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Tracking technical maturity of Cannabis cultivar by trichome morphology analysis and
HPLC phytocannabinoid content
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AHeraoTANHMTE NOJATOUM BO Bpcka co Gepba Ha upeT ol KanadMe ja noTeHUMpaaT 3HauajHoCTa
Ha crederbe Ha NPOMEHNTE Ha 000jyRalbe HA rNAaBaTa HA TPHXOMHTE, 0D0jyBaHke HA TONUHHUMTE
W IMCTOBMTE CNEAEHH MPeKy JYNa M NpeHoceH crepeoMukpockor. Osaa CTYAHja WMa 3a Lesn
UI![_'I'E,Z[E.'-'I}"BE!.HJC Ha TeXHHUYKA HPEJIUCT MpeRy aHanHu3a Ha CG,‘IPH{HHH Ha dJ'HTDHaHBEHHUHﬂ,H H
MOPGOIOWIKK NPOMEHH HA TPHXOMH BO KYNTHBMPAH MEIHUHHKH kanaduc (T-492 copra), 3a
BpesMe Ha (PUHATHHOT NIEPHOJL HA 3PECHHE.

XIUILL ananu3ata noKama [eKa BKYOHHOT TXL (%) BO NpUMEpPOUMTE 01 TPH TOYMKH BO
opaxkepuja (3600 m®) 07 jYroMcTOMHA TOYKA (SS.1013.14%), uentpanua (CS.p 12.38%) w
cepeposanaana Touka (NS.ip 9.14%) onafa. Bo 0[HOC HA BPEMEHCKATA [IMHH)A HA 3eMakbe Ha
MPUMEPOLIH BO JYTOMCTOMHATA TOYKE, BKYIIHHOT TXLI (%) Gelwe HAjBHCOK ModHyRajkn 04 SS.n
(13.14%), u notoa onara Ha SS.7 (11.78%), 552 (1 1.56%) 1 SSh 10.0% na newn na Gepba.
HajBHCOK NPOLEHT Ha TPAHCAYUEHTHO-MIIEHHO 0DOEHH riasH HAa TPHXOMH ¢ sabeneikato Kaj
npumepok SS7 (56.25%), % Ha KONTO-MOPTOKANOBH TPHXOMH SS.2 (62.22%) M HajBMCOK
NPOLEHT HA TeMHO Kaleagn TPHXOMM Ha II€H Ha Gepba NSy (47.22%). 3ronemypare Ha
MPOLEHTOT HA KOATO-MIOPTOKATOBH M TEMHO Kaeapy TIaBH HA TPHXOMH MHAHLMPA onarame Ha
kaHaOMHOMIHA coapkuia, OB MCTPAKYRAME 1aBd HACOKW 334 MAHO KOHLENTYATU3Mpare Ha
CTVIMM Ha KOPEHpame HA KaHaOMHOWAHA COAPKHHA M IIPOMEHH BO TPUXOMH H obojvBatke co
AHTOLIMjaHN BO PA3AHYHN KYITHBAPH HA KaHaluc,



Abstract

Anecdotal information regarding harvesting of cannabis buds points out the changes of trichome
head, pistil and leaves coloration [I.2] monitored by magnifying glass or portable
stereomicroscope and many growers use these information as their harvest guide. This study
aims at determining technical maturity through analyzing phytocannabinoid content and
morphological changes of trichomes in cultivated medical Cannabis (strain T-492), during final
maturing period.

HPLC analysis revealed that total THC (%) in the samples from 3 plot spots in greenhouse
(3600 m?) from southeast (SS.1013.14%), central (CS.10 12.38%) and northwest (NS.0 9.14%)
spot is declining. Regarding time line of sampling in southeast spot, total THC (%) was the
highest starling at SS.iu (13.14%) and then decreasing at S$S.7 (11.78%). SS.2 (11.56%) and S5k
10.0% at harvest.

Highest percentage of translucent-milky trichome heads is observed in 58.7 (56.25%), of yellow-
orange trichome heads is observed in §5.; (62.22%) and highest percentage of dark brown
irichome heads is observed in NSy (47.22%), on harvest day. Increase in vellow-orange and dark
brown colored capitate-stalked trichome heads percentage indicates decrease in cannabinoid
content.

This research leads directions for future conceptualization of correlational studies of cannabinoid
content and changes in trichomes and anthocyanin coloration in different Cannabis cultivars.



