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ABSTRACT

iCoffee+ is a novel herbal formulation that effectively treats diabetes mellitus; the unique composition has been
formulated with herbs, which do not have any teratogenic potential. The purpose of this study was to evaluate the
teratogenic potential of the final formulation iCoffee+ on embryos and foetuses as a result of repeated oral
administration during pregnancy in Wistar rats by the No-Observed-Adverse-Effect Level (NOAEL) method.
Wistar albino rats were used as the experimental animals in four groups, with each group containing twenty
pregnant rats. Group | served as a normal control group and received 0.5% CMC vehicle orally, whereas groups I,
111, and 1V received iCoffee+ at doses of 1.55 g/kg, 3.1 g/kg, and 6.2 g/kg of body weight, respectively. Up to the
end of the investigation, all rat groups were evaluated twice daily for mortality, morbidity, and clinical signs and
symptoms. Body weight and food consumption were measured twice a week throughout the treatment period, and
then lastly on the day of sacrifice. The data was reported as three cumulative values. The fetus was then separated
and weighed. The body weight of the fetus was recorded in the raw data. The complete fetuses were checked for
skeletal and soft tissue abnormalities. The dams' uteruses were weighed and recorded. The entire before-and-after
treatment period did not show any clinical symptoms. With these evidences, we conclude that, consumption of

iCoffee+ in large doses of during pregnancy does not possess any health risk.

KEYWORDS: iCoffee+, Wistar rats, Teratogenicity.

INTRODUCTION

Teratology, which is the study of aberrant prenatal
development and congenital abnormalities brought on by
exogenous chemical or physical factors, is still a rapidly
developing field of medicine in the fight to eliminate
avoidable birth defects. Given the wide range of
medications and chemicals that people are exposed to on
a daily basis, it is critical to identify those with the
potential to cause teratogenic effects.

Natural phytochemicals found in plants that have
medicinal and pharmacological effects are a source of
Nutraceutical formulations. They have a key role in the
treatment of serious and mild ailments and are
commonly employed in the development of
pharmaceutical medications.**) Despite their value,
some of these natural chemicals contain toxic substances
that are harmful to human health.*® The toxicity of
medicinal herbs on human organs such as the kidneys,
liver, and heart has been extensively studied”®, but there
are few studies describing the toxicity and teratogenicity
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of such plants on developing embryos. Teratogenicity is
the third-ranking issue with drug preparations, behind
cardiovascular and hepatic toxicities."” Before being
used in humans, all drugs must now undergo
pharmacological testing for the possibility of
teratogenicity.?™ As a result, one of the most
ostentatious studies ever conducted on herbs was the
teratogenicity study.

According to the World Health Organization (WHO),
almost 80% of the global population depends on the
consumption of medicinal plants.*? The preclinical stage
of the research of plants for medicine involves a number
of procedures, including the choice of the plants to be
examined, accurate botanical identification,
phytochemical characteristics, and pharmacological and
toxicological studies.™®! Genotoxic compounds can alter
an organism's genetic makeup™, which can result in
teratogenic effects and germ cell mutations, affect aging
processes, and cause somatic cell mutations that can
result in the development of cancer.">* For these
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reasons, tests for the detection of genotoxic compounds
are crucial. Teratogens are substances that can affect
genetic material and result in mutations in somatic and
germ cells when the damage is caused during pregnancy.
Any stage of the fetus' development can result in
physiological or biochemical harm at delivery from a
variety of chemical substances, which can result in
uterine death, abortion, premature birth, or neonatal
poisoning.[**?

The formation of the micronucleus is related to the
teratogenic potential.”>?*! A substance is regarded as a
potential teratogen if it can pass the placental barrier and
cause micronucleated erythrocytes in the developing
embryo. Numerous studies show that the growing fetus is
more vulnerable to estrogenic substances than the adult.
As a result, concern has grown over the teratogenic
impact of herbal extract formulations for exposure during
the developmental stages of fetuses, but there has been
no conclusive research yet. The teratogenic implications
of using herbal formulations, however, have not yet been
published.

Animal model studies, however, are now crucial for
determining if environmental chemicals have the ability
to cause teratogenic effects. Early teratologists subjected
pregnant animals to environmental contaminants while
checking the fetuses for severe visceral and skeletal
deformities. The study of teratology is going to a more
molecular level and looking for the mechanism(s) of
action by which these agents function, even though this
is still a part of the teratological evaluation methods
nowadays. Additionally, pregnancy registries are sizable
prospective studies that track the exposures women
receive during their pregnancies as well as the results of
their births. These studies offer details on potential
hazards associated with drug intake or other exposures
during human pregnancies. Understanding how a
teratogen works is essential for preventing congenital
malformations as well as for the development of novel
therapeutics that are safe for use during pregnancy.*!

Therefore, this study was done to see if the herbal
formulation iCoffee+ has any teratogenic effects on
Wistar pregnant rats. The teratogenic test outcomes
confirmed that this is safe for rats to consume while
pregnant.

