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Abstract: The use of natural health products (NHP) is constantly increasing worldwide. Among the most NHP 
consumed are the resins of Commiphora myrrha (C. myrrha) tree. Consumption of C. myrrha may result in herb-
drug interactions that can lead to serious health consequences. This study aims to determine the herb-drug 
interactions based on the induction of drug-metabolizing enzyme cytochrome P-450 (CYP) 2C9 by a non-toxic 
boiled aqueous extract of C. myrrha and to unveil the potential involvement of xenobiotic-sensing nuclear 
receptors such as Pregnane X Receptor (PXR), a well-known CYP 2C9 transcription factor. Tested at low 
concentrations (0.01-10 g/mL) devoid of anti-proliferative effects, boiled C. myrrha resin aqueous extract 
upregulated CYP 2C9 gene and protein expressions in a dose-dependent manner, reaching a mean expression 
level exceeding 3.0-fold change in Hep G2 cells, compared with the basal level expressed in untreated cells. 
Furthermore, chemical analysis using mass spectrometry and computational molecular docking using in silico 
studies revealed that few C. myrrha resin-derived metabolites are strongly bound to PXR. In particular, the 
identified metabolite named diayangambin exhibited a predicted molecular docking score close to that of a 
native PXR ligand. The use of the nuclear receptor binding assays confirmed the binding between C. myrrha 
metabolite(s) and PXR, while no binding to the other xenobiotic-sensing nuclear receptor, the constitutive 
androstane receptor (CAR), was observed, suggesting that C. myrrha metabolite(s) are potential PXR agonists. 
In conclusion, although in vivo studies are needed, this study cautions patients, healthcare providers, and 
governmental regulators against the consumption of C. myrrha and diayangambin-rich preparations with a 
high potential for herb-drug interactions through drug-metabolizing CYP 2C9 enzyme induction, which could 
affect drug efficacy.  
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1. Introduction 

Myrrha is a traditional medicine consisting of oleo-gum resins obtained from scratching off the 
bark of Commiphora myrrha (C. myrrha) Engl. (or Commiphora molmol Engl.) tree belonging to the 
Burseraceae plant family [1]. The resins are produced primarily in arid and semi-arid regions, 
particularly in East Africa and the Arabian Peninsula, and are an important component of several 
traditional medicines, including Greco-Arabic Unani, Indian Ayurveda, and Chinese alternative 
medical systems [2]. C. myrrha resins are a natural health product (NHP) prepared as a decoction, 
maceration, tincture, or raw resin and used to treat acute and chronic illnesses, including 
parasitic/fungal infections, asthma, arthritis, diabetes, and cancers [3]. Consumption of C. myrrha 
resins is popular worldwide, especially among patients from Asian populations [2]. Although scarce, 
a few studies involving the consumption of C. myrrha resins in patients have been reported. In Saudi 
Arabia, a study published that 45% of 51 diabetic patients used C. myrrha resins [4]. Another study 
reported that 90% of 453 cancer patients used complementary medicines, of which approximately 
10% of patients consumed C. myrrha resins [5]. In Taiwan, a population-based study revealed the high 
prevalence of traditional medicine use among patients with rheumatoid arthritis, with C. myrrha 
resins being among the most frequently consumed medicinal herbs [6]. Thus, drug interaction studies 
of consumed C. myrrha resins, which may affect drug metabolism through modulation of key drug-
metabolizing enzyme expression, are necessary. 

Herb-drug interaction (HDI) is a clinical situation in which the pharmacological profile of a 
pharmaceutical drug is altered upon concurrent consumption of a NHP [7]. Compared to drug-drug 
interactions, HDI is more common because it contains numerous phytochemicals and NHPs that are 
more accessible and affordable than modern drugs [8]. Among the most important HDIs is the 
alteration of the activity of phase-I cytochrome P-450 (CYP) system, a group of related enzymes 
primarily located in enterocytes and liver cells, which contribute more than 50% to the overall 
detoxification and elimination of pharmaceutical drugs [9]. Alteration of CYP enzyme activity may 
include its inhibition and induction, which can pose serious health consequences [10]. The main 
induction mechanisms involving CYP enzyme modulation occur via ligand-activated xenobiotic-
sensing nuclear receptor transcription factors, including the aryl hydrocarbon receptor, constitutive 
androstane receptor (CAR) and pregnane X receptor (PXR) [11]. Among these three nuclear receptors, 
PXR is described as the major key regulator of drug metabolism and induction of the expression of 
drug-metabolizing enzymes such as CYP 2C9 [11].  

In a clinical case report, a patient consumed a boiled aqueous extract of C. myrrha resins 
concomitantly with warfarin, which resulted in a decrease in its anticoagulant effect due to the resin 
extract-mediated impaired activity of CYP 2C9, the main CYP isoenzyme involved in warfarin 
metabolism [12]. In our previous experimental studies, we observed that boiled aqueous extract of C. 
myrrha resins increased the gene and protein expression levels of CYP 2C9 in Hep G2 cells [13]. In the 
present study, at low non-toxic doses of boiled C. myrrha resin aqueous extract, CYP 2C9 enzyme 
gene and protein expression levels were significantly induced in cultured Hep G2 cells. Further drug 
interaction investigations included (1) determining whether the boiled C. myrrha aqueous extract 
contains agonists of PXR and CAR, well-known CYP 2C9 transcription factors, by performing the 
human xenobiotic nuclear receptor PXR and CAR binding assays; (2) tentatively identifying the 
bioactive secondary phytochemical metabolites in the boiled aqueous extract of C. myrrha resin using 
liquid chromatography and mass spectrometry/time-of-flight (LC-QTOF); and (3) performing in silico 
molecular docking studies involving the identified C. myrrha-derived metabolites against the crystal 
structure of the human PXR receptor.   
  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 September 2024 doi:10.20944/preprints202409.0500.v1

https://doi.org/10.20944/preprints202409.0500.v1


 3 

 

2. Results 

2.1. Anti-proliferative effect of high dose of endotoxin-free boiled C. myrrha resins aqueous extract in Hep G2 
cells  

Initially, we determined the endotoxin contamination levels in the boiled aqueous extract of C. 
myrrha resins before performing in vitro studies. The average endotoxin contamination level was 
measured at 3.43 ± 0.10 Endotoxin Unit (EU)/mL (or 171.5 EU/g of C. myrrha resin), a detected amount 
considered acceptable and below the maximum contamination level for cell culture experiments, 
including proliferation and gene/protein expression studies [14]. The endotoxin-free boiled aqueous 
extract of C. myrrha resins inhibited Hep G2 cell viability in a dose-dependent manner when tested 
from 50 mg/mL, as shown in Fig. 1. Low extract concentrations of boiled C. myrrha resin aqueous 
extract, ranging from 0.001 to 10.0 µg/mL, had non-toxic effects and were selected for downstream 
experiments because they were devoid of anti-proliferative effects in Hep G2 cells (Fig. 1). 