1. Introduction

Republic of North Macedonia is one of the countries that legalized growth of Cannabis for
medicinal purposes in 2016, following the regulatory requirements for Cannabis quality control.
The growth of the Cannabis industry is attributed to fast change of regulations for medicinal
and/or recreational use of the plant. Regulatory novelties worldwide require export-import of
certified Cannabis seed material. Seed certificate mostly contains information total flowering
time and chemical composition expressed as percentage of major phytocannabinoids or as
relative ratio between THC:CBD, scarcely stating varietal purity. Every cannabis grower aims to
produce high potent herbal substance that complies to the cannabinoid content specification of
seed material. Knowing that this plant is highly divergent, it’s harvest is particularly time
specific for each cultivar or species, therefore growers who are growing different strains cannot
harvest them at the same time. There is lack of scientific data regarding cultivation, production,
technical maturity and harvest for different strains, due to the historic prohibition of cannabis
(Cannabis sativa 1..) which stunted scientific research and left growers to rely on guides and
online resources mostly based on anccdotal information [3].
Despite lack of scientific data, state-of-the-art knowledge on indoor cannabis production is
mainly obtained from so-called ‘grey’ resources [4-7]. Anecdotal information regarding
harvesting of cannabis buds points out the changes of trichome head, pistil and leaves coloration
[1.2] monitored by magnifying glass or portable stereomicroscope and many growers use these
information as their harvest guide. Official methods utilized for technical maturity assessment
are HPLC methods for analysis of phytocannabinoid content such as monograph of cannabis flos
of the German Pharmacopoeia and the Union method established by the European Commission
for the quantitative determination of the A9 -THC content in hemp varieties [8—10]. These
methods are accurate and give detailed information regarding cannabinoid content but can be
time consuming and require more resources. Novel research points out the utilization of ATR-
MIR spectroscopy for quantification of the main critical parameters in Cannabis flower and
extract samples, showing high potential for utilizing this technique for technical maturity
assessment [11]. Understanding there is lack of scientific data for different Cannabis strains and
cultivars investigating the anecdotal information, the main objective of this study is o monitor
technical maturity by correlating phytocannabinoid content with changes in trichome head
coloration by stereomicroscope analysis and phytocannabinoid content in different time points.

2. Materials and methods
2.1 Plant material

Marijuana-type T-492 strain was soil-grown from seed in greenhouse with surface area 3600 m?
under controlled conditions (temperature, moisture, light). Seed certification of this strain states
that T-492 is A9-THC predominant strain with total A9-THC content up to 20% and very low
levels of total CBD up to 0.03%. For sampling three sampling plot spots of the greenhouse were
chosen: southeast spot (SS), central spot (CS) and northwest spot (NS). Prior analysis, sampling
of Cannabis inflorescence was done from 4 plants per spot. Sampling was performed 10 days
prior harvest (SS.10, CS.10, NS.ig), 7 days prior harvest (8S.7, CS.7, NS.7), 2 days prior harvest
(85.2, CS.2, NS2) and harvest day (SSk, CSh, NSp).



2.2 Standards, solvents and reagents

Cannabidiol CRM solution concentration | mg/mL in methanol (CAS: 13956-29-1, purity
98.66%). cannabinol CRM solution concentration Img/mL in methanol (CAS: 521-35-7, purity
99.50%), (-)-A9 -tetrahydrocannabinol CRM solution concentration Img/mL in methanol {CAS:
1972-08-3, purity 99.39%). A9 -tetrahydrocannabinolic acid A CRM solution concentration |
mg/ml. in acetonitrile (CAS: 23978-85-0. purity 96.99%) and cannabidiolic acid CRM solution
concentration | mg/mL in acetonitrile (CAS: 1244-58-2. purity 97.88%) were purchased from
Cerilliant Corporation (USA). 85% o-phosphoric acid and acetonitrile HPLC grade were
purchased from Carlo Erba. Ethanol 96% PhEur grade was purchased from Alkaloid AD Skopje.

2.3 Trichome morphology analysis

Zeiss Stemi 508 stereomicroscope connected to licensed software ZEN 2.6 (blue edition) was
used for accessing thrichomes morphology. Instrument and software settings were set as follows:
camera adapter zoom 0.5x, objective 1x, zoom 5x. reflector BF, light adaptation was manual.
Files were saved as CZI and TIF format for further analysis and processing. Trichome
morphology analysis was performed mostly on brachtaeal capitate-stalked trichomes due to
lower density of trichomes, better visualization and literature data pointing out highest
cannabinoid content in stalked trichomes [12-14]. Capitate-stalked trichomes were classified in
three groups by different coloration: translucent-milky, vellow-orange and dark brown trichome
heads. Trichome count was highly dependent on quality of the taken images with
stereomicroscope and only trichomes with good distinction in color were counted. Total count
and percentage of total count for each capitate-stalked trichome head coloration of all sampled
spots is presented in Table | in results section.

