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ABSTRACT

Crocus sativus (saffron) is widely used as a food additive and as active components in many traditional
medicine and modern pharmacology. Saffron is generally considered as a safe food additive and medicinal
agent. However many studies carried out using pregnant mice have shown that saffron causes intrauterine
growth retardation and induces embryonic malformations. Hence the present study was aimed to evaluate if
a similar effect is seen in pregnant albino rats. In our experiment no deleterious effects were noted in the
pregnant dams or on the fetuses up to the level of 500 mg/kg body weight dose.
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1.INTRODUCTION

Saffron, a spice is the dried and dark red stigma of
Crocus sativus Linn flowers, a member of the large
Iridaceae family. The value of saffron is determined by
the existence of three main pharmacologically active
components: Crocin and its derivatives which were
responsible for colour; Picrocrocin responsible for the
bitter taste and Safranal, a trepene essential oil obtained
through hydrolysis of picrocrocin is responsible for the
odour/aroma'. In modern pharmacological studies,
saffron or its active constituents have demonstrated
many therapeutic roles like: in treatment of cancer !
Anticonvulsant properties °; Anti-inflammatory and
antinociceptive properties ® Radical scavenger effects
11;Hypolipemic effects®, Anti diabetic effects®; Anti-
genotoxic effects™®. In contrary to beneficial effect,
information related to saffron toxicity is also reported.A
high concentration of crocetin (a carotenoid which gives
the characteristic golden yellow-orange colour to saffron)
was found to be teratogenic in frogs, Xenopus
laevis'? Further it is demonstrated that aqueous extract of
saffron significantly increased the miscarriage rate in
BALB/c mice'®. Also it is indicated that crocin and
safranal, the two pharmacologically active components of
saffron can induce embryonic malformations when
administered in  BALB/c  pregnant mice®.Oral
administration of saffron at 2.5 and 100 mg/kg body
weight caused intrauterine growth retardation and
congenital malformations in mouse embryos4.Hosseini-
Biouki et al. showed that saffron can induce premature
birth in Syrian mice as the result of increased motility of
uterine smooth muscles especially in third week of
pregnancy compared to controls’.Although generally
saffron was considered to be safe, the objective of the
present investigation was to determine whether a similar
effect is observed in albino rats (Wistar strain of rats used
in this investigation) which is a common model used
widely in evaluating embryo toxicity of any test
chemicals/food additives.

2.MATERIALS AND METHODS

2.1. Saffron
Saffron (dried stigma of flower) was obtained from Indian
Saffron Industry, Bagander, Pampore, Kashmir -

192121, India and was authenticated at Central Food
Technological Research Institute, Mysore-570020, India
as per |International Organization for Standardization
(ISO) 5453, Part Il, 1996.The results indicated that the
three main components present in the material on dry
basis were: Picrocrocin — 72.7 %, Safranal — 51.6 % and
colouring strength — 142.5 %. No added artificial colour
was present in the material.

2.2. Animals and methodology

Wistar rats for the experiment were procured from the
Department of Safety Assessment, Advinus Therapeutic
Limited, Peenya Industrial Area, Bengaluru — 560058,

