurrence of vaginal opening (VO)24. Disturbances in length of the estrous stages and decrease in
estrous cycle duration (Fig. 1) were observed in experimental females when compared with controls.
This might be due to disruption in endocrine circuits resulting in alterations in reproductive hormone
levels. Previous studies suggested that artemisinin decreases the levels of estrogen25,13. In the present
study, although mating and fertility index (100%) was not affected, post implantation loss was
increased in experimental females (Fig. 2; Table 4). Previous findings demonstrated that oral
administration of artemisinin can adversely affect post-implantation development and pregnancy in
the rat10,17. Additional studies also highlighted that Artemisia species also possesses antifertility
properties and could be used for contraceptive actions26,14,17.

4. CONCLUSIONS
In conclusion, AAL treatment did not alter fertility output in the dams. Though AAL may be
safe to mother, the survival and weaning indices of female progeny decreased indicating toxic effect
of AAL. This early life toxicity also reflected in developmental, behavioral and reproductive
consequences of female progeny. Besides antimalarial activity, AAL is also known for hypoglycemic
activity. Furthermore due to the fact that artemisinin is considered as a relatively “new” antimalarial
medication with unknown risks, more research is required, before prescription particularly to
pregnant women.

5. CONFLICT OF INTEREST
The authors have no conflicting interests to declare.

IJSRR, 8(3) July. – Sep., 2019

Page 448

Y. Mrunalini et al., IJSRR 2019, 8(3), 443-453

6. ACKNOWLEDGMENTS
We thank Prof. K.V.S. Sarma, Department of Statistics, S. V. University, Tirupati, for the
analysis of data. We also thankful to DST CURIE of Sri Padmavati Mahila Visvavidyalayam,
Tirupati, for their support. The authors declare that the experiments conducted during these studies
comply with the current laws of their country.

7. REFERENCES
1. World Health Organisation. Management of uncomplicated malarial and the use of drugs for
the protection of travelers. WHO Informed consultation Report. 2001; pp. 18 – 21.
2. Bodhisattwa M, Nagori BP, Rambir S, Kumar P, Upadhyay N. Recent trends in herbal drugs:
a review. Int J Drug Res Tech.2011; 1: 17-25.
3. Ginsburg H, Deharo E. A call for using natural compounds in the development of new
antimalarial treatments-an introduction Malaria J. 10. 2011; (Suppl 1): S1.
4. John LJ, Shantakumari N. Herbal medicines use during pregnancy: a review from the Middle
East. Oman Med J. 2015; 30: 229.
5. Graziose R, Lila MA, Raskin I. Merging traditional Chinese medicine with modern drug
discovery technologies to find novel drugs and functional foods. Curr Drug Discov Technol.
2010; 7: 2–12.
6. Shekari M, Sendi JJ, Etebari K, Zibaee A. Effects of Artemisia annua L. (Asteracea) on
nutritional physiology and enzyme activities of elm leaf beetle, Xanthogalerucaluteola Mull.
(Coleoptera: Chrysomellidae). Pest Biochem Physiol. 2008; 91: 66–74.
7. Eteng MU, Abolaji AO, Ebong PE, Brisibe EA, Dar A, Kabir N, Choudhary MI. Biochemical
and haematological evaluation of repeated dose exposure of male Wistar rats to an ethanolic
extract of Artemisia annua. Phytother Res. 2013; 27: 602–609.
8. Longo M, Zannoncelli S, Manera D. Effects of the antimalarial drug dihydroartemisinin
(DHA) on rat embryo in vitro. ReprodToxicol. 2006; 21: 83–93.
9. Alkadi HO. Antimalarial drug toxicity: A review. Chemotherapy. 2007; 53: 385–391.
10. Boareto AC, Muller JC, Bufalo AC, Botelho GG, de Araujo SL, Foglio MA, de Morais RN,
Dalsenter PR. Toxicity of artemisinin (Artemisia annua L.) in two different periods of
pregnancy in wistar rats. ReprodToxicol. 2008; 25: 239–246.
11. Schmuck G, Klaus AM, Krotlinger F, Langewische FW. Developmental and reproductive
toxicity studies on artemisone. Birth Defects Res B Dev Reprod Toxicol. 2009; 86: 131–143.

