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Caraway Seed Extract and Lactation: in vivo study
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ABSTRACT

The aim of this study is to investigate the effect of caraway seed aqueous extract on milk production in female rats
and elucidate its bioactive components. We used three groups of six virgin rats and three groups of six lactating
rats. We kept each mother rat and her six pups apart. From the third to the seventeenth day of breastfeeding, these
groups of animals received distilled water, metoclopramide (5 mg/kg), and aqueous extracts of caraway seed (200
mg/kg) daily by mouth. We used the indirect method, which established a link between the amount of milk nursing
rats produced and the weight gain of pups who received no food. We also measure the prolactin levels of female
rats who have never been pregnant on specific days. On Day 14, the groups that received caraway seed fluid
extracts (200 mg/kg) or metoclopramide (5 mg/kg) showed significantly higher prolactin levels (P > 0.01 and P >
0.001, respectively). Studies have shown that caraway seed significantly increases prolactin levels (P <0.05) as
early as Day 7. Only with (5 mg/kg) of metoclopramide did milk production and pup weight gain go up
significantly (P > 0.05). An extract of caraway seed affects prolactin levels in rats, but it does not affect milk

production. Further research is necessary to explore the potential therapeutic benefits of caraway seed.
Keywords: Galagtagouge, Carum carvi, Metoclopramide, Milk production, Prolactin, Medicinal plants.

1. INTRODUCTION

Breastfeeding babies gives them the best diet, boosts their
immune systems, and has many other health benefits that last
a lifetime for both mother and child. One major issue that has
dominated the lactation field for many years is hypogalactia
(reduced milk production).! It is the most frequent cause of
breastfeeding failure, leading to the cessation of
breastfeeding. 2 According to reports, >20% of mothers who
breastfed their infants experienced postpartum hypogalactia.
The number of women with hypogalactia has gone up
because the average age of mothers is getting older and the
number of cesarean sections is going up all over the world.?
92% of children in Jordan experience breastfeeding at some
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point, making it a country with a high breastfeeding
prevalence.* Nonetheless, prior research conducted in Jordan
has indicated negative sentiments on breastfeeding practices.
Furthermore, Jordanian population and family health surveys
show that the percentage of six-month-old infants exclusively
nursing is below optimal and has been falling, from 40% in
2007 to 26% in 2018.4

Medicinal plants are still used for medical purposes,
especially in developing nations where access to
contemporary therapeutic systems may be limited.
SAsadbeigi et al. (2014) say that ethnomedicines are in high
demand because they are a cheap, easy-to-find, and safe
source of active compounds that can be used in
pharmaceuticals.® Nowadays, medicinal plants continue to
play an importantrole in the treatment of a variety of illnesses,
particularly in rural areas due to budgetary constraints and
inconvenience, as well as health concerns.” We can use herbal
and pharmaceutical galactagogues to treat women who don't
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make enough milk and don't respond to lactation counseling,
as well as adoptive parents who want to start breastfeeding.
Though the market for pharmaceutical and herbal
galactagogues is growing, there is little information on how
to use them.!

Caraway (Carum carvi L.), belongs to the family
Umbelliferae. It is one of the first cultivated herbs in Asia,
Africa, and Europe. Folk medicine particularly uses the
plant's dried fruits and leaves to treat digestive disorders such
as stomach aches, constipation, flatulence, and nausea. These
oldest herbs are filled with a specific, pleasant aroma. Its
aromatic properties make it a valuable flavoring agent. &
Moreover, liqueurs, mouthwashes, toothpastes, perfumes,
soaps, and cosmetics use it. ° Traditional Persian medicine
uses caraway, a galactogogue, to reduce excessive breast milk
production. 1011

Up to our knowledge, there is not enough data about the
exact galactogogue effect of caraway seed aqueous extract.
The current study aimed to evaluate the effect of caraway
aqueous extract on milk production in rats and identify the
phytoconstituents in caraway seed aqueous extract.

