Impairment Measurement Marijuana and Driving

A social equity marijuana business certified in Massachusetts.

deniseavalenti@gmail.com
617 347-8737




IMMAD is developing objective technology that can
identify actual impairment from marijuana use.
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Unlike alcohol. there is no breathalyzer
or standard field sobriety test.

Unlike alcohol the breath or blood is not linearly related to actual impairment.
IMMAD would not used instead of blood, breath or saliva, but in addition to them.
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IMMAD

Research participants press a button
whenever they see striped squares in
their vision.

Participants with recent
marijuana use, cannot see many of the
squares.




Massachusetts CCC Research License

IMMAD does not require any license to
undertake our federally funded research.

Began the process formally in 2018.

To date only one research license has
been granted in Massachusetts.

Fall 2024 Curaleaf Newton, MA.

Multistate, multicountry operator. |
Seeking to relocate. |

No permits to undertake human research
have been awarded in Massachusetts.

https://www.mysterious-times.com/wp-content/uploads/2018/08/high-rat_a49306f8.jpg
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Success At Federal Grants

National Institute of Justice 2022-2024
National Institutes of Health 2018

Dr. Marc Pomplun

Chair Computational Sciences
University of Massachusetts Boston
Died Suddently: January 2025

National Institutes of Health 2025
Pending/ Withdrawn
No funding 2025-2027

IMMAD has several federal grants under review



IMMAD workbar
24 School St

There is never marijuana on site, do not require the license
to undertake research.

IMMAD could be first to be issued MCCC research permit.
This is separate from a license.

IMMAD has IRB approval for opportunistic dosing.

Massachusetts marijuana laws require study of driving impairment.




Opportunistic Dosing

Not Ideal Way to do research. lItis
what the government can fund.

IMMAD consents and evaluates
participants when they have reported
not to have used any products or
alcohol. Discuss when and where the
participant will be using their own
product.

Arrange transportation to the test site
and re evaluate the participant.
Arrange return transport.

IMMAD uses extensive questionnaire
of use take saliva and blood at both
visits.






Shared workspace,
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Reserved conference
space, as needed.






Densest
Population
Facility in State:

B Enjoy Cannabis This 4201 8
Don’t
Drive
Hi

420 Abutters

Density of residences
advantage for research.




Security ‘\

Security is provided by Northeast
Security, Inc

Managed by Indira Frederico

The space is in a building with 24
hour security. Access is by key pass
and identification by the security. To
enter the building one must be
granted access by security. This
enables access to the elevators. The
space in on the second floor. There
IS a receptionist at the entry point
during traditional hours; 9 to 5.
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When There are
Participants “Customers” On Site

During periods of participant evaluation IMMAD has two staff meeting and
greeting participants at the entry street level. We run one participant at a
time unless they have scheduled together as “friends”. The two staff remain
with the individual during their entire visit and escort them back to street. If
dosed, the staff remain with the individual until they have entered car.

https://s3.amazonaws.com/lyft-assets/web/Lyft-OG-Driver-2.jpg




IMMAD NOT Comparable to Recreational Retail

Curaleaf: 21 Milk 300 ft, 1 block Pure Oasis: 85 Devonshire 365 ft, 2 blocks
Proposed




Parallel Businesses Within Four Blocks
All Probably More Disruptive Than IMMAD

Mental Health Services

Drug detoxification center 400 feet, State Street
Psychology/Psychiatry three blocks, Devonshire
Internal medicine practice across street on Washington
Psychotherapist four blocks, Broad Street

Therapeutic services two blocks, Tremont Street
Mental Health Clinic four blocks, Court Street

Addiction Services
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Two practices less than block, School Street
One practice two blocks, Tremont Street

Four practices three blocks, Devonshire Street
One practice three blocks, Congress Street
One practice four blocks, Post Office Square
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We Want
Participants High

We Will Not Be in Compliance
With Boston Cannabis
Regulation: Intoxicated Patrons

“A person who is intoxicated or who appears to be
intoxicated shall not be permitted to enter the Licensed
Premise. All employees shall be trained to be aware of the
signs of intoxication. Employees must notify a manager of
an intoxicated patron and,if necessary, assist in escorting
the intoxicated patron from the LicensedPremise. Once
outside orin the lobby if a responsible person cannot be
located to assist this patron then the employee should call
911 to request police assistance. “

But we are compliant with:

“Reasonable attempts, absent physical restraint, should
be made to prevent a severely intoxicated patron from
leaving the licensed premise by themselves due to safety
concerns.”