India. Ten ‘0’ day pregnant rats confirmed mated by
vaginal smear examination with weight ranging from 188
to 219 grams and 11 to 12 weeks old were divided into 2
groups of 5 each. These rats were housed in standard
laboratory condition of 12 — 15 filtered fresh air changes,
temperature range of 20 to 24 °C, relative humidity of 30
to 70 % with 12 hours fluorescent light and 12 hours dark
cycle and with free access to food and water. The
experimental procedures were approved by the
Institutional Animal Ethics Committee (Proposal No. 023,
dated 21 March, 2012). The control group comprising of
5 presumed pregnant rats received the vehicle (Milli-Q
water), while the remaining 5 rats received saffron
suspended in Milli-Q water at the dose of 500 mg/kg/day.
The test material/vehicle was administered orally by
gavage within 15 to 30 minutes post preparation using
disposable plastic syringe attached with a metal
feeding/intubation cannula at the dose volume of 10
mL/kg body weight once daily from Day 5 of gestation
(day of implantation) until Day 19 of gestation. Animals
were weighed twice a week along with the measurement
of food intake. All the pregnant female rats were
observed daily throughout the experiment for mortality,
morbidity, general appearance and behavior. All the
presumed pregnant females were euthanized under
isoflurane anesthesia on Day 20 of gestation, blood
collected from abdominal aorta for clinical chemistry
analysis using Roche/Hitachi 902 (Hitachi High-
Technologies Corporation, Tokyo, Japan) Automatic
Analyzer. Once the maternal viscera were examined
macroscopically, the ovaries were removed and the
corpora lutea count was take under an illuminated
magnifying lens at a magnification of 5X. The gravid
uterus was cut open along the ante-mesometrial side
which exposed the amniotic sacs. The sacs were
ruptured and the number and position of implantation,
early or late resorptions and dead or live fetuses were
recorded. The umbilical cord of each fetus was cut and
fetuses removed in a sequential order as present in the
uterus, blotted dry and placed in a tray. The fetuses were
then sexed, individually weighed and the crown-rump
length measured using a digital vernier caliper. External
examination of fetuses for morphological abnormalities
under an illuminated magnifying lens at a magnification of
5X/10X was made. All the live fetuses were euthanized
under isoflurane anesthesia and 50 % of fetuses were
transferred into 70 % ethyl alcohol for visceral/soft tissue
evaluation under an illuminated magnifying lens at a
magnification of 5X/10X'” and the remaining 50% fetuses
were skinned, eviscerated and processed and stained
using alizarin red stain in order to evaluate for skeletal
abnormalities'®. The skeletal specimens were evaluated
under a Stereoscopic Zoom microscope with typical
magnification levels of 8X to 80X.

3. Statistical analysis

Comparisons were made between the saffron exposure
group and the control using students 1 test for
parameters related to maternal body weight, corrected
maternal body weight, gravid uterine weight, food
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consumption, number of corpora lutea, number of
implantations, litter size, litter weight and length and fetus
number. The incidences of pre and post implantation
loss, number of early and late resorptions were analyzed
using Kruskal Wallis test. The percentages of skeletal
malformations and sex ratio were analyzed using 2X2
contingency table. A probability of 0.05 was accepted as
statistically significant for all the applied tests.

4. Experimental Results

4.1. Mortality and clinical signs

In general, no mortality or clinical signs of toxicity were
found in the rodent dams throughout the treatment
period. In addition, no gross abnormalities were detected
in the dams at caesarean section.

4.2. Maternal body weight during pregnancy
Maternal body weights were unaffected by
administration of saffron (Table 1).

the

Table 1
Maternal body weight on different days of gestation

Group No Dose No. of Group mean body weight (g) on gestation day
PO (mg/kg/day) Dams 0 3 5 8 11 14 17 20
Vehicle 0 5 208.60 216.19 22470 23312 241.90 25202 27051 303.30
Control +7.03  +£932 +800 +749 +981 +901 +13.53 +19.54
Saffron 500 5 206.45 216.76 22257 228.81 242.94 260.22 276.34 308.84
+12.16 1553 +12.98 +14.70 +19.36 +19.91 +20.24 +2580
Values: Mean +SD
4.3. Maternal food intake during pregnancy
The food intake was also statistically similar when compared with the control group (Table 2).
Table 2
Maternal food intake on different days of gestation
Group Dose No. of Food intake (g/rat/day) during gestation period
No. (mglkg/day) Dams 0-3 3.5 5-8 8-11 11-14 14-17 17-20
Vehicle 15.47 17.88 18.1 19.84 20.3 21.21 21.37
Control 0 5 +2.05 +1.78 293  +1.69 +2.41 +1.78 +2.01
13.92 19.02 1877  19.50 21.48 21.71 21.97
Saffron 500 5 +0.51 +1.09 +1.61 276 +2.02 +1.79 +2.78

Values: Mean + SD

4.4. Maternal Parameters

The total number of corpora lutea, the total number of implantations and the percentage of pre and post implantation loss
were statistically comparable with the control group (Table 3).

