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Abstract

Trachyspermumammiis used traditionally to manage respiratory problems. The essential oil of the fruits was analyzed using GC-MS and the
bronchodilator potential was explored using isolated guinea-pig trachea in an ex-vivo model. The GC-MS analysis revealed that thymol is
major compound with 65% yield. T. ammi oil exhibited comparable potency in inhibiting contractions caused by carbachol (CCh, 1 pM) and
high K* (80 mM), with corresponding EC50 = 0.28 mg/mL (0.26-0.31, n=4) and 0.32 mg/mL (0.29-0.35, n=4) in a fashion similar to
papaverine known to inhibit both Ca*™ channels and the phosphodiesterase enzyme (PDE). In contrast, Verapamil, a selective Ca* channel
blocker, suppressed contractions induced by elevated K* levelswith significantly higher potency than those induced by CCh, as indicated by
the EC50 = 0.82 uM (0.68-1.02, n=5) and 17.84 uM (15.64-1.86, n=>5), respectively. Tissues preincubated with 0.03 and 0.1 mg/mL of the
oil were able to attenuate the Ca™ produced contractions and suppressing the maximum response in a manner comparable to verapamil and
papaverine further supporting the Ca* channel inhibitory effect. PDE blockage was settled when tracheal tissues preincubated with 7. ammi
essential oil at 0.1 and 0.3 mg/mL expressed potentiation of isoprenaline relaxant effect against CCh, similar to papaverine. Preincubation
with verapamil did not show any potentiation. Therefore, our results demonstrated that 7. ammiessential oil have bronchodilator activities
mediated by dual inhibition of Ca** channels and PDE, although other mechanisms may also be involved.

Keywords: Trachyspermumammi L.; GC-MS; Bronchodilator; Ca*? blockade; Phosphodiesterase inhibition.

1. Introduction

Family Apiaceae composed mainly of aromatic flowering plants. It contains about 440 genera and 3800 species [1].
Trachyspermum is a small genus of about 14 species [2]. Plants essential oils expressed several biological activities including
antimicrobial, cytotoxic, anticonvulsant, insecticidal and neuroprotective effects [3—-6]. Trachyspermumammi L. is known as
Ajwain while in Arabic known as ‘“Alnaanikhuk, Royal cumen and Ethiopian cumin [7]. Conventionally, the plant is
employed in herbal remedies to treat several conditions such as travel sickness, anorexia, abdominal flatulence, nausea and
vomiting [8]. Additionally, it is claimed to possess laxative, stomachic and anthelmintic properties [9]. T. ammi can alleviate
abdominal pain, hemorrhoids and abdominal tumors [10]. Ajwain is also used as a household folk medicine to treat respiratory
problems, such as asthma and bronchitis [11,12]. Essential oil of 7. ammi contains up to 50% thymol along with other
terpenes [13-16]. The oil's antifungal effect was demonstrated against broad spectrum of fungus, including
Aspergillusochraceu, A. oryzae, A. flavus, A. niger, Fusarium. graminearum, F. monoliforme, Pencilliumcitrium, P. madriti,
P. viridicatum, and Curvularialunata [16].

In a recent study, we explored the bronchodilator properties of several essential oils derived from plants traditionally used
in Saudi Arabia [17,18]. Despite of the common used of 7. ammi in Traditional medicine the bronchodilator effect was not
previously explored. The present study comprises GC-MS analysis of the ethereal oil of 7. ammi and provides a
comprehensive investigation of the mechanism of the bronchodilator action of the oil.
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2. Experimental
2.1. Plant materials

The fruits of Trachyspermumammi L. were purchased from Riyadh city local market, Saudi Arabia. The plant’s identity was
confirmed by Mona Alwahibi, PhD., Department of Botany and Microbiology, College of Science at KSU, Riyadh. The fruits
were preserved under voucher number MSA 10832 at the Department of Pharmacognosy, College of Pharmacy, PSAU.

2.2. Preparation of the essential oil

Samples of 150 g of T. ammi fruits were grinded and immediately used for oil preparations. The oil was prepared by the
hydrodistillation method and performed for 5 h using a round-bottom flask of 1 L capacity along with Clevenger-type
apparatus [17]. At the end of the experiment, the oil layer and the water condensates were separated using 50 mL separating
funnel. The process was run in triplicate.