50%
of
Visits

Participants
will have
self dosed
at home
and arrived
by shared
ride; Uber
or Lyft.
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No One Underage No One Under 21

https://pixabay.com/photos/woman-to-smoke-vaping-smoking-
7012649/
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We Do Card On The
Other Side of Age
IRB Approved
Under Age 40
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MCCC Research License Application

* IMMAD has been doing federally funded research since 2018.
* First site CIC 25 Milk Street. NIH funding. 26 participants.

. Second site 1325 Hancock Street, Quincy, MA. NIJ funding.
| 50 participants. 12 real car, closed road Weymouth.

.« Current site 24 School Street. Boston, MA.
Propose up to 90 participants a year.







IMMAD
As A Test:
Easy




Science Complex:
Cannabis Inhibits Dopamine Production In Retina

Ganglion cells are red, with dopamine in green

Mills, S.L. and Massey, S.C. (1999) All amacrine cells limit scotopic acuity in central macaque retina: an analysis with calretinin labeling, confocal microscopy
and intracellular dye injection.J. Comp.Neurol. 411:19-34




Acute Marijuana Use: Retinal Function

Denise A. Valenti, OD, FAAO

IMMAD

IMMAD-Impairment Measurement Marijuana and Driving

Christopher Wu, OD

University of Houston College of Optometry

Background and Methods

We evaluated, using an IRB approved opportunistic dosing protocol, twenty participants.
Participants were seen undosed and baseline was measured. The participants used their own
product off site and were picked up and returned to the same location by ride share. Blood
was obtained during the dosed sessions. Thirteen had reliable data. Reasons for exclusion
were mismatch of blood to use reports or unreliable results based on technology. We used a
visual field screening technology assessing visual field function within the central forty degrees
of vision. We elected to use the instrument’s threshold strategy rather than screen program.
Research shows decreases in visual function with acute use. The technology checks false
positives and negatives as well as fixation. We did identify chronic heavy users having
dysfunction in fixation, with more unreliable results. Understanding deficits associated with
cannabis is particularly critical for tasks such as driving
The stimulus, far right, is a low spatial frequency
grating of 10°, presented at 1 of 17 test locations,
shown near right. The grating alternates at 25 Hz.
The frequency doubling illusion is the subjective
perception that the grating has twice the number
of dark and light bars (i.e., its spatial frequency
appears to be 0.50 cpd), as shown in the diagram.

Cannabinoids And The Retina
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Outcome:

Disruptions in neurotransmitter balance due to
disease, medications or drugs can result in
dysfunction in the retinal ganglion cells (RGCs).
Chronic cannabis use as well as acute use
causes dysfunction in the RGCs (6). Functional
tests can demonstrate such losses. Near right is
an example of retinal ganglion cell dysfunction
specific to dopamine depletion in Parkinson’s (7).
The image to the far right is an example of acetylcholine inhibition secondary to medication,
methotrexate (8). The images, OD and OS, below are the results of the cannabis group. Red
is significant dysfunction. The P values are displayed. There were trends showing potential
gender differences with females (equal numbers have participants) having lesser impairment
in all but one quadrant. Acute cannabis impairs functions related to temporal processing and
contrast as demonstrated with this research. Further research is warranted.

Conclusion

Acute use of marijuana has
been reported to cause
retinal ganglion cell
dysfunction. This research
in visual system shows

| functional impairment that
is caused by acute
marijuana use.
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Impairment Measurement Marijuana and Driving
A company specializing in the responsible use of cannabis.