 
Figure 1. The concentration-cell viability relationship of boiled aqueous extract of C. myrrha resins on 
hepatocarcinoma Hep G2 cells was established after cell exposure to increasing concentrations of the 
extract for 48 hrs, then subjected to MTT assay. Each point was normalized to the untreated cells (the 
100%) and presented as the mean ± standard deviation (SD) of three independent experiments. 

2.2. CYP 2C9 gene and protein expression measurements 

After determining the optimal C. myrrha extract concentrations devoid of anti-proliferative 
effects on Hep G2 cells, we determined whether the treatment modulated the gene and protein 
expression levels of the CYP 2C9 enzyme. RT-qPCR results indicated that boiled extracts of C. myrrha 
induced CYP 2C9 gene expression in vitro, exceeding a 2.0-fold increase in gene expression levels 
compared to the basal CYP 2C9 expression level monitored in untreated Hep G2 cells, the control, as 
observed in Fig. 2. In addition, CYP 2C9 protein expression was also induced at low concentrations 
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exceeding a 3.0-fold change over the basal CYP 2C9 protein expression level detected in the untreated 
cells, as shown in Fig. 3. Although no significant difference was obtained at all concentrations of 
Rifampicin on the induction of CYP 2C9 gene expression levels (Fig. 2), a significant difference was 
obtained after testing low concentrations of Rifampicin (p < 0.01 at 0.01 mM and p < 0.05 at 0.1 mM, 
Fig. 3) on the induction of CYP 2C9 protein expression levels, compared to the basal level detected in 
the untreated Hep G2 cells (Figs. 2 and 3).  

 

Figure 2. The modulatory effects of boiled aqueous extracts of C. myrrha resins on gene expression 
levels of CYP 2C9 isoenzyme in Hep G2 cells were monitored by RT-qPCR. Three independent cell 
treatments were performed for each boiled C. myrrha resin aqueous extract concentration. Rifampicin 
tested at four different concentrations (0.01 to 10 µM) was used as the inducer, the positive control. 
Results are presented as mean ± SD. * indicates p value < 0.05 in comparison to untreated control. 
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Figure 3. (A) Representative Western Blot images showing increased CYP 2C9 expression levels 
compared to untreated Hep G2 cells. (B) The modulatory effects of boiled aqueous extract of C. myrrha 
resins on the protein expression level of the CYP 2C9 enzyme in HepG2 cells were assessed by 
Western Blot analysis using ImageJ software. Three independent cell treatments were performed for 
each C. myrrha resin extract concentration. Rifampicin tested at four different concentrations (0.01 to 
10 µM) was used as the inducer, the positive control. Results are presented as mean ± SD. * indicates 
p value < 0.05 in comparison to untreated control. *** indicates p value < 0.001 in comparison to 
untreated control. 

2.3. PXR and CAR receptor binding assay 

The PXR competitive binding assay was performed to determine if the boiled C. myrrha aqueous 
extract contains ligands for the nuclear receptors of PXR and CAR, well known as transcription 
factors and key regulators of drug metabolism [15, 16]. The assay revealed that the constituent(s) of 
the boiled C. myrrha resin aqueous extract competitively bound to PXR with a half maximal inhibitory 
concentration (IC50) value determined to be at 0.65 ± 0.23 µg/mL, while rifampicin, known as a human 
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PXR agonist, had an IC50 value of 0.14 ± 0.09 µM, as shown in Fig. 4. In contrast, no binding was 
observed with CAR receptor, while CITCO (known as CAR agonist) had the half-maximal effective 
concentration (EC50) measured at 0.023 ± 0.004 nM, as shown in Fig. 5.  

 

Figure 4. PXR competitive binding assay in the presence of rifampicin (positive control, top) and 
boiled C. myrrha resin aqueous extract (bottom). The assay was performed using the LanthaScreen™ 
TR-FRET PXR (SXR) competitive binding assay kit as per the manufacturer’s instructions. Each point 
presents the mean ± SD of three independent experiments. 
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Figure 5. CAR competitive binding assay in the presence of CITCO (positive control, top) and boiled 
C. myrrha resin aqueous extract (bottom). The assay was performed using the LanthaScreen™ TR-FRET 
Constitutive Androstane Receptor  Coactivator Assay kit as per the manufacturer’s instructions. Each 
point presents the mean ± SD of three independent experiments. 

2.4. LC-QTOF analysis  

The boiled aqueous extract of C. myrrha resins was subjected to total ion current spectra data, as 
shown in Fig. 6, using the MassHunter data-analysis program (Agilent Technologies), a qualitative 
and quantitative analysis software . After conducting mass screening on the spectrum, we 
summarized the following chemical features that were extracted from the liquid chromatography-
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mass spectrometry data using the molecular feature extraction (MFE) algorithm and recursive 
analysis workflow. Features were extracted by screening nodes detected at various retention times 
per minute, with a minimum intensity of 6,000 counts and aligned with previously detected 
compounds considering adducts ([M+H]+ and [M-H]-). The compounds tentatively identified were 
mansumbinol [17], lindestrene [18], diayangambin [19], myrrhanone B [19], α-bisabolene [20], 
furanogermacrens [18], commic acid E [21], and furanoeudesma-1,4-dien-6-one [18].  

 
Figure 6. Base peak chromatogram of boiled C. myrrha resin aqueous extract. The extracted and 
tentatively identified secondary metabolites are methyl esters of mansumbinol (A), lindestrene (B), 
diayangambin (C), myrrhanone B (D), α-bisabolene (E), euranogermacrens (F), commic acid E (G), 
and furanoeudesma-1,4-dien-6-one (H). Means m/z implies measured m/z. 

