Pre prints.org

Hypothesis Not peer-reviewed version

How Human Evolution Shaped the Way
Alcohol Affects Us

William Green and Michael Dietler *
Posted Date: 22 October 2025
doi: 10.20944/preprints202510.1745v1

Keywords: human evolution; alcohol metabolism; psychostimulant effects; acetate;
acetaldehyde; astrocytes; social bonding; fermentation; neuroevolution; synaptic stimulation; brain
metabolism; evolutionary neuroscience; alcohol and social behavior

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4799412

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 October 2025 d0i:10.20944/preprints202510.1745.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from
any ideas, methods, instructions, or products referred to in the content.

ypothesis

How Human Evolution Shaped the Way Alcohol
Affects Us

William N. Green 12 and Michael Dietler 3*

! Department of Neurobiology, University of Chicago, 927 East 58th Street, Peck Pavilion N-110, MC0928,
Chicago, IL, 60637

2 Marine Biological Laboratory, 7 MBL Street, Woods Hole, MA 02543

3 Department of Anthropology, University of Chicago, 1126 East 59th Street, Chicago, IL, 60637

Correspondence: mdietler@uchicago.edu

Abstract

The biomedical community has largely overlooked the role alcohol has played in human evolution
during the approximately 300,000 years since modern humans emerged from other primate species.
Initially, alcohol consumption, like that of our primate relatives, was limited to low levels obtained
from scavenged, fermenting foods. These small amounts produced psychostimulatory effects that
likely drove one of early humans most significant advancements: the ability to control alcohol
fermentation. With alcohol more readily available, we hypothesize that its psychostimulatory effects
promoted changes in brain function that strengthened social bonding. We further propose that that
the mechanisms underlying alcohols psychostimulatory effects at the low levels are caused by the
actions of alcohols breakdown products, acetate and acetaldehyde, generated in the brain. Higher
alcohol levels, in contrast, produce sedative and other effects through direct actions of alcohol on
neuronal targets. Recent studies found that select astrocytes in the brain are capable of metabolizing
alcohol in limited capacity. This raises the possibility that as humans evolved, astrocytes adjusted to
target the release of alcohol metabolites to specific neural circuits involved in social-bonding
behaviors. Such targeted metabolic activity could have shaped both social interactions and the
underlying neuronal architecture that supports it.

Keywords: human evolution; alcohol metabolism; psychostimulant effects; acetate; acetaldehyde;
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Introduction

The biomedical community is engaging in a campaign to persuade the public to severely reduce
the amount of alcohol (or ethanol, to use the more precise scientific terminology) that people drink.
Some medical experts warn that “the level of alcohol consumption that minimises health loss is zero”
[1,2]. Several prominent recent publications recommend that drinking should be drastically curtailed
and call for public policies to achieve this end. Conversely, other research suggests that moderate
ethanol consumption has some health benefits [3-7]. All parties to these debates generally accept that,
even below the pathological level of drinking known as “alcoholism” or “alcohol use disorder”
(AUD), a lifestyle of sustained ethanol consumption beyond moderate levels can cause several health
problems, including several forms of cancer, liver disease, and birth defects [8]. However, if history
is a predictor, these calls to reduce drinking ethanol are unlikely to inspire many people to quit.

Many religious and political movements have sought to curb or ban ethanol consumption. For
example, in the United States between 1920 and 1933, a period commonly known as Prohibition, the
country amended the United States Constitution to outlaw the manufacture, sale, and transportation
of alcohol. While state and federal Prohibition laws banning the sale of almost all alcohol initially
caused a decline in the public’s consumption by ~70%, this decline rebounded within one year despite
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the laws’ existence. By the end of Prohibition, the public’s consumption had risen to 30-40% above
the level in the year before Prohibition was instituted and the government’s effort to convince its
citizens to abandon alcohol consumption was deemed a failure [9]. With minor fluctuations, the
percentage of American and European adults who drink has changed little since the 1930s, with an
average from surveys over the years of around 63% in the United States and even higher in Europe
[10,11]. Most consumers of alcohol are social drinkers who consume moderate amounts, and less than
10% manifest symptoms of alcohol addiction. Thus, for the general population aware of the health
risks, continued drinking cannot be explained by addiction. This steady average alcohol consumption
is in sharp contrast to tobacco use, which has decreased by roughly two-thirds since the addictive
aspects of nicotine and smoking’s health risks became evident starting in the 1960s [12,13]. What
drives people to continue drinking alcohol and how do we explain the widespread, persistent
demand for alcohol despite campaigns and policies to dissuade us, for moral or medical reasons,
from drinking?