Introduction  There are receptors the retina (1). causes in human
retinal ganglion cells with acute use (2) and chronic use in the abstinent state (3). Central glare dysfunction has been reported
with acute marijuana consumption (4). Tunneling of vision is described by users consuming marijuana acutely. However the only
report in the literature of peripheral dysfunction were reductions along the only meridian measured, 180 degrees (5). An animal
model shows cannabis impairs the lateral geniculate nucleus and superior colliculi (6) raising potential for eye movement
changes. Despite being recognized as legal in nine states, marijuana is still classified as a Schedule | drug by the federal
government and the opportunity to undertake double blind , placebo controlled studies are limited. ~We evaluated
oppor during vision seven participants who reported to have acutely self-dosed with marijuana/cannabis.
Three participants were casual users by self reports and four were self reported as having chronic long term use. Of the
seven, only four had reliable testing, the three casual users and only one eye of a chronic user. Undertaking this type of research
is not without problems, but does allow for collecting preliminary information to guide future research.
Methods  Two participants were seen at a general health screening and evaluated after acute marijuana use and reported only
casual use of marijuana.. The others were seen at an event specific to cannabis; GreenLabs under the direction “Understanding
Legal Marijuana, LLC". GreenLabs are offered on a regular basis to train law enforcement specialists. The purpose of the eye
screening was to evaluate at baseline and under marijuana use, visual functions that may be contributing to observations made by
the officers taking the course. Medical professionals took measures of heart rate, blood oxygenation and blood pressure from all
participants as well as other biologic measures.. Three of the five participants visually screened had blood drawn as a part of the
drug training to levels of (TCH). The visual screenings included best corrected distance vision
OD, OS and OU using an EDTRS chart at (en feet. All participants had best corrected vision 10/20 or better OD, OS and OU. We
also utiized a Zeiss 710 Frequency Doubling Technology (FDT) visual field test. FDT is often used for large group visual
and has been to be reliable in young children (7) as well as cognitively impaired adults (8). FDT uses a
variable contrast low spatial frequency grating of 10°, presented at 1 of 16 test locations, a 5° target centrally and tests the central
midperipheral forty degrees of vision. The grating alternates at 25 Hz. We used the instrument threshold strategy. FDT has
twelve reliability measures; six fixation tests, three false positive and three false negatives.

Six participants had a vision screen during the GreenLab drug education course for law enforcement officers. ~ Of these

six, only three were included in the data under discussion and shown below. One was a casual user. There were three potential
periods of testing; prior to dosing, after an initial dosing and at the end of the entire session. The time span for testing was four
and one/half hours. Testing was done as participants were able and interested in the testing. Only one participant had testing
during all three times, and this participant turned out to be the only chronic participant with reliable testing. All those used for
analysis participated in a session within one hour or less of dosing. If a participant had three or more failures in reliability indices;
fixation loss, false positive or false negative, the test was considered unreliable and not included in  statistical analysis. Of the six,
one was found to have been a “malingerer” identified during blood THC level testing and had not likely consumed marijuana.
Another that had been tested during a pre-dosing session was too impaired after dosing, having used a product unfamiliar to
them, to participate in any further testing. One participant had unreliable indices in the pre-dosing session with four with the right
eye and five with the left and the dosed session six with the right eye and seven with the left. One participant had only been
tested at the close of the session, four hours after consumption and the data was not included in discussions or analysis Of the
remaining three participants one was a chronic user and had an unreliable test in one eye . This was the only participant having
been tested during all three sessions. The other chronic user, while able to fully participate and perform the test, had unreliable
tests for both eyes. The casual user had reliable tests for both eyes. Two staff members administering protocols during the
GreenlLab were used as controls.
Results The casual users are labeled 1, 2, and 3 in the chart below. They all had reduced sensitivity in each eye and had
negative mean deviations in both eyes. The chronic users both showed high positive mean deviations in the eyes considered to
be unreliable based on errors and the standard deviations were also high. ~T-tests of probability were done on each of the
seventeen test points comparing the three casual user’s six eyes to those of the two control’s four eyes. Three points were
significant to P< 0.01 and the data are shown to the right. The printout showing the decibels for each point and total deviation for
one control participant and the three casual users are far right. The printout for the two chronic users also include the mean
devlatlon and standard devlatlon

Visual Function and Acute Marijuana Use:
Casual and Chronic Users

Denise A. Valenti, OD, FAAO

IMMAD, LLC

Chris Halsor, Esquire and David Carbonneti - Understanding Legal Mariju
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The printouts from the dosed
participants are all from the left eye.
The technology; FDT, tests right eye
firstand then left. The casual user
tests were all reliable. The chronic
user to the far left was unreliable while
the one near left was reliable.

While the individual printouts for casual
users only have the point one in the
upper right corner as reduced in the
total deviation readouts, two additional
points were_significantly reduced. The
central circle and point six.