MATERIALS AND METHODS

Preparation of iCoffee+

I-COFFEE" is manufactured and registered by Indusviva
Health Sciences Pvt Ltd., Jayamahal Extension,
Bangalore, Karnataka, India.

Experimental animals

Radiant Research Services Pvt. Ltd. in Karnataka, India,
provided the male Wistar rats, which were ten weeks old
and weighed 200 to 220 gm. The CPCSEA Registration
Number 1803/PO/RcBi/S/2015/CPCSEA was used to
supervise and regulate animal research studies. Picric
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acid has been used to identify each animal, and each has
been given a unique number. The animal was housed in a
standard polypropylene cage with a stainless steel top
grill, common food, and water in bottles accessible to it.
The bedding material used was sterilized paddy husk
(source: Shree Balaji Rice Industries, Bangalore). The
Aqua Guard service allowed free access to the water.
Animals have always had access to clean,
uncontaminated water for drinking. They were kept in
these cages in standard laboratory conditions, which
included a 12-hour light/dark cycle, a temperature of
22+3°C, and a relative humidity range of 30—70%. Under
the guidance of skilled professionals, every procedure
involving animals was carried out in an ethical manner.
Radiant Research Services Pvt. Ltd.'s Institutional
Animal Ethical Committee (IAEC) examined and
approved the research protocol before the study's start.

Pain or Distress category

The study director and veterinarian were alerted right
away in the event that adverse reactions showed signs of
pain or distress. The animals were treated or euthanized
according to the professional judgment of the
veterinarian, in consultation with the study director when
possible. Depending on the situation and in accordance
with the CPCSEA Pain, Distress, and Protocol Guidance,
treatment or euthanasia was selected.

Feed and water

All of the animals were provided with a standard chow
diet (Amrut Feeds, Krishna Valley Agrotech LLP,
Prashanth Enterprises, Pune) throughout the trial. There
was unlimited access to fresh water. Animals were
allowed to access clean, potable water that was not
contaminated. Water microbiological contamination was
periodically monitored. To ensure good operation,
drinking water bottles and their tubes were periodically
inspected.

Randomization

Picric acid was used to mark each animal, and each
animal was given a unique number to help identify the
group. Based on their body weight, animals was
randomly assigned. A Microsoft Excel worksheet was
used for the randomization.

Justification for selection of vehicle

Carboxymethyl cellulose sodium was a widely
recognized and frequently used oral route for animal
research. An internal test showed that the iCoffee+
dissolves uniformly in 0.5% carboxymethyl cellulose
sodium. Hence, for test formulations, 0.5% of
carboxymethyl cellulose sodium was used as a vehicle
control.

Experimental procedure

The purpose of this study was to evaluate the
teratogenicity of iCoffee+ at the No-Observed-Adverse-
Effect Level (NOAEL) and the toxicity of repeated oral
gavage administration of iCoffee+ to pregnant female
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Wister rats during their gestation. Eighty female Wistar
rats were divided into four groups. Group | served as the
normal control group and received 0.5% CMC vehicle
orally, whereas group II, group IIlI, and group IV
received iCoffee+ at doses of 1.55 g/kg, 3.1 g/kg, and 6.2
g/kg of body weight. Until the end of the study, the
condition of all rat groups was assessed twice a day for
mortality and morbidity. Everyday clinical signs and
symptoms were recorded in all the animals. The animals'
body weights in each group were weighed once before
the start of dosage, twice weekly throughout the course
of treatment, and finally on the day of sacrifice. Food
intake was measured twice a week, and the data was
presented as a 3-day cumulative value.

Isoflurane, an anesthetic for inhalation, was used to kill
all the animals. The fetuses were shown being surgically
removed from the mothers. The fetus was separated and
weighed. In the raw data, the fetus' body weights were
recorded. Then, the complete fetuses were examined for
abnormalities in the soft tissue and skeleton. The dams'
uteruses were weighed and recorded. The total number of
corpora lutea, living and dead fetuses, implantation sites,
and fetus body weights were all observed and recorded.

Formulation

Indusviva Health Sciences Pvt Ltd.,, Jayamahal
Extension, Bangalore, Karnataka, India, manufactured
the iCoffee+. Every day, the iCoffee+ formulation for the
experiment was prepared. iCoffee+ was measured out,
thoroughly ground in a mortar and pestle, and then
transferred into a selected beaker. The iCoffee+
formulations were continuously stirred with a magnetic
stirrer during dosage administration to keep them
homogeneous. The volume of the formulations and the
amount of iCoffee+ prepared varied depending on the
requirements and animal body weight. The exact volume
of iCoffee+, the volume of the developed formulation,
and the volume of administration were all recorded in the
raw data.