Those questions have several answers for which the social and cultural history of drinking
provides context. Our human ancestors were consuming ethanol long before modern humans
existed, starting from the point in time that our primate ancestors adapted to eating a fruit-based diet
(i.e., frugivory). The psychoactive effects on the brain from eating fermented fruit resulted from
mutations in the genes controlling enzymes, alcohol dehydrogenase (ADH) and aldehyde
dehydrogenase (ALH), which together breakdown ethanol into acetate mainly in the liver (see Figure
3 A), and allowed for the consumption of over-ripe, fermenting fruit. Estimates are that these
mutations occurred well before the genus Homo appeared. Based on genetic analysis and
comparisons of many frugivore vs. non-frugivore primate species, the genetic mutations that allowed
our distant human ancestors and other primate species to metabolize ethanol occurred about 10 to 12
million years ago (see Figure 2) [14-16]. One suggestion, the “drunken monkey hypothesis”,
proposes that our current attraction to alcohol derives from this early experience that included a
dependence on fermenting fruit for sustenance and the ability to find it by the smell of alcohol [17].
But this idea does not account for the crucial intervening period of human evolution when our
patterns of social interaction and culture developed and had a profound influence on structuring
modern behavior and tastes. In fact, most people who abstain from drinking alcohol around the
world generally do so for cultural reasons (principally religious ideologies) rather than from any
genetically based proclivity (with the possible exception in the case of the “Asian flush syndrome”)
[18].

In addition, for modern humans, alcohol is an important cultural object and social tool. It is no
longer something consumed opportunistically in the wild. Instead, it is a ubiquitous form of material
culture that humans produce in large quantities from an astonishing variety of substances (basically
anything that has sugar or starch) by an enormous variety of techniques. Moreover, humans consume
alcohol in a wide range of elaborate culturally-prescribed practices that give it meaning and value
[19-24]. This has been the case since at least the development of agriculture over 10,000 years ago, as
recent archaeological evidence from the Middle East, China, and other regions demonstrates [25-28].
In fact, some archaeologists have suggested that human desire for alcohol, rather than ordinary food,
lies behind agriculture’s development. Although this intriguing hypothesis is impossible to verify,
alcohol production was clearly part of how early humans used domesticated crops, including cereal
cultivation, in multiple locations in Southwest Asia during the Late Epipaleolithic, over ten millennia
ago [29,30]. Our complex relationship with alcohol is not only ancient, but global. At the time of
European colonial expansion beginning in the 15th century, nearly every region of the world, except
parts of North America and the Pacific, already had its own indigenous forms of alcohol. In brief, the
consumption of alcohol is deeply embedded culturally in a wide range of societies around the world
in complex ways that cannot be explained simply by common urges related to distant human
ancestors.
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The Links Between Ethanol Drinking, Its Fermentation, and Social Bonding
During Human Evolution

Modern humans emerged as a separate species ~300,000 years ago. The challenges faced by
hunter-gathers shaped subsequent human evolution especially through changes in the cortical
regions of our central nervous system (CNS) [31]. This evolution of the human brain played a critical
role in acquiring our unique human social-cognitive skills, such as language and cultural learning
[32]. As discussed above, early humans first consumed low levels of ethanol from scavenged
fermenting sources. The ethanol produced psychostimulant effects that were also disinhibitory,
relaxing and euphoric. Many social scientists have suggested that low levels of ethanol consumption
benefitted human evolution through its social bonding effects and the building of group dynamics
among humans [33,34]. A recent study has also found similar social bonding effects of ethanol for
chimpanzees in the wild sharing fermenting fruit [35]. Similar to the function of ethanol today, where
it plays a vital role in hospitality everywhere it is used, foods containing ethanol became highly
sought after as a catalyst for humans to gather together for ethanol consumption, food sharing,
rituals, and the exchange of ideas and information [36].