2.3. GC/MS Analysis

Chloroform was used as a solvent to dilute oil samples in order to obtain 1 ppm concentration. Injection of 1 uL of the
solutions to Agilent GC/MS instrument Model 7890 MSD were performed with the help of autosampler adjusted to the
splitless mode. Helium (99.999% purity) was the carrier gas adjusted to flow rate = 1.2 mL/min. HP5MS 30 m length column
with 0.25mm i.d. and 0.25 pm thickness was used in theanalysis. The Injector temperature was set at constant temperature of
280 °C. The instrument was programmed with a start temperature of 70 °C for 5 min, then gradual raising of the temperature
at rate = 2 °C/min till 120 °C where it was hold for 2 mins followed by increasing rate of 15 °C/min to 290 °C that was kept
for 2 mins. The ionization in the mass spectrometer was performed at 70 Ev and mass range was set between 30-600 Daltons.
The ion-source temperature was adjusted to 280 °C. Chromatograms of standard thymol and carvacrol and their mixture were
generated under similar conditions.

2.4. GC/FID Analysis

Chromatograms obtained under conditions similar to the GC/MS analysis were generated using FID detector. The
instrument Model 7890 was programmed to start temperature at 70 °C hold for 5 min, followed by gradual raising at rate = 2
°C/min till 120 °C where it was hold for 2 mins. Temperature was then increased at rate of 15 °C/min to 290 °C that was kept
for 2 mins. Peak quantification was recorded by automatically measuring the area of each peak. The mass range was set
between 30-600 Daltons. The ion-source temperature was set at 280 °C.

2.5. Chemicals and Reagents

The following chemicals of analytical grade were obtained from Sigma Company, St. Louis, MO, USA; Chloroform,
ether, sodium sulphate, thymol, carvacrol, carbamylcholine (CCh), isoprenaline, verapamil and papaverine. Details of reagents
(salts) to prepare physiological buffer solution (Tyrod) are as follows; potassium chloride (Sigma Co), sodium chloride,
calcium chloride, glucose, sodium bicarbonate magnesium sulphate, potassium and dihydrogen phosphate (Merck, Germany).

2.6. Animals

Guinea pigs weighing around 0.6 kg of either gender were obtained from the animal care unit of KSU and housed at the
Animal Care Unit at the College of Pharmacy, PSAU, KSA. The accommodation of the guinea pigs was regulated to a
constant temperature range of 23-25 °C. Free access to drinking water and commercial grade animal nourishment were
provided to the animals. All the ex vivo experiments performed adhering to the guidelines established by the Institute of
Laboratory Animal Resources, Commission on Life Sciences, NRC. The PSAU Bio-Ethical Research Committee (BERC)
approved the study protocol under the reference number BERC-001-12-19.

2.7. Guinea Pig Tracheal muscles

Cervical dislocation was performed to scarify the trachea of guinea pigs following a forceful jerk at the trachea of
the animals, which were sacrificed with their heads suspended in an erect position between the middle and index figure. After
being dissected, the tracheal tube was maintained in Kreb's solution, an appropriate physiological buffer. Seven to eight
distinct tissues were isolated from the tracheal tube, with each tissue ring being exposed through a longitudinal incision in the
cartilage that was perpendicular and facing the smooth muscle. The tracheal tissue was then mounted in a 10 mL tissue buffer
supplemented with Kreb's solution, kept at 37 °C aeriated with carbogen (95% O, and 5% CO,). The buffer components were
(mM): KC1 4.7, KH,PO, 1.3, NaCl 118.2, MgSO, 1.2, CaCl, 2.5, NaHCO; 25.0 and glucose 11.7 with pH 7.4. Each tracheal
strip was subjected to a constant tension of 1 g for the duration of the experiment. A 60-minute equilibration period was
observed prior to application of the tested materials. During this time the buffer was replaced every 15 minutes. For tissue
stabilization, CCh (1 uM) was employed until constant superimposable contractions were accomplished. The relaxation
caused by the tested oil and standards was determined by adding increasing concentrations to get concentration-dependent
responses.