2.4 Instrumentation and Chromatographic conditions

For determination of cannabinoid content DAB Pharmacopoeial method for assay of
cannabinoids was applied. The chromatographic analyses were carried out using Agilent 1200
Model HPLC equipped with DAD GI1315D, quaternary pump GI311A, column thermostat
GI316A and thermostatted autosampler G1329A Agilent Technologies, USA). Separation was
achieved using InfinityLab Poroshell 120 EC-C18 chromatographic column (150 mm x 3 mm
ID, 2.7 pm. Agilent Technologies, USA). Mobile phase consisted of aqueous solution of
orthophosphoric acid (8.64 g/L) as solvent A and acetonitrile isocratic grade as solvent B,
Change ol solvent gradient was as follows: 0 — 16 minute from 36% to 18% A linear gradient, 16
= 17 minute 18% to 36% A linear gradient and from 17 to 30 minute re-equilibration of column
with 0.7 mL/min flow rate. Column compartment temperature was maintained at 40°C
throughout analysis and DAD measurements were carried out at 225 nm wavelength neutral
cannabinoids and 306 nm wavelength for acidic cannabinoid forms For accurate calculation of
cannabinoid content loss on drying percentage for each sample was determined according to
DAB monograph for Cannabis flower [§].

2.4 Sample preparation

Sample preparation was performed as instructed in DAB Pharmacopoeial method for assay of
cannabinoids. for Analysis was performed on 500 mg fresh. not decarboxylated cannabis flower.
Final concentration of plant material was | mg/mL.



3. Results
3.1 Trichome head coloration analysis

Three different stadiums of morphological changes in trichome head coloration are presented in
Table. 1 and Fig. 1. Highest percentage of translucent-milky trichome heads is observed in SS.a.
CS.7 and NS.; with 56.25%, 42.99% and 37.08% respectfully. Percentage drop of translucent-
milky trichomes is noted in all tree sample plot spots from SS.7 (56.25%) to SSy, (20.28%), CS.5
(42.99%) to CSh (11.11%) and NS (37.08%) to NS, (27.08%). Highest percentage of vellow-
orange trichome heads is observed in SS.a, CS.7, NS.7 with 62.22%, 48.60% and 46.07%
respectively. There is no significant difference in percentage of yellow-orange trichome heads in
88.7(43.75%) 1o SS, (43.92%), significant increase of percentage is noted from CS.5 (48.60%) 1o
CSp (72.22%), and decrease of percentage in NS (46.07%) to NS (25.69%). Highest
percentage of dark brown trichome heads is observed in NSh, S5h and CS.; with 47.22%,
35.81% and 33.33% respectively. Dark brown trichomes are not detected in SS.7 Increase in
percentage of dark brown trichomes is noted in S (from 15.56% to 35.81%) and NS (from
16.85% to 47.72%) samples, whereas CS varies in % of dark brown trichomes in sampling
timeline (CS.7 8.41%. CS.; 33.33%, CSy, 16.67%).

Table 1 Trichome head coloration count and % of total counted colored trichomes.

Time jruint 88, | 58, S8y, C85.1 €5 CSa P& M5 N5y
Total tichone cownt 1 45 148 7 144 36 178 &7 144
Transhacent-milky A4
trichames { ") 56,25% 23.1% 20.27% 47 09 1T T% 11.11% 317.08% 12 % 27.0R%
Yellow-orange trichsmes
[V} 43.73% 62.22% 43 62% 48 604 18 9% T2,221% 46.07% 43 B3% 15 8995
ek brown trichames
["Va 1% 15 56% s 15.801% 4| 33, 30% | 6.67% 16, 85%, | 32,159 47.232%

Fig. 1 Graphical representation of percentage of different trichome head colorations
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3.2. Cannabinoid content analysis

Changes in cannabinoid content of the analyzed samples are given in Table 2 and graphically
presented with Fig. 2 and calibration curves are presented in Table 3. Analyzed samples revealed
levels of total CBDA are below limit of quantification in each analyzed sample throughout
sampling time points and CBD is not detected, therefore total CBD is below limit of
quantification. Highest total A9-THC content is observed in 5S8.10 (13.14%), CS.7 (12.38%) and
NS0 (9.04%). Total A9-THC in SS notes drop of 10.35% of total content from SS.;5 to 559,
12.02% from SS9 to SS.; and 23.90% from SS.;0 to SS. Percentage drop of total A9-THC in
557 and SS.; are similar, whereas they differ in A9-THCA and A9-THC content, notifying
increase in A9-THC content from 0.22% to 0.33% and detection of CBN below limit of
quantification. CS cannabinoid content changes marks inconsistencies throughout the timeline of
sampling with increase of total A9-THC content for 21.49% from CS.,o to CS.5. drop of 27.06%
Irom CS.7 1o CS.2 and again increase 22.16% from CS.2 to CS.7. Northwest spot notes smallest
difference in drop of total A9-THC between sampling time points, with 8.10 % relative
percentage from NS.jp to NS,

Table 2 Cannabinoid content in Southeast spot, Central and northwest spot in different sampling
time points: 10 days prior harvest, 7 days prior harvest, 2 days prior harvest and harvest day;
CBDA (cannabidiolic acid), CBD (Cannabidiol), CBN (cannabinol), (-)-A9 —THC ((~)-A9 —
tetrahydrocannabinol) and A9 ~THCA A (A9 -tetrahydrocannabinolic acid A), BLQ (below limit of
quantification), ND (not detected), LOD (loss on drving).