Dose administration

The iCoffee+ formulations were given orally to rats in
each group once daily at doses of 1.55 g/kg, 3.1 g/kg,
and 6.2 g/kg of body weight for a minimum of 18
consecutive days. At exactly the same time each day for
the control group, each rat received 10 ml/kg/day of the
dose volume for a minimum of 18 consecutive days. On
the first day of treatment, the dose volume was
calculated for each individual animal, and it was then
updated in accordance with the most recent body weights
reported throughout the trial. The study records
represented daily individual dose volumes.

OBSERVATIONS

Mortality and Morbidity

Throughout the trial, at least twice-daily cage-side
inspections were done to look for dead or moribund
animals as well as abnormal animal behavior and
appearance.
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Clinical signs

Throughout the course of the trial, a daily cage-side
assessment for audible clinical symptoms was carried
out. Before starting treatment, thorough clinical
examinations were performed twice (once during
acclimatization and once after randomization), and then
once every week (on the day of weekly body weights)
after that, except the days of necropsy. Comprehensive
examinations evaluated changes in the skin, fur, eyes,
and mucous membranes, as well as the respiratory,
circulatory, and behavioral aspects.  Tremors,
convulsions, salivation, diarrhea, lethargic behavior, and
coma were also taken into consideration.

Body weight

Each individual's body weight was recorded at the time
of delivery, on the day of randomization, on Day 1 (the
first treatment day), before administration, on the
following treatment days (every two weeks after that),
and on the last treatment day. On the day of the
scheduled necropsy, final body weights were recorded.
The body weight data was calculated, and the changes in
body weight for each animal were reported.

Feed weight
From the first day of treatment until the sacrifice, food
intake was measured twice weekly (on the days that body
weights were taken). Food input and waste were assessed
twice a week.

Necropsy and Gross pathology

All of the animals were sacrificed under isoflurane on
Day 18 of the treatment period, and they were then all
subjected to a gross pathological investigation.

Organ collection, Weighing and Preservation
The uterus was removed during necropsies and stored in
10% neutral buffered formalin.

Gross pathological evaluation

All study animals underwent necropsy and @ross
pathology, which were both performed on them. The
animals were exsanguinated, weighed, and slaughtered at
the point of death while being sedated with isoflurane,
and the gross pathological findings were recorded. The
uterus was collected and weighed. All the pups were
removed and separated. The number of corpora lutea, the
size of the pups, and the total number of implantation
sites were determined. The uterus that was collected was
kept in a buffer solution with 10% neutral formalin.

Statistical analysis

All data, including body weight, feed intake, pup
weights, corpora lutea count, and uterus weights, were
statistically evaluated using Graph Pad Prism software,
version 5.01. All values were given as mean = SD. A
one-way ANOVA combined with Dennett's test was
used to determine the significant difference between the
treatment and control groups. Separate tables were
created to list each result of the statistical analysis. In
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each case, P<0.05 was used to determine whether the
data were statistically significant.

RESULTS AND DISCUSSION

Mortality

The vehicle control and iCoffee+ treatment groups (1.55,
3.1, and 6.2 g/kg b.w.) showed no signs of mortality or
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morbidity over the course of the experiment. None of the
treatment groups, including the vehicle control,
experienced any clinical symptoms associated with the
treatments (Table 1).

Table 1: Effect ofiCoffee+ on Mortality and Morbidity Data.

Mortality and Morbidity Data
Groups D1 | D2 |D3 | D4 | D5 | D6 | D7 |D8|D9|Di10| D11 | D12 | D13 | D14 | D15 | D16 | D17 | D18
Group | 0]J]o0Oj]0O]J]O]0O]J]O]J]O]JO]O 0 0 0 0 0 0 0 0 0
Group 1l 0]J]o0Oj]0O]J]O]0O]J]O]J]O]JO]O 0 0 0 0 0 0 0 0 0
Grouplll | O] O JO]O0OJO]O0O]J]O0O]O]O 0 0 0 0 0 0 0 0 0
GrouplV | O] O JO]OJO]O]J]O]O]O 0 0 0 0 0 0 0 0 0
*D Indicates Day, 0 Indicates No mortality and +1 indicates Moribund

Clinical signs
All of the animals in the vehicle control and iCoffee+
treatment groups (1.55, 3.1, and 6.2 g/kg b.w.) were

observed to be normal throughout the experiment (Table
2).

Table 2: Effect ofiCoffee+ on Clinical symptoms of female dams.

Clinical observations of dams

Groups | D1 | D2 | D3 | D4 | D5 | D6 | D7 | D8 | D9 | D10 | D11 | D12 | D13 | D14 | D15 | D16 | D17 | D18
Group | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Group |1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Group Il | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GrouplV | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

*D Indicates Day, 0 Indicates No mortality and +1 indicates Moribund

Body weight and Body weight changes
Throughout the entire study period, it was noticed that
the body weight and body weight variations of the

female treated groups at all dose levels (1.55, 3.1, and
6.2 g/kg b.w.) were equivalent to vehicle control (Table
3 and Figure 1).

Table 3: Effect ofiCoffee+ on female gestation body weights.