2.8. Determination of the mechanism of the Bronchodilator’s effect

In order to investigate the existence of calcium channel blocking (CCB) activity of the essential oil of 7. ammi, the
standard Kreb's solution in the tissue-organ baths was gradually substituted with a Kreb's solution that is rich in K* and lacks
Ca*’after the tissues were mounted and stabilized [19]. Following that, concentration response curves (CRCs) for Ca*? were
constructed in the presence and absence of different 7. ammi oil concentrations. Verapamil served as the positive control.
Phosphodiesterase inhibitory-like activity of 7. ammi oil was investigated by constructing inhibitory CRCs of isoprenaline
against CCh (1 uM)-induced contractions [20]. To examine the potentiating effect of 7. ammi oil on the inhibitory activity of
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isoprenaline, the experiments were replicated in the presence of the oil. The resulting responses were compared with those
obtained using the standard drug papaverine [21]. An isometric transducer was used to achieve the responses on an organ bath
(emkaBATH, France) with iox software (2.10.8.6) installed.

2.9. Statistical Analyses

Results are presented as mean * standard error of the mean (SEM, n represents the number of experiments). ECsy with
95% confidence intervals (CI) represents the median effective potency. A p-value of less than 0.05 was accounted as
significant result. Relaxation concentration response curves (CRCs) were inspected using non-linear regression utilizing the
GraphPad program (GraphPAD, San Diego, CA, USA).

3. Results
3.1. Preparation of the essential oil

The essential oils produced from 150 g of the fruits were 7.94 g calculated as 5.30% w/w yield. The oil was kept at 4 °C
for analysis and biology.

3.2. GC/MS and GC/FID investigation

The MASSHUNTER software was used for managing the process and analysis of the findings.Identification of the oil’s
components was accomplished by comparison of the compounds' retention time (RT), MS spectra as well as retention indices
(RI) relative to the standard n-alkanes series of C7-C40 (49452-U) (RRI) with the published values of the National Institute of
Standards and Technology database, Gaithersburg, MD, USA (NIST 2017). Results of the essential oil analyses as well as
thymol and carvacrol are presented in Table 1 and Figure S1, S2.

3.3. Bronchodilator Effect on Trachea

The study was performed in an ex-vivo model utilized isolated guinea-pig trachea. The oil of 7. ammi effectively
suppressed contractions generated by carbachol (CCh, 1 uM) and high K* (80 mM) at comparable potencies. The ECs, were
0.28 mg/mL (0.26-0.31, n=4) and 0.32 mg/mL (0.29-0.35, n=4), respectively (Figure 2A). Figure 2B indicated that an
analogous inhibitory pattern of the oil was noted compared to papaverine, that acts as a binary blocker of phosphodiesterase
enzyme (PDE) and Ca*? channels. ECs values for papaverine were 10.20 uM (10.82-12.46, n=5) and 10.96 uM (0.96-10.42,
n=5), respectively. In Figure 2C, it was demonstrated that a selective Ca* channel blocker, verapamil, exhibited greater
potency in suppressing contractions caused by high K* compared to contractions caused by CCh. The ECs, values for
verapamil's effect on high K*-induced contractions and CCh-induced contractions were 0.82 uM (0.68 — 1.02, n=5) and 17.84
uM (15.64-18.56, n=5), respectively.

Table 1: Essential oil composition of the fruits of Trachyspermumammi

Name RT RI RI* )
1 B-myrcene 7.9076 992 992 [22] 0.755
2 0-Cymene 9.4924 1030 1029 [23] 15.955
3 y-Terpinene 10.6697 1060 1060 [24] 17.857
4 Thymol 20.2951 1293 1292 [25] 65.432
Total 99.999
*Reported RI.
OH |
Thymol B-Myrcene 0-Cymene y-Terpinene

Figure 1: Chemical structures of Trachyspermumammi oil components
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3.4. Ca*? Channel Inhibitory Effect

The Ca*? channel inhibitory action was further confirmed by preincubation of the tissue with 0.03 and 0.1 mg/mL of the
oil resulted in attenuation in concentration-dependent manner the Ca** concentration response curves (CRCs) with lowering
the maximum response (Figure 3A). Similarly, verapamil (Figure 3B) and papaverine (Figure 3C), also suppressed and shifted
the Ca*> CRCs towards right and thus showed non-specific antagonistic effects.