The social bonding role of ethanol appears to have motivated humans to learn by trial and error
how to ferment ethanol, one of the most important early human discoveries. This process of
deconstructing how to ferment ethanol must have been multistep starting with the identification of
the starch or sugar sources needed for ethanol fermentation. These discoveries, in turn, led to the
discovery of the steps needed for fermentation and the realization that the fermentation process could
be harnessed to control ethanol production. This enabled early humans to become independent of
scavenging for ethanol sources and manage ethanol availability, though limited to low levels
compared to what became possible once humans developed agrarian methods.

Importantly, ethanol production often required a significant amount of joint human effort,
especially with the fermentation of grains, which likely became a significant communal organizing
effort in terms of both ethanol production and its consumption at meals or feasts [37,38].

The importance of ethanol production to early humans and the substantial amount of effort
applied to this function is evident from the fact that it often had to be reinvented or adapted as
humans migrated out of Africa and across the world. In each new place humans settled they exerted
significant effort to find new starch and sugar sources to replace sources no longer available. These
new sources required humans to find new methods to convert the new sugar or starch source into
ethanol. Human migration, along with the constant demand for ethanol, inspired the early discovery
and use of an enormous variety of starting materials and methods for ethanol fermentation [39]. As
humans adopted agrarian lifestyles, they engaged in trade across regions that eventually benefitted
the most favored, efficient, and economical forms of ethanol production.

Given the importance of ethanol consumption and production to human history, understanding
how ethanol mediates its pharmacological and physiological effects is critical. Consequently, we
discuss mounting evidence about the way that ethanol is metabolized in the brain and why this may
be relevant to understanding what initially motivated ethanol consumption, its social uses and value
as a cultural object.

Why Is Human Consumption of Ethanol at Low Levels Stimulatory and What
Does That Tell Us About Drinking Ethanol?

The effects of drinking low amounts of ethanol are summarized in a review by Cui and Koob
[40]. That work concludes that drinking ethanol has two very different effects (see Figure 1). At low
drinking levels (1-2 drinks, blood alcohol concentration (BAC) of 10 mM or below), ethanol is
stimulatory, but also acts to relax the drinker and lower inhibitions. Above these low levels, the effects
of ethanol become the exact opposite of stimulatory. At higher levels of consumption, the drinker
becomes progressively more sedated, and at even higher levels, can lose physical coordination and,
eventually, consciousness. These “biphasic” behavioral effects are well established in humans and
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animal models of ethanol drinking [41,42]. The biphasic nature of how increasing ethanol dose affects
human behavior is similar to the “J-shaped” relation suggested by many studies between ethanol
consumption and mortality and cardiovascular disease, where drinking at lower ethanol levels is
associated with a lower risk ¢ #. These findings are currently controversial and a matter of ongoing
debate 5.

How are the biphasic effects of ethanol on behavior at low and high ethanol levels explained?
Currently, it is assumed that ethanol’s stimulatory effects as well as its sedative effects occur through
the direct interaction of ethanol with many different protein targets [40,44-46]. Here we propose that
the mechanisms underlying the opposing pharmacological effects of ethanol at low and high levels
are different. Recent findings discussed in more detail below suggest that psychostimulatory effects
of ethanol result from the stimulatory effects of ethanol metabolism byproducts, acetaldehyde and
acetate, not ethanol itself (see Figure 3). Contrary to this, it is generally assumed that ethanol’s
stimulatory effects as well as its sedative effects occur through the direct interaction of ethanol with
several different protein targets [40,44—46].