Mean body weight of females in gestation
Groups Day 0 Day 4 Day 7 Day 11 Day 15 Day 18
Group | | 198.70+8.59 | 209.19+8.66 | 219.55+8.28 | 231.49+8.47 | 246.61+8.47 | 262.76+8.53
Group Il | 199.61+6.88 | 210.07+6.95 | 219.66+6.98 | 231.70+7.04 | 247.66+7.03 | 264.16+7.27
Group 11 | 199.71+6.83 | 209.7247.02 | 220.45+7.06 | 231.94+7.97 | 247.26+7.84 | 263.59+7.80
Group 1V | 199.28+8.70 | 209.22+8.06 | 219.63+6.91 | 231.38+8.04 | 246.63+7.96 | 262.74+7.54

EFFECT OF I- COFFEE® ON FEMALE BODY WEIHGT DURING GESTATION

220.45
219.66
219.55 219.63

“‘I
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||| I
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26416 26274
26276 16350

“‘I
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246.61 147‘25:45,53
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23194
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23149 231.38
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Fig. 1: Effect of iCoffee+ on femal
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Feed consumption

Throughout the entire gestation, it was found that the
food consumption (g/rat/day) data of the female
treatment (gestation) groups were comparable to those of
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the vehicle control group. According to the comparison
to the control group, there was no evidence of reduced
feed consumption during the gestation period in the
treatment groups (Table 4 and Figure 2).

Table 4: Effect ofiCoffee+ on feed Intake of Females during gestation period.

Mean feed consumption values females
Groups Day 0-4 Day 4-7 Day 7-11 | Day 11-15 | Day 15-18
Group | | 18.45+0.83 | 20.50+0.80 | 20.55+0.89 | 20.40+0.83 | 21.75+1.62
Group Il | 18.25+0.87 | 20.70+1.01 | 20.55+1.20 | 20.30+1.15 | 21.50+1.65
Group 111 | 18.454+0.98 | 19.60+1.10 | 20.35+1.03 | 20.30+0.91 | 21.95+1.36
Group 1V | 18.35+0.89 | 20.20+1.32 | 20.20+0.90 | 20.20+0.63 | 21.60+1.15

[E]
h

10

Feed consumption (g)
i

h

EFFECT OF I-COFFEE" ON FEMALE FEED CONSUMPTION DURING GESTATION
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1825
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Dn} 0-4
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19.6

Day 47

EGroupI mGroup II

20.55 2035
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20.55

202

H Group IIT

20.3
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Fig. 2: Effect of iCoffee+ on female feed consumption during gestation.

Gross pathology examination
The female dams were slaughtered one day before the
anticipated delivery day at the conclusion of the

macroscopically visible dams as well as structural and
pathological alterations. The investigations of dams'
uteruses were observed (Table 5-8).

experiment.

The

period

of

necropsy

showed

Table 5: Effect of gross pathological analysis of iCoffee+ on Fetus or Embryo (Group I: Normal Control).

Maternal data
Group Dam | Pregnancy Implantations Live Dead Early Latg No. of
No. status fetuses | fetuses | resorptions | resorptions | Corpora lutea
RA 01 P 10 10 0 0 0 12
RA 02 P 12 12 0 1 1 11
RA 03 P 10 10 0 0 0 12
RA 04 P 8 8 0 0 0 10
RA 05 P 9 9 0 0 0 13
RA 06 P 11 11 0 0 0 10
RA 07 P 12 12 0 0 0 9
RA 08 P 10 10 0 0 0 10
Gl RA 09 P 9 9 0 0 0 9
RA 10 P 11 11 0 0 0 10
RA 11 P 10 10 0 1 1 10
RA 12 P 12 12 0 0 0 11
RA 13 P 10 10 0 0 0 10
RA 14 P 11 11 0 0 0 9
RA 15 P 9 9 0 1 1 13
RA 16 P 10 10 0 0 0 12
RA 17 P 12 12 0 0 0 13
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RA 18 P 10 10 0 0 0 11
RA 19 P 11 11 0 0 0 13
RA 20 P 12 12 0 0 0 11
P- Pregnant
Table 6: Effect of gross pathological analysis of iCoffee+ on Fetus or Embryo (Group Il: iCoffee+ Low Dose
(1.55 g/kg b.w.)).
Maternal data
Group Dam Pregnancy Implantations Live Dead Earl_y Late_ No. of
No. status fetuses | fetuses | resorptions | resorptions | Corpora lutea
RA 21 P 10 10 0 0 0 12
RA 22 P 12 12 0 0 0 13
RA 23 P 9 9 0 1 1 11
RA 24 P 10 10 0 0 0 10
RA 25 P 10 10 0 0 0 10
RA 26 P 9 11 0 0 0 13
RA 27 P 12 9 0 0 0 14
RA 28 P 10 12 0 1 1 12
RA 29 P 9 10 0 0 0 11
Gl RA 30 P 11 10 0 0 0 13
RA 31 P 10 11 0 0 0 11
RA 32 P 11 9 0 0 0 11
RA 33 P 9 10 0 0 0 12
RA 34 P 10 10 0 0 0 11
RA 35 P 9 9 0 1 1 10
RA 36 P 12 12 0 0 0 12
RA 37 P 10 10 0 0 0 10
RA 38 P 11 11 0 0 0 11
RA 39 P 12 12 0 0 0 12
RA 40 P 10 10 0 0 0 10
P- Pregnant
Table 7: Effect of gross pathological analysis of iCoffee+ on Fetus or Embryo (Group 111:iCoffee+ Mid Dose (3.1
g/kg b.w.)).
Maternal data
Pregnanc . Live Dead Earl Late No. of
Group | Dam No. s'?atus / Implantations fetuses | fetuses resorpt?/ons resorptions | Corpora lutea
RA 41 P 12 12 0 0 0 10
RA 42 P 9 9 0 1 1 13
RA 43 P 10 10 0 0 0 11
RA 44 P 12 12 0 0 0 11
RA 45 P 10 10 0 0 0 12
RA 46 P 11 11 0 0 0 11
RA 47 P 10 10 0 0 0 10
RA 48 P 10 10 0 0 0 12
RA 49 P 11 11 0 0 0 13
Gl RA 50 P 9 9 0 0 0 12
RA 51 P 10 10 0 0 0 10
RA 52 P 9 9 0 0 0 10
RA 53 P 10 10 0 0 0 11
RA 54 P 9 9 0 0 0 11
RA 55 P 12 12 0 0 0 12
RA 56 P 11 11 0 0 0 12
RA 57 P 10 10 0 0 0 11
RA 58 P 12 12 0 0 0 12
RA 59 P 11 11 0 0 0 14
RA 60 P 10 10 0 0 0 12
P- Pregnant
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Table 8: Effect of gross pathological analysis of iCoffee+ on Fetus or Embryo (Group 1V: iCoffee+ High Dose