2.5. In silico docking studies  

The study utilized molecular docking analysis to investigate the potential interactions of 
secondary metabolites of C. myrrha resin aqueous extract with PXR crystal structures. Our findings 
revealed that the metabolite diayangambin exhibited higher binding affinity with PXR (-5.393) than 
its native ligand (-10.015), which was indicated by the Pi-Pi stacking interactions with phenylalanine 
(PHE) 288 and tyrosine (TYR) 306 (Fig. 7) through a single aromatic ring in its structure (Fig. 8). A 
comparison between diayangambin and rifampicin showed similar occupancy. The docking results 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 September 2024 doi:10.20944/preprints202409.0500.v1

https://doi.org/10.20944/preprints202409.0500.v1


 9 

 

provided crucial insights into the potential molecular mechanisms underlying the molecular 
interactions between boiled C. myrrha resin aqueous extract-derived metabolites and nuclear 
receptors, known to contribute to the induction of CYP enzyme expression and activity. 

 
Figure 7. The molecular interactions between Diayangambin and PXR crystal structure. 
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Figure 8. Interaction maps for Diayangambin and native ligand with the PXR crystal structure. 

3. Discussion 

The production and use of traditional medicines in the world is on the rise [22]. According to 
the World Health Organization, approximately 60% of the world population rely on traditional 
medicines, and 80% of populations in developing countries use traditional medicines as the first-line 
of treatment [23]. The high rate of NHP use is expected to continue in developing countries as 
traditional medicines are widely available and affordable compared to modern medicines. Due to the 
high consumption of medicinal plants, which contain an array of phytochemical groups, the number 
of adverse drug reactions due to herb-drug interactions is expected to be higher in these populations. 
Thus, studies to determine whether traditional folk medicines could modulate the expression of 
phase I and II metabolic enzymes are urgently needed, especially for CYP enzymes, which are 
involved in more than 50% of pharmaceutical drug metabolism in humans [24]. In the current study, 
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we determined the modulation of the expression of the major drug-metabolizing isoenzyme CYP 2C9 
by the traditional medicine C. myrrha resins using a series of in vitro and in silico studies, including 
CYP 2C9 gene and protein expression assays, xenobiotic-sensing nuclear receptor binding assays, 
and computational molecular docking.  

First, we determined the endotoxin contamination levels in the boiled C. myrrha resin aqueous 
extract using the quantitative chromogenic endotoxin kit based on the LAL assay because high levels 
of endotoxin contamination can affect the proliferation rate of numerous cell lines [25]. Elevated 
levels of endotoxin contamination were also reported to interfere with CYP isoenzyme expression in 
humans [26]. However, in our study, the endotoxin levels measured in the C. myrrha resin aqueous 
extract were below the conservative maximum acceptable limit of endotoxin levels of 5.0 EU/mL for 
in vitro cell culture conditions [14]. Thus, an endotoxin removal step for the boiled C. myrrha resin 
aqueous extract prior to Hep G2 cell treatment was unnecessary. Once the resin extract was suitable 
for cell culture, we assessed the viability of Hep G2 cells in response to various boiled C. myrrha resin 
aqueous extract concentrations using the MTT assay to select non-toxic resin extract concentrations 
for subsequent CYP gene and protein expression level evaluations. Based on the concentration-cell 
viability inhibition slope shown in Fig. 1, we selected concentrations of 10.0 µg/mL of C. myrrha resin 
extract and less for subsequent experiments because no inhibition of proliferation was observed at 
these extract concentrations. Furthermore, the selected non-toxic C. myrrha resin aqueous extract 
concentrations were also considered clinically relevant, as the typical dose of consumption by 
patients was 3-5 g of C. myrrha resins for 2 to 3 consecutive days [27]. 

According to the United States Food and Drug Administration (USFDA) guidance for clinical 
drug interaction studies (www.fda.gov/regulatory-information/search-fda-guidance-documents/in-
vitro-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-
interactions), evaluation of CYP gene and protein expression levels must be performed using a 
negative control (i.e., untreated control) and a positive control (i.e., rifampicin) [28]. The guideline 
states that the typical in vitro induction fold change for CYP 2C9 after treatment of cells with 
rifampicin, at a concentration of 10.0 µM, is approximately 2.0 times the basal CYP 2C9 enzyme gene 
expression level detected in the negative control [28]. Based on CYP gene expression monitoring 
using qPCR, the average induction observed in this study was found to be a 2.0-fold change, 
indicating that the configuration of the experiment was adapted to the potential detection of CYP 2C9 
activity induced by the tested extract. The qPCR results showed an induction of CYP 2C9 isoenzyme 
in a dose-dependent manner exceeding 2.0-fold change compared to the untreated control. According 
to USFDA Guidance [28], the boiled C. myrrha resin aqueous extract is considered an inducer of CYP 
2C9, because the expression in boiled C. myrrha resin aqueous extract-treated cells exceeds the 2.0-
fold change cut-off compared to untreated cells. Using Western blot analysis, CYP 2C9 protein 
expression was shown to be induced in cells treated with C. myrrha resin aqueous extract, exceeding 
a 3.0-fold change compared to the basal level detected in untreated cells. Thus, modulation of CYP 
2C9 expression level was observed at both transcriptional and translational levels. Once modulation 
of the CYP 2C9 gene and protein expression was confirmed, we attempted to determine whether the 
boiled aqueous extract of C. myrrha contains ligands for the nuclear receptors PXR and CAR. Both 
PXR and CAR are considered to be the main nuclear receptors involved in drug metabolism induction 
mediated by CYP enzymes [29]. Based on our findings using the receptor binding assays, the C. 
myrrha extract does not contain ligands for the nuclear receptor CAR. In contrast, the results for the 
PXR competitive binding kit indicate that the C. myrrha extract contained ligand(s) for the nuclear 
receptor PXR. It is noteworthy that induction of human CYP 2C enzymes, including 2C9, was found 
to be primarily regulated by PXR activation rather than CAR [15, 30].    

The chemical features of the boiled C. myrrha resin aqueous extract were extracted from the mass 
spectrometry data using the MFE algorithm and recursive analysis workflow as mentioned above. 
The following information is detailed for the provisional identification of C. myrrha metabolites as 
follows:  

ElectroSpray Ionisation (ESI) scanning A: The appeared m/z value at retention time (0.506 min) 
were correlated with the compound mansumbinol [17], with m/z [M + H]+  315.3336 daltons and 
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molecular formula of [C22H36O]+, in positive ion mode, and [M - H]- with m/z 313.163 daltons in 
negative mode, indicating that the compound has a molecular weight of 315.521 g mol-1. The 
appeared m/z value at retention time (0.506 min) were correlated with the compound methyl esters 
of commic acids [21], with m/z [M + H]+  425.3998 daltons and molecular formula of [C29H46O2]+, 
in positive ion mode, and [M - H]- with m/z 423.268 daltons in negative mode, indicating that the 
compound has a molecular weight of 424.350 g mol-1. 