mim %) | Southeast spot Central spot Northwest spot
L amspunents 5.0 557 55 S50 | C&- 5 Chn NS ! N&., M5, NEw_ |
DA BLO | BLD BLO L BLO | BLO [T HLD BLG | BLO RLLY BLD
LETN) 18] NI by 8] N [ b 1N 1 b] WD by 9] ND 18]
BN M WD L0 i) 10 1E 1 0] ND MLy M ) ND
e Th 0 IFF: .33 016 013 014 020 014 013 [NE 012 Bl |
A _THUA A 1472 | 1318 118 1122 1081 ECE T 107 1025 [N 9.63 348
[ Tuwl COD BLG HLD BL} BLO L) BLO BLO ALY BLO BL{) BL BLG
Total |- A9 -THC | 13.14 11,78 1 1.56 10,01 v O .03 | 160 o4 | %M 867 =44
LA [ 7650 | 73.00 74,62 [ TA3E [ RS T0.2% 7157 | 776 | 6704 | 6975 7318 |

Fig. 2 Changes in total THC in SS, CS and NS (10 days prior harvest o harvest day).
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Table 3 Calibration curve equations and their respective R? values,

Cistnijsirnent Cancentration range | Lingar equation W value |
CRDA 1.5 « 100 ygiml | v= 11043x + 80767 15997 1
CaD 05 - 73 pgiml. y= 2 138x + 10 994 015505
s CBN Q1 - 1 L = 9542 + |. 7425 100
AS-THC 0.5 - 75 pa'mlL ¥= 35199y = 3. |263 | VT
| S ARTHC A-A 15 - 250 ppiml y= 133Mx=12 | {09

4. Discussion

The morphology of trichomes and cannabinoid profile are dependent on genetic and
environmental factors [15]. On female cannabis Mowers, three types of glandular trichomes have
been described based upon their surface morphology: bulbous, sessile, and stalked [16]. Bulbous
trichomes are the smallest in size and produce limited specialized metabolites [17]. Sessile
trichomes of cannabis sit on the epidermis with a short stalk and have a globose head comprised
of a multicellular disc of secretory cells and a subcuticular metabolite storage cavity [13]. By
comparison, stalked trichomes of cannabis have a similarly shaped, slightly larger, globose head
clevated several hundreds of microns above the epidermal surface by a multicellular stalk
[12.18]. In our research, stalked glandular trichomes were chosen for slereomicroscope analysis
based on literature data [12.14]. One research used two photon laser scanning fluorescence
microscopy to analyze the excited intrinsic fluorescence of metabolites and noted that stalked
trichomes have highest cannabinoid content by monitoring the strong blue shifted fluorescence
[14]. The research also confirms that cannabis stalked glandular trichomes represent a terminal
state of differentiation for floral sessile glandular trichomes, as opposed to the drastically
different morphology and developmental trajectories of capitate and peltate glandular trichomes
in other species [14].

Research from 2004 year states that glands can be classified according to their secretory phases
from the color of their contents and glands most active in secretion (mature) are translucent at
appearance, whereas aged glands are yellow and senescent glands are brown. They came to few
conclusions: capitate-stalked glands contained more THC (and total cannabinoids) than capitate-
sessile glands, glands at different positions on the leaf or bract can differ in cannabinoid content,
THC, and total cannabinoid, quantity in both gland types can differ during the vear, cannabinoid
contents in glands decreased with aging of glands and cannabinoids occurred in the secretory
cavity of the gland [12].

Our data analysis shows correlation between changes of cannabinoid content and capitate-stalked
trichome head coloration which can be seen in samples from southeast and northwest spol.
Cannabinoid content in S5.7 to 85y, is declining by 1.78% total A9-THC, from 11.78% to 10.00%
total A9-THC, notifying change in trichome heads from SS.7 to S8, with decrease in percentage
of translucent-milky trichome heads from SS.7 (56.25%) to S5, (20.27%) and increase in total %
of yellow-orange and dark brown trichome from SS.7 (43.75%) to SS.7 (79.728%).

Northwest spot has smaller difference in cannabinoid content decline by 0.64% total A9-THC.
from 9.04% to 8.4% total A9-THC with change in trichome head coloration from NS.; to NS,
with decrease in percentage of translucent- milky trichome heads from NS.; (37.08%) to NS,
(27.08%) respectfully and increase in total % of vellow-orange and dark brown trichome heads
from NS.7 (62.92%) to NSy, (72.92%).

Central spot cannabinoid content changes marks inconsistencies throughout the timeline of
sampling, with macroscopic studies throughout timeline stating higher brachteal representation
in CS.y and CS.. correlating this with decrease in total A9-THC content in CS...