The evidence is quite strong that intact ethanol directly causes the sedative and other effects
observed at higher levels observed (see Figure 1). Overall, studies have identified ~10 different
protein targets whose function is directly altered by ethanol. Most of the targets are ionotropic
neurotransmitter receptors and ion channels each of which are either excitatory or inhibitory in terms
how they alter neuronal excitability. Generally, for proteins that are inhibitory (e.g.,, GABA and
glycine receptors, potassium channels) ethanol acts to potentiate their inhibitory effects, while for
proteins that are excitatory (e.g.,, NMDA and nicotinic receptors, calcium channels) ethanol acts to
inhibit excitatory effects. Therefore, the overall effects of ethanol on its targets dampens neuronal
excitability consistent with most of the targets mediating sedative effects. Most of the research in
support of ethanol binding directly to target proteins only saw effects with ethanol concentrations
higher than 10 mM, and when ethanol was applied in the range of 1 — 10 mM generally the effects
were marginal. In these studies, the effects of ethanol were measured functionally by applying
ethanol directly onto the cells to measure its physiological responses. These procedures are highly
accurate in applying a set ethanol concentration acutely, but act to bypass any ethanol metabolic
breakdown that might act to significantly reduce ethanol concentrations. To conclude, while it
remains a possibility that the direct binding of ethanol to its protein targets underlies the stimulatory
and other effects of ethanol at low levels, most of the evidence is consistent with the targeted binding
of ethanol underlying ethanol’s sedative effects at higher levels.
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Figure 1. The biphasisc effects of ethanol with increasing blood alcohol (ethanol) concentrations (BACs).
Increased levels of ethanol in the blood cause two different effects, initially a set of “stimulatory” effects at lower
ethanol levels, which peak and then are followed by a set of “sedative” effects at higher ethanol levels. The data
from Figure 1 in Cui and Koob [40] have been replotted to emphasize the parallels with the “J-shaped curve”
effects of ethanol drinking at low and high levels.

If the stimulatory effects of ethanol are caused by its metabolism in the brain, then its impact
being restricted to low ethanol levels (lower than 0.10 g% BAC or 21.7 mM as in Figure 1) can be
explained by a limited capacity to breakdown ethanol. Ethanol levels will increase when ethanol
exceeds this capacity where breakdown is saturated. Significant ethanol then remains intact allowing
it to interact with its targets, which cause the other ethanol-related effects. The limits of metabolic
capacity are reached at the zenith of the curve in Figure 1 at which point the the sedative effects of
ethanol begin to dominate over the stimulatory effects. As a result, the curve changes direction as the
sedative effects begin to dominate over the stimulatory effects. More specifically, the sedative effects
exist throughout the negative slope, and that they dominate at the zero crossingare only evident at
the ethanol levels where the line crosses the x-axis. At these ethanol levels the stimulatory effects are
balanced by the sedative effects after which the sedative effects predominate. The limited capacity of
the brain’s ethanol metabolism is different from elsewhere in our bodies, in particular the liver, where
ethanol breakdown increases well beyond the low ethanol levels of breakdown that exist in the brain.

The apparent limited capacity of the brain to metabolize ethanol raises the question of why it is
limited to this range of ethanol? A highly plausible explanation for why there is this limited capacity
is that before and after humans evolved from other primates, ethanol consumption did not go beyond
this range of ethanol. Thus, the human brain adapted to this range over around 300,000 years of
further evolution (see Figure 2 timeline). Aside from exceptional sporadic events, human drinking
would probably not have extended to higher ethanol levels that had sedative effects until quite
recently. Humans only began significant production of ethanol drinks with the transition from a
hunter gatherer to an agrarian lifestyle, which occurred about 11,000 to 12,000 years ago in Southwest
Asia and at least 8,000 years ago in East Asia (see Figure 2 timeline) [47]. Before that time, exceeding
a low-level range of alcohol consumption would have been nearly impossible, especially with any
regularity over a sustained period, and alcoholism and alcohol use disorders (AUDs) would have
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been absent. Even with the development of agriculture, although the possibilities for more regular
production of larger amounts of alcohol increased, this would probably not have been sufficient to
present serious problems with alcoholism and AUDs. Most traditional forms of alcohol spoil rapidly
and must be consumed immediately after fermentation. The advent of serious social problems with
ethanol likely did not occur until the development of stable forms of alcohol that could be traded
over long distances and stockpiled (such as wine), and the potential for such problems increased
dramatically with the use of distillation to produce beverage alcohol from the 15th century on.