ESI scanning B: The appeared m/z value at retention time (0.6044 min) were correlated with the 
compound lindestrene [18], with m/z [M + H]+  215.397 daltons and molecular formula of 
[C15H18O]+, in positive ion mode, and [M - H]- with m/z 214.277 daltons in negative mode, 
indicating that the compound has a molecular weight of 214.303 g mol-1. The appeared m/z value at 
retention time (0.6044 min) were correlated with the compound methyl esters of commic acids [21], 
with m/z [M + H]+  475.0357 daltons and molecular formula of [C29H46O5]+, in positive ion mode, 
and [M - H]- with m/z 473.268 daltons in negative mode, indicating that the compound has a 
molecular weight of 474.673 g mol-1. 

ESI scanning C: The appeared m/z value at retention time (6.343 min) were correlated with the 
compound Diayangambin [19], with m/z [M + H]+  447.0984 daltons and molecular formula of 
[C24H30O8]+, in positive ion mode, and [M - H]- with m/z 445.357 daltons in negative mode, 
indicating that the compound has a molecular weight of 446.490 g mol-1  . 

ESI scanning D: The appeared m/z value at retention time (6.741 min) were correlated with the 
compound Myrrhanone B [19], with m/z [M + H]+  473.2819 daltons and molecular formula of 
[C30H48O4]+, in positive ion mode, and [M - H]- with m/z 471.517 daltons in negative mode, 
indicating that the compound has a molecular weight of 472.700 g mol-1  . 

ESI scanning E: The appeared m/z value at retention time (9.675 min) were correlated with the 
compound α-bisabolene [20], with m/z [M + H]+  201.2214 daltons and molecular formula of 
[C15H22O8]+, in positive ion mode, and [M - H]- with m/z 199.137 daltons in negative mode, 
indicating that the compound has a molecular weight of 200.335 g mol-1  . 

ESI scanning F: The appeared m/z value at retention time (17.750 min) were correlated with the 
compound Furanogermacrens [18], with m/z [M + H]+  447.0984 daltons and molecular formula of 
[C16H20O3]+, in positive ion mode, and [M - H]- with m/z 259.341 daltons in negative mode, 
indicating that the compound has a molecular weight of 260.328 g mol-1 . 

ESI scanning G: The appeared m/z value at retention time (19.875 min) were correlated with the 
compound Commic acid E [21], with m/z [M + H]+  488.450 daltons and molecular formula of 
[C30H48O5]+, in positive ion mode, and [M - H]- with m/z 487.303 daltons in negative mode, 
indicating that the compound has a molecular weight of 488.699 g mol-1 . 

ESI scanning H: The appeared m/z value at retention time (19.875 min) were correlated with the 
compound Furanoeudesma-1,4-dien-6-one [18], with m/z [M + H]+ 226.118 daltons and molecular 
formula of [C15H16O2]+, in positive ion mode, and [M - H]- with m/z 225.231 daltons in negative 
mode, indicating that the compound has a molecular weight of 226.286 g mol-1. 

It has been reported that a few metabolites present in C. myrrha resin could potentially interfere 
with drug metabolism, resulting in increased or decreased drug concentrations, leading to the 
adverse drug reactions as mentioned previously [12, 13, 31]. One of the most active secondary 
metabolites found in C. myrrha is diayangambin, a furofuran lignin that exhibits anti-inflammatory 
activity and immunomodulation effects in vitro and in vivo [32]. The present study suggests, for the 
first time, that diayangambin has the potential to induce CYP 2C9 isoenzyme through modulation of 
PXR. PXR and CAR binding assays and molecular docking analysis suggest that diayangambin may 
act as a PXR agonist, thereby leading to upregulation of CYP 2C9, the major drug-metabolizing 
enzyme . This study extends previously reported findings related to C. myrrh extract-induced CYP 
2C9 expression by providing insights into the potential molecular mechanisms underlying the 
interaction between C. myrrh metabolites and the nuclear receptor PXR. Further studies are needed 
to confirm the in vivo effects of diayangambin and determine its clinical relevance. However, our 
results provide a strong foundation for future research in this area. Of note, diayangambin, the main 
lignan, is distributed in numerous medicinal plant species, including the kawakawa leaves 
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(Macropiper excelsum Miq.) [33. 34], Piper arborescens Roxb. [35], the Texas Sage (Leucophyllum frutescens 
(Berland.) I.M. Johnst.) [36], Piper fimbriulatum C.DC. [37], and Mitrephora winitii Craib [38], to name 
just a few. Thus, caution is recommended in patients consuming diayangambin-rich natural products 
concomitantly with pharmaceutical drugs mainly metabolized by CYP enzymes, particularly the CYP 
2C9 enzyme. 

4. Materials and methods  

4.1. Chemicals and materials 

Dulbecco's modified Eagle medium (DMEM) plus GlutaMax-1 (4.5g/L D-glucose, 25 mM 
HEPES, pyruvate), fetal bovine serum (FBS), TrypLE™ Express and Dulbecco's phosphate-buffered 
saline (PBS) were provided from Gibco® (Waltham, MA). Rifampicin (USP grade, ≥ 97%) was 
obtained from UFC Biotechnology Fine Chemicals (Amherst, NY). NP40 cell lysis buffer was 
purchased from Invitrogen (Thermo Fisher Scientific, Carlsbad, CA). Purified carbon dioxide (CO2) 
gas was provided by Saudi Industrial Gas (Dammam, Saudi Arabia). Ultrapure water was produced 
using a Millipore (Billerica, MA) system with a resistivity reading of 18.2 MΩ·cm at 25°C.   

4.2. Source of C. myrrha resins 

Resins were purchased from Boswellness (Colchester, VT) under product number 10018 and lot 
number CM000105. The herb was certified free of organics, pesticides and preservatives as the resins 
were wildcrafted in the Federal Republic of Somalia by experts. The resins were stored in a cool, dark 
place until extraction. The remaining resins were kept for future reference if needed.   

