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Abstract

This study explores the use of Carum carvi (caraway) extract
to enhance the bioavailability and efficacy of valsartan, an
angiotensin Il receptor blocker, in transdermal drug delivery
systems. Various solvent extracts of Carum carvi were
incorporated into valsartan-loaded transdermal patches, and
their effects were assessed through physicochemical and
bioactivity evaluations. Among the extracts, the ethanolic
extract (F5) demonstrated the highest bioavailability, with a
significant increase in drug absorbance (3.19) and cumulative
drug release (CDR) of 66.13%. FTIR analysis confirmed no
significant interactions between valsartan and the extracts or
polymers. The study concludes that Carum carvi extract,
particularly in ethanolic form, effectively enhances the
transdermal delivery of valsartan, offering valuable insights
into the use of phytomedicine and nanotechnology in
improving drug delivery systems. These findings suggest
potential for better management of chronic conditions like
hypertension. Future research should explore the long-term
stability and clinical efficacy of these formulations.
Keywords: Carum carvi, transdermal drug delivery,
valsartan, bioenhancer, nanotechnology, phytomedicine,
bioavailability, hypertension, solvent extraction, FTIR
analysis.
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1. INTRODUCTION

Transdermal drug delivery systems have gained significant attention in the pharmaceutical
industry as an alternative to traditional routes of administration. These systems offer numerous
advantages, such as the elimination of first-pass metabolism, improved patient compliance, and
the potential for prolonged drug administration. One of the key challenges in transdermal drug
delivery is enhancing the bioavailability and bioactivity of the active pharmaceutical
ingredients (APIs) in the formulation. [1]

Phytomedicine, or plant-derived medicinal compounds, have shown promise in improving the
bioavailability and bioactivity of transdermal drug delivery systems. Carum carvi, commonly
known as caraway, is a plant that has been used in traditional medicine for its various
therapeutic properties. [2] Carum carvi extract has been investigated for its potential to act as
a bioenhancer in transdermal drug delivery systems, potentially improving the absorption and
efficacy of the delivered drugs.

Nanotechnology has emerged as an effective tool for enhancing the bioavailability and
bioactivity of phytomedicines, including Carum carvi extract. = Nanomaterial-based
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formulations have been shown to improve the solubility, stability, and permeability of plant-
derived compounds, leading to enhanced therapeutic outcomes [3] For example, curcumin, a
compound found in turmeric, has demonstrated limited efficacy due to its poor bioavailability,
but the use of nanomedicine strategies has helped to overcome these challenges and improve
its therapeutic potential. [4], [5], [6]

In this research paper, we aim to assess the bioenhancing potential of Carum carvi extract in
transdermal drug delivery systems. We will evaluate the impact of incorporating Carum carvi
extract, either in its native form or in a nanoparticle-based formulation, on the bioavailability
and bioactivity of the delivered drugs. The findings of this study will contribute to the
understanding of the potential of Carum carvi extract as a bioenhancer in transdermal drug
delivery systems and provide insights into the application of nanotechnology for improving the
delivery of drug.

Valsartan

Hypertension, a prevalent global health concern, has been a subject of extensive research and
clinical interventions, with the aim of effectively managing this condition and reducing its
associated risks. One such pharmacological treatment for hypertension is valsartan, an
angiotensin Il receptor blocker (ARB) that has gained recognition for its efficacy in managing
this chronic condition.

In recent years, several studies have explored the role of valsartan in the management of
hypertension. A systematic review by [7] examined the effectiveness of individual
interventions, including pharmacological treatment, in improving adherence to prescribed
regimens among individuals with primary hypertension. The findings suggest that targeted
interventions, such as the use of valsartan, can significantly improve adherence to medication,
ultimately contributing to better blood pressure control and improved patient outcomes.
Similarly, a review of the literature on hypertension management published in the last year
highlighted the impact of new evidence on various aspects of hypertension, including
pharmacological interventions like valsartan. The review discusses the importance of
considering real-world data in evaluating the effectiveness of antihypertensive treatments, such
as valsartan, in clinical practice. [8]