(6.2 g/kg b.w.)).
Maternal data
Group Dam Pregnancy Implantations Live Dead Early Latg No. of
No. status fetuses | fetuses | resorptions | resorptions | Corpora lutea
RA 61 P 12 12 0 0 0 11
RA 62 P 10 10 0 0 0 13
RA 63 P 11 11 0 0 0 10
RA 64 P 10 10 0 1 1 12
RA 65 P 11 11 0 0 0 13
RA 66 P 9 9 0 0 0 10
RA 67 P 12 12 0 0 0 11
RA 68 P 10 10 0 0 0 11
RA 69 P 9 9 0 0 0 14
GIV RA 70 P 10 10 0 0 0 11
RA71 P 10 10 0 0 0 12
RA 72 P 11 11 0 0 0 11
RA 73 P 9 9 0 0 0 11
RA 74 P 10 10 0 0 0 12
RA 75 P 12 12 0 0 0 12
RA 76 P 11 11 0 0 0 13
RA 77 P 9 9 0 0 0 12
RA 78 P 9 9 0 0 0 11
RA 79 P 11 11 0 1 1 11
RA 80 P 10 10 0 0 0 12
P- Pregnant

Uterine Examination
The uterus was taken out, collected, and weighed
immediately following the study's conclusion. The
number of corpora lutea has been determined and

recorded. The uterine continents were examined, and the
number of fetuses was reported (Table 9-10 and Figure

3).

Table 9: Effect of iCoffee+ on Uteri (Groups | and 11: Normal Control and Low Dose).

Group | Dam No. | Uterus weight | Observations | Group | Dam No. | Uterus weight | Observations
RA 01 3.6 NAD RA 21 3.6 NAD
RA 02 3.3 NAD RA 22 3.3 NAD
RA 03 3.9 NAD RA 23 3.4 NAD
RA 04 3.1 NAD RA 24 3.2 NAD
RA 05 3.7 NAD RA 25 3.9 NAD
RA 06 3.2 NAD RA 26 3.9 NAD
RA 07 3.4 NAD RA 27 3.2 NAD
RA 08 3.6 NAD RA 28 35 NAD
RA 09 3.8 NAD RA 29 3.3 NAD

Gl RA 10 3.3 NAD Gl RA 30 3.4 NAD
RA 11 3.2 NAD RA 31 3.5 NAD
RA 12 3.9 NAD RA 32 3.8 NAD
RA 13 3.4 NAD RA 33 3.4 NAD
RA 14 3.6 NAD RA 34 3.6 NAD
RA 15 3.8 NAD RA 35 3.2 NAD
RA 16 3.9 NAD RA 36 3.3 NAD
RA 17 3.3 NAD RA 37 3.6 NAD
RA 18 3.6 NAD RA 38 3.8 NAD
RA 19 3.2 NAD RA 39 3.4 NAD
RA 20 3.4 NAD RA 40 3.8 NAD

*NAD: No observed defects
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Table 10: Effect of iCoffee+ on Uteri (Groups I11 and 1V: iCoffee+ Mid dose and High Dose).