4.3. Extraction of C. myrrha resins 

Prior to the extraction, C. myrrha resins were finely powdered using an electric grinder. Using 
the boiling water extraction method, approximately 500 mg of resin powder was mixed with 10 mL 
of ultrapure water and boiled until half of the volume was evaporated. The extracts were filtered 
using a Sartorius stedim biotech (Göttingen, Germany) ashless quantitative filter paper and dried in 
a Thermo Scientific Savant SPD2010 SpeedVac Concentrator until completely dry. The dried pellets 
were weighted and reconstituted with 1 mL of ultrapure water by vortexing until completely 
dissolved. The reconstituted extracts were stored at a cool temperature in the dark until use. 

4.4. Endotoxin Limulus Amebocyte Lysate (LAL) assay 

Endotoxin contamination levels in C. myrrha boiled aqueous extracts were measured using the 
Thermo Scientific Pierce™ Chromogenic Endotoxin Quant kit (#A39553) according to the 
manufacturer’s instructions. 

4.5. Hep G2 cell culture and treatment  

The human hepatocarcinoma cell line Hep G2 (#HB-8065), derived from a fifteen-year-old 
Caucasian adolescent male patient diagnosed with hepatocellular carcinoma, was originally 
purchased from the American Type Culture Collection (Manassas, VA). Cells were cultured in 
complete DMEM Glutamax-I medium containing 10% (v/v) heat-inactivated FBS, 1% (v/v) penicillin 
G (100 IU/mL), and streptomycin (100 µg/mL) and incubated at 37˚C in 5% CO2 and 95% relative 
humidity. The culture medium was changed every 2 to 3 days, and the cells were subcultured when 
the cell population reached 70 to 80% confluence. Cells were seeded at different densities depending 
on each experimental design requirement. For the cell viability assay, C. myrrha boiled aqueous 
extracts were tested at concentrations ranging from 0.05 to 300 µg dry weight per mL. For gene and 
protein expression level determination, Hep G2 cells were treated with different concentrations of 
resin extracts ranging from 0.001 to 10 µg/mL. Rifampicin concentrations ranging from 0.001 to 10 
µM were used as a positive control for induction of CYP 2C9 expression. 
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4.6. Hep G2 cell viability inhibition assay  

The biological effect of boiled aqueous extract of C. myrrha resins on Hep G2 cell viability was 
determined using a 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay-
based cell growth determination kit (#CGD-1, Sigma-Aldrich, St. Louis, MO). Briefly, previously 
seeded (1 × 104 cells/well) in 96-well plates, treated and untreated Hep G2 cells were incubated for 48 
hrs, then 5% MTT solution was added for 3 hrs at 37°C. The MTT solution was replaced with an equal 
volume of DMSO. The plates were shaken for 45 min at room temperature. Absorbance was 
measured at 560 nm using a BioTek Instruments Universal Microplate Reader ELx800 counter 
(Winooski, VT). 

4.7. RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) 

Untreated and treated Hep G2 cells (2 × 105 cells/ well) were washed with PBS and harvested 
using TrypLE™ Express solution. Cells were transferred to a 1.5 mL tube and centrifuged at 15,000 
rpm for 5 min to obtain pellets, which were stored at -20°C until use. Whole RNA was extracted from 
treated and untreated cell pellets using the Qiagen (Hilden, Germany) RNeasy Plus Mini kit (#74106) 
according to the manufacturer’s instructions. The method used was based on El-Gendy and El-Kadi 
[39] with modifications [13]. Briefly, complementary DNA (cDNA) at 200.0 ng per well was first 
produced from the whole RNA extract via reverse transcription using the Applied Biosystems™ 
(Waltham, MA) High-Capacity cDNA Reverse Transcription kit (#4368813). Quantitative real-time 
PCR was performed using a Thermo Fisher Scientific SYBR Green PCR Master Mix kit (#4309155) and 
carried out on the Applied Biosystems™ 7900 real-time PCR system. For each analysis, a negative 
control was prepared using all reagents except the cDNA template. The primer sequences used for 
CYP 2C9 are as follows: 5'-GACAGAAAGGACAAAGAGGAAGAGG-3' (forward) and 5'-
GTTATAGAGAGCTGAGATCACACCACTG-3' (reverse). The housekeeping gene glyceraldehyde-
3-phosphate dehydrogenase (GAPDH), with primer sequences as follows:  5'-
CCAGGGCTGCTTTTAACTCTGG-3' (forward) and 5'-CCAGTGGACTCCACGACGTAC-3' 
(reverse), was used as an internal control. The pair primers were used at a concentration of 10.0 
pmol/µL.   

4.8. Protein extraction and Western Blot technology 

Hep G2 cells (3 × 105 cells) were washed twice with PBS and 80.0 µL of NP40 lysis buffer were 
added to the cell pellets and incubated for 30 min on ice with repeated vortexing at 5-10 min intervals, 
resulting in protein extraction. The cell lysate was transferred to a 1.5 mL tube and centrifuged at 
13,000 rpm at 4°C for 10 min. The supernatant containing the whole cell lysate was transferred to a 
1.5 mL tube and stored at -80°C until use. Protein quantity was measured using the Molecular 
Probes™ Life Technologies (Eugene, OR) Qubit Protein Assay kit (#Q33212) as per the manufacturer’s 
instructions. The method used in this study was based on Alehaideb et al. [13] with slight 
modifications. Briefly, protein samples, at 120.0 µg per well, were separated on 12% sodium dodecyl 
sulfate–polyacrylamide gels and electro-blotted to a 0.45 µm polyvinylidene difluoride (PVDF) 
transfer membrane (#88518, Thermo Fisher). Primary mouse monoclonal anti-CYP2C9 (#MA5-17064, 
Invitrogen) and anti-GAPDH (#AM4300, Invitrogen) antibodies were used as probes for staining 
PVDF membranes. The housekeeping protein GAPDH was used as a loading control. The IRDye® 
goat anti-mouse secondary antibody (#926-32210, LI-COR Biosciences, Lincolin, NE) was used for 
detection on the LI-COR Odyssey imaging system and measurement of CYP 2C9 and GAPDH 
expressions. In all gels, a LI-COR Chameleon Due Pre-Stained Protein Ladder (#928-60000) was 
included. 

4.9. PXR competitive-binding assay 

Binding affinity of C. myrrha resin constituent mixture with PXR was performed using the 
Thermo Scientific LanthaScreen™ TR-FRET PXR (SXR) Competitive-Binding Assay Kit (# PV4839) 
according to the manufacturer’s instructions. 
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4.10. Human CAR Coactivator Assay 

Binding of phytochemical(s) from C. myrrha resin aqueous extracts were determined using the 
LanthaScreen™ TR-FRET Constitutive Androstane Receptor Coactivator Assay kit (# PV4836, 
Thermo Scientific) as per the manufacturer’s instructions. 