Fig. 2: Timeline of Human-Ethanol Relationship
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Figure 2. Timeline of the relationship between humans during their evolution and drinking ethanol. Time before
present (BP) is displayed on the x-axis on a logarithmic scale over 100 million years. Events in red are ethanol

related events in human history. Events in black are human evolutionary milestones.
Human Evolution and the Metabolism of Ethanol in Our Brains

Fig. 3 Ethanol metabolism in astrocytes in the CNS
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Figure 3. Differences between ethanol metabolism in the liver in hepatocytes (A) and in the CNS where most
breakdown occurs in a subset of astrocytes (B and C). A. In hepatocytes, there is a high capacity for ethanol
breakdown. Ethanol, even at very high levels, is metabolized preventing acetaldehyde buildup and the final
product, acetate, is released into the blood stream. B. In the CNS, it is established that the enzyme ALD2, which
converts acetaldehyde into acetate, is found in a select subset of astrocytes, which act to release acetate and result
in synaptic stimulation. C. We suggest that other astrocytes that lack ALD2, as shown here, act as a second
astrocyte subtype that stimulate synapses through the release of low levels of acetaldehyde. Altogether, the data
suggest that the main function of ethanol metabolism in the CNS is to stimulate select neuronal circuits while

reducing the ethanol concentration.

Several recent findings suggest that a different mechanism mediates ethanol effects at low levels
in vivo in the brain. How is ethanol metabolized in the brain compared to other organs? Outside the
brain, ethanol is first broken down into acetaldehyde by one set of enzymes after which it is further
broken down into acetate as displayed in Figure 3. This same process occurs

naturally when ethanol solutions are contaminated by acetic acid bacteria (Acetobacter aceti),
the process that produces vinegar. Acetate or its protonated form, acetic acid, are the main
components of vinegar. In the liver where most ethanol is metabolized, hepatocytes are designed for
the detoxification of exogenous toxins like ethanol (Figure 3A). Ethanol rapidly enters hepatocytes as
we drink and is broken down by enzymes in the cytoplasm, mainly alcohol dehydrogenase 1 (ADH1;
Figure 3A) into acetaldehyde. Acetaldehyde is more toxic than alcohol and almost immediately is
broken down into acetate by a second, enzyme, aldehyde dehydrogenase 2 (ALD2; Figure 3A) that
breaks down acetaldehyde into acetate, which is not toxic and is released into the blood stream. Asian
flush syndrome occurs because of mutations that cause a genetic deficiency in ALD2 and an excess
of acetaldehyde [48,49]. There are several billion hepatocytes in the liver providing a very large
capacity to metabolize ethanol and many other substances.

In the brain, ethanol rapidly crosses the blood-brain barrier and distributes throughout the brain
just as fast it enters the liver. The enzymes that break down ethanol into acetaldehyde in the brain
appear to be different from the enzymes in the liver and other organs. In the brain, the role of ADH
appears to be limited though there are exceptions and ADH may have a bigger role than realized
[50,51]. Instead, the enzyme catalase, and to a lesser degree the cytochrome P450 isoenzyme CYP2E1
cooperate to oxidize ethanol to acetaldehyde (Figure 3B, C). All cells throughout the body contain
both enzymes. However, little is known about how catalase or CYP2EL1 are regulated in the brain so
that they are repurposed for ethanol metabolism. What brain regions, which cell types, and the
expression levels of the enzymes are all possible factors that limit the metabolic capacity of catalase
and CYP2E1 to breakdown ethanol in brain®.