Using for marij studies is p . However, given the barriers to the Age [gender [oxygen [Heart [Blood |Blood THC/marijuana
sludy of marijuana/cannabis the testing of these participants was instructive and valuable. The results show possible differences rate pressure mg/ml product
between long term chronic users and non-long term users. One potential adaptation may be scanning patterns that are enhanced, 3 (33 |male |97 84 150/90 | None 'Dab 80% Refe rences
using microsaccdes much like what occurs with those with long standing stable visual field defects. It is likely the brain has % |92 1601100 2 hits
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Cannabinoids: Not like alcohol

Alcohol and Marijuana

There is a linear relationship to the Maasures in system and performance

quantity of alcohol and impairment.
There is no such direct relationship with measures of
cannabinoids in fluids and impairment. There needs
to be both a measure of presence of cannabinoids
and a separate measure of impairment that is
related to the ability to safely drive a motor vehicle or
perform tasks. Measures of impairment need to be
objective, free of racial bias and easily performed
roadside by law enforcement professionals. To date
saliva is an efficient means to detect cannabinoids —
and we propose a simple retina test of impairment.

Cannabinoids: Biologics Include Tears

MEASURE OF MARUUANA OR ALCOHOL

PERFORMANCE/LEVEL OF
+—— BETTER

Measures of Cannabinoids Urine, blood, saliva, breath, sweat and tears (1) have all been shown to identify
cannabinoids in humans. Of these, urine and blood are the most frequently used roadside. Urine is particularly problematic
as it is only an indication of use several hours or more prior to the time it is collected. It measures the inactive

cannabinoid metabolites, Delta-9 Carboxy THC. Blood can demonstrate more recent use and can quantify the presence of
the active Delta-9 THC as well as its active metabolite 11-Hydroxy Delta-9 in addition to inactive THC. THC has an affinity
to the lipids of the body making the possibility of testing breath difficult. Saliva is less problematic, but still not as reliable

if cannabis is consumed in edible form. Tears contain a lipid layer that would possibly be a means for detection of
cannabinoids, but a practical means of retrieval has yet to be identified. We are fortunate that Northeastern

Biomedical Engineering Capstone teams are working on this problem.

References and Conclusions
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While promising, tears are not yet practical as a measure of cannabinoids when retrieved roadside. Acute use of marijuana
has been reported to cause retinal ganglion cell dysfunction. This research in the visual system shows functional impairment
that is caused by acute marijuana use and the impairment can be demonstrated using patented IMMAD Virtual Reality
forensics technology having variable contrast striped targets. Such technology can be used roadside by law enforcement.

Contact: deniseavalenti@gmail.com Funding: NIJ 15PNIJ-22-GG-04417-RESS

Ophthalmic Impact of Cannabinoids

Denise A. Valenti, OD, FAAO CEO IMMAD LLC
Trevor Koppy Chemistry UMBoston
Allen Mello, MS Forensics Wisconsin State Lab of Hygiene

David Calixte Engineering BFCIT

Retinal Functional Impairment

Cannabinoid receptors are throughout the retina

(2). Cannabis depletes retinal dopamine. Retinal amacrine cells are
involved in processing acetylcholine and cannabinoids disrupt this
neuroprocessing in the retina (4). To the left is a drawing of the
retina. Cannabinoid receptors are shown in green, acetylcholine is
yellow and dopamine is depicted with red. Functional tests can
demonstrate such losses. IMMAD is such a test (4). IMMAD
displays small striped squares in a simple virtual goggle.

A striped square is shown left. The stripes are of variable contrast.

36 = 34 28

34 4 5 £

Casual Cannabis Use — O ng/mL cannabinoids in system at baseline
1.0 11-Hydroxy Delta-9 THC, 16 Delta-9 Carboxy THC, 5.7 Delta-9 THC when dosed.

Acute cannabis impairs functions related to temporal processing and contrast as demonstrated with this research. Above

_ are the results from an undosed and dosed participant who was a casual, non chronic user. Below are the undosed and

dosed result from a chronic cannabis user. The numbers displayed are detection of decibels of contrast in the stripes
displayed. Stripes cover a ten degree area. Grid pattern is percent deviation from normal, denser dots, greater deviation.

| om | a2 a it o Lt el En 3 34 Bl

Chronic Cannabis Use — Reductions in IMMAD at baseline and had cannabinoids in system
at baseline. 0 11-Hydroxy Delta 9 baseline and 1.2 at dosed session. 36 Delta-9 Carboxy
THC baseline and 37 dosed, 2.1 Delta-9 THC baseline and 9.0 dosed session. Unit ng/mL



