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Abstract.
[bookmark: OLE_LINK1]The Varroa destructor, a parasitic mite, significantly threatens honeybee populations and contributes to Colony Collapse Disorder (CCD), causing severe agricultural and economic impacts. Current treatments often harm honeybees, prompting the search for safer alternatives. This study focuses on the isolation of marrubiin, a diterpenoid from Marrubium Vulgare (white horehound), using Subcritical CO2 Fluid Extraction (SCFE) for its potential miticidal activity against Varroa mites. The research involves the optimization of the SCFE of various plant tissues (flowers, stems, and leaves), from the white horehound plant. High-performance liquid chromatography (HPLC) and gas chromatography/mass spectrometry (GC-MS) will be used to evaluate the extraction efficiency and compare it to a traditional liquid extraction. The results show that the leaves contain the most marrubiin and that the SCFE was four times more efficient when compared to traditional liquid extraction using dichloromethane (DCM).

Introduction.
The purpose of this experiment was to determine the marrubiin content of the various tissue types of Marrubium Vulgare (the white horehound plant). The tissue types tested were leaves, flowers, and stems. The marrubiin content of each material was determined by using high-performance liquid chromatography (HPLC) and gas chromatography/mass spectrometry (GC-MS). Both techniques separate complex mixtures into their individual molecular types which are then measured by a detector. The determination of the marrubiin content in the various tissue types of the white horehound plant is important because the knowledge gained from this experiment could help in the production of marrubiin on a large scale. 

Extract from the white horehound plant has been used as a natural expectorant and upset stomach remedy since the times of ancient Egypt. White horehound originates from north Africa and the Mediterranean. It grows well in arid climates with alkaline soils, a very similar environment to here in Kern County. The plant is thought to have migrated here from sheep brought by the Basque people around 1850. The Basque people settled in the Carrizo Plain at that time and white horehound has been growing there ever since. The white horehound plant is a member of the mint family. Most mint plants accumulate a monoterpene which gives them their typical minty fragrance. White horehound on the other hand accumulates a diterpene known as mauurbiin (Figure 1). All terpenoid compounds are formed from the subunit isoprene (Figure 2). A monoterpene is composed of two isoprene subunits, a sesquiterpene is formed from three isoprene subunits, and a diterpene is composed of four isoprene subunits. 
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Figure 1. Marrubiin and Isoprene.
Left: Marrubiin, 20-Carbons; Right: Isoprene Subunit, 5-Carbons.

Kern County is dependent on honeybees as pollinators. They pollinate all the almonds, pistachios, and citrus crops with a total worth of about 3.1 billion dollars. All this revenue is at risk if the honeybees are not healthy. The health of the honeybees is extremely affected by the Varroa destructor mite, it is a major contributor to honeybee colony collapse disorder (CCD). This parasite brings with it, deformed wing virus and acute bee paralysis virus both of which can cause CCD on their own. Currently, there are a few commercial mite treatments available, however each one of them have drawbacks. Apivar, an acaricide leaves chemical residues the products produced by the honeybees. Oxalic acid and formic acid can cause brood and queen loss which can collapse the colony and the smell from these treatments can cause the honeybees to swarm. Apiguard uses a monoterpente extracted from the thyme plant and HopGuard III uses a sesquiterpene extracted from the hops plant both of which are the least effective and may require multiple treatments. Early testing using horehound candy showed to be effective at treating Varroa mite infestation with a single treatment. The candies contained only a few milligrams of the diterpene marrubiin. All the purified marrubiin from this experiment will be used in a future experiment to ascertain the efficacy of marrubiin as a natural treatment against the Varroa destructor mite.

Experimental.
All extractions were done in triplicate using the same conditions for each type of extraction. The white horehound for this experiment was collected from the side of 7 mile road near the Carrizo Plain. The plant material was placed in the chemical hood and left to dry for 3 weeks. Once dry the leaves, flowers, and stems were separated. Each tissue type was ground up using a Mr. Coffee grinder. The subcritical CO2 fluid extractions (SCFE) were done using the Little Buddy low pressure CO2 extractor made by Osuia Labs. Exactly 50.00 g of specific plant material was extracted at a time. Each SCFE was done over a 96 hour period at or above 800 psi. Due to a small leak, each extraction was topped off with CO2 and repressurized at the 48 hour mark. Samples of every SCFE extraction were made to a concentration of about 0.7 mg/mL using acetone and tested using HPLC and GC-MS.

The liquid extractions were carried out using 2 g of plant material and 20 mL of dichloromethane (DCM) in 50 mL capped test tubes. Each test tube was placed on a labquake where it was slowly rotated and inverted over a 48 hour period. The plant material was separated from the liquid using vacuum filtration. Samples of every liquid extraction were made to a concentration of about 0.7 mg/mL using acetone and tested using HPLC and GC-MS.

Results and Discussion.
The SCFE results show that the leaves contain 1.04% marrubiin, the flowers contain 0.39%, and the stems contain 0.12% (Figure 2 & Table 1). The traditional liquid extraction using DCM also shows the same trend however it was 25% as efficient as the SCFE (Figure 3 & Table 2). The data from this experiment agrees with previous research by Haratym and Weryszko-Chmielewska detailing the biosynthesis of marrubiin.1 Their work details that marrubiin is produced by and stored in glandular trichomes which reside on the surface on the plant. The tissue with the highest density of these glandular trichomes is the leaves and the tissue with the least amount of trichomes is the stems. This explains why the leaves contain the most marrubiin and the stems have the least marrubiin.


Figure 2. SCFE Marrubiin Content Averages.


	Subcritical CO2 Extraction

	Material Type
	Marrubiin Content Averages of Plant Material

	Leaf *
	0.0104

	Flower
	0.0039

	Stem
	0.0012

	* One sample omitted from average due to being an outlier.


Table 1. SCFE Marrubiin Content Averages.


Figure 3. DCM Liquid Extraction Marrubiin Content Averages.

	DCM Liquid Extraction

	Material Type
	Marrubiin Content Averages of Plant Material

	Leaf
	0.0025

	Flower
	0.0011

	Stem
	0.0003


Table 2. DCM Liquid Extraction Marrubiin Content Averages.



Conclusion.
The results for both types of extraction agree that the leaves contain the most marrubiin and the stems contain the least amount of marrubiin. The SCFE was 4 time more efficient at extracting marrubiin when compared to a traditional liquid extraction using DCM. The results of this experiment agree with the biosynthesis and storage of marrubiin by the white horehound plant. The extraction of marrubiin from the white horehound plant using liquid CO2 is quite long at four days. Future research should investigate increasing the temperature and pressure to extract marrubiin using supercritical CO2, it could shorten the extraction times to only a few hours.
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Subcritical CO2 Extraction  

Leaf *	Flower	Stem	1.0353617361758801E-2	3.8954375363243901E-3	1.1739978837606801E-3	
Marrubiin Content of Plant Material 



DCM Liquid Extraction

Leaf	Flower	Stem	2.50770950402038E-3	1.07036071083526E-3	3.15730170989839E-4	
Marrubiin Content of Plant Material
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