Group | Dam No. | Uterus weight | Observations | Group | Dam No. | Uterus weight | Observations
RA 41 3.8 NAD RA 61 3.3 NAD
RA 42 3.4 NAD RA 62 3.9 NAD
RA 43 3.3 NAD RA 63 3.3 NAD
RA 44 3.2 NAD RA 64 3.6 NAD
RA 45 3.6 NAD RA 65 3.8 NAD
RA 46 3.6 NAD RA 66 3.5 NAD
RA 47 3.9 NAD RA 67 3.9 NAD
RA 48 3.1 NAD RA 68 3.5 NAD
RA 49 3.3 NAD RA 69 3.6 NAD

Gl RA 50 3.9 NAD Gl RA 70 3.4 NAD
RA51 3.8 NAD RA71 3.2 NAD
RA 52 3.2 NAD RA 72 3.3 NAD
RA 53 3.3 NAD RA 73 3.7 NAD
RA 54 3.6 NAD RA 74 3.9 NAD
RA 55 3.8 NAD RA 75 3.4 NAD
RA 56 3.9 NAD RA 76 3.2 NAD
RA 57 3.7 NAD RA 77 3.8 NAD
RA 58 3.6 NAD RA 78 3.7 NAD
RA 59 3.7 NAD RA 79 3.3 NAD
RA 60 3.9 NAD RA 80 3.4 NAD

*NAD: No observed defects
Uterus weight No:of pips
= 4
0 B |
Gl G2 G3 G4 G2 G4
Groups Groups
No. of Corpora Lutea Pups Body weight
§ 15 = °
= T 4 S
g 7 B o R
L = WA
G2 G4 Gl G2 G3 G4
Groups Groups
Fig. 3: Effect of iCoffee+ on the Uterus, Fetus, or Embryo.
Examination of Fetus changes after the body weight measurements.

The female dams were immediately sedated to death
using inhalation anesthesia, and all the dams underwent
caesarean sections, with the puppies being taken and
separated from the dam. The body weights of all the
puppies were measured and recorded. All of the pups
from each dam were examined for skeletal and soft tissue

Table 11: Effect of iCoffee+ on fetus growth.

Malformations and changes to the soft tissue were
examined in each pup separately. The pups were sliced
in half, the skin and internal organs were removed, and
skeletal and soft tissue assessments were taken (Table
11-14 and Figure 4).

Groups | Pregnant rats | Total fetus | Fetuses observed | Remarks
Group | 20 209 100 NAD
Group Il 20 208 112 NAD
Group 111 20 208 102 NAD
Group IV 20 206 103 NAD
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Table 12: Effect of iCoffee+ on Fetus Body Weight.

Fetus Mean Body Weight Record
Groups Number of Number No. of pups | Body Weight (g)
female (dam) rats | of fetus Mean | SD Mean SD
Group | 20 209 10.00 | 1.19 3.80 0.07
Group Il 20 208 10.00 | 1.05 3.80 0.08
Group 111 20 208 10.00 | 1.05 3.80 0.09
Group IV 20 206 10.00 | 1.03 3.80 0.08

Table 13: Effect of iCoffee+ on Fetus Skeletal growth.

Groups Pregnant | Total | Fetuses Malformation Occurrence (%)
rats fetus | observed | Cervical | Thorax | Lumbar | Sacrocaudal
Group | 20 209 100 0 0 0 0
Group Il 20 208 112 0 0 0 0
Group I 20 208 102 0 0 0 0
Group IV 20 206 103 0 0 0 0

Table 14: Effect of iCoffee+ on fetal soft tissue alternations.

Percentage of fetuses with malformed organ (%)
Groups | Pregnant rats | Total fetus | Brain | Eyes | Heart | Liver | Kidney | Testis/Ovaries
Group | 20 209 0 0 0 0 0 0
Group Il 20 208 0 0 0 0 0 0
Group I 20 208 0 0 0 0 0 0
Group IV 20 206 0 0 0 0 0 0

Group IV: High dose

Fig. 4: Visual representations of fetus.

Fetal development is a highly structured process in
which several complicated changes are coordinated
sequentially in time and adjustments at the cellular and
molecular levels are integrated to allow the expression of
a specific phenotype in the entire organism. Since
numerous products derived from herbal plants that claim
to have pharmacological effects are becoming more and
more popular in the global health market without
information on their toxicological profile, it is essential

to evaluate the embryotoxic and teratogenic toxicity of
therapeutic plants on the development of the fetus.
Despite the information on their toxicity, a number of
plant items that are said to have therapeutic value are
finding popularity in the worldwide health sector.!?
However, a number of the phytochemical components
found in therapeutic plants have the potential to induce
teratogenic effects. The majority of these are often
employed in daily life.?®! The embryo or fetus can be
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affected by toxic chemicals directly or indirectly. The
developing embryonic or fetal tissue is immediately
harmed when hazardous chemicals pass through the
placental membrane. Embryos and fetuses can be
indirectly hampered in their development by toxins that
damage the placental tissue and impede placental
function.?"8