4.11. Metabolite identification by liquid chromatography and time-of-flight (LC-QTOF) 

The separation method and attempted identification of the boiled C. myrrha resin aqueous 
extract-derived metabolites were performed using an Agilent 1260 Infinity high-performance liquid 
chromatography system coupled to 6530 Q-TOF (Agilent Technologies, Santa Clara, CA) as described 
in Alehaideb et al. [40]. Briefly, separation was performed using an Agilent SB-C18 column (4.6 mm 
× 150 mm, 1.8 µm particle size) with the programmed elution gradient: 0 to 2 min, 5% B; 2 to 17 min, 
5 to 100% B; 17 to 21 min, 95% B; 21 to 25 min, 5% B, using mobile-phase A (0.1% formic acid in water) 
and mobile-phase B (0.1% formic acid in methanol). The injection volume was 10 µL, and the flow 
rate was set at 250 µL/min. The gas temperature was set at 300℃, the gas flow at 8 L/min, the nebulizer 
pressure at 35 psi, the sheath gas flow rate at 11 L/min with temperature at 350℃, and the scanning 
range was set from 50 to 800 mass-to-charge (m/z). The data was generated by the Agilent 
MassHunter (version B.06.00) analysis software.   

4.12. PXR docking studies 

To investigate the potential interference of the boiled C. myrrha aqueous extract-derived 
secondary metabolites with PXR crystal structure, we obtained the 3D crystal structure of PXR 
(Protein Data Bank (PDB) 1SKX) from the Research Collaboratory for Structural Bioinformatics PDB. 
The protein structure was refined, minimized, and optimized using the OPLS4 force field with the 
Protein Preparation Wizard tool (PrepWizard, Schrödinger Release 2023-2: GLIDE, Schrödinger, 
LLC, New York, NY). The chemical structures of the identified secondary metabolites were prepared 
using Schrödinger's LigPrep tool, generating several optimized and minimized conformations for 
their lowest energy conformation. Molecular docking analysis was performed using the (standard 
precision) and (extra precision) scoring functions of GLIDE, followed by post-docking analysis for 
docked poses. 

4.13. Data analysis and statistics  

Using RT-qPCR assay, gene expression values were normalized to GAPDH and considered 
positive for induction or suppression if exceeding the 2-fold change relative to untreated cells, the 
control (i.e., 2.0 or 0.5-fold cut-off, respectively) (USFDA, 2020). For Western blot analysis, the protein 
expression level detected in treated cells was measured and then related to the basal protein 
expression level detected in untreated cells using ImageJ software 
(http://rsbweb.nih.gov/ij/index.html). For PXR receptor binding assays, IC50 values were estimated 
based on plotting log10 values of dry extract weight of C. myrrha versus the time-resolved fluorescence 
resonance energy transfer (TR-FRET) emission ratio (i.e., 520/490 nm) using the sigmoidal dose-
response model in GraphPad Prism (San Diego, CA) software version 5.04. For the CAR coactivator 
binding assay, the EC50 values were estimated based on the plot of log10 values of C. myrrha dry extract 
weight versus TR-FRET emission ratio using the agonist-response (three parameters) model in 
GraphPad Prism software. The results of this study are expressed as mean ± SD from three 
independent experiments. A student’s unpaired two-tailed t-test was employed to determine the 
statistical significance of treatment compared to untreated controls.  

5. Conclusions 

C. myrrha has been used for centuries for its various health benefits, but recent studies have 
shown that it may have potential drug interactions with medications metabolized by the CYP enzyme 
system. In this study, we demonstrated the modulation of CYP 2C9 enzyme expression by C. myrrha 
resins. The results conclude that the boiled C. myrrha resin aqueous extract induced the gene and 
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protein expression levels of the drug-metabolizing CYP 2C9 enzyme, and C. myrrha extract contains 
ligand(s) and possibly agonist(s) of the PXR receptor. Furthermore, mass spectrometry and molecular 
docking results revealed that among all the metabolites identified in C. myrrha resin extract, 
diayangambin appeared to exhibit a high docking score with PXR structure, an important regulator 
of drug metabolism. This study is beneficial for C. myrrha-related health risk assessment studies and 
warns consumers and healthcare providers against the concomitant consumption of C. myrrha resins 
and drugs primarily metabolized by the CYP 2C9 enzyme. 

Author Contribution: Conceptualization, A.S. and Z.E.; Methodology, Z.E., A.K, and S.M.; Software, 
S.G., R.S., S.T., A.S., and B.H.; Validation, A.S., B.H., J.M., and Z.E.; Formal Analysis, A.S., S.T., and 
Z.E.; Investigation, A.S., Z.E., S.G., R.S., S.T., F.M., B.H., and J.M.; Resources, Z.E., M.B., and S.M.; 
Data Curation, A.S. and Z.E.; Writing – Original Draft Preparation, A.S., Z.E., and S.M.; Writing – 
Review & Editing, A.T., M.B., A.K., and S.M.; Visualization, A.S., J.M., and Z.E.; Supervision, Z.E., 
A.K., M.B., and S.M.; Project Administration, Z.E. and M.B.; Funding Acquisition, Z.E. and M.B. 

Funding: This study is fully funded by King Abdullah International Medical Research Centre 
(KAIMRC) under grant number RC17/093/R. 

Conflict of Interest: The authors declare that there are no conflicts of interest. 

Abbreviations 

CAR, constitutive androstane receptor; cDNA, complementary deoxyribonucleic acid; C. myrrha, 
Commiphora myrrha; CO2, carbon dioxide; CYP, Cytochrome P-450; DMEM, Dulbecco's modified 
Eagle medium; EC50, half-maximal effective concentration; ESI, electrospray ionisation; EU, 
endotoxin unit; FBS, fetal bovine serum; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HDI, 
herb-drug interactions; IC50; half-maximal inhibitory concentration; LAL, limulus amebocyte lysate; 
LC-QTOF, liquid chromatography-mass spectrometry time-of-flight; log10, logarithm base 10; MFE, 
molecular feature extraction; MTT, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide; 
m/z, mass to charge; NHP, natural health product; PBS, phosphate-buffered saline; PDB, protein data 
bank; PVDF, polyvinylidene difluoride; PXR, pregnane X receptor; RCSB, Research Collaboratory for 
Structural Bioinformatics; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; 
SD, standard deviation; SP, standard precision; TR-FRET, Time-Resolved Fluorescence Resonance 
Energy Transfer; USFDA, United States Food and Drug Administration; XP, extra precision 

References  

1. [1] Wagner, H.; Bauer, R.; Melchart, D.; Xiao, P.G.; Staudinger, A. Thin-Layer and High Performance Liquid 
Chromatography of Chinese Drugs. In Chromatographic Fingerprint Analysis of Herbal Medicines 
Volume III. 2015, 71-8. DOI: 10.1007/978-3-319-06047-7. 