MATERIAL AND METHODS

Plant materials

We conducted research on caraway seeds. In 2022, we
procured caraway seeds from the traditional herbal market in
Zarga, Jordan. Associate Professor Mohammad M. Al-
Gharaibeha from the Faculty of Agriculture, Jordan
Department of Plant Production, University of Science and
Technology assisted in taxonomically identifying the plant
through direct comparison with authenticated samples. Zarga
University's College of Pharmacy (Pharmacognosy and
Phytochemistry Lab) received the voucher specimen (No.
CAR-2022).

Preparation of caraway extract

Experimental animals

Female Wistar laboratory rats (weight ranges of 170-200
g) were housed in cages with controlled temperatures (22-
25°C) and relative humidity (50-60%). They provided

unlimited access to normal pellet food and water. All animal
care and use procedures followed established ethical criteria,
and all experimental protocols were approved by the
Research and Ethics Committee at the Faculty of Pharmacy-
Applied Science University in Amman, Jordan (2022-PHA-
23). Eighteen female Wistar rats weighing 170-200 g were
mated with male rats a few days before parturition at a
regulated temperature (22-25 °C) and relative humidity (50-
60%). Each pregnant female Wistar rat was segregated from
the other pregnant female Wistar rats. The rats were allowed
to give birth to their offspring. Each mother was separated
from her pups immediately after parturition. The number of
pups per breastfeeding rat was six, and parturition occurred
on Day 1 of lactation.®®

Experiment design

Lactating rats were sorted into three groups (n= 6) using
the procedure outlined.®® Each group contains six lactating
rats. From Day 3 to Day 17, we administered the following
treatments to the lactating rats:

0 Group I: Served as a negative control and was given
unlimited access to water.

0 Group Il: Metoclopramide (5mg/kg) was used as the
standard treatment.

0 Group I11: Caraway seed aqueous extract (200 mg/kg)
was used.

Metoclopramide and plant extracts are dissolved in
distilled water. The prepared solution was given to the rats
through oral gavage. Based on prior research 14! the dose of
metoclopramide (5 mg/kg) was chosen.

The puppies were not given any treatment, but their
weights were taken at various times of the day from Day 3 to
Day 17.

Milk production and body weight measurements

The weights of the puppies (P1) were measured at 8:00
AM subsequent to a period spent overnight with their
maternal figures. They were subsequently segregated from
the nursing rats for a duration of four hours. At 12:00 PM, a
second weighing (P2) was conducted, after which they
were reintegrated with the nursing rats for one hour of
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suckling. The third weight (P3) was ascertained at 1:00 PM
to evaluate the quantity of milk ingested by the puppies.
The determination of milk yield is predicated upon the
disparity in weight between the puppies before and after
the feeding sessions. This yield is computed through the
utilization of a weight loss correlation coefficient. The
absorbed milk by the puppies serves to furnish the requisite
energy for their physiological activities such as
locomotion and respiration. The formula employed to
accurately predict milk yield is articulated as follows:®

Milk yield(g)=(P3-P2)+[(P2-P1)/4]

o (P3-P2) represents the growth in puppy weight
subsequent to lactation,

o (P2-P1)/4 denotes the weight loss correlation
coefficient.

Prolactin levels in blood measurements

Eighteen virgin rats weighing (170-200 g) were separated
into three groups of six animals each for fourteen days.

Tamadur Olaimat et al.

* Group I: Served as a negative control and was given
unlimited access to water.

* Group II: Metoclopramide (5 mg/kg) was used as the
standard treatment.

* Group Ill: Caraway seed aqueous extract
(200mg/kg) was used.

Virgin rats were given a single dose of caraway aqueous
extract and metoclopramide every day. The serum prolactin
level was tested on Days 0, 7, and 14. Blood samples were
drawn from the animals' retro-orbital plexus and centrifuged
at 1000 rpm for 20 minutes.t” After collecting the
supernatant, the serum prolactin level was determined using
an immunoenzymatic technique (ELISA Kit).18

Caraway seed aqueous extract bioactive compound
identification

UPLC equipped with Q-TOF/MS was used to
characterize  bioactive  chemicals. The UPLC
chromatographic conditions are shown in (Table 1).