The effectiveness of valsartan in the management of hypertension has also been explored in
the context of multifactorial interventions. A cluster-randomized clinical trial by Banegas et al.
investigated the impact of a comprehensive intervention, which included self-management of
antihypertensive medication, on blood pressure control among individuals with hypertension.
The findings of this study suggest that a multifaceted approach, incorporating pharmacological
interventions like valsartan, can enhance adherence and improve overall hypertension
management.
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Figure 1 Chemical Structure of Valsartan
Structure of Skin
The skin, the largest organ of the human body, is a complex and intricate structure that serves
several critical functions, including protection, sensation, temperature regulation, and immune
response. It consists of two main layers, the epidermis and the dermis, each with their own
unique characteristics and roles. [9]
The epidermis is the outermost layer of the skin and acts as a barrier against environmental
pathogens, regulating the amount of water lost from the body through trans epidermal water
loss. [10] Primarily composed of keratinocytes, which produce keratin, the epidermis
undergoes continuous renewal as stem cells proliferate and terminally differentiate as they
move upward towards the surface. [11]
The dermis, the second layer of the skin, is largely composed of a dense extracellular matrix
rich in collagen and elastin, providing the skin with its elasticity and mechanical resistance.
This layer also contains blood capillaries, nerve endings, sweat glands, and hair follicles,
allowing for functions such as temperature regulation, sensory detection, and immune
surveillance. [12] Fibroblasts, the main cellular constituents of the dermis, play a crucial role
in the production and maintenance of the extracellular matrix.
The aging process can lead to significant alterations in the dermal extracellular matrix
microenvironment, which can impact the skin's protective barrier function and regenerative
capacity. Understanding the complex structure and function of the skin is essential for
developing effective strategies for skin repair and regeneration, particularly in the context of
aging and injury.
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Figure 2 Structure of skin
2. MATERIALS AND METHODS
2.1. Drugs and Chemicals
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Valsartan was generously provided by Torrent Pharmaceuticals Ltd. (Gujarat). Additional
reagents and chemicals were procured from Research Lab Mumbai. All substances used were
of analytical grade.

2.2. Plant Material Used

Carum carvi Fruits were sourced from the local market. Impurities and foreign materials were
inspected and removed. The Fruits were authenticated by a plant scientist.

2.1.1 Carum Carvi [13], [14], [15], [16]

Biological Source:

Carum carvi, commonly known as caraway, is a biennial plant in the Apiaceae family. The
Fruits used are harvested from mature plants.

Figure 3 a. Carum carvi Plant
Chemical Constituents:

Carum carvi Fruits contain a variety of bioactive compounds, including:
Essential oils (2-7%): Carvone (50-60%) and limonene (40-50%)

» Flavonoids

» Phenolic acids

> Fatty acids

> Proteins

> Fiber

» Vitamins and minerals (e.g., vitamin C, iron, calcium)
Uses:

e Carum carvi Fruits are utilized for various purposes, including:

e Culinary: Used as a spice in bread, cakes, and curries for their distinct flavor.

e Medicinal: Traditionally used to treat digestive disorders, such as bloating, gas, and
indigestion. They are also known for their antispasmodic, carminative, and
antimicrobial properties.

e Cosmetic: Included in skincare formulations for their antioxidant properties.

e Agricultural: Employed as a natural insect repellent in some regions.

2.3 Successive Solvent Extraction

Extraction Methodology of Carum carvi Fruit %’
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Carum carvi fruits were subjected to serial hot extraction using Soxhlet apparatus to identify
the extract with the highest bio-enhancing activity. The extraction process was conducted as
follows:

» Chloroform

» Butanol

» Methanol

» Ethanol

» Aqueous solution
All materials were air-dried in the shade to obtain a consistent weight. The dried samples were
then ground into a coarse powder. Fifty grams of the crude bark powder were placed in the
Soxhlet apparatus, and serial extraction was performed with different solvents (chloroform,
butanol, methanol, ethanol, and aqueous solution).
The extracts were filtered using a funnel and Whatman No. 1 filter paper. The filtrates were
then concentrated to dryness under reduced pressure at 40°C using a rotary evaporator. The
dried extracts were stored at 4°C for further studies.
Preparation of Stock Solution and Calibration Curve for Valsartan 18
A stock solution of Valsartan was prepared using phosphate buffer. This stock solution was
subsequently diluted to create a series of standard solutions. The calibration curve was then
obtained by measuring the absorbance of these standard solutions at 250 nm wavelength.
Table 1 Standard Curve of Valsartan

