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INTRODUCTION

Cannabis is becoming a popular medicine in the United States for patients fighting a 

wide variety of diseases and disorders. Conditions such as multiple sclerosis, cancer, 

inflammatory and autoimmune disorders, and a wide variety of psychological disorders ranging 

from depression and anxiety to schizophrenia are being treated with this plant and derived 

products. Most of the medical benefits of cannabis consumption are due to the presence of 

cannabinoids, small molecules that interact with the human cannabinoid receptor system.

ROUTES OF ADMINISTRATION

Cannabis consumption is well known to the public psyche in the form of a joint- a 

cannabis flower cigarette. Those more intimate with the cannabis community are well aware of 

dry pipes, water pipes, flower and extract based vaporizers, and dabbing rigs. All of these 

methods are variations on the inhalation route of administration, because they all introduce 

cannabinoids into the lungs. A second common route of administration is oral ingestion, 

consuming edible products infused with cannabis or its extract. Although edibles come in a wide

variety of forms, they all introduce cannabinoids into the digestive system via the stomach. 

There are other routes of administration such as sublingual, dermal absorption through skin, 

anal and vaginal suppositories, and recently intravenous solutions. Inhalation and oral ingestion 

represent a large majority of traditional medical cannabis consumption, therefore comparing 

their effects on patient health will be the focus of this article.
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ANATOMY

When comparing the effects of inhaled and ingested cannabinoids it is critical to 

examine the differences between the stomach and the lungs. See figure 1.

Figure 1: Diagram of blood flow between brain, liver, lungs, and stomach

The lungs contain a very large amount of blood vessels that very quickly absorb 

cannabinoids, and this blood is directly pumped into the heart and then up to the brain, where 

many cannabinoid receptors are present. See figure 2. In contrast to the quick and simple path 

taken through the lungs, cannabinoids entering the stomach start a long journey to the brain.

Figure 2: Diagram of absorption of inhaled THC being absorbed by the lungs
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Ingested cannabinoids begin their path to the brain in the stomach, which has no ability 

to absorb cannabinoids into the bloodstream directly. After a digestion period, cannabinoids 

pass into the small intestines, a region called the duodenum where the stomach contents are 

mixed with bile which allows water insoluble substances such as fats, oils, and cannabinoids, to 

first dissolve. After dissolving, they are absorbed into the blood by the intestines, but this blood 

is not heading directly to the brain. Instead this blood is pumped to the liver, which attempts to 

detoxify its contents before releasing them to general blood circulation. It is here that 

cannabinoids can be metabolized, or converted, into new compounds by the liver. Many studies 

have examined the liver's ability to transform THC, tetrahydrocannabinol, into 11-

hydroxytetrahydrocannabinol, or OH-THC, a psychoactive cannabinoid distinct from THC 

proper. Once the newly minted OH-THC cannabinoids leave the liver, they pass through general

circulation to the brain. See figure 3. This long route of administration also explains why edibles 

take such a long time, often over an hour, to begin to take effect.

Figure 3: Diagram of ingested THC being absorbed through stomach and liver before reaching the brain
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METABOLISM

Metabolism is the process by which a living organism converts one compound into 

another. OH-THC does have psychoactive effects very similar to THC, with some minor 

distinctions that are still being explored by researchers. OH-THC is theorized to explain certain 

phenomenon, or effects, of cannabis use and especially the distinction between an edible 

experience and an inhalation experience. Before we delve into the effects of OH-THC versus 

those of THC, let's review where OH-THC comes from and where it goes in the human body.

Figure 4: Conversion of THC to OH-THC by liver enzyme CYP2C9. Structural changes made by enzyme 
marked in red coloring.

OH-THC is produced in the human body by an enzyme called Cytochrome P450 

Oxidase 2C9 or CYP2C9 (pronounced: sip-two-cee-nine)1. See figure 4. An enzyme is 

essentially a very large molecule that envelopes and modifies a target molecule. In this case 

CYP2C9 is targeting THC and adding an OH to it, increasing its water solubility and the ease 

with which it can be excreted by the body through urine. Although CYP2C9 is present in small 

amounts in the brain, it is present in vastly larger amounts in the liver. CYP2C9 is responsible 

for metabolizing serotonin and over 100 pharmaceutical drugs, such as warfarin2. Besides 

helping to excrete and breakdown, CYP2C9 also uses many of the fats and oils acquired from 

the diet to synthesize eicosanoids, signaling molecules the body uses for communication, often 

in regulating inflammation3.

Although OH-THC does posses psychoactivity, the next metabolite down the chain, 11-

nor-9-carboxytetrahydrocannabinol, or COOH-THC, does not4. When the body converts all of 

the available THC into COOH-THC, the effects of the “high” end. COOH-THC is often used for 
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drug testing kits, as it builds up in the body very easily and can take up to one month to 

completely clear. One study claims that urban sewage and groundwater have levels as high as 

10 part per trillion (ppt) of COOH-THC due to excretion after human consumption4.