CS.7 total A9-THC is 13.95%, declining to 10.06% in CS.» and 13.07% total AY9-THC at harvest
day. Change in trichome head coloration from CS.7 to CSp., with decrease noted in percentage of
translucent-milky trichome heads from CS.7 (42.99%), CS., (27.77%) and CSp (11.11%) and
increase in total percentage of yellow-orange and dark brown trichome heads from C5
(37.01%), CS.2 (72.22%) to CSs (88.89%).

The key difference correlating the lower cannabinoid content in CS.5 (9.03%) and trichome
coloration is in the changes in ratio of yellow-orange and dark brown trichome heads. In CS.;
total percentage of yellow-orange trichome heads is 38.89% and percentage of dark brown
trichome heads is 33.33%, whereas in CS.7 and CS;, % of orange to light brown trichome heads is
42.99% and 72.22% respectively and percentage of dark brown trichome heads is 8.41% and
16.66% respecttively. CS. has higher percentage of dark brown trichomes than CS.+ and CSh,
indicating cannabinoid content loss.

Southeast spot has highest cannabinoid content and northwest spot lowest cannabinoid content,
pointing out that even in uniform greenhouse conditions, cannabinoid content varies depending
on geographical position in the greenhouse.

These results indicate that harvest of the plant material cultivated in greenhouse should be
divided into areas of the greenhouse and not mixed for further processing, but analyzed to check
for cannabinoid content similarity. If there are differences in cannabinoid content. regardless
being same strain, the end product should be further processed and packed separately. There is
no research data that points out the limits and ranges that can be used as decision rule whether 1o
mix Cannabis flowers from same baich or separate them according to differences in cannabinoid
content for further processing of the material.
Steromicroscope analysis also revealed anthocyanin coloration in many of the samples. In some
of the samples anthocyanin coloration was weak, barely identifiable, hence in others the
coloration was intense. Intensive anthocyanin coloration was noted at the base and stalk of
capitate-stalked trichome and epidermal tissue anthocyanin coloration in all of the samples. As it
is known, some strains such as the strain “Purple God". produce anthocvanin pigmentation. In
strains where such pigmentation is a characteristic feature, the pistils and surrounding bract
tissues develop a red or purple pigmentation [19]. It is also known that anthocyanin synthesis can
be induced by environmental stress [20]. Anthocyanins accumulate in plants upon exposure to
drought, salt stress, UV stress, high light and high temperature [21-23] and are, therefore,
considered nature’s “Swiss army knife” of plant responses to stress [24-26]. The main roles
attributed to anthocyanins in mediating responses to stress are linked with their antioxidant
[27.28], light-screening [22,24,29-31] and photoprotective properties [32,33]. Several
senescence-related physiological changes have been linked to increased susceptibility to
photoinhibition, such as reduced capacity to repair PSII reaction centers [34], chlorophyll
degradation [35] which led to greater light sensitivity, resulting in photodamage at relatively
modest irradiances [34]. Imbalance on the photosynthetic apparatus caused by differential rates
ol decline during senescence increases vulnerability to photoinhibition [36]. Several studies have
found [37-39] relationship between chlorophyll degradation and anthocyanin production. These
studies revealed that anthocyanin accumulation begins shortly after the onset of chlorophyll
decline. typically before any visible change in leaf color. This demonstrates a direct association
between anthocyanin production and the period of increased vulnerability to photoinhibition
during senescence, and provides further evidence that anthocyanins may perform a
photoprotective role [32]. There is no literature data to our knowledge that tests the correlation



between changes in cannabinoid content and anthocyanin coloration in trichomes, giving this
research field a very exciting and unique direction of future experimentally designed studies.

5. Conclusion

There is great potential for use of trichome morphology analysis, especially trichome head
coloration, in determination of technical maturity of Cannabis plants, but vet it remains
unexplored topic. Our study confirms the correlation in changes of cannabinoid content with
change of color in capitate-stalked trichome heads, but only concerning the chosen strain. With
scarcely any published articles regarding this topic, this research leads directions for future
conceptualization of correlational studies of cannabinoid content and changes in trichome head
coloration. On the other hand, there is no literature data to our knowledge that tests the
correlation between changes in cannabinoid content and anthocyanin coloration in trichomes,
giving this research field a very exciting and unique direction of future experimentally designed
studies,
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VYHHBEP3HTET ,,CB. KHPHJI H METOJIWJ* BO CKOTLJE
HKOJA 3A JOKTOPCKH CTY IHH
DAPMALNEBTCKH MAKYIITET
Crynucka nporpama: Tper UHKIYC 3a JOKTOPCKH CTyaHK 04 odnacTa dgapmMaunja