S. No. Concentration (ug/ml) Absorbance

1 5 0.166
2 10 0.469
3 15 0.814
4 20 1.100
5 25 1.410

1.6

y =0.062x - 0.1399
1.4 R*=0.9992
1.2

Absorbance
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Figure 4 Standard Curve for Valsartan
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Formulation and Development of Transdermal Patches

Transdermal patches were applied using a method called soluble solvent casting. Three
milliliters of pure water were contained with the precisely weighed HPMC. To allow the
compound to swell, the contents of the beaker were mixed for 15 minutes using a magnetic
stirrer. Propylene glycol was added to the compound resolution at that time.
Two milliliters of water were used to dissolve 100 milligrams of Valsartan. With the use of a
magnetic stirrer, the component dispersion and the pharmaceutical arrangement were
combined, adding to the citric acid. At that point, after compounding was finished, the
resolution could not square for 20 minutes to ensure that all air bubbles had been removed. It
was then methodically poured into Petri plates and allowed to dry for a full day at room
temperature. Following a 24-hour drying period, patches were removed by removing them
from the Petri dishes and dipping a 2-by-2-cm square component at that time. The patches were
sealed tightly with foil and stored in an airtight and waterproof container to maintain their
dependability and suppleness. [19], [20], [21]

Table 2 Formulation code

Ingredients FORMULATION CODE

F1 F2 F3 F4 F5 F6
Valsartan 40 mg 40 mg 40 mg 40 mg 40 mg 40 mg
HPMC 350 mg 350 mg 350 mg 350 mg 350 mg 350 mg
PG 0.4 ml 0.4 ml 0.4 ml 0.4 ml 0.4 mi 0.4 ml
PEG-400 0.4 ml 0.4 ml 0.4 ml 0.4 ml 0.4 ml 0.4 ml
Citric Acid | 20 mg 20 mg 20 mg 20 mg 20 mg 20 mg
Water Upto5ml [Upto5ml [Upto5ml [Upto5ml | Upto5ml | Upto5ml
Chloroform | ----- 50mg |- |- e | e
extract
Butanolic | ----- | - 50mg |- |- | e
Extract
Methanolic | ----- |- |- 50mg |- |-
Extract
Ethanolic |- |- |- | - 50mg |-
Extract
Agueous |- | meem | meeem e e 50 mg
extract

Evaluation of Transdermal Delivery Patches:

Transdermal patches were evaluated physiochemically using the following parameters.

A certain section of the film was dissolved in a phosphate buffer solution, indicating the
presence of drugs. The transdermal patch was dissolved by stirring the fluid. The contents are
transferred to a volumetric flask.

The drug's content material was ascertained by measuring the change in absorbance of the
solution

a. Material percentage moisture content: The prepared patches were weighed individually and
kept for 24 hours at room temperature in a desiccator filled with fuse calcium chloride. The
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patches were weighed after a 24-hour period, and the fraction of moisture content material was
determined [22].

c. Folding endurance: A piece of film that is cut uniformly and repeatedly folded at the same
spot until it breaks. Given the estimated folding endurance, the number of times the film was
distorted in a same area without breaking [23].

d. Weight uniformity: Films with a diameter of 4 cm and a radius of 2 cm were cut. The weight
discrepancy was intended, and the masses of five films were taken [24].

e. Moisture uptake percentage: To maintain an 84% relative humidity, the weighed patches
were kept in desiccators at room temperature for a full day. The patches were saturated with
potassium chloride.

The patches were reweighed after a 24-hour period in order to calculate the formula's moisture
uptake percentage [22].

f. Patch thickness: Using screw gauze at five different locations on the film, the thickness of
each transdermal patch was measured, and the mean value was found [23].