Given that coffee use is rising globally, there is an
increasing interest in elucidating the effects of coffee
toxicity on fetal development. Research is necessary to
increase our understanding of coffee's effects on fetal
development because we currently have inadequate
knowledge in this area. Additionally, there has not been a
published assessment of the teratogenic potential of any
herbal formulations. Therefore, the purpose of the
current investigation was to examine the teratogenic
potential of the herbal formulation iCoffee+ in rats. The
development of the skeletal system and soft tissue in rat
embryos and fetuses was used as the basis for evaluating
the teratogenic potential of iCoffee+. No animals
perished during the course of the study. When compared
to the mean body weights of the control group, there is
no appreciable drop in the gestation mean body weights
of high dose during the gestation period. Throughout the
whole course of treatment, both before and after, there
were no clinical symptoms observed. When compared to
the normal control group during the gestation period,
there is no difference in feed consumption in any of the
treatment groups.

The weight of the uterus was determined to be similar to
that of the vehicle control group without any discernible
change. In the development of pups and their skeletal
growth, there were not any abnormalities to be detected.
When compared to the vehicle control group, there were
no differences in the soft tissue of any of the treated
groups.

CONCLUSION

Information and trustworthy data on the safety of
nutraceutical products during pregnancy are sparse and
frequently inconsistent. This is why it is important to
carry out research like the one in the present work, which
provides a summary of the literature that is currently
available. In this context, it is essential to continue the
development of studies on the efficacy, effectiveness,
and safety of natural products and herbal medications in
order to ascertain their appropriate use. Therefore, it is
essential today to evaluate the herbal formulation's
teratogenic potential. No mortality or undesirable clinical
symptoms were observed in the iCoffee+ at treated dose
levels of 1.55, 3.1, and 6.2 g/kg b.w./day. iCoffee+ did
not exhibit any treatment-related impacts on behavioral
observations, body weight, body weight changes, or feed
consumption at the treated dose levels. The uterus, fetus,
and pup body weight did not undergo any treatment-
related alterations. None of the treatment groups' fetuses
showed any skeletal abnormalities. None of the therapy
groups showed any signs of soft tissue alterations. As a
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result, iCoffee+ was determined to be safe during
pregnancy.

ACKNOWLEDGEMENTS

The authors are grateful to the experts at Dr. Ashok
Godavarthi Radiant Research Services Pvt. Ltd.,
Bangalore, who supported us in vivo pharmacological
research.

REFERENCES

1. Al-Snafi PD. Beneficial medicinal plants in
digestive system disorders (part 2): plant based
review. IOSR Journal of Pharmacy (IOSRPHR),
2016; 6(7): 85-92.

2. Venugopala K N, Rashmi V, Odhav B. Review on
natural coumarin lead compounds for their
pharmacological  activity. BioMed  Research
International, 2013; 2013: ArticlelD963248, 14
pages.

3. Mikaili P, Maadirad S, Moloudizargari M,
Aghajanshakeri S, Sarahroodi S. Therapeutic uses
and pharmacological properties of garlic, shallot,
and their biologically active com pounds. Iranian
Journal of Basic Medical Sciences, 2013; 16(10):
1031-1048.

4. Lavecchia T, Rea G, Antonacci A, Giardi MT.
Healthy and adverse effects of plant-derived
functional metabolites: the need of revealing their
content and bioactivity in a complex food matrix.
Critical Reviews in Food Science and Nutrition,
2013; 53(2): 198-213.

5. Cottart C H, Nivet-Antoine V, Beaudeux L. Review
of recent data on the metabolism, biological effects,
and toxicity of resveratrol in humans. Molecular
Nutrition & Food Research, 2014; 58(1): 7-21.

6. Kifayatullah M, Mustafa M S, Sengupta P, Sarker M
M, Das A, Das S K. Evaluation of the acute and sub-
acute toxicity of the ethanolic extract of
Pericampylus glaucus (Lam.) Merr. in BALB/c
mice. Journal of Acute Disease, 2015; 4(4): 309-
315.

7. Shah N A, Khan M R, Nadhman A. Antileishmanial,
toxicity, and phytochemical evaluation of medicinal
plants collected from Pakistan. Biomed Research
International, 2014; 2014.

8. Melchardt T, Magnes T, Weiss L, Grundbichler M,
Strasser M, Hufnagl C, Moik M, Greil R, Alexander
E. Liver toxicity during temozolomide
chemotherapy caused by Chinese herbs. BMC
Complementary and Alternative Medicine, 2014;
14(1): article 115.

9. Nasriand H, Shirzad H. Toxicity and safety of
medicinal  plants.  Journal  of  Herbmed
Pharmacology, 2013; 2(2): 21-22.