PEHEH3HJA

ua cemunapexu Tpya o1 1T cemecrap nog nacaos ,, Tracking technieal maturity of Cannabis
cultivar by trichome morphology analysis and HPLC phytocannabinoid content* nian
»ONpenenyBame na TeXHHYKN IPEIOCT Kaj KYJITHEHPAaH Kanadne cnopeil mopdoornjata Ha
TPHXOMHTE H CONKHHATA HA KAHADHHOHAKTE® HA JOKTOPANAOT, MATHCTED Mo dapManija
Beponnka Cronnkoseka Iopruesexa

Co opnyxka wa CoBeToT Ha JOKTOPCKH cTyann na Papmauesrckuor dakynrer so Cronje,
ONpeleNeHa € PEUeHIEHTCKA KOMHC]A 33 OIICHA HA CCMMHAPCKHOT TPYA OO TPET UWKIYC HA AOKTOPCKH
cTyaun Bo coctas: npod. a-p Fowe Credikos, npod. 1-p Ceetnana KyneraHona 1 npod. a-p Mapuja
Kapananyosa, [To nperneaot Ha JoCTABSHHOT CeMUHAPCKH TPy A, PELEHIEHTCRATA KOMHCH]A Mo J0CTABYBA
CleAHHOT

H3BELLTAJ

CEMHHHFICKHUT Tpy¥4 noa HAcnoB ,._GHPE,EIEJI}’BHHsE HA TEXHHYMEKA 3peTocT Kﬂj KVITHEHpaN
kanadue enopea mopdonorujata Ha TPHXOMHTE W COAPKHHATA HA KaHADHHOWINTE ™ NpeTcTanysa
CAMOCTOjHO H3paboTeH TPy, CTPYKTYPHPAH BO CNEIHNTE Or1aBja; BOBEA, UENH, MATEPHAIH H METON,
PEIVIATATH, ,HP{CK}"CHJ-EL, FAKMYHOR H TPHI0AH. CHCTCMH'['Hﬁﬂui!jElTﬂ Ha JENOBHTE BO HACAOBEHW H NOIHACNOBH
obesbenyBa COONBETHO CAEIEHE HA MATEPHjaTa Koja e obpaboTena Bo TpYAOT.

Bo . BoeegoT”, A0KTOPAHI0T 13Ba MaJ OCBPT Ha MCTOPHCKH 3HAYAEH NMEPHOJ HA NErannsaunja Ha
kanabucot 3a meanuHcka ynotpeba so P.C. Makenonnja, 3navajHocTa Ha peryaatopunte daparka i
npoMeHa Ha HeTHTe. TloTeHuMpa Aeka NOCTOM HENOCTATOK HA HAYYHM NOJATOUH 31 KYNTHBHPaHE,
NPOH3BOACTBO, ONpeleyBae HAa TEXHHUKa 3penocT W Gepba Ha pawindun copTH o4 kaHabue, cTanajku
AKUEHT HA TeXHH4KaTa 3penoct. JloKTopaHaoT Naka AeTaleH OCBPT HA AHErNOTATHHTE HHPOPMAUHK 34
ONpefieNyBathe Ha TEXHHUKE 3PEIOCT H BERE NOCTOSUKNTE HAYHHH METOH KOH PYTHACKH Ce KOpPHCTaT 3a
OMpenenyBae Ha TeXHHUKA 3PeNOCT, HO C& JOArOTPAjHI W nockank, Ha kpajor o4 BoBesoT 10KTOPaKAOT
Ja HINOKYRA TMABHATA LE) KOJa € ClNeieme Ha TEXHWUKATA 3PeiocT Ha kanabue npeky coap#WHAa Ha
KaHaDHHOMIN NOBP3yBajkH ja €O MpoMeHHTe Ro 000jvBAlLe WA rAaBa Ha TPHXOMH CO AHAIW3A CO
CTEPEOMHKPOCKON.

Bo nenor .Martepujann w meTogn”, 1aneHn ce OCHOBHHTE NOJATOLH 3 PACTHTENHHOT MaTepHjiL
KO & KOPHCTEH 3a ananuza. OnuulaH e HAYHHOT HA KOj € H3BEIEHO YIOPUHPAKETO Ha MPHMEPOLH BO TEKOT
Hid 4 BPEMEHCKH TOMKH NPH CNEIEHme HA TEXHHYUKATA 3PENOCcT HA HCMUTYRaHata copra. [lpunosenn ce
EKCNEPUMEHTANHATE YCIOBH KOPHCTEHH 34 CTEPEOMHKPOCKONCKA AHANH3A H OOjACHYBAKRE Kako o
HANpaBeHa KAAcHPHKALIMjaTa Ha TPUXOMH cnoped o00jyRAkETO HA IIaBaTa Ha TPUXOMHTE (nogenda na
TPAHCAYLEHTHO-MIIEYHH, ONTO-NOPTOKANOBH H TEMHO Kadeasn 0DOSHH TNagH Ofl MIABHYECTH TPHXOMH
co Bpar). Jletanno ce napenenn CHTE peareHcH KOW C& KOPHETEHN 3a H3Beada Ha xpoMarorpadicka aHanna
CROPEL MeTOLA 34 COAPKHHA Ha KaHabuHouaM criope lepmanckara dapmakoneja, aeranio objacHyeajiu
ri cute HHpopmauun okony uctara. [Moarotoskara ua npusepous 3a anannia va HPLC e naxkpatko
MocoYena, NocouyBajikn 1eka METOACNOrHJATA 38 NOAMOTOBKA HA NPHMEPOK € METOAMIOMWKY OIHLWAHE BO
(hapMakonejcknoT nponuc nocouyBajkH feka e aHanuiupana | mg/mL KoHUEHTpalnja Ha pacTHTeneH
Marepmujan,