Table 3 Evaluation of the Formulated Transdermal patches

FORMULATION CODE
Paramete | F1 F2 F3 F4 F5 F6
S
Thicknes | 0.245£0.01 | 0.226+0.01 | 0.220+0.23 | 0.311+0.00 | 0.322+0.13 | 0.346+0.15
s (mm) 5 7 1 9 4 6
Weight 0.321+£0.01 | 0.225+0.12 | 0.255+0.02 | 0.231+0.01 | 0.129+0.24 | 0.121+0.16
uniformit | 6 5 7 3 5 7
y (gm)
% 9.11242.12 | 8.123+3.00 | 9.225+1.21 | 8.234+2.31 | 9.121+2.45 | 8.212+2.32
Moisture 4 3 2 4 1
uptake
% 4.342+0.76 | 7.128+0.67 | 6.121+0.34 | 6.230+0.77 | 8.216+0.31 | 6.221+0.87
Moisture | 6 3 2 4 2 6
content
% Drug | 79.1+0.23 | 87.45+0.56 | 77.45+£0.45 | 79.33+0.24 | 81.70+0.78 | 83.11+0.99
content 3 9 3 0 1
(mg)
Folding | 26+2.77 33+5.23 27+4.56 31+3.65 32+2.34 32+4.80
Enduranc
e

*All data are presented in Average + SD, n=3
Bio enhancing Activity Model:

B. Franz Diffusion Cell:

The goatskin that was obtained was appropriately preserved in phosphate buffer for the ex-vivo
permeation research. Franz diffusion cells with an effective sectional area of 3.14 cm2 and 15
ml of receiver chamber potential were used to conduct ex vivo permeation studies. The goatskin
that has been treated shrinks to the ideal size and is positioned between the diffusion cell's
donor and receptor compartments.
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Figure 5 Franz Diffusion Cell

The membrane is covered by the patch. The donor compartment is positioned above the
receptor compartment, which is filled with phosphate buffer (pH 7.4) and kept at 37+0.50C. A
clamp is positioned over the donor and receptor compartments to secure them together, and the
entire assembly is placed on a magnetic stirrer. With magnetic beads, the contents of the
receiver compartment were continuously agitated. During scheduled time intervals, the unique
quantity of the pattern was substituted with an equal amount of phosphate buffer, hence
determining the amount of medicine injected through the membrane. With the help of a
spectrophotometer, the samples' absorbance becomes fascinating [24], [25], [26].

Table 4 % CDR of Carum carvi Fruit extracts + Valsartan patches

Time in | F1 F2 F3 F4 F5 F6

hrs.

0.5 1.50+0.77 | 2.50+0.46 | 3.50+0.53 | 4.50+0.41 | 6.00+0.43 | 1.90+0.60
1.0 2.75+0.53 | 3.28+0.66 | 4.28+0.76 |5.65+0.42 | 8.54+0.55 | 3.46+0.36
1.5 5.60+1.76 | 5.95+0.65 | 6.95+0.22 | 7.58+0.65 |9.56+1.77 | 5.80+0.55
2.0 7.50+1.61 |9.50+1.77 |11.78+0.54 | 12.11+1.37 | 14.12+1.33 | 8.67+1.86
2.5 9.23+0.67 | 12.34+1.45 | 14.32+1.49 | 16.54+1.86 | 19.45+0.66 | 10.45+1.67
3.0 10.55+1.62 | 16.66+1.44 | 19.67+1.64 | 22.23+1.75 | 25.12+0.75 | 12.88+1.75
4.0 13.67+1.77 | 22.88+0.55 | 25.56+1.66 | 28.47+0.47 | 33.34+1.66 | 15.78+1.66
5.0 20.50£1.43 | 30.72+0.54 | 33.45+1.97 | 36.43+1.97 | 39.45+1.12 | 25.22+1.35
6.0 32.15+0.72 | 41.26+0.81 | 48.12+0.57 | 50.12+1.55 | 54.11+1.33 | 35.56+0.66
8.0 50.30+1.77 | 50.52+1.57 | 56.67+0.25 | 63.56+0.66 | 66.13+1.21 | 53.89+1.76

*All data are presented in Average + SD, n=3
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Figure 6 % Drug Release Franz Diffusion cell
B. Everted GUT Sac Model
tiny intestine was purchased from local markets that housed slaughterhouses. The intestinal
segment was collected in two 15-cm sections after being carried in a buffer solution; the
estimated intestinal diameter was 0.07 cm. A tumbler rod was used to tie up and evert one end
of the gut; the cannula was connected to another end of the intestine to allow for the shaping
of the pouch and the delivery of a tiny amount of drug-free buffer solution.

