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