Bo penot ,Pesyararn”™, Ha no4YeTOKOT C& NPEIEHTHPAHW PEIWIITATHTE O CTEPEOMHKPOCKOIICKAT
AHANN3A HA UBET 0]l KAHAOHC, MOTEHLMPAjKH AeKa CUTE Pe3yNTaTH ce NPHKKAHH co TabenapeH npkis
{ l'abena 1) u npukas co aujarpam (Cnuka |} kane cooipeTHO ce BOOMYBAAT pavinknTe, JloKTopaHaoT H3Heey Ba
HHTEPECeH TOUATOR OKOAy BapHjabHIHOCTA HA NPOUESHTHTE HA PAsNHHMHO 0O0CHH lpwmmn BO PayIHueH
BPEMEHCKH NCPHOL,



HajBHCoK npoueHT Ha TPaHC/yLEHTHO-MIEUHO 0DOEHH TMAaBH HA TPHXOMH € 3abelnewaHo kaj
npumepok S8.7(56.25%), Touka ceaym newa npea GepSa, npoueHT Ha HONTO-NOPTOKANOBH TPHXOMH S5.:
(62.22%), Touka aBa Aena npes Gepda W HAJBHCOK NPOLEHT HA TeMHO Kadieann TPHXOMH Ha fieH Ha Oepba
NS, (47.22%). Co uen onpenenyBaibe HA COAPKIHA HA KAHAOHHOMIN, PHACHKEH Tabenapes npHkas
(Tabena 3) kannGpaunonute kpuen o1 net kanabunonan (CBDA, CBD, CBN, A9-THC u A9-THCA} co
KOe(PHIHENT Ha KopenauWja 3a NHHEAPHOCT Ha oAroBopoT noronem oa 0.999 sa cure AHANH 3 PAHN
KﬂHaEHE[GH.ﬂ.H B0 COOABETEH KOHUSHTPAUHCKH paHr MPHAOHEH TﬂﬁEJEPHQ BO CAMWOT TPV, r[].'IQCMETEiHHTE
PE3yNTATH 32 COAPHHHA Ce NPHKAKAHN CO Tabelaped NpHKa3 co JAeTanHH WHPOPMALMK 3a napamerapor
IyDUTOK CO CYIUSHE W CONPIKHHA HA NoeIHHNRTE KoMnoueHTH, Co 0Baa anannsa ce NOKAKY BA NEKA BEY HHOT
A9-THC (%) Bo mpumepounte 01 TPH TOYKH BO opakepHja (3600 m®) on jyromcrouna Touka {SS.
1013.14%), uenrpanna (CS.0 12.38%) u cesepozananma touka (NS.p 9.14%) onara. Bo annoc Ha
BPEMEHCKATA JMHIJA HA 3EMalbe Ha NPUMEPOLH BO jYIOMCTOMHATA Touka, BKYNHHOT A9-THC (%} Gun
HaJBHCOK MOMHYBAjKH 04 SS.10(13.14%), 1 notoa onafa Ha SS. (11.78%), S8 (11.56%) u SS, (10.0%) na
neH Ha Bepba,