Table 3
Maternal parameters
. Treatment

End Point Control 500 mg/kg/day
No. of Dams 5 5
Gravid Uterine weight (g) 54.14+11.76  61.97+3.56
No. of Corpora Lutea® 11.80+1.10 13.40+1.67
No. of Implantations® 9.80+£1.92 12.00+1.58
No. of resorptions®
1. Early resorptions 0.4040.55 0.20+0.45
2. Late resorptions 0 0
% Implantation Loss

1. Early 4.10 1.67

2. Late 0 0
Pre-implantation Loss (%)  16.95 10.45
Post-implantation Loss (%) 4.08 1.67

#Mean+SD

4.5. Litter parameters

The litter parameters at 500 mg/kg/day dose were comparable with the controls (Table 4).
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Table 4
Litter parameters
. Treatment
End Point Control 500 mg/kg/day

No. of Litters 5
Total No. of Fetuses 59
Dead Fetuses 0
Mean Litter Size 11.8
Fetal Body weights (g)*
1. Males 3.70+0.36 3.64+0.21
2. Females 3.30+0.14 3.56+0.25
Fetal length (mm)®
1. Males 35.87+1.41 35.76+1.29
2. Females 34.25+0.86  35.16+1.61
Sex Ratio (Male : Female)  1:1.04 1:1.36
*Mean+SD

4.6. Fetal morphological observations

External examination of fetuses did not reveal any
morphological abnormalities at 500 mg/kg/day dose. The
visceral/soft tissue evaluation also revealed no
abnormalities in any of the organs. The skeletal
evaluation of the fetuses which were stained with alizarin
red stain also showed no major malformations (Table 5)

except for some normal variations related to the
ossification of some bone components like
delayed/incomplete/poor ossification. In addition some
minor anomalies like hypoplastic sternum, dumbbell
thoracic vertebral centra/rudimentary/wavy ribs were
seen which were comparable between the treated and
control group.

Table 5
Fetal morphological observations
. Treatment
End Point Control 500 mg/kg/day

No. of Litters 5 5
Total No. of Fetuses 47 59
External Examination® 47 (5) 59 (5)

Abnormalities® 0(0) 0(0)
Soft tissue alterations® 23 (5) 29 (5)

Abnormalities® 0(0) 0(0)
Skeletal Examination® 24 (5) 30 (5)

Minor anomalies

Hypoplastic Sternum No. 6°

02 (1) 1(1)

Fetus (Litter) %

8.33 (6.67) 3.33 (16.67)

Wavy Rib No. 3°

01 (1) 0(0)

Fetus (Litter) %

417 (6.67) 0(0)

Rudimentary Rib No. 14°

12 (5) 14 (5)

Fetus (Litter) %

50 (47.33) _ 46.67 (46.76)

Dumb bell thoracic vertebralcentra 4/13° 0 (0) 02 (1)
Fetus (Litter) % 0(0) 6.67 (28.57)
Major Malformations” 0 (0) 0(0)

& Number of fetuses (litters)

P Total Number of fetuses (litters) exhibiting variations/malformations

4.7. Clinical chemistryinvestigation

The blood collected at sacrifice was centrifuged to obtain
plasma. Plasma was used for the analysis of markers of
normal liver function [Aspartate Amino Transferase
(AST), Alanine Aminotransferase (ALT) and Alkaline
Phosphatase (ALP)] and markers of normal kidney

function [Blood Urea Nitrogen (BUN) and Albumin (Alb)].
In addition glucose and total protein was also measured.
All these parameters were within the normal biological
variation at the treated dose level when compared to the
control (Table 6).
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Table 6
Biochemical investigation
Treatment
Parameter Control 500
mg/kg/day
No. of GD 20 dams 2> 5 5
Glucose (mmol/L) 5.67+1.00 5.30+0.26
AST (U/L) 59.33+2.52 57.0045.05
ALT (U/L) 63.67+13.65 61.60+8.02
ALP (U/L) 48.67+8.08  46.20+11.43
BUN (mmol/L) 4.70+1.46 4.29+0.49
Albumin (g/L) 38.90+3.56 38.08+3.28
Total Protein (g/L) 63.931+5.40 61.68+4.68