Figure 7 Everted Gut Sac Model
With the use of an oxygen pump and phosphate buffer solution, the tissue was continuously
supplied with oxygen to keep it alive; the temperature remained constant at 37+0.5°%
throughout the process. Following eversion, the serosal facet was visible inside and the mucosal
side emerged. The skin's stratum corneum side became in close proximity to the transdermal
patch's releasing surface. The pattern from the sac is withdrawn at a predetermined period, and
a spectrophotometer is used to detect the drug's concentration in a serosal fluid. Ultimately, the
absorbance percentage is computed against time [27] [28] [29].
Table 5 %Drug absorbed of Carum carvi Fruit extract Valsartan bulk drug
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Time in|F1 F2 F3 F4 F5 F6

Min.

10 0.450£0.31 | 0.500£0.61 | 0.710£0.24 | 0.742+0.55 | 1.047+0.87 | 0.460+0.57
20 0.798£0.52 | 0.848+0.33 | 0.914+0.35 | 1.054+£0.41 | 1.424+0.61 | 0.800+0.71
30 1.144+0.82 | 1.212+0.47 | 1.302+1.24 | 1.641+0.47 | 1.821+0.54 | 1.112+0.42
60 1.312+0.42 | 1.387+0.65 | 1.505+1.31 | 1.878+0.39 | 2.205+0.53 | 1.320+0.67
90 1.642+0.92 | 1.820+0.65 | 2.007+1.45 | 2.350+£0.94 | 2.751+0.61 | 1.749+0.49
120 2.074£0.27 | 2.204£0.31 | 2.310£0.84 | 2.720£1.01 | 3.194+0.38 | 2.282+0.71

*All data are presented in Average + SD, n=3

%Drug absorbed (Everted Gut Sac)

3.5
3
© 2.5
= 2
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2
0.5
0
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Figure 8 % Drug absorbed of Carum carvi fruit Extracts + Valsartan bulk drug

0435 -::____"

T2

19855 54—
£39,40—
S04.10—

75—? '1
] 4;
B

1280 78—

|
!

185

T T T T
1250 1000 750

[ T T T T T T
4000 3500 3000 2500 2000 1750 1500
[drug+pwp k30) Iem

Figure 9 FTIR of Pure Valsartan
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Figure 10 FTIR with Physical mixture of Carum carvi Ethanolic Extract (F5)
FTIR Spectrum of Valsartan
Valsartan is an angiotensin Il receptor blocker used to treat high blood pressure. The key
functional groups in Valsartan and their corresponding absorption bands in the FTIR spectrum
are as follows:
N-H Stretch (Amine):
Region: 3300-3500 cm™
Typical Absorption: Broad band, often indicating the presence of primary or secondary amines.
C=0 Stretch (Carboxylic Acid or Amide):
Region: 1650-1750 cm™
Typical Absorption: Strong, sharp peak due to the carbonyl group.
C=C Stretch (Aromatic Ring):
Region: 1450-1600 cm™
Typical Absorption: Multiple peaks, indicative of aromatic rings.
C-N Stretch (Amine):
Region: 1200-1350 cm™
Typical Absorption: Medium peaks due to the stretching vibrations of the C-N bonds.
O-H Stretch (Carboxylic Acid):
Region: 2500-3300 cm™!
Typical Absorption: Broad, overlapping with N-H stretch if present.
FTIR Spectrum of Valsartan plus Carum carvi Ethanolic Extract
When Valsartan is combined with Carum carvi (caraway) ethanolic extract, the FTIR spectrum
will show additional absorption bands due to the components of the extract. Carum carvi
contains several bioactive compounds such as carvone, limonene, and flavonoids, which
contribute to the following bands:
O-H Stretch (Phenolic Compounds and Alcohols):
Region: 3200-3600 cm™!
Typical Absorption: Broad band indicating the presence of hydroxyl groups.
C=0 Stretch (Ketones, Aldehydes, and Esters):
Region: 1700-1750 cm™
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Typical Absorption: Strong, sharp peak for carbonyl groups present in components like
carvone.
C-H Stretch (Alkanes and Aromatic Compounds):
Region: 2800-3000 cm™
Typical Absorption: Multiple peaks representing various C-H stretching vibrations.
C=C Stretch (Alkenes and Aromatics):
Region: 1600-1680 cm™
Typical Absorption: Strong peaks for aromatic rings and alkenes.
C-O Stretch (Alcohols, Ethers, and Esters):
Region: 1050-1300 cm™
Typical Absorption: Strong peaks indicating the presence of C-O bonds.
Comparative Interpretation
Shift in Absorption Bands:
Compare the spectra of pure Valsartan with that of the Valsartan-Carum carvi mixture. Any
shifts in the absorption bands can indicate interactions between Valsartan and the compounds
in the extract.
New Absorption Bands:
Look for new absorption bands in the Valsartan-Carum carvi spectrum that are not present in
the pure Valsartan spectrum. These bands correspond to functional groups in the Carum carvi
extract.
Intensity Changes:
Observe changes in the intensity of the absorption bands. Increased or decreased intensity can
indicate changes in the concentration of specific functional groups due to interactions between
the drug and the extract.
Disappearance of Bands:
If any characteristic bands of Valsartan are missing in the combination spectrum, it might
suggest the formation of new compounds or complexes.