Figure 5: Overview of metabolism of THC

 The metabolic pathway of THC to 11-OH-THC to COOH-THC represents the 

majority of human metabolism of THC, but there are minor metabolites and variants the largest 

© 2017 Digamma LLC p. 5



of which is the 8-OH-THC metabolites5. CYP3A4 metabolizes THC at the 8 carbon instead of 

the 11, creating 8-OH-THC. Enzymes have been observed oxidizing THC at a variety of carbon 

locations, creating polyhydroxylated THC derivatives. Many of these minor variants have been 

seen in larger amounts in studies on non-human animals as models to understand metabolism 

of THC and other cannabinoids. For an overview of human metabolism of THC, see figure 5.

METABOLITES

The conversion of THC to OH-THC does not reduce the psychoactivity of the 

administered dose, and some theorize that OH-THC is actually more potent than the same dose

of THC. This theory could explain how a patient who is used to smoking about a gram of flower 

a day, approximately 200 mg of THC, can eat a 50 mg THC edible and feel either overly high or 

overly tired and dysfunctional. The higher potency of OH-THC could explain how 50 mg of THC 

ingested orally can exceed the effects experienced when 200 mg of THC is being inhaled.

The gradual conversion of THC to OH-THC is thought to be responsible for the delayed 

onset of some of the effects of cannabis, such as increased appetite, drowsiness and sedation. 

This is in contrast to the initial effects which can include heightened sensations, euphoria and 

mental enhancements associated with THC.

In pharmacology, many examples exist of drug metabolites gaining new biological 

activity after being metabolized. It is known that THC and OH-THC are psychoactive and 

COOH-THC is not, but it is not known whether the many other minor metabolites have 

psychoactive properties and otherwise alter the state of the patient. Over 100 metabolites of 

THC have been discovered by chemists, and the effects of only very few are well studied1. 

Aside from possible psychoactivity, cannabinoid metabolites may also interact with inflammatory

and other extra-neural signaling pathways, yielding physical effects distinct from those of 

classical cannabinoids.
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PHARMACOKINETICS

To get a good picture of the differences in effects between inhaled and orally-ingested 

cannabinoids, it is helpful to examine the concentrations of these cannabinoids and their 

metabolites in the blood of a patient over time. One of the major themes of cannabinoid 

pharmacokinetics is that oral ingestions leads to higher levels of OH-THC found in the blood 

versus the much lower levels of OH-THC found following inhalation (5). We first examine blood 

serum levels after inhalation in figure 6.

Figure 6: An idealized graph showing blood concentrations of THC and its metabolites over time in a 
patient who inhales THC.

This graph illustrates the amount of THC and two metabolites in a patient's blood over time. We 

can see that immediately after smoking, the patient has the highest THC levels and very little 

metabolites. As we move to the right through the graph and time elapses, the body converts 

THC to OH-THC gradually, and the THC levels begin to fall, and a small amount of OH-THC 

accumulates in the blood. After enough time passes, all the THC and OH-THC are fully 

converted to the inactive COOH-THC which starts to become the predominant metabolite in the 

patient's blood.

Notice the very low levels OH-THC relative to THC. This is due to the fact that the body 

is only able to convert THC to OH-THC slowly, as only the portion of the blood in the liver is 

capable of metabolizing THC. This leads to a lower blood serum level of OH-THC when 

compared to THC following inhalation. The very low level of OH-THC peaks around the time 

THC levels begin to decline. This coincides with the cessation of initial symptoms of 

cannabinoid intoxication; in colloquial terms, this is the end of the “high” and the beginning of a 

potential “burn out” or “coming down” phase. The fact that the onset of these delayed 

symptoms, or “after effects” coincide with a OH-THC blood serum peak strongly imply that OH-

THC plays a role in this phenomenon.
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Now that we are familiar with the general pattern of THC/metabolite concentrations in 

blood after inhalation, we can examine empirical evidence from a published study, conducted by

Huestis et al in 20095, from which figure 7 is taken.

Figure 7: An experimental graph showing blood concentrations of THC and its 
metabolites over time in a patient who inhales THC.  

Here we can see three lines representing THC and its metabolites over time. We can also see 

vertical arrows indicated when the test subject inhaled cannabinoids. Because this is an 

experimental study, the researchers had to document the blood levels before the introduction of 

cannabinoids, but we can see the later part of the graph, corresponding to approximately the 

time period after 10 minutes, mirrors our earlier diagram, with decreasing THC levels, increasing

COOH-THC levels, and a small bump of OH-THC in between the two.

The next scenario to examine is the oral ingestion of cannabinoids and how the resulting

blood serum levels of THC, OH-THC, and COOH-THC over time are different than those after 

inhalation. Feel free to revisit figures 1,2, and 3 to review anatomical path of orally-ingested 

cannabinoids.
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Figure 8: An idealized graph showing blood concentrations of THC and its metabolites over time in a 
patient who ingests THC.