Values: Mean+SD

5.DISCUSSION

Saffron is the dried and dark red stigma of Crocus sativus
Linn flowers.The pharmacologically important active
constituents of saffron comprises the volatile agents
(safranal), bitter principles (picrocrocin) and the colour
component (crocetin and its glycosidic, crocin). In
modern pharmacological studies, saffron or its active
constituents have demonstrated many therapeutic roles
like: in treatment of cancer, anticonvulsant properties,
anti-inflammatory and antinociceptive properties, radical
scavenging effects, hypolipaemic properties,anti-diabetic
effects, anti-genotoxic effects and many more. In contrary
to beneficial effect, information related to saffron toxicity
are also reported”'®"®, Fatma Al-Qudsi and Amal Ayedh
(2014)] in many embryo toxicity studies carried out in
mice (BALB/c, Swiss White Rodeless mice, Syrian mice)
with doses ranging from 2.5 mg/kg body weight to 600
mg/kg body weight. Also it is reported that high
concentrations of crocetin, a carotenoid component
giving a characteristic golden yellow orange colour to
saffron was found to be teratogenic in frogs, Xenopus
laevis'. Increased miscarriage rate in female farmers
who worked in saffron fields have also been reportedz.
So the objective of the present investigation was to
determine whether a similar effect as observed in mice is
observed in albino rats (Wistar strain of rats used in this
investigation) which is a common model used widely in
evaluating embryo toxicity of any test chemicals/food
additives. A dose of 500 mg/kg body weight was selected
based on the reported toxicity in mice studies. Further as
it is reported that saffron can stimulate uterine
contractions in pregnant women leading to abortions, oral
route was selected to administer the test material as it
simulated the exposure pattern of the human population.
Saffron was administered orally to pregnant rats during
gestation days 5 through 19 which were in-lines with the
regulator;/ toxicity guidelines related to embryo toxicity
testingg’1 . The control rats received Milli-Q water, which
was used to suspend the saffron in this investigation.
Treatment with saffron at 500 mg/kg/day did not elicit any
adverse clinical signs, effects on gestation body weight or
food intake. The maternal parameters comprising of
gravid uterine weight, corpora lutea and implantation
counts, early and late resorptions, pre and post

implantation loss were all comparable to the control. The
litter parameters comprising of the number of fetuses,
weight and length of the fetuses were all comparable to
the control. These findings were contrary to the
observations reported in mice which states that there
were significant decrease in length and weight
(intrauterine growth retardation) of fetuses'®. Fetal
external and visceral examination revealed no signs of
embryo toxicity at the dose of 500 mg/kg/day. Skeletal
examination also revealed no major malformations
except for some minor anomalies like hypoplastic
sternum, dumbbell centra, rudimentary/wavy ribs which
are commonly seen in a fetus from day 20 gestation dam.
The observations in skeletal examination in rats were
also contrary to the observations reported in mice which
states that there were mandible and calvaria
malformations'®. Clinical Chemistry analysis carried out
from the blood collected at caesarean section to detect
any adverse biochemical effects indicative of abnormal
liver and kidney functioning revealed that all the
parameters were within the normal biological variation at
the dose of 500 mg/kg/day dose when compared to the
control.

6.CONCLUSION

This study indicated that saffron did not induce any
maternal toxicity and embryo toxicity in Wistar rats when
saffron was administered orally daily by gavage during
gestation days 5 to 19 at the tested dose of 500
mg/kg/day. These observations were contrary to the
observations reported in mice. Probably rats are more
resistant than mice and a study with a higher dose needs
to be carried out to know whether a similar toxicity as
manifested in mice can be demonstrated.

7.ACKNOWLEDGEMENT

Work presented in this article is a part of the Ph.D. thesis
submitted by Ramesh Edamula. The authors gratefully
acknowledge the Management of Advinus Therapeutics
Limited for the support given for the research by
providing all the necessary permission, infrastructure,
and animals for the conduct of the research. In addition
would also like to acknowledge the Saffron Industry in

This article can be downloaded from www.ijpbs.net

P-721



Int J Pharm Bio Sci 2015 Oct; 6(4): (P) 717 - 722

particular Mr. Masoodi Tajamul for providing quality
saffron at reasonable price.

9. REFERENCES

1.

10.