3.5. PDE- Inhibitory-Like Effect

The PDE inhibitory-like action of 7. ammi essential oil was authenticated by preincubation of the tracheal tissues with 0.1
and 0.3 mg/mL of the oil. This treatment potentiated and shifted the isoprenaline inhibitory CRCs constructed against CCh
towards left (Figure 4A) almost identical with papaverine (1 and 3 uM) (Figure 4B) whereasverapamil preincubation at 0.1
and 0.3 uM did not show any potentiation (Figure 4C).
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Figure 2: Concentration response inhibitory curves of (A) T. ammi oil, (B) papaverine and (C) verapamil on CCh and high K*- persuaded

contractions using guinea-pig trachea (n=4).
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Figure 3: Concentration response curves of Ca+2 plotted in the presence of difference concentrations of (A) 7. ammi oil, (B) papaverine
and (C) verapamil using guinea-pig trachea (n=5).
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4. Discussion

The fruits of T. ammi yielded 5.30 w/w essential oil prepared by hydrodistillation method. The components of
the oil were determined using GC-MS analysis as well as comparison of the retention indices with the values of
the National Institute of Standards and Technology database. Thymol was the major component in the oil
representing 65.432% (Table 1, Figurel). Carvacrol is a structural isomer of thymol with very close values in all
the used parameters. Confirmation of their identification in GC analysis is relatively tough task. For undoubtful
identification a solution of thymol and carvacrol with the ratio 2:1 in chloroform was injected under the same
conditions of the oil’s analysis. The RT of thymol was 20.3143 while that of carvacrol was 20.7736 mins (Figure
S1). The RT of the major peak in the essential oil spectrum was identicalwith thymol in full agreement with all
the reported data for 7. ammi fruits essential oil [13-16,26].Due to the recognized therapeutic applications of 7. ammi in
respiratory diseases [11,12], an evaluation wasconducted on the essential oilagainst bronchoconstriction induced by elevated
K* and CCh ions using the established isolated guinea pig trachealmodel [17]. The bronchoconstriction caused by CChis
facilitated by the activation of muscarinic (M3) receptors [27], whereas K+ concentration exceeds 25
mM is supposed to open voltage-gated L-Type Ca*> channels and thus causes depolarization and results in tracheal
contractions [28]. Interestingly, 7. ammioil demonstrated a concentration-dependent non-selective inhibition of the trachea's
contraction induced by CCh and high K*, which is comparable to papaverine, that is known for its dual inhibition of Ca*?
channels and PDE enzyme (Figure 2) [29]. In contrast, the conventional Ca*? channel blocker verapamil [30], exhibited
selectively greater potency against K*, as anticipated for a pure Ca*> antagonist (Figure 2C) [31]. This implies that, similar to
papaverine, the airways relaxing action of 7. ammi essential oil could potentially be driven by a combination of CCB and PDE
inhibitory mechanisms. Confirmation of 7. ammi 's oil CCB activity was obtained from the observed attenuation of Ca*>
CRCs, along with reduction in the maximal response, equivalent to the effects of verapamil and papaverine (Figure 3). Similar
to papaverine, 7. ammi’sphosphodiesterase inhibitory like action was confirmed when 7. ammi boosted isoprenaline’s
relaxant effect against CCh-incited contraction (Figure 4). Isoprenaline, a nonselective f-adrenoceptor agonist, induces
relaxation of the airways by increasing the concentration of cAMP within the cells. Both the f2-agonistic action and
suppressing PDEs increase cAMP concentration in the respiratory tract and potentiate each other [32]. Enhancement of the
isoprenaline inhibitory action by 7. ammi oil indicates that its airways relaxant mechanism includes PDE inhibition, as PDE
inhibitors have been shown to improve the isoprenaline relaxant effect [21,33], nevertheless, the possibility of f2-agonistic
activity cannot be disregarded. PDE inhibitors are well recognized to be beneficial for the management of asthma [34,35],
though stimulation of the heart as a side effect is the main limitation [36]. Interestingly, Ca** antagonists have demonstrated
efficacy in the treatment of bronchoconstriction [37,38] as well as being recognized for cardio suppression effect [39].
Perhaps that Nature intended for T. ammi to contain both PDE inhibitors and Ca*™ channel blocker components so that the
tachycardia that can occur when PDE inhibitors are taken alone can be mitigated. This discovery reinforces the idea that
herbal remedies, which are known to have the ability to work synergistically and/or counteract adverse effects, as well as
being cost-effective, have merit in evidence-based research [40]. Hence, the simultaneous inhibition of PDE and Ca*?
channels might explicate the therapeutic application of 7. ammi in treating airways hyperactivity and asthma. Thyme oil rich
in thymol was reported to alleviates ovalbumin-induced bronchial asthma via modulating Th2 cytokines, IgE, TSLP and ROS
[41]. Another study indicated that both Thyme and thymol were able to relief ovalbumin-induced bronchial asthma in mice
[42].