Recent studies have begun to examine the role of acetaldehyde dehydrogenase 2 (ALDH2), the
enzyme that breaks down acetaldehyde into acetate in the brain, and ALDH2 is currently better
characterized in brain tissue than either catalase or CYP2E1. It is now established that in the rodent
brain [52,53] and to a lesser degree in the human brain [54,55], ALDH2 distribution is heterogenous.
It is expressed more in some brain regions, less in other regions, and not at a measurable level in still
other regions [53]. A recent study in mice found that synapses can be stimulated by the breakdown
of ethanol locally in select brain regions and that the breakdown products are not entering the brain
from other organs. The local breakdown of acetaldehyde to acetate is mediated by ALDH2 expressed
in astrocytes, glial support cells, rather than neurons. This breakdown may be further restricted to a
subset of ALDH2 astrocytes that are limited to certain regions of the brain [53] and other parts of the
CNS [56]. Consequently, acetate production from ethanol in mice is increased in certain areas such
as cerebellum and thalamus, and to a lesser extent in other brain regions. The picture that emerges
from these studies is that the function of ethanol metabolism in the brain is very different from that
in the liver and other organs. As displayed in Figure 3A, ethanol metabolism in the liver is uniformly
distributed over all the hepatocytes, which provide a high-capacity metabolic system that acts to
deliver acetate via the blood stream throughout our bodies. Ethanol metabolism in the brain has a
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much lower capacity because it resides largely in a select set of astrocytes that function to release
acetate (Figure 3B) and perhaps acetaldehyde (Figure 3C) locally at certain synapses.

Astrocyte Diversity and the Evolution of Ethanol Metabolism in the Human
Brain

An important astrocyte function is to form a sheath at synapses that acts to nurture synapses as
part of the “tripartite” synapse. Tripartite signifies the three components of the synapse: the
presynaptic domain of the signaling neuron, the postsynaptic domain of the signal-receiving neuron,
and the astrocyte sheath. The astrocyte sheath provides metabolites in high demand at synapses that
can be converted into energy and are needed for neurotransmitter synthesis [57]. Acetate can be
transported from the astrocyte to the neuron where it is converted into acetyl-CoA [58]. After,
increases in acetyl-CoA in mitochondria at pre-synaptic and postsynaptic domains boosts
mitochondrial ATP synthesis, which may be the basis of ethanol’s stimulatory effects. It has only
recently become evident that the energy demands of active synapses can act to limit signaling in the
brain [59]. During human evolution, brain size, neuronal activity, and circuit complexity increased,
which required increasing energy and synaptic adaptations.

Acetate itself is transported across the blood brain barrier independent of ethanol and, for the
most part, is transported into astrocytes, not neurons nor other glial cells®. Ethanol is different from
acetate and other energy producing metabolites, such as glucose, because it is highly membrane
permeable and does not need transporter proteins to facilitate crossing cell membranes.
Consequently, compared to other energy-producing metabolites, ethanol much more rapidly crosses
the blood brain barrier and enters cells in the CNS. For acetate to be then produced from ethanol, it
appears that ethanol must first enter a specialized astrocyte subtype that specifically expresses ALD2
[53]. In the specialized ALD2-expressing astrocytes, we suggest that ethanol breakdown can occur at
astrocyte synaptic sheathes where newly synthesized acetate is positioned to be rapidly delivered to
pre- or postsynaptic terminals where it can used for ATP production or neurotransmitter synthesis
(see Figure 3B).

The discovery that ethanol breakdown in the brain is handled by specialized ALD2-expressing
astrocytes [53] raises the possibility that there are other astrocytes subtypes specialized for ethanol
breakdown that do not express ALD2. As displayed in Figure 3C, these astrocytes would release
acetaldehyde at synapses, which like acetate has been shown to be stimulatory when applied at low
levels in the brain [61]. A subset of acetaldehyde-secreting astrocytes that act locally can explain the
stimulatory effects of low levels of acetaldehyde in the brain similar to the effects of ethanol yet
acetaldehyde blood levels do not reach the levels that are stimulatory nor does acetaldehyde readily
cross the blood brain barrier [62,63]. Together with the behavorial effects of inhibiting or increasing
catalase activity in rats [63,64], these findings are consistent with acetaldehyde stimulation resulting
from ethanol breakdown by catalase. What is not understood is why it has been so difficult to
measure significant levels of acetaldehyde in brain regions [63], which can be explained by limited
local acetaldehyde secretion at synapses by a subset of astocytes that metabolize ethanol (Figure 3C).