Table 1: Summary of chromatographic conditions

UPLC Injection Autosampler Column oven Total run
B volume temperature temperature time
conditions -

3ul 8°C 40°C 35min.
Solvents:
(A) Water with 0.05% formic acid
(B) Acetonitrile

. Gradient:
Mobile phase - .
Chromatography 0 — 27 min linear gradient from 5% - 80% B;

27 — 29 min 95% B;
29.1 min 5% B

Column type Bruker Daltonik C-18 column (100x 2.1mmx 1.8um)(120 A°)

lon Source's Apollo Il ion funnel electrospray source
was employed as a source in both positive and negative
modes. The following were the mass spectrometry
conditions:

* The capillary voltage was 2500 volts (VT).

* The nebulizer gas pressure was 2.0 bar.

* The flow rate of dry gas (nitrogen) was 8 L/min.
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* The dry temperature was 200 degrees Celsius.

The mass resolution was 50000 FSR (Full Sensitivity
Resolution), and the mass accuracy was 1 ppm. The TOF
repetition rate was up to 20 kHz. Data analysis 4.2
software was used to analyze the MS data (Bruker
Daltonics, Bremen, Germany).



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 3, 2025

Statistical analysis

Using IBM SPSS software, a one-way ANOVA
followed by Dunnett's post-hoc test was performed on all
examined parameters (Version 22.0). The information was
reported as mean + SD. P values of less than 0.05 were
deemed statistically significant. P values less than 0.01
were deemed statistically significant. P values of less than
0.001 were considered statistically significant.

The effect of caraway seed aqueous extract on milk
production

The female rats' milk production was monitored daily
before and after the test drugs were administered. The data
revealed that the milk yield of each experimental group's
rats was not proportional to the number of days of lactation
(Figure 1(A)).

When compared to the negative control group, caraway
seed aqueous extract (200 mg/kg) in the treated groups did
not substantially improve milk production (P > 0.05).
Metoclopramide (5 mg/kg) significantly enhanced milk
production in nursing rats (P> 0.05) (Figure 1(B)).
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Figure 1 (A): Effect of the aqueous seed extract of caraway on the daily milk production in female Wistar rats from
Day3 to Day17 of lactation. The values as expressed mean + SD, with n=6.
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Figure 1(B): Effect of the agueous seed extract of caraway on the average milk quantity in female Wistar rats from
Day 3 to Day17 of lactation. Mean + S.D (n = 6), *P<0.05, a: Compared with control.

w »
w s~
1 1 1 1
*

Pups weigh gain/g
N
N w

1.5 -
1 4
0.5
0 J
Treatment
H Control Metoclopramide 5mg/kg M Caraway 200mg/kg

Figure 2: Effect of the aqueous seed extract of caraway on the average pups weigh gain from Day 3 to Day17 of
lactation. Mean = S.D (n = 6), *P<0.05, a: Compared with control.
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Effect of the aqueous extract of caraway seed on pups'
weight gain

Metoclopramide (5 mg/kg) showed significant
increases (P< 0.05) in weight gain in lactating rats. In
contrast, caraway seed aqueous extract (200 mg/kg) did
not significantly increase the weight gain of pups (P >
0.05) (Figure 2).

Evaluation of serum prolactin levels

Metoclopramide (5 mg/kg) and caraway seed extract
(200 mg/kg) were given to virgin female Wistar rats for 14
days. On Days 0, 7, and 14, prolactin levels were
measured. No treatment resulted in prolactin levels higher

than (0.9 ng/ml) on Day 0. On Day 7, caraway seed extract

enhanced prolactin secretion considerably (P <0.05).

On Day 14, caraway (200 mg/kg) and metoclopramide
(5 mg/kg) showed significantly increased prolactin levels

(P< 0.01, P<0.001).