3. RESULT AND DISCUSSION
The patches that were correctly formulated underwent diffusion analysis, which was facilitated
by the utilization of the Franz diffusion cellular method and the inverted intestinal sac. In order
to ascertain the percentage of drug content, samples were taken at a prearranged time, and each
sample's absorbance was evaluated using a spectrophotometer. The graph illustrates the
outcome of the diffusion research by graphing time on the x-axis, cumulative percentage
release on the y-axis, and percentage absorbance against time in the case of the everted
intestinal sac model. This study has shown that using natural bioenhancers, such as Carum
carvi Fruit extract, in conjunction with contemporary medications, such as Valsartan can
increase the drug's bioavailability when administered via transdermal drug delivery device.
The patches that were correctly formulated underwent diffusion analysis, which was facilitated
by the utilization of the Franz diffusion cellular method and the inverted intestinal sac. Samples
were gathered at a prearranged time, and each sample's absorbance was analyzed using a
spectrophotometer to ascertain the percentage of drug content. The graph illustrates the
outcome of the diffusion research by graphing time on the x-axis, cumulative percentage
release on the y-axis, and percentage absorbance against time in the case of the everted
intestinal sac model. This study has shown that using natural bioenhancers, such as Carum
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carvi Fruit extract, in conjunction with contemporary medications, such as Valsartan, can
increase the drug's bioavailability when administered via transdermal drug delivery device.
With the aid of FTIR, compatibility investigations between drugs and extracts as well as drugs
and polymers reveal no interactions between drugs and extracts or between drugs and
polymers, as shown by the results.

physicochemical characteristics, such as thickness, weight version, percentage moisture
content, and so forth. Franz Diffusion cell studies are mentioned in Table 4 and Figure 6, while
everted intestinal sac studies are mentioned in Table 5 and Figure 8. of all the extracts, ethanolic
extract (F5) demonstrated a significant increase in both drug absorbance (3.19) and % CDR
66.13. These results are within the range shown in Table 4. Study on the Order of Permeation
Enhancing Effect Franz Diffusion Cell

Drug absorption percentage order in the case of an everted intestinal sac model:
F5>F4>F3>F2>F6>F1

Long-term treatment and multidrug therapy may be successfully completed with the use of a
transdermal drug delivery device, which will also boost the medication's bioavailability by
preventing first-pass metabolism, which would otherwise destroy the drug's maximal amount.
The medication immediately enters the systemic flow and improves the effectiveness of
healing. A potent anti-diabetic medication called Valsartan is widely used to treat type-ii
diabetes. However, the primary-skip metabolism suggests that the therapeutic impact is
diminished. Polymers were chosen, together with HPMC, since they verified proper adhesive
activity and increased skeleton formation, which forms the basis of transdermal patches.
Phosphate buffer 7.4, which was utilized to determine the drug's unknown concentration and
assess the drug's solubility There was no drug-drug or drug-polymer interaction, according to
FTIR measurements. To standardize the formulation, the prepared patches were put through a
series of physical and chemical evaluation criteria. Every parameter that has been assessed for
different components is subject to limitations.

Formulation F5 demonstrated the highest bioavailability of Valsartan among all the
components when compared to other extracts.

By comparing the FTIR spectra of Valsartan and the Valsartan plus Carum carvi ethanolic
extract, you can identify the functional groups involved in any interactions, detect the presence
of new compounds, and understand the chemical environment changes in the mixture. This
interpretation helps in understanding the compatibility and potential synergistic effects of the
combined formulation.
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