In figure 8, at the far left (the earliest time interval) we see that the patient experiences THC and

OH-THC at approximately equal levels. This is due to the fact that THC must pass through the 

liver before reaching the brain, accounting for the high levels of OH-THC. Yet some of the THC 

passes through the liver not metabolized, and for this reason we do not see a complete absence

of THC in the patient's blood. As time progresses, the THC continues to convert to OH-THC, 

leading to an increased accumulation of OH-THC in the blood. When enough time passes, all 

active THC metabolites are eventually converted to COOH-THC and rendered inactive. When 

the higher potency of OH-THC is considered, it becomes clear how small doses of ingested 

THC are capable of having strong effects on patients relative to the same dose of inhaled THC.

Now that we are familiar with ingested cannabinoid pharmacokinetics, let’s examine the 

empirical data from Huestis5.
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Figure 9: An experimental graph showing blood concentrations of THC and its 
metabolites over time in a patient who ingests THC.  

In this graph we see lines representing the blood concentration levels of THC and its 

metabolites over time. Note that the concentration of COOH-THC is plotted on a different scale 

than the other THC metabolites. This is due to COOH-THC's tendency to accumulate in the 

blood as an inactive product with a slow elimination half-life, yielding higher concentrations than 

the transient concentrations of THC and OH-THC. We can see the absorption in the beginning 

of the experiment, with OH-THC being at very slightly higher levels than THC in the blood. 

Between hours 5 and 15, we can see THC levels falling off while OH-THC continues to grow as 

it accumulates from THC metabolism. Eventually, from 15-25 hours, the levels of OH-THC fall to

zero as it becomes COOH-THC, which also begins to decrease.

Notice that the scale covered in this experiment is between 0-2 parts per billion (ppb) in 

the blood. The previous experiment done on inhalation, though over a much shorter time 

interval (minutes), displayed concentrations ranging from 0-150 ppb, with the concentration of 

THC being the only one to go above about 30 ppb. This difference in scale could be interpreted 

as supporting evidence of the theory that OH-THC has increased potency over THC, and this is 

a causal factor behind the lowered doses of THC when orally ingested achieving a similar effect 

to higher doses of inhaled THC. Though these assumptions look promising, further studies are 

needed to validate their conclusions..
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DECARBOXYLATION

One very important concept for patients who choose oral ingestion for cannabinoid 

therapy is the decarboxylation of THCA to THC. This distinction becomes less important for 

patients who choose inhalation, because the heat involved in the process of smoking or 

vaporizing THCA automatically decarboxylates it to THC. THCA is not capable of being 

vaporized under standard pressure and temperature, but it is easily ingestible. THCA does not 

have the psychoactive properties of THC, but it does provide medical benefits that THC does 

not, such very potent anti-inflammatory effects through inhibition of inflammatory 

cyclooxygenase (COX-1 and -2) enzymes6. 

An open flame or red hot nail will freely convert THCA to THC, as will an oven of baking 

temperature (over approximately 177 C, 350 F) with 30-70% efficiency7. Studies have shown 

that although outside the body it is possible to decarboxylate THCA to THC, in vivo this is not 

possible8. These studies have shown that once THCA is introduced to the body, it is metabolized

and excreted by the body as a metabolite of THCA, and does not degenerate into THC or any of

its metabolites at any point, being excreted from the body as COOH-THCA. The following 

diagram, figure 10, outlines the relationship between THC and THCA as metabolites in the 

human body.

Figure 10: Flow chart relating liver metabolism to decarboxylation 
with respect to psychoactivity
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but once THCA enters the body it follows a different metabolic pathway than THC, and leads to 

no psychoactive effects. 

It is important for patients to understand their specific needs from cannabis therapy. If a 

patient chooses to ingest edible cannabis for its psychoactive effects, it is important they view all

lab testing results of any products they purchase in a dispensary and view for themselves the 

levels of THC, THCA, and other cannabinoids that are relevant to their health. In general, these 

patients should be seeking products with high THC levels and almost no THCA. Conversely, a 

patient who does not desire the psychoactive effects from cannabis but instead seeks treatment

for an inflammation or autoimmune based dysfunction, will need to orally ingest THCA, since 

absorption of THCA through inhalation is not known to be possible. This patient will want to 

check lab results for products purchased at dispensaries to make sure the level of THC present 

is low enough to be acceptable, and the level of THCA is adequate.

A firm grasp of the science behind cannabinoids and their interactions in the body can 

help a medical patient, a prescribing doctor, or an industry professional to better understand the 

effects that different routes of administration will have on health, function, and experience. With 

accidental oral ingestion “overdoses” becoming more frequent in recreational states, it is 

important for a patient or recreational user to be aware of how this route of administration will 

affect their body and mind. The term “overdose” appears in quotes because cannabinoids can 

cause a mentally unpleasant state, but have no known lethal dose associated with them. 

As the cannabis industry becomes more aware of the chemistry of both the plant and 
biochemistry of the human body, it will be better able to serve, and more importantly meet, the 
needs of all patients and users.
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