Identification of bioactive compounds in aqueous seed

extract of caraway

The results showed the identification of many bioactive
compounds in caraway seed aqueous extract, as well as a
complete list of identified compounds together with their

phytochemical class and chemical formula (Table 3).

Table 2: Effect of the aqueous seed extract of caraway on the serum prolactin level in virgin female rat.

Prolactin concentrations induced by treatments (ng/ml)
Study period | Control | Metoclopramide (5mg/kg) | Caraway aqueous extract (200mg/kg)
Day 0 <0.9 <0.9 <0.9
Day 7 <0.9 0.98 + 0.35% 1.56 +0.68*2
Day 14 <0.9 6.9 + 1.40%**2 3.2 +£0.96%*

Table 3: The identified phytoconstituents and their phytochemical class in the aqueous extract of caraway seed.

**P<0.01, ***P<0.001. a: Compared with control group

RT Identified compound . Chemical lon
N . Phytochemical class
(min) name formula mode
1. 0.59 Starch Polysaccharide CeH1206 [M-H]-
2. 0.59 Nicotinic acid Pyridinecarboxylic acids. CsHsNO; [MH]+
3. 0.64 Sugars Carbohydrate C12H22011 [MH]+
4. 1 Succinic acid Dicarboxylic acid C4HsO4 [M-H]-
5. 1.45 Octadecanoic acid Poly unsaturated fatty acid C4Hs04 [M-H]-
6. 5.64 Hyperoside Flavanol glycoside C21H20012 [MH]+
7. 6.75 Kaempferol Tetrahydroxyflavone C15H1006 [MH]+
8 6.92 4 or 7 Hydroxy Coumarin derivative CoHeO3 [MH]+
' ' Coumarin
Caffeic acid Phenolic acid (Cinnamic acid CoHgO4 [MH]+
9. 20.39 -
derivatives)
ey — - - N
10 | 2405 18_ Beta-glycyrrhetinic Triterpenoid C3oH1604 [MH]
acid
11. | 24.33 | Tetradecanoic acid Saturated fatty acid C14H1502 [M-H]-

Compounds listed in order of retention time; RT= retention time (as min.)
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DISCUSSION

The amount of milk each group of rats made was not
related to the number of days they were lactating. This
result is the same as what other studies have found about
Musa x paradisiaca (Musaceae), Euphorbia hirta
(Euphorbiaceae), Pimpinella anisum (Umbelliferae), and
Nigella sativa (Ranunculaceae) as galactogogues.*® 20 2447
The fact that mammary cells grow and die in the mammary
glands at different times during lactation shows that milk
production and days of lactation are not directly related.
Because of this, the speed at which milk is made changes
based on the phase of lactation. 22

On Days 0, 7, and 14, rats that had never become
pregnant before were given blood prolactin tests. To find
out how galactagogues work, this was done.

The findings indicate that none of the treatment groups
were successful in provoking a heightened prolactin
response in virgin female rats at the onset of the
experiment. This observation aligns with prior research
findings. 113

Furthermore, it was observed that administration of
aqueous extract of caraway seeds at a dosage of (200
mg/kg) led to a modest increase in lactation; however, this
augmentation was not statistically significant. Hamed et al.
(2015) have posited that the weight gain exhibited by
offspring serves as an indicator of maternal lactation
capability.2®Contrary to expectations, supplementation of
pups with caraway seed extract at the aforesaid dosage did
not increase their weight gain (P > 0.05). This absence of
accelerated weight gain suggests a potential correlation
between insufficient milk production and the observed
lack of weight gain in offspring.

Conversely, it was noted that the aqueous extract of
caraway seeds, also administered at a dosage of (200
mg/kg), caused a notable increase in prolactin levels as early
as Day 7, specifically in terms of serum prolactin release.