Abdullaev, F. |. Cancer chemopreventive and
tumoricidal properties of saffron (Crocus sativus
L.). Experimental Biology and Medicine, 227(1) ;
20-25, (2002)

Ajam M, Reyhani T, Roshanravan V, Zare Z.
Increased Miscarriage Rate in Female Working in
Saffron Fields. A possible Effects of Saffron
Toxicity. Asia Pacific Journal of Medical
Toxicology, 3; 73-75, (2014)

Daryoush Mohajeri, Bahram Amouoghli Tabrizi,
Ghafour Mousavi and Mehran Mesgari, Anti-
diabeticactivity of Crocus sativus L (saffron) stigma
ethanolic extract in Alloxan induced diabetic rats.
Research Journal of Biological sciences, 3(9);
1102-1108, (2008)

Fatma Al-Qudsi and Amal Ayedh. Effect of saffron
on mouse embryo development. Journal of
American Science, 8(12); 1554-1568, (2012)
Gainer JL, Jones JR The use of crocetin in
experimental atherosclerosis. Experientia., 31(5);
548-549, (1975)

Hossein Hosseinzadeh and Hani M Younesi.
Antinociceptive and anti-inflammatory effects of
Crocus sativus L. stigma and petal extracts in
mice. BMC Pharmacology, 2(7); (2002)
Hosseini-Biouki, Anvari M, Dashti MH, Zeinali
F.(2009) Teratogenic and Abortogenic Effects of
Different Doses of Brewed Saffron Plant (Crocus
Sativus) in Syrian Mice. In: Proceeding of
International Congress of Saffron: a Herbal
Medicine of 3 Millennium; 2009 May 12-13,
Mashhad, Iran. Mashhad: Publications of Mashhad
University of Medical Sciences: 2009. p53.
Hosseinzadeh H, Khosravan V. Anticonvulsant
effect of Crocus sativus L. stigmas aqueous and
ethanolicextracts in mice. Archives of Iranian
Medicine, 5 (1) ; 44-47, (2002)

International Conference on Harmonization (ICH),
S5 (R2) Guideline for Industry — Detection of
Toxicity to Reproduction for Medicinal products,
Study for effects on Embryo-Fetal Development,
4.1.3, November 2005.

K. Premkumar, Suresh K. Abraham, S. T.
Santhiya, P. M. Gopinath, and A. Ramesh.

1.

12.

13.

14.

15.

16.

17.

18.

19.

8. CONFLICT OF INTEREST STATEMENT
Authors declare that there are no conflicts of interest.

Inhibition of Genotoxicity by saffron (Crocus
sativusL.) in mice. Drug and Chemical Toxicology,
24(4); 421-428, (2001)

Kanakis CD, Tarantilis PA, Tajmir-Riahi HA,
Polissiou MG.Crocetin, dimethylcrocetin, and
safranal bind human serum albumin: stability and
antioxidative properties. J Agric Food Chem, 55(3);
970-977, (2007)

Martin G, Goh E and Neff AW. Evaluation of the
Developmental Toxicity of Crocetin on Xenopus.
Food and Chemical Toxicology, 40; 959 — 964,
(2002)

Organisation for Economic Co-operation and
Development (OECD) Guideline for the Testing of
Chemical, No. 414, Prenatal Developmental
Toxicity study, January 22, 2001.

Rio’s, J.L, Recio, M.C, Giner, R.M, and Manez, S.

An update review of saffron and its active
constituents. Phytotherapy Research 10; 189 -
193, (2002)

Rochelle W Tyl and Melissa C Marr.

Developmental Toxicity Testing — Methodology.
Developmental and Reproductive Toxicology
(Ronald D. Hood ed.), CRC Press, Taylor and
Francis Group pp. 201 — 256, (2006)

Seyed Adel Moallem, Mohammad Afshar, Leila
Etemad, BibiMarjanRazavi and
HosseinHosseinzadeh. Evaluation of teratogenic
effects of crocin and safranal, active ingredients of
saffron , in mice. Toxicology and Industrial Health,
1-7, (2013)

Staples RE. Detection of Visceral Alterations in
Mammalian Fetuses. Teratology 9(3); A37 — A38,
(1974)

Staples RE and Schnell VL. Refinements in Rapid
Clearing Technic in the KOH — Alizarin Red S
Method for Fetal Bone. Stain Technology 39; 61 —
63, (1964)

Tafazoli M, Kermani T, Saadatjoo A. Effects of
saffron on abortion and its side effect on mice
Balb/c(In Persian). Horizon Med Sci 10; 53-56,
(2004)

This article can be downloaded from www.ijpbs.net

P-722