These results support our finding for the benefits of T. ammi in the management of bronchial asthma. The relaxant effect
can be correlated to the major component thymol. Thymol was reported to have smooth muscle relaxant effect [43].
Moreover, many reports indicated that monoterpenes are responsible for the antispasmodic effects of many essential oils [44].
Many natural terpenes are reported in the essential oils with vascular smooth muscles relaxant effect leading to decrease in
systemic blood pressure [45]. The intestine, heart and tracheal muscles are all kinds of smooth muscles. Consequently,
monoterpene components of 7. ammi are expected to exert similar relaxant effect on tracheal smooth muscles.

5. Conclusions

Thymol, comprising 65% of the T. ammi essential oil constituents and was the principal constituent. The results of the
bronchodilator study strongly indicated that the essential oil of 7. ammi may exert a combination of CCB-like and PDE
inhibitory effects. This may explain why this plant is used medicinally as a bronchodilator. While additional research is
necessary to determine its safety profile, these findings are likely to support the notion that the plant could be an effective
bronchodilator alternative.

6. Conflicts of interest
There are no conflicts to declare.

7. Formatting of funding sources
The project was funded by Prince Sattam bin Abdulaziz University through the project number (PSAU/2023/03/26476).

8. Acknowledgments
The authors extend their appreciation to Prince Sattam bin Abdulaziz University for funding this research work through
the project number (PSAU/2023/03/26476).

Egypt. J. Chem. 68, No. 5 (2025)



74 Mariam K. Alamoudia et.al.

9. References

[1] P.F. Stevens, “APIACEAE Lindley, nom. cons”. Angiosperm Phylogeny Website, (2001).

[2] C.L. Schoch, S. Ciufo, M. Domrachev, C.L. Hotton, S. Kannan, R. Khovanskaya, D. Leipe, R. McVeigh, K. O’Neill, B.
Robbertse, S. Sharma, V. Soussov, J.P. Sullivan, L. Sun, S. Turner, I. Karsch-Mizrachi, NCBI Taxonomy: a
comprehensive  update  on  curation, resources and  tools, Database = (Oxford) 2020  (2020).
https://doi.org/10.1093/DATABASE/BAAA062.

[3] H.S. Hamuda, M.H.M. Mahmoud, A.I. EL-Desouky, A.M. Sharoba, Antimicrobial Activity of Some Essential Oils as
Natural Preservatives in Minced Meat, Egypt J Chem 67 (2024) 317-330.
https://doi.org/10.21608/EJCHEM.2024.256273.9006.

[4] A. Antar, E.S. Abdel-Rehiem, A.A. Al-Khalaf, ; Abdelaziz, S.A. Abuelsaad, ; Gaber, M.G. Shehab, ; Ayman, M. Abdel-
Aziz, M. Abdel-Gabbar, Extraction and characterization of essential oil of Lavandula dentate L: Evaluation of its
cytotoxicity and anticonvulsant activities in an epileptic model, Egypt J Chem 67 (2024) 665-687.
https://doi.org/10.21608/EJCHEM.2024.280108.9524.

[5] M.H.A. El-Sawah, HM. Raddy, H.A. Gad, H.H.F. Hagag, Chemical composition , insecticidal activities of
Origanummajorana L. essential oil nanoemulsion against Callosobruchusmaculatus and Callosobruchuschinensis, Egypt J
Chem 67 (2024) 371-381. https://doi.org/10.21608/EJCHEM.2024.276355.9445.