The effects of caraway seeds on milk production and
prolactin release appear to be depending upon various
factors such as parity, maternal nutrition, and hydration
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status. For instance, nutritional deprivation in offspring
may result in increased milk consumption relative to
satiated counterparts during lactation. %

During the lactation period of rat pups, significant
developmental milestones occur. Primarily, a apparent
modulation of sucking behavior emerges by Day 10
postpartum, indicative of a natural regulatory mechanism.
Subsequently, by Day 14, observable alterations obvious
in the maternal response to pup-initiated stimuli, notably
in reaction to a nip or milk release. 2

Moreover, the efficacy of nipple attachment
necessitates sensitivity to a confluence of internal and
external variables, including the pup's level of deprivation
and the olfactory cues emanating from the lactating ventral
surface. 2 Vorherr et al. (1967), Lincoln et al. (1973), and
Drewett et al. (1974) have extensively explored facets of
this phenomenon. Drewett et al. (1974), for instance,
studied the constituent elements of rat pup behavior,
delineating “treading™ and “stretching” as salient
components. 27:28:29

Clearly, rat pups commonly disengage from the nipple
following milk release, notwithstanding satiety, displaying
a proclivity for locomotion to access alternative sources.
The impetus driving this behavior remains speculative,
although a plausible hypothesis implicates olfactory cues,
potentially mediated by hormonal responses to oxytocin in
the mammary gland region.*°

Furthermore, it is noteworthy that each milk ejection
event furnishes the pup with pertinent information
regarding the occurrence and adequacy of milk uptake
from the respective nipple. Consequently, in instances
where milk is scant or absent despite a milk ejection event,
the pup's instinctual response to seek an alternative nipple
for sustenance appears rational and adaptive.

Also, the number of cells that make milk in the
mammary glands has a big effect on milk production.
Three-quarters of the increase in rats' daily milk
production between birth and peak lactation can be
explained by cell growth during early lactation. The other
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quarter can be explained by an increase in the activity of
cells that were already there. 3!

Overall, both estrogen and sucking cause prolactin to
be made by female rats. This is done by blocking the
dopaminergic tone in the hypothalamus and stimulating it
with a prolactin-releasing hormone, probably oxytocin. 32

Now, let's talk about caraway seeds. A review of the
studies shows that there is not much known about how
caraway affects lactation. In this study, caraway seeds had
the same effect on prolactin levels as an earlier study,
which found that prolactin levels went up. *But it doesn't
seem to match up with milk production, which might have
something to do with the other things we've talked about.
In another study, five nursing women were given no herb
for 5 days and then 15 mL of a 10% infusion of caraway
seeds three times a day for 10 days. Every day, the amount
of milk was measured, and the amount of fat in the milk
was tested on days 5, 10, 15, and 20. There was no change
in the amount of milk or how much fat it had. 3*Ethanol or
aqueous caraway extracts, on the other hand, had
estrogenic effects at doses higher than (200 mg/kg).

Additionally, LC-MS/MS analysis of caraway aqueous
extracts showed the presence of polyphenolic compounds
like hyperoside, kaempferol, vitexin, etc. These bioactive
compounds act as antioxidants; a study showed that the
antioxidant compounds increase the prolactin hormone by
affecting the hypothalamic-pituitary axis. % Thus, that
might be interpreted as a significant effect of caraway seed
aqueous extracts on prolactin levels in this study.

In the current study, metoclopramide served as a
standard medication Metoclopramide is considered a safe
and effective stimulant of prolactin release. It achieves this
by blocking dopamine receptors in the hypothalamus and
reducing prolactin inhibitory factor. *Metoclopramide (5
mg/kg) significantly increased milk production and serum
prolactin levels in this study.

CONCLUSION

An aqueous caraway seed extract was found to have a
statistically significant impact on prolactin levels in the
blood of nulliparous rats. This impact may be due to the
bioactive chemicals included in the extract. Further work
is needed to clarify the underlying process that causes a
difference between prolactin levels and milk production.
These findings add to the increasing evidence that
medicinal plants have the potential to be used as new
therapeutic agents in current medical practice.
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