10. Sukandar E Y, Safitri D. Evaluation of teratogenic
effect of tempuyung (Sonchus arvensis) extract on
Wistar rats. International Journal of Pharmacognosy
and Phytochemical Reseasrch, 2016; 8(5): 761-766.

11. Augustine-Rauch K, Zhang C X, Panzica-Kelly J M.
A developmental toxicology assay platform for

ISO 9001:2015 Certified Journal | 401



Vadiraj et al.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

www.ejbps.com |

screening teratogenic liability of pharmaceutical
compounds.  Birth Defects Research Part B:
Developmental and Reproductive Toxicology, 2016;
107(1): 4-20.

WHO Global Medicine.
Available online:
https://www.who.int/initiatives/who-global-centre-
for-traditional-medicine (accessed on 3 April 2023).
Sanchez Lamar A, Fonseca Lopez G, Capiro Trujillo
N, Fernandez Fuentes D. Propuesta de ruta critica
para la evaluation genotoxic de plants medicines end
Cuba. Revista Cubana de Farmacia, 2000; 34: 34-43.
Gentile J M, Gentile G J, Bultman J, Sechriest R,
Wagner E D, Plewa M J. An evaluation of the
genotoxic properties of insecticides following plant
and animal activation. Mutation Research-Genetic
Toxicology, 1982; 101: 19-29.

Kier L E, Brusick D J, Auletta A E, Von Halle E S,
Brown M M, Simmon V F, Dunkel V, McCann J,
Mortelmans K, Prival M, Rao T K, Ray V. The
Salmonella typhimurium/mammalian microsomal
assay: A report of the US Environmental Protection
Agency Gene-Tox Program. Mutation
Research/Reviews in Genetic Toxicology, 1986;
168: 69-240.

Ames B N. The Detection of Chemical Mutagens
with Enteric Bacteria. In Chemical Mutagens;
Springer: Boston, MA, USA. 1971; 267-282.
Quillardet P, Hofnung M. The SOS Chromo test, a
colorimetric bacterial assay for Geno toxins:
Procedures.  Mutation  ResearchVenvironmental
Mutagenesis and Related Subjects, 1985; 147:
65-78.

Guo X, Ni J, Liang Z, Xue J, Fenech M F, Wang X.
The molecular origins and pathophysiological
consequences of micronuclei: New insights into an
age-old problem. Mutation Research - Reviews in
Mutation Research, 2019; 779: 1-35.

Cedano A, Martinez S, Escalera F, Salgado S,
Carrillo F, Macias H, Pefia B. La prueba de
micronlcleos en sangre como bioindicador de
genotdxicos. Abanico veterinario, 2012; 2: 43-54.
Pérez-Diaz Cl, Zamora-Pérez AL, Ortiz-Garcia YM,
Sanchez- Urbina R, Avilés-Martinez KI, Pérez-
Rulfo ID. Dafio al ADN en neonatos de madres con
sobrepeso. Revista Médica MD, 2017; 8: 140-145.
Meda B C, Gonzales G Z. Genotoxicidad y potencial
teratdgeno. Revista de divulgacion scientific y
tecnoldgica de la Universidad Veracruzana, 2007;
20: 1-3.

Ferguson, L R, Ford J H. Overlap between mutagens
and teratogens. Mutation Research / Fundamental
and Molecular Mechanisms of Mutagenesis, 1997;
396: 1-8.

Shepard T H, Lemire R J. Catalog of Teratogenic
Agents, 3rd ed.; Thomas, H., Shepard, Eds.; Johns
Hopkins University Press. Baltimore MD, USA,
2004.

Alves Pimenta S, Colaco B, Oliveria PA, Venancio
C. Biological Concerns on the Selection of Animal

Centre for Traditional

Vol 11, Issue 4, 2024. |

25.

26.

217.

28.

ISO 9001:2015 Certified Journal |

European Journal of Biomedical and Pharmaceutical Sciences

Models for Teratogenic Testing. Methods in
Molecular Biology, 2018; 1797: 61-93.

Alafiatayo A A, Lai K S, Syahida A, Mahmood M,
Shaharuddin N A. Phytochemical evaluation,
embryotox icity, and teratogenic effects of Curcuma
longa extract on zebrafish (Danio rerio). Evidence-
Based Complementary and Alternative Medicine,
2019; 2019: Article ID 3807207.

Seukep A J, Noumedem J A, Djeussi D E, Kuete V.
Genotoxicity and teratogenicity of African medicinal
plants. Toxicological Survey of African Medicinal
Plants, Elsevier, Amsterdam, Netherlands, 2014;
235-275.

Daston G P. Relationships between maternal and
developmental  toxicity. In  Developmental
Toxicology, C. Kimmel and J. Buelke-Sam, Eds,
1994; Raven Press, New York, NY, USA, 189-212.
Dugershaw B B, Aengenheister L, Hansen S S K,
Hougaard K S, Buerki-urnherr T. Recent insights on
indirect mechanisms in developmental toxicity of
nano materials. Particle and Fibre Toxicology, 2020;
17(1): 31.

402