[6] M.N. Ashour, T.R. Elias, W.I. Rasheed, S.E. El-Toukhy, E.R. Youness, A.A. Sleem, M.M. Ramadan, K.F. Mahmoud,
N.N. Yassen, M.A. Abdel-Monem, O. Aly, Neuroprotective Effect of Cardamom Essential Oil Encapsulated
Nanoparticles and Swimming in Aluminum Induced Alzheimer’s disease in Rats, Egypt J Chem 67 (2024) 37-52.
https://doi.org/10.21608/EJCHEM.2024.251449.8997.

[7]1 S.I. El Halw, New Dictionary of Medicinal Plants. , Dar El Manar, Cairo, 1999.

[8] J.A. Hawrelak, T. Cattley, S.R. Myers, Essential oils in the treatment of intestinal dysbiosis: A preliminary in vitro study.,
Altern Med Rev 14 (2009) 380-384. https://europepmc.org/article/med/20030464 (accessed May 2, 2024).

[9] R. Bairwa, R.S. Sodha, B.S. Rajawat, Trachyspermumammi, Pharmacogn Rev 6 (2012) 56-60.
https://doi.org/10.4103/0973-7847.95871.

[10]V. Krishnamoorthy, M.B. Madalageri, Bishop weed (Trachyspermumammi): an essential crop for north Karnataka,
Journal of Medicinal and Aromatic Plant Sciences (1999).

[11]A. Kolbadinejad, V. Rezaeipour, Efficacy of ajwain (Trachyspermumammi L.) seed at graded levels of dietary threonine
on growth performance, serum metabolites, intestinal morphology and microbial population in broiler chickens, J
AnimPhysiolAnimNutr (Berl) 104 (2020) 1333-1342. https://doi.org/10.1111/JPN.13357.

[12]K. Mishra, S. Shahi, Medicinal Uses of TrachyspermumAmmi (L.) and Cuminum Cyminum: A Review, Journal of
Advanced Zoology 44 (2023) 1341-1346. https://doi.org/10.17762/JAZ.V441S-3.1644.

[13]I.-M. CHUNG, T. DANG KHANH, O.-K. LEE, A. AHMAD, Chemical Constitutents from Ajwain Seeds
(Trachyspermumammi) and Inhibitory Activity of Thymol, Lupeol and Fatty Acids on Barnyardgrass and Radish Seeds,
Asian Journal of Chemistry 19 (2010) 1524—-1534. https://asianpubs.org/index.php/ajchem/article/view/20279.

[14]S. Dubey, P. Kashyap, Trachyspermumammi: A Review on its Multidimensional Uses in Indian Folklore Medicines,
Research Journal of Medicinal Plant 9 (2015) 368-374. https://doi.org/10.3923/rjmp.2015.368.374.

[15]K.K. Chahal, K. Dhaiwal, A. Kumar, D. Kataria, N. Singla, Chemical composition of Trachyspermumammi L . and its
biological properties : A review, J PharmacognPhytochem 6 (2017).
https://api.semanticscholar.org/CorpusID:163157427.

[16]G. Singh, S. Maurya, C. Catalan, M.P. De Lampasona, Chemical constituents, antifungal and antioxidative effects of
ajwain essential oil and its acetone extract, J Agric Food Chem 52 (2004) 3292-3296. https://doi.org/10.1021/JF035211C.

[17]N.U. Rehman, M.A.A. Salkini, HM.K. Alanizi, A.G. Alharbi, M.H. Alqarni, M.S. Abdel-Kader, Achilleafragrantissima
Essential Oil: Composition and Detailed Pharmacodynamics Study of the Bronchodilator Activity, Separations 9 (2022)
334. https://doi.org/10.3390/separations9110334.

[18]N. Rehman, F. Albagami, M. Salkini, N. Farahat, H. Alharbi, S. Almuqrin, M. Abdel-Kader, A. Sherif, Comparative GC
Analysis, Bronchodilator Effect and the Detailed Mechanism of Their Main Component—Cinnamaldehyde of Three
Cinnamon Species, Separations 10 (2023) 198. https://doi.org/10.3390/separations10030198.

[19]A.U.H. Gilani, A. Khalid, Zaheer-ul-Haq, M.I. Choudhary, Atta-ur-Rahman, Presence of antispasmodic, antidiarrheal,
antisecretory, calcium antagonist and acetylcholinesterase inhibitory steroidal alkaloids in Sarcococcasaligna, Planta Med
71 (2005) 120-125. https://doi.org/10.1055/S-2005-837777/ID/2/BIB.