Medical Marijuana and Glaucoma:
The United States Experience

Denise A. Valenti, OD, FAAO

STATE MARIJUANA LAWS

; - : = - Glaucoma Percentage of
: Theme are twenty-eight states that allow for the use of medidnal plant mnnabis d AS OF NOVEMBER 9. 2016

Objective:
and all but six have glaumma specified as an approved pathology for which cannabis can be State Glaucoma
used. This is an analysis of the dets relsted o the cerifietion to use marijuana’/mnnabis a5 2
means to treat glaucoma. Of note; Israel, considered to be on the forefront in cnnabis
medicine, recenfly dropped glsucoma ss an spprowed disesse for marijusnal‘cannabis o 7E5/50 BT9 1 B
restment Colomado 1,183/35,868  2.30%
Methods: A review was made of each state’s website. Some had stafistical reports, those o i ','=' B
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Twenty-two states have glaucoma as a disease to be trested with manjuana. Of thess, there ggon TEN5T, 900 2.80%
were data from eleven states. Of the twenty-two states, four states had new programs not yet Rhode Island 218,718 0.22%
enrclling. Three states stand out when companing rate of cerifimtions to the rate of
prevalence. Montena and Colorado for having high rates and Minnesota for having low rates ra ":K;"'f;;‘g:j:::ﬂfﬁ;ff&ﬁ;'&_ﬂ__ i Glaucoma & IoP Y
Massachusetts did not respend to requests for an update and Montena had listed cancer, HWV A Few Cannabis Studies
and glaummsa in one oategory for the January 2017 mport.  Alasks, Florida, Maine =snd
‘California responded and scenowledged they do not collect disgnosis data that is availsble o
the public Connecticut, lllincis and Washingtondid net respond to multiple requests. Glaucoma PErCEntagE Of Caira £5, Skt W4 4 The ntrarasat Snsan 4
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DETECTION OF A9-TETRAHYDROCANNABINOL AND METABOLITES IN THE MEIBOMIAN LIPIDS OF TEAR .

SAMPLES THROUGH LC-MS/MS

Allen Mello ', Denise Valenti, OD 2, Jamie Foss ?, and Sabra Eic:otr.:h-Ji;wr!_es1

' Biomedical Forensic Sciences, Boston University School of Medicing:
2 IMMAD: Impairment Measurement Marijuana and Driving, Guingy) i

3 PerkinElmer, Inc., Shelton, CT

With an increased use of recreational marijuana, the risk of Driving Under
the Influence of Drugs (DUID) is steadily increasing. There exists
limitations with current methods of detection of AS-Tetrahydrocannabinol
(THC), the primary psychoactive component of marijuana, in DUID cases
with the need for invasive sample collection (e.g., blood) and roadside
collection. This work explored the use of meibomian tear fluid as a novel
matrix to detect THC and its accompanying analytes.

This research focused on the delection and quantitation of THC, 11-
Hydroxy- THG (11-0H-THC), and 11-nor-carboxy-THC (THCOOH) as
these analytes are produced in the metabolism of ASTHC. Meibomian
fluid maintains a high lipid conceniration and Faity Acid Binding Protein 5
(FAPBS), a protein known to bind to cannabinoids, Due to the lipophilic
nature of THC, fear fluid could be used as a less-invasive biological matrix
to tast for the presence of THC and its matabolitas.

Collection was completed by BVI Weck-Cel® Sterle Cellulose strips
(Beaver-Visitec International. Walham, Massachusetts, USA), measuring
approximately 2 x 20 mm, and placed in Thompson eXtreme PYVDF 0.2 pm,
pre=zlit, red cap, filter vials (Thomson Instrument Company Oceanside,
Califormia, USA) containing Quantisal buffer (Immiunalysis Corporation
Pomana, California, USA) solution. All analysis and calibrations were
complatad with fortified matrix standards with concentrations ranging from
0,25 - 250 ng/ml. Method valdation was consistent with Academy
Standards Board (ASB) Standards of Forensic Toxicology Standard 038,
First Edition 2018,

Tear samples were collected from participants according to Institutional
Review Board (IRE) standards before and afler administration of Marjuana,
Samples were collected approximately 30 minutes posl, Samples and
calibration standards weare analyzed using Liquid Chromatography Tandem
Mass Spectrometry (LC/MS-MS) with the QSight® 220 CR LC-MS/MS
(PerkinElmer, Waltham, Massachusetts, USA) and using a8 Hak® C18
3,0x50 mm (2.7 Pm) column,