2. [2] Batiha, G.E.; Wasef, L.; Teibo, J.O.; Shaheen, H.M.; Zakariya, A.M.; Akinfe, O.A.; Teibo, T.K.A.; Al-
Kuraishy, H.M.; Al-Garbee, A.I.; Alexiou, A.; Papadakis, M. Commiphora myrrh: a phytochemical and 
pharmacological update. Naunyn Schmiedebergs Arch Pharmacol. 2023, 396, 405-420. DOI: 10.1007/s00210-
022-02325-0. 

3. [3] Abukhader, R.; AL Tawaha, A.R. Amazing Benefits of Myrrh. Int. J. Pharm. Res. 2021, 13, 303-308. DOI: 
10.31838/ijpr/2021.13.02.069. 

4. [4] Al-Rowais, N.A. Herbal medicine in the treatment of diabetes mellitus. Saudi Med J. 2002, 23, 1327-1331. 
PMID: 12506289. 

5. [5] Jazieh, A.R.; Al Sudairy, R.; Abulkhair, O.; Alaskar, A.; Al Safi, F.; Sheblaq, N.; Young, S.; Issa, M.; 
Tamim, H. Use of complementary and alternative medicine by patients with cancer in Saudi Arabia. J. 
Altern. Complement. Med. 2012, 18, 1045-1049. DOI: 10.1089/acm.2011.0266. 

6. [6] Huang, M.C.; Pai, F.T.; Lin, C.C.; Chang, C.M.; Chang, H.H.; Lee, Y.C.; Sun, M.F.; Yen, H.R. 
Characteristics of traditional Chinese medicine use in patients with rheumatoid arthritis in Taiwan: A 
nationwide population-based study. J. Ethnopharmacol. 2015, 176, 9-16. DOI: 10.1016/j.jep.2015.10.024. 

7. [7] Zhang, Y.; Ip, C.M.; Lai, Y.S.; Zuo Z. Overview of current herb–drug interaction databases. Drug Metab. 
Dispos. 2022, 50, 86-94. DOI: 10.1124/dmd.121.000420. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 September 2024 doi:10.20944/preprints202409.0500.v1

https://doi.org/10.20944/preprints202409.0500.v1


 17 

 

8. [8] Mukherjee, P.K.; Banerjee, S.; Gupta, B.D.; Kar, A. Evidence-based validation of herbal medicine: 
Translational approach. In Evidence-Based Validation of Herbal Medicine 2022 Jan 1 (pp. 1-41). Elsevier. 
DOI: 10.1016/B978-0-323-85542-6.00025-1. 

9. [9] Wilkinson, G.R. Drug metabolism and variability among patients in drug response. N. Engl. J. Med. 2005, 
352, 2211-2221. DOI: 10.1056/NEJMra032424. 

10. [10] Brantley, S.J.; Argikar, A.A.; Lin, Y.S.; Nagar, S.; Paine, M.F. Herb–drug interactions: challenges and 
opportunities for improved predictions. Drug Metab. Dispos. 2014, 42, 301-317. DOI: 
10.1124/dmd.113.055236. 

11. [11] Handschin, C.; Meyer, U.A. Induction of drug metabolism: the role of nuclear receptors. Pharmacol. 
Rev. 2003, 55, 649-673. DOI: 10.1124/pr.55.4.2. 

12. [12] Al Faraj, S. Antagonism of the anticoagulant effect of warfarin caused by the use of Commiphora 
molmol as a herbal medication: a case report. Ann. Trop. Med. Parasitol. 2005, 99, 219-20. DOI: 
10.1179/136485905X17434. 

13. [13] Alehaideb, Z.; Alatar, G.; Nehdi, A.; Albaz, A.; Al-Eidi, H.; Almutairi, M.; Hawsa, E.; Alshuail, N.; 
Matou-Nasri, S. Commiphora myrrha (Nees) Engl. resin extracts induce phase-I cytochrome P450 2C8, 2C9, 
2C19, and 3A4 isoenzyme expressions in human hepatocellular carcinoma (HepG2) cells. Saudi Pharm. J. 
2021, 29, 361-368. DOI: 10.1016/j.jsps.2021.03.002. 

14. [14] Epstein, J.; Lee, M.M.; Kelly, C.E.; Donahoe, P.K. Effect of E. coli endotoxin on mammalian cell growth 
and recombinant protein production. In vitro Cell Dev Biol. 1990, 26, 1121-1122. DOI: 10.1007/BF02623686. 

15. [15] Al-Dosari, M.S.; Knapp, J.E.; Liu, D. Activation of human CYP2C9 promoter and regulation by CAR 
and PXR in mouse liver. Mol. Pharm. 2006, 3, 322-328. DOI: 10.1021/mp0500824. 

16. [16] Niemira, M.; Dastych, J.; Mazerska, Z. Pregnane X receptor dependent up-regulation of CYP2C9 and 
CYP3A4 in tumor cells by antitumor acridine agents, C-1748 and C-1305, selectively diminished under 
hypoxia. Biochem. Pharmacol. 2013, 86, 231-241. DOI: 10.1016/j.bcp.2013.05.008. 

17. [17] Provan, G.J.; Waterman, P.G. The mansumbinanes: Octanordammaranes from the resin of Commiphora 
incisa. Phytochemistry 1986, 25, 917-922. DOI: 10.1016/0031-9422(86)80027-9. 

18. [18] Brieskorn CH, Noble P. Two furanoeudesmanes from the essential oil of myrrh. Phytochemistry 1983, 
22, 187-189. DOI: 10.1016/S0031-9422(00)80085-0. 

19. [19] Matsuda, H.; Morikawa, T.; Ando, S.; Oominami, H.; Murakami, T.; Kimura, I.; Yoshikawa, M. 
Absolute stereostructures of polypodane- and octanordammarane-type triterpenes with nitric oxide 
production inhibitory activity from guggul-gum resins. Bioorg. Med. Chem. 2004, 12, 3037-3046. DOI: 
10.1016/j.bmc.2004.03.020. 