[20]A.J. Shah, A.H. Gilani, The Calcium Channel Blocking and Phosphodiesterase Inhibitory Activities of the Extract of
Andropogonmuricatus Explains its Medicinal Use in Airways Disorders, Phytotherapy Research 26 (2012) 1256-1258.
https://doi.org/10.1002/PTR.3687.

[21]H. Abdel-Haq, M.F. Cometa, M. Palmery, M.G. Leone, B. Silvestrini, L. Saso, Relaxant effects of Hydrastiscanadensis L.
and its major alkaloids on guinea pig isolated trachea, PharmacolToxicol 87 (2000) 218-222.
https://doi.org/10.1034/J.1600-0773.2000.D01-77.X.

[22] B-Myrcene, (n.d.). https://webbook.nist.gov/cgi/cbook.cgi?ID=123-35-3 (accessed September 5, 2024).

[23]0-Cymene, (n.d.). https://webbook.nist.gov/cgi/cbook.cgi?ID=527-84-4 (accessed September 5, 2024).

[24]y-Terpinene, (n.d.). https://webbook.nist.gov/cgi/cbook.cgi?ID=99-85-4 (accessed September 5, 2024).

[25] Thymol, (n.d.). https://webbook.nist.gov/cgi/cbook.cgi?ID=89-83-8& Units=SI (accessed September 5, 2024).

[26]H.M. Asif, H.A.S. Hashmi, Bioactive Compounds of Ajwain (Trachyspermumammi [L.] Sprague), in: H.N. Murthy, K.Y.
Paek (Eds.), Bioactive Compounds in Underutilized Vegetables and Legumes, Springer International Publishing, Cham,
2021: pp. 257-273. https://doi.org/10.1007/978-3-030-57415-4_16.

Egypt. J. Chem. 68, No. 5 (2025)



COMPOSITION AND BRONCHODILATOR ACTIVITY OF THE FRUITS OF.. 75

[27]Brown JH, Taylor P., Muscarinic receptor agonists and antagonists, in: L.S.G.A.H.J.G.; G.A.G.L.L.E. Goodman (Ed.),
Goodman & Gilman’s the Pharmacological Basis of Therapeutics , 1996.

[28]A.J. Farre, M. Colombo, M. Fort, B. Gutierrez, Differential effects of various Ca2+ antagonists., Gen Pharmacol 22
(1991) 177-181. https://doi.org/10.1016/0306-3623(91)90331-Y.

[29]Rang HP, Dale MM, Ritter JM, Flower RJ, Henderson G, Pharmacology, 7th edn, Churchill Livingstone, New York,
2012.

[30]N. V. Palande, R.C. Bhoyar, S.P. Biswas, A.G. Jadhao, Short-term exposure to L-type calcium channel blocker,
verapamil, alters the expression pattern of calcium-binding proteins in the brain of goldfish, Carassiusauratus, Comp
BiochemPhysiol C ToxicolPharmacol 176-177 (2015) 31-43. https://doi.org/10.1016/J.CBPC.2015.07.006.

[31]F.F. Bin Dayel, N.U. Rehman, M. Ayman, A. Salkini, A.F. Al Dosari, A.S. Saeedan, M.S. Abdel-Kader, Effect of Drying
on the Quantity and Composition of Artemisia monosperma Essential Oil and Exploring the Bronchodilator Effect Using
Guinea Pig Tracheal Muscles, Nat. Prod 18 (2024) 468—473. https://doi.org/10.25135/rnp.470.2405.3233.

[32]Brain B, Hoffman MD, Adrenoceptor activating and other sympathomimetic drugs., in: Katzung BG (Ed.), Basic and
Clinical Pharmacology, 8th edn, McGraw-Hill, New York, 2001.

[33]M.S. Abdel-Kader, A.S. Saeedan, N.U. Rehman, H.M. Faqihi, G.A. Soliman, New flavonoids with multiple
bronchodilator activity pathways from Tephrosia purpurea L. (Pers.) growing in Saudi Arabia, Saudi Pharm J 32 (2024).
https://doi.org/10.1016/J.JSPS.2024.101992.