Bo aenor , Jdueryenja”, 10xtopanaoT ce ocspuysa Ha Moponorujata Ha TPHXOMH H HaYUHHTE
NOJATOLUM 33 THIOBH HA TPHXOMM KO Ce 3aCTAaNeHH Kaj uBeT o kanabuc. [o noTkpenysa nabopoT Ha
TPHXOMH 338 CTEPEOMHKPOCKOICKA AHATH3A CO HAYHHH NOAATOIH K Clnogenvea HaY4YHH TPYI0BH I:h‘OH ce BO
MHOTY Man Opoj) BO KOW ce cnean npofneMarTikara 3a onpeleiyBime HA TeXHHYKA IPENOCT NpeKy
NpoueHKa Ha MOPQONOLWKHTE KAPAKTEPHCTHKH Ha TPHXOMHTE KakD 0DOjYBaHe HA INMABA HA TPHXOMM.
HOKTOPaHNOT ja NpHickyBa MOBP3AHOCTA Ha ONafake HA COAPKHHATA HA KAHABHHOMN CO NpoMeHa HA
Oojata Ha riaBaTta Ha TPHXOMH O/ TPAHCIY UEHTHO-MICHHA KOH TeMHo-kadeasa Goja. TTpuToa [OTEHLNPA
W feka reorpadickOTo MOSHIHOHUPAILE HA PACTEHHjATa BO OpamKepHjara e aHauajHo, Giaejkn Bo oBa
HCTpaKyBatbe Ce 3abeNencyBa Onarame Ha COAPWHHATA O] JYFOMCTOMHA KOH CEREPOIANAIHA CTPAHA HA
opankepujata. OBjle NOKTOPAHAOT cyrepHpa aexa Gepbara Ha Marepujanot Tpefa na Guge nofenena na
J0HH 01 ﬂl’JﬂHH{QijHTH H CNEACTBRCHO 13 ce CGNPEIENYRA TOYHATA COOKEHHA Ha KaHabu HOHIH €O uen
NMPaBHIHO NAKYBabe H XOMOPEHOCT HA PACTHTENHHOT MATepUjan of acnekT na conprnha Ha kanabnHouan.
JlokTopauaoT HeTo Taka ce HAAOBPIYBa W HA 3a0eNekyBalbe Ha NojaBaTa ua 060jVBakke Ha AHTOUHjAHH Ha
CamMHOT OpaKTeaneH INCT KOj ce aHaTn3Npa Kako Ae) 01 LBETOT WK nak ri Gon Tpuxomnte, Ce HAAOBP3Y Bil
Ha THTEPATYPHH MOLATOUH 32 3HAYEHETO Ha NMPHCYTHOCT Ha EJH'i'DL[HjEHH BO HAcOKa Ha CTapeehe HAa
PACTEHHETO. ;

Bo IARAVHIHTE COrIeaYRala, JOKTOPAHRI0T Harnacysa feka TOCTOM rojaes I'IDTIJHLIHJHJ'[ 3a
ClledeHke Ha MOPdJUJIUI'HjEiTEI Ha TPHXOMM KaKO anaTea 3 OMNpEfEnyYRaAHC Had TeXHHYKATA IpENOCT HAa
kaHaOHe, 1O Jeka CeyIITe NPeTCTaBy Ba HEMORONHO HCTpakeHa Tematuka. JIOKTOpaHI0T ofpaznokysa
Aeka €O OBaa CTYAMja Ce KOMEHTHpA Kopenauujata mefy npoMeHa Ha COAPAHHATA HAa
KaHaOMHOM/MTE W mpoMeHara Ha oBojyBake HAa INaBata Ha TPHXOMHTE, KOHKPETHO 3a
HCTTHTYBAHATA COPTA HA Kanabue, OBa HCTpaiKyBake 1aBa HACOKH 32 HIHO KOHLENTYaTHIHPaIbe
HA CTY MM HA KOPENHPake HA KaHADHHOW/IHA COAPKHHA W NPOMEHH BO TPUXOMMU H 060]yBatbe Ha
AHTOLM]AHH BO PA3THYHK KYJITHBAPH HA KaHabuc,

JAKJIYYOK

Mo npernenoT Ha ceMUHAPCKNOT TPYA Noj Hacnoe OnpeneyBaise HA TEXHUYKA IPeNoCT K
KyNTHBHPaH KahaGue cnopen Mopdosiorujata Ha TPHXOMHTE M COApSKHHATA HA KaHaGMuOWINTE" Ha
AokTopadioT Beponuka Cronnkoscka I'“uprmeacm, Penensentckata KOMHCH]a KOHCTATHpa AeKa cTAHYEBA
300p 3a 3HauaeH HaydeH Tpya koj ja obpaforypa npodnemaTiika 3a ONpeaenyBake HA TEXHHYKATA 3penoct
Ha KYNTHBHPaH KanabKe co KopenalujaTa Mely npoMeHa Ha KaHaGHHOMINATA COAPIKHHA 1 [pOMEHA
Ha 060jyBalbe Ha IIARATA HA TPUXOMUTE . =



OHEHKA W IPEJLIOD

Bp3 ocnosa wa ropenaseacnoro, Peueirenn e KoMueHja i 1o ouenyra JIocTaBeHuoT
CEMHHAPCKH TP DO HACHOR . ONpeaciysinine i TeXiHaK) ipeioct ki) Ky mueupan kanabue cnopea
MOPPOAOTHIATA  HA TPHAOMMTE M coapmunata o kanabuionanie”  ua poktopanaor  Beponwka
Cronakoscka | opruencka w MY npepiara o Coretor na JokTopeku oryann va (bapuaneerckuor
dary et npu YKHM o Cronje aa ro npudati i 5kase verosa npeienranmja,

Peuensenicrka KOMHCH]a:

Mpog. a-p lowe Credixon