20. [20] Nigam IC, Levi L. Essential oils and their constituents: XXXII. Gas chromatography of sesquiterpene 
hydrocarbons. J. Chromatogr. A. 1966, 23, 217-226. DOI: 10.1016/S0021-9673(01)98676-5. 

21. [21] Thomas, A. F.; Willhalm, B. The triterpenes of Commiphora IV mass spectra and organic analysis V 
mass spectroscopic studies and the structure of commic acids A and B. Tetrahedron Lett. 1964, 5, 3177-3183 . 

22. [22] Vasisht, K.; Sharma, N.; Karan, M. Current perspective in the international trade of medicinal plants 
material: an update. Curr. Pharm. Des. 2016, 22, 4288-4336. DOI: 10.2174/1381612822666160607070736. 

23. [23] Khan, M.S.A.; Ahmad, I.; Chattopadhyay, D. New look to Phytomedicine: advancements in herbal 
products as novel drug leads:  Academic Press. 2019, 3-13. DOI: 10.1016/C2017-0-01165-5. 

24. [24] Zhao, M.; Ma. J.; Li, M.; Zhang, Y.; Jiang, B.; Zhao, X.; Huai, C.; Shen, L.; Zhang, N.; He, L.; Qin, S. 
Cytochrome P450 enzymes and drug metabolism in humans. Int. J. Mol. Sci. 2021, 22, 12808. DOI: 
10.3390/ijms222312808. 

25. [25] Butash, K.A., Natarajan, P., Young, A., Fox, D.K. Reexamination of the effect of endotoxin on cell 
proliferation and transfection efficiency. Biotechniques 2000, 29, 610-614, 616, 618-619. DOI: 
10.2144/00293rr04. 

26. [26] Shedlofsky, S.I.; Israel, B.C.; McClain, C.J.; Hill, D.B.; Blouin, R.A. Endotoxin administration to humans 
inhibits hepatic cytochrome P450-mediated drug metabolism. J. Clin. Invest. 1994 94, 2209-2214. 

27. [27] Duke, J.A. Handbook of Medicinal Herbs. CRC press 2002, Boca Raton. DOI: 1201/9781420040463. 
28. [28] US Food and Drug Administration. In vitro drug interaction studies-cytochrome P450 enzyme and 

transporter mediated drug interactions. FDA Guid. 2020, 1, 1. 
29. [29] Poudel, S.; Huber, A.D.; Chen, T. Regulation of nuclear receptors PXR and CAR by small molecules 

and signal crosstalk: Roles in drug metabolism and beyond. Drug Metab. Dispos. 2023, 51, 228-236. DOI: 
10.1124/dmd.122.000858. 

30. [30] Sahi, J.; Shord, S.S.; Lindley, C.; Ferguson; S., LeCluyse, E.L. Regulation of cytochrome P450 2C9 
expression in primary cultures of human hepatocytes. J. Biochem. Mol. Toxicol. 2009, 23, 43-58. 

31. [31] Al-Jenoobi, F.I.; Alam, M.A.; Al-Mohizea, A.M.; Ahad, A.; Raish, M. Orally co-administrated oleo-gum 
resin of Commiphora myrrha decreases the bioavailability of cyclosporine A in rats. Pharmazie 2015, 70, 
549-552. PMID: 26380525. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 September 2024 doi:10.20944/preprints202409.0500.v1

https://doi.org/10.20944/preprints202409.0500.v1


 18 

 

32. [32] De León, E.J.; Olmedo, D.A.; Solís, P.N.; Gupta, M.P.; Terencio, M.C. Diayangambin exerts 
immunosuppressive and anti-inflammatory effects in vitro and in vivo. Planta Med. 2002, 68, 1128-1131. DOI: 
10.1055/s-2002-36355. 

33. [33] Russell, G.B.; Fenemore, P.G. New lignans from leaves of Macropiper excelsum. Phytochemistry. 1973, 
12, 1799-1803. DOI: 10.1016/0031-9422(73)80407-8. 

34. [34] Richardson, A.T. Hot new chemistry from a kiwi pepper tree. Chem. N.Z. 2015, 79, 91-93.  
35. [35] Duh, C.Y.; Wu, Y.C.; Wang, S.K. Cytotoxic pyridone alkaloids from the leaves of Piper aborescens. J. 

Nat. Prod. 1990, 53, 1575-1577. DOI: 10.1021/np50072a030. 
36. [36] Rimando, A.M.; Dayan, F.E.; Mikell, J.R.; Moraes, R.M. Phytotoxic lignans of Leucophyllum frutescens. 

Nat. Toxins. 1999, 7, 39-43. DOI: 10.1002/(sici)1522-7189(199902)7:1<39::aid-nt38>3.0.co;2-2. 
37. [37] Solís, P.N.; Olmedo, D.; Nakamura, N.; Calderón, Á.I.; Hattori, M.; Gupta, M.P. A new larvicidal lignan 

from Piper fimbriulatum. Pharm. Biol. 2005, 43, 378-381. 
38. [38] Sukdee, S.; Meepowpan, P.; Nantasaen, N.; Jungsuttiwong, S.; Hadsadee, S.; Pompimon, W. Anticancer 

activities of chemical constituents from leaves and twigs of Mitrephora winitii. Indones. J. Chem. 2021, 21, 
699-707. DOI: 10.22146/ijc.61085. 

39. [39] El Gendy, M.A.; El-Kadi, A.O. Peganum harmala L. differentially modulates cytochrome P450 gene 
expression in human hepatoma HepG2 cells. Drug Metab Lett. 2009, 3, 212-216. DOI: 
10.2174/187231209790218163. 

40. [40] Alehaideb, Z.I.; Venkatraman, A.; Kokane, M.; Mohamed, S.A.; Rameshbabu, S., Suliman, R.S.; 
Alghamdi, S.S.; Al-Eidi, H.; Alghanem, B.; Abdulla, M.H.; Matou-Nasri, S. Bursatella leachii purple ink 
secretion concentrate exerts cytotoxic properties against human hepatocarcinoma cell line (HepG2): In vitro 
and in silico studies. Molecules 2022, 27, 826. DOI: 10.3390/molecules27030826. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 September 2024 doi:10.20944/preprints202409.0500.v1

https://doi.org/10.20944/preprints202409.0500.v1