[34]K. Fan Chung, Phosphodiesterase inhibitors in airways disease, Eur J Pharmacol 533 (2006) 110-117.
https://doi.org/10.1016/J. EJPHAR.2005.12.059.

[35]B.J. Lipworth, Phosphodiesterase-4 inhibitors for asthma and chronic obstructive pulmonary disease, Lancet 365 (2005)
167-175. https://doi.org/10.1016/S0140-6736(05)17708-3.

[36]N.U. Rehman, M.N. Ansari, W. Ahmad, S.R. Ahamad, Dual Inhibition of Phosphodiesterase and Ca++ Channels
Explains the Medicinal Use of Balanitesaegyptiaca (L.) in Hyperactive Gut Disorders, Plants (Basel) 11 (2022).
https://doi.org/10.3390/PLANTS11091183.

[37]M.A. Twiss, E. Harman, S. Chesrown, L. Hendeles, Efficacy of calcium channel blockers as maintenance therapy for
asthma, Br J ClinPharmacol 53 (2002) 243-249. https://doi.org/10.1046/J.0306-5251.2001.01560.X.

[38]K.Y. Chiu, J.G. Li, Y. Lin, Calcium channel blockers for lung function improvement in asthma: A systematic review and
meta-analysis, Ann Allergy Asthma Immunol 119 (2017) 518-523.e3. https://doi.org/10.1016/J.ANAI.2017.08.013.

[39]Billman GE, The antiarrhythmic effects of the calcium antagonists, in: Epstein M (Ed.), Calcium Antagonists in Clinical
Medicine, Hanley &Belfus, Philadelphia, 1992.

[40]A.H. Gilani, Atta-ur-Rahman, Trends in ethnopharmocology, J Ethnopharmacol 100 (2005) 43-49.
https://doi.org/10.1016/J.JEP.2005.06.001.

[41]A.M. Mousa, A. Almatroudi, A.S. Alwashmi, W. Al Abdulmonem, A.S.M. Aljohani, F.A. Alhumaydhi, M.A. Alsahli, F.
Alrumaihi, K.S. Allemailem, A.A.H. Abdellatif, A. Khan, M.A. Khan, F.M. Alshabrmi, A. Alruwetei, M. Aljasir, F.F.
Aba Alkhayl, A.H. Rahmani, O. Al Rugaie, A.M. Alnuqaydan, S.A. Alsagaby, F.M. Aldakheel, S.A. Almatroodi, Thyme
oil alleviates Ova-induced bronchial asthma through modulating Th2 cytokines, IgE, TSLP and ROS, Biomedicine
&amp; Pharmacotherapy = Biomedecine&amp; Pharmacotherapie 140 (2021) 111726.
https://doi.org/10.1016/j.biopha.2021.111726.

[42]Maha, I. Al-Khalaf, Thyme and Thymol Effects on Induced Bronchial Asthma in Mice, Life Sci J 10 (2013) 1097-8135.
http://www lifesciencesite.com.97 (accessed June 1, 2024).

[43]A.M. Beer, J. Lukanov, P. Sagorchev, Effect of Thymol on the spontaneous contractile activity of the smooth muscles,
Phytomedicine 14 (2007) 65-69. https://doi.org/10.1016/J.PHYMED.2006.11.010.

[44]S.C. Heghes, O. Vostinaru, L.M. Rus, C. Mogosan, C.A. Iuga, L. Filip, Antispasmodic Effect of Essential Oils and Their
Constituents: A Review, Molecules 24 (2019). https://doi.org/10.3390/MOLECULES24091675.

[451A.C. Cardoso-Teixeira, K. Oliveira-Abreu, L.G. de F. Brito, A.N. Coelho-de-Souza, J.H. Leal-Cardoso, A.C. Cardoso-
Teixeira, K. Oliveira-Abreu, L.G. de F. Brito, A.N. Coelho-de-Souza, J.H. Leal-Cardoso, Effects of Terpenes and
Terpenoids of Natural Occurrence in Essential Oils on Vascular Smooth Muscle and on Systemic Blood Pressure:
Pharmacological Studies and Perspective of Therapeutic Use, (2020). https://doi.org/10.5772/INTECHOPEN.94194.

Egypt. J. Chem. 68, No. 5 (2025)