Growing evidence has found that astrocyte diversification into more complex subtypes, as in
Figure 3 B and C, occurred with the evolution of the human brain during the substantial growth of
the cortex and other regions resulting in more intricate neural networks and cognitive abilities [65].
We suggest that this astrocyte diversification into different ethanol-handling subtypes was catalyzed
over the several hundred thousand years that humans evolved and began to control ethanol
production. As a result, different astrocyte subtypes (Figures 3B and C) were positioned at strategic
locations in the brain such that the release of acetate and/or acetaldehyde from astrocyte synaptic
sheathes stimulated human social bonding. In this way, low levels of alcohol consumption over time
led to the breakdown of ethanol and reinforcement of the cortical circuits that enhanced human social
bonding behaviors.

Other mammal species, especially those with diets high in fruit and nectar, have evolved parallel
mechanisms in their livers to metabolize ethanol involving the same enzymes [66]. Rodents in
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particular have evolved liver mechanisms like those used by humans to metabolize ethanol.
Consequently, mice and rats have widely served as animal models for AUD studies. Mice also have
evolved separate mechanisms in the brain for metabolizing ethanol like those of humans, as
discussed above. The common features between mice and humans include the breakdown of ethanol
locally in select brain regions that cause stimulation by ethanol, local breakdown of acetaldehyde to
acetate is by astrocytes expressed ALDH2, and ALDH?2 expression is restricted to a subset of
astrocytes [53]. While mice and humans share these features, it is likely that the brain locations where
the stimulatory effects of ethanol occur for humans are very different from those of mice given that
they were shaped by very different evolutionary circumstances. A detailed comparison between
humans and mice, and if possible other species, at the single-cell level where the different ethanol
metabolizing enzymes are expressed in the CNS is potentially an exciting strategy to address
differences in how the brain’s system to metabolize ethanol differentially evolved and to identify the
brain circuits in humans that evolved to receive the stimulatory effects of ethanol breakdown.

Conclusions

When considering what role alcohol drinking will have in our future, we need to fully
understand what drove us to drink it originally and what will be lost as well as gained when
addressing the very real health risks of ethanol. Humans and ethanol have a very deep history of
entanglement with both biological and social implications, and here we tried to better understand
why. Early in prehistoric human existence, ethanol consumption appears to have had a growing role
in human social life, which must have stimulated efforts at production that were limited in scale and
temporality by available resources. Constraints on ethanol production restricted consumption to low
levels, which shaped how ethanol metabolism in the CNS evolved and stimulated social bonding.
With the development of agriculture, the possibilities for more regular production of larger amounts
of alcohol increased, albeit probably not enough to present serious problems with AUDs. Chronic,
low-level consumption of ethanol may have been advantageous for health and fitness in our ancestors
and many traditional forms of alcohol have been shown to be both nutritious and offer a variety of
health benefits [67]. But when highly concentrated alcohol became easily accessible, our behavioral
and physiological adaptations to low levels of ethanol were mismatched and an “evolutionary
hangover” began, with some humans developing problems of addiction and chronic abuse [18,66].
As discussed above, alcoholism and AUDs likely did not occur until recent developments of stable
forms of alcohol. Ethanol consumption preceded and has continuously helped to shape human
evolution and social relations beginning as hunter gathers and continuing to the present day
[18,23,68]. It is extremely important to continue to investigate the mechanisms underlying why
ethanol and other drugs of abuse can be addictive, and why ethanol causes cancer and other AUDs.
Also important going forward is understanding what has driven our lengthy evolutionary
association with ethanol, why ethanol continues to be such an important and culturally valued good
worldwide and what is lost by eliminating the drinking of ethanol.
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