Table 1: LC Method Conditions

|
2 =8

Figure 1. Tear Collection with BVI Weck-Lel® Cellulose Figure 2, Collection and use of fiker vials: A) cellulose sbip = placed wila (he batlom parton af the vial B)
strips: A) Collulose strip covers a majority of e amea of the [ower Top portion, with e filtar, fs introduced and compressad with the bottom portion C) Analyte collectad n the
ayeld for enhanced n B) Location of glands cellitpse & foreed through the Bber in e fop portion &s the celldose s ket in the bottarm portion

Figure 3 & 4: Baseline and After Dose Results from Patiant 12
LOD & LOQ
Limit of Detection {LOD) and Limit of
Quantitation (LOQ) for THC was calculated
at 0.25 ng/mbL. Limit of Detection of
THCOOH was detected at 0.25 ng/mL and
Limit of Quantitation was calculated at 1
mw naiml.

Patient Sample Evaluation

i Patient 13 is the best indicator of ability to

- detect  cannabinod  amalytes,  When
evaluating the data of a Patient 13, it was
noted that THC could be detected at a peak
intensity of approximately 4,000 cps, a
pesk area of 5,513 counts, and a retention
time of 4.875 minutes. These criteria were
all indicative of the confirmed presence of
THC due to peak intensity corresponding to
specific MRM fransitions and guantitative
and gualitative ion ratios. Similar resulls
occurred for other patient samples at kwer

(N 0
132 ;..L,L, b M .'.af,.t,u'_-',-'l?PU.
N

S 70 68 LENSMS

Time (Min) Rate (mL/Min) Al

0,00 0.80 70

0.50 0.80 70

5.00 0.B0 10

8.51 0,80 70

10,50 080 70

Column Temperatura: 40°C
Injection Volume {Full Loop): 20
Mobile Phase A: 0.1% Formic Acid in Millipore Water
Mobile Phase B: 0.1 Fermic Acid in Acetonifrile

concentrabions

It was determined that THC and metabolites could be detected and quantitated in tear fluid. However, it is noted that insufficient sample
volume in collection of this type of sample is an issue that leads to poor quantitation and should be optimized in future research,

Utilizing the current procedure, it would be of benefit to cultivate and optimize these methods into tools to aid in roadside DUID
enforcement, The development of technologies to create roadside detection fools is a current topic in impairment assessment, Because
of the issues that arise with current methods of detection, the use of tear fluid may be a simplified and non-invasive collection tool that
could be of use in law enforcement agencies,




Utilizing Blood Molar Metabolites to Determine Recent Inhaled Cannabis Use
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There is a linear relationship to the Alcohol and Marijuana Blood Molar Metabolites are a more accurate form of measurement to determine recent cannabis use

quantity of alcohol and impairment. Measures in system and performance (2). Because THC is a lipophilic molecule and can remain in the blood long after impairing effects have worn off, THC concentration
There is no such direct relationship with measures of alone cannot be used as an accurate indicator of recent cannabis use. Instead, The ratio of THC to its metabolites 11-Hydroxy-THC
cannabinoids in fluids and impairment. Many states and 11-Nor-9-Carboxy-THC can be used to determine recent cannabis use. There are 2 Molar Metabolite Ratios, 1: [THC]/[11 —
use a THC concentration of 2-5 ng/mL to indicate Carboxy —THC] and 2: ([THC] + [11 — Hydroxy — THC]/[11 — Carboxy — THC]

impairment, similar to a BAC of .08. THC is a Casual Users Molar Metabolic Ratios

lipophilic molecule and can stay in blood and tissues

S
=

Casual Cannabis Users

2
for a far longer period than alcohol and thus THC % 2.00 Molar Metabolite Ratios.
concentration alone should not be used to measure  © 1.80 Six casual cannabis users whole blood samples were
impairment. Because THC's impairing effects can last 5 1.60 measured, ages ranging from 24-32 years old, the time since
for hours, determining when someone last consumed 2 S last smoking ranged from 30 min-40. All users started
may be a better alternative to determine if someone is - & 140 consuming cannabis before the age of 16. Casual cannabis
under the effect of cannabis than how much THC is in £ 120 users may show very little to no residual THC in their system
their system. S and after consumption, blood THC levels rise to similar
% 1.00 amounts to chronic users at baseline, while showing signs of
S 0.80 impairment. The molar metabolite ratios increase to above the
. = 0.18 and 0.27 cutoffs, showing that while THC concentration
Measures of cannabinoids Urine, blood, saliva, breath, sweat and tears (1) have all been shown to identify < 060 is still relatively low, there has been recent cannabis
cannabinoids in humans. Of these, urine and blood are the most frequently used roadside. = 040 — consumption.
Urine is not useful as it is only an indication of use several hours or more prior to the time it is collected. It measures the
inactive cannabinoid metabolites, Delta-9 Carboxy THC. Blood can demonstrate more recent use and can quantify the 0.20 ii - . .
presence of the active Delta-9 THC as well as its active metabolite 11-Hydroxy Delta-9 in addition to inactive THC. THC 0.00 Chronic Cannabis Users
has an affinity to the lipids of the body making the possibility of testing breath difficult. Saliva is less problematic, but still Chronic Users Molar Metabolic Ratios Molar Metabolite Ratios.
not as reliable if cannabis is consumed in edible form. Tears contain a lipid layer that would possibly be a means for ) There were twelve chronic users aged 22-38 who have been
detection of cannabinoids, but a practical means of retrieval has yet to be identified. We are fortunate that Northeastern 2.00 smoking cannabis before the age of 16, All users were asked
Biomedical Engineering Capstone teams are working on this problem. o 1.80 ° ° to consume cannabis before arrival, the time since inhalation
w 1.60 ranged from 5 min-75 min. For chronic cannabis users, their
f) 1.40 THC blood levels may remain elevated even if not impaired,
% 1.20 the blood molar metabolite ratios can help determine if
1. Mello A, Valenti DA, Foss J, Botch-Jones S. International Cannabis Research Society, 2021 _g’ 1.00 zg?ne:br;;: zr k:gsdxogl;szlr;ﬁ;vsc;?oemc rlitliaﬁseunstgrssgc\)/l;eg
2. Kosnett, M.. (2023). Blood cannabinoid molar metabolite ratios are superior to blood THC as an indicator of § 0.80 low molar metébolite ratio.’ After consumption, the molar
recent cannabis smoking. ) ) &5 060 metabolite ratio increases significantly to above 0.18 for molar
THC is an impairing substance the same way alcohol is; however, THC stays in the body much longer than alcohol S 0.40 o é metabolite ratio 1 and above 0.27 for molar metabolite ratio 2.
does and any.mleasu_rement of THC concentration does not cor"relate to impairment. THC's psychoactive impairing = 0.20 a These cutoff points are used to distinguish between recent
effects start within minutes and can last for hours, Understanding when someone has last consumed can help better * (<75 min) and older use. All cannabis consumption was
determine if they are impaired from THC. Blood molar metabolite ratios can be a better alternative to THC alone as a 0.00 ol bolite Ratio 1 ol abolite Ratio 2 inhaled product only, no edi'ble use data is used
olar metabolite Ratio olar metabolite Ratio ) .

sign of recent cannabis use. While promising, tears are not yet practical as a measure of cannabinoids roadside.

. Baseline . Post-Consumption

Contact: deniseavalenti@gmail.com Funding: NIJ 15PNIJ-22-GG-04417-RESS




Neurobiological Effects of Cannabis on the Visual System and the Relation to Schizophrenia Expression
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INTRODUCTION RESULTS CONCLUSIONS

Inmlzmdylshghcmlsuudmomlmm
of in relation to

cannlblnoldi Swlfdmdiunpmmmo brain volume
of the orbito- frontal cortex are reduced with early initiation
of cannabis. Orbital frontal processes are related to lower
spwu quencies which are involved in the p of

The hypothesis guiding this shafy

poslhdﬂntnﬂndmnulionuﬂlundionconldsmul
of ganglion retinal cell response.

Reporting
This study seeks to enhance our understanding of the Limit
In lc: binoid Results ‘ml. (ng/mlL
andits development, specifically the e Tae el pfml) _(ag/ml)
with e “L':"ﬂ on leeos ?:.:dy [tne | Active Metabolite | 1.6 1
initiators of cannabis use (before age 16) who are chronic ,m::‘z g:"('f“‘ e -'A":‘f‘i"‘:r’:{‘é‘“t’“"“' ! :; 5 :
cannabis users (defined as more than three days per week). tive i -2 &1

Table1. Blood metabolite levels collected when abstinent from cannabis for 24 hours.
The subject uses enough that even if abstinent for 24 hours there are levels of active
and inactive metabolite THC circulating.

Saliva test came back negative for THC. Blood measures show 1.6
ng/mL of the active metabolite 11-Hydroxy Delta-9 THC, 38 ng/mL
of the inactive metabolite Delta-3 Carboxy THC, and 6.9 ng/mL of
active THC Delta-9 THC (Table 1). This subject uses cannabis
enough that even if abstinent for 24 hours, there are still active and
inactive levels of THC drcuaﬁngunblmd The molar metabolite

MATERIALS and METHODS

Figure 1. (A) vmu.l reality goggle test of visual field functioning,

, to determine i to drive. (B)
IMMAD-VR displlyl small striped squares of variable contrast
stripes. Participants press a button when they see the striped squares.

The study, d d under an IRB-approved pi 1,

ploys absti L) fi ion through
questionnaires, saliva, and blood measures. (n=1), the
subject is a white male, age 37, started cannabis

atage 11, using 5-6 times a week,

and has used every day in the previous month besides the
last 24 hours leading up to the test. We used a molar
metabolite ratio using the blood measures to additionally
confirm there was no recent inhaled cannabis use; ([THC]
+ [11-Hydroxy-THC]) / [11-Carboxy-THC]. Measurement of
retinal lion cells was d d using F
Doubling Perimetry within a simplified visual reality
Google system with eye-tracking capabilities (Fig. 1A).
F g gy (FDT) relies on
flicker illusion fli

ratio in .24, ing no recent inhaled cannabis use
(results <2.7 indicate no recent inhaled cannabis use). The IMMAD-
Vﬁnwlu{HmzjmwﬂnleﬂmwhlmthWnnm

bers which are decibels, and a dot chart
expressing abnormalities. Each lqllll'l is a section of the visual
field measuring 5 degrees each square. Regarding the raw
numbers, anything <40 is a deficit compared to normal, <35 is
significantly abnormal, and <30 is severely abnormal. Regarding
the dot chart, 1 dot is considered normal and the more dots,
correlate to more abnormality.

The that a chroni bis user who
mfbdwonthom of 16 even when abstinent has
THC circulating the blood. IMMAD-VR results show
deficits in retinal ganglion cell function even when
abstinent for 24 hours. Early initiation of cannabis
causes dysfunction in the perception of low spatial
frequency slgnlls and may result in poor perception of

facial emoti perception of low apnul
quency signals is y to interp
also causes in

!ho p-rupﬂon of low lpnﬂll frequency llgnal:. while
also These
findings mmlmtunmbit impacts the same visual

ia and may rib though
not memlrlty cause, an earlier and more pronounced
of the Further is

to determine if dysfunctions ln m visual symm
neur in i

BAOT e SR :
yo\mﬂ adulthood.

of“" h 'lmrln

Figure 2. Results from IMMAD-VR, abstinent from cannabis for 24 hours.
(A) Right eye, (B) Left eye. The raw numbers are percent contrast in
decibels, anything below 40 is considered a deficit compared to normal.
Regarding the dot charts, the more dots the more abnormal.

of a low spatial frequency sinusoidal grating at a high
temporal frequency (Fig. 1B). Testing lasts 4 minutes per
eye. A literature review aimed to contextualize the study
and the neurobiological factors linking cannabis use and
the expression of schizophrenia, with a specific focus on
visual system effects associated with the disorder.
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IMMAD Studies Eye Movement

C O lli C u li i i nflu e n C e eye m Ove m e n t . ‘ ‘Https://pixabay.com/illustréti'g:_)r;s/cbd-collorful—cut—out—drawing-ganja—5524795/

Animal studies show death to
colliculi with high p otencﬁy

DeSalu 2017 wjpmr, 2017,3(6), 22-2

Chronic long term human users
have probable changes.

Eye microsaccades, tiny
movement are common.




We Research Pupils and Wavelength

Rebound dilation is identified with prominent blue wavelength light in
room and dim illumination.

Rebound dilation is identified with prominent red wavelength light in dim
illumination.

Green has no effect, does not illicit marijuana rebound finding.
White light, standard medical lights do not illicit rebound dilation finding.
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Research
Olfactory Changes
With Marijuana Use

Olfactory cells proliferate more and
undergo less cell death.

Olfactory cells can regrow.

IMMAD data show marijuana
increases ability to smell, but
decreases ability to differentiate
similar smells. Dopamine related.
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Impairment Measurement Marijuana and Driving
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