IJSRR, 8(3) July. – Sep., 2019

Page 449

Y. Mrunalini et al., IJSRR 2019, 8(3), 443-453

12. Hizaji AM, Salhab AS. Effects of Artemisia monospermaethanolic leaves extract on
implantation,

mid-term

abortion

and

parturition

of

pregnant

rats.

JEthnopharmacol.2010; 128: 446-51.
13. Abolaji AO, Eteng MU, Ebong PE, Brisibe EA, Dar A, Kabir N,Choudhary MI. A safety
assessment of the antimalarial herb Artemisia annua during pregnancy in Wistar rats.
Phytother Res. 2013; 27: 647–654.
14. Afsar S, Rupesh SK, Rajaram C, Nelson Kumar S, Prasanth Reddy V, Saisaran S.Antifertility
activity of Artemisia vulgaris leaves on female Wistar rats. Chinese J Nat Med.2014; 12:
0180−0185
15. Zarrow MX, Yochim JM, McCarthy JL. Experimental Endocrinology: A Sourcebook of
Basic Techniques, New York, Academic Press.1964.
16. Cooper RL, Goldman JM., Vandenbergh JG. Monitoring of the estrous cycle in the
laboratory rodent by vaginal lavage. In Methods in Toxicology: Female Reproductive
Toxicology. New York, Academic Press. 1993; pp. 45-54.
17. Abolaji AO, Eteng MU, Ebong PE,Darb EA, Ebenezer OF,Choudhary MI. Artemisia annua
as a possible contraceptive agent: a clue from mammalian rat model. Nat Product Res.2014;
28: 2342–2346.
18. Eduard U, Mojmir M, Michal D, Jana N, Ingrid B. Developmental toxicology – an integral
part of safety evaluation of new drugs. Biomed Pap Med FacUnivPalacky Olomouc Czech
Repub. 2005; 149: 209–212.
19. Benetti F, Andrade de Araujo P, Sanvitto GL, Lucion AB. Effects of neonatal novelty
exposure on sexual behavior, fear, and stressresponse in adult rats. Dev Psycho.2007;
l 49: 258–264.
20. Uriarte N, Ferreira A, Rosa XF, Sebben V, Lucion AB. Overlapping litters in rats: effects on
maternal behavior and offspring emotionality. PhysiolBehav. 2008; 93: 1061–1070.
21. Price R, Van Vugt M,Phaipun L, Luxenburger C, Simpson J, McGready R, TerKuile F,
Kham A, Chongsuphajaisiddhi T, White NT, Nosten F. Adverse effects in patients with acute
falciparum malaria treated with artemisinin derivatives. Am J Trop Med Hyg. 1999; 60:547–
555.
22. Petras JM, Young GD, Bauman RA, Kyle DE, Gettayacamin M, Webster HK, Corcoran KD,
Peggins JO, Vane MA, Brewer TG. Arteether-induced brain injury in Macacamulatta. I. The
precerebellar nuclei: lateral reticular nuclei, paramedian reticular nuclei, and perihypoglossal
nuclei. AnatEmbryol. 2000; 201: 383–397.

IJSRR, 8(3) July. – Sep., 2019

Page 450

Y. Mrunalini et al., IJSRR 2019, 8(3), 443-453

23. Schmuck G, Roehrdanz E, Haynes RK, Regine K. Neurotoxic Mode of Action of
Artemisinin. Antimicrob Agents Chemother .2002; 46: 821–827.
24. Kennedy GC, Mitra J. Body weight and food intake as initiating factors for puberty in the rat.
J Physiol. 1963; 166: 408-418.
25. Dellicour S, Hall S, Chandramohan D, Greenwood B. The safety of artemisinins during
pregnancy: a pressing question. Malaria J. 2007; 6: 15.
26. Nava A, Afshin Z. Effects of Artemisia lanata Extract on Reproductive Parameters of Female
Rats.Crescent J Med Biol Sci. 2014; 1: 49-53.
Table No. 1: Effect of AAL on progeny outcome of dams
Parameter

Control

100mg AAL

200mg AAL

400mg AAL

Pregnancy length# (days)

21.25±0.83

Litter size#

9.25±0.50

Pup birth weight$ (g)

6.91±0.68

Viability index$ (%)
Weaning index$ (%)

100
100

21.7±0.43
(2.12)
8.75±0.96
(-5.40)
6.17±0.40
(-4.04)
92.31
92.31

22±0.71
(3.53)
8.75±1.26
(-5.40)
5.84±0.37
(-9.17)
77.14*
74.29*

21.5±0.50
(1.18)
8.5±2.38
(-8.11)
6.43±0.50
(-7.46)
91.12
82.35

Values are expressed as mean ± S.D. n= #4; $130
Values in the parentheses are % change from control.
*p<0.05 when compared to control
Table No. 2: Effect of in utero exposure to AAL on developmental landmarks in pups
Parameters
Control
100mg AAL
200mg AAL
400mg AAL
Crown-rump Length (cm)
(n=136)
Anogenital Distance (cm)
(n=136)
Pinnae Unfold (days)
(n=134)
Lower Incisor Eruption (days)
(n=134)
Fur Development (days) (n=131)
Upper Incisor Eruption (days)
(n=131)
Eye Opening (days)
(n=130)
Vaginal Opening (days)
(n=63)

5.57±0.20
0.305±0.006
3.78±0.80
4.44±0.57
11.31±0.74
12.2±1.07
13.0±0.71
37.30 ± 1.22

5.39±0.39
(-3.23)
0.31±0.018
(0.33)
3.96±0.30
(4.76)
4.45±0.70
(0.23)
10.94±0.09
(-3.27)
11.84±0.51
(-2.95)
12.73±0.44
(-2.08)
37.80 ± 2.62
(1.34)

5.26±0.34
(-5.57)
0.30±0.008
(-1.64)
3.68±0.21
(-2.65)
4.62±0.18
(4.73)
10.67±0.41
(-5.66)
11.80±0.47
(-3.28)
13.07±0.29
(0.54)
40.40 ± 0.43
(8.31)

5.43±0.14
(-2.51)
0.29±0.025
(-4.25)
4.03±0.26
(6.61)
4.78±0.29
(7.66)
11.30±0.41
(-0.09)
12.13±0.46
(-0.57)
12.71±0.30
(-2.23)
39.50 ± 1.91
(5.90)

Values are expressed as mean ± S.D.
Values in the parentheses are % change from control.
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Table No. 3: Effect of in utero exposure to AAL on pre-weaning behavioral responses in pups
Parameter
Control
100mg AAL
200mg AAL
400mg AAL
Cliff Avoidance

8.95a ± 1.44

Surface Rightening

1.81a ± 0.11

Negative Geotaxis

8.53a ± 1.66

Ascending wire mesh

29.54a ± 2.49

14.44b ± 4.24
(61.34)
2.06b ± 0.76
(13.81)
12.89b ± 1.42
(51.11)
31.59b ± 6.60
(6.94)

21.33c ± 4.21
(138.32)
4.47c ± 1.49
(146.96)
20.11c ± 4.35
(135.76)
36.85c ± 8.77
(24.75)

16.74bc ± 4.19
(87.04)
3.34bc ± 0.45
(84.53)
22.25d ± 6.13
(160.84)
34.28bc ± 3.20
(16.05)

Values are expressed in sec
Values are expressed as mean ± S.D.
Values in the parentheses are % change from control.
Values with different superscripts in a row differ significantly from each other at p<0.05
Table No. 4: Fertility output of female progeny exposed to AAL during embryonic development
Parameters
Control
100mg AAL
200mg AAL
400mg AAL
Conception time (days)
1.5 ± 0.71
1.0 ± 0
2.0 ± 0
1.5 ± 0.71
(-33.33)
(33.33)
(0.00)
Mating index (%)
100%
100%
100%
100%
Fertility index (%)
100%
100%
100%
100%
No.of corpora leutia/rat
13.5 ± 0.71
13 ± 1.41
13.5 ± 3.53
14 ± 1.41
(-3.70)
(0.00)
(3.70)
No of live fetuses/rat
12.5 ± 0.71
12.5 ± 0.71
4.0 ± 5.66
9.5 ± 2.12
(0.00)
(-68.00)
(-24.00)
Post implantation loss (%)
7.41%
3.85%
70.37%
32.14%

Values are mean ± S.D. of 6 individuals.
Values in the parentheses are % change from control.
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Figure No. 1: Effect of embryonic exposure to AAL on duration of different stages of estrous cycle in control and
experimental rats

Figure No. 2: Uterus of control rats (A) and rats exposed to 100mg (B), 200mg (C) and 400mg (D)of AAL/kg
bodyweight during embryonic development showing fetuses on 18th day of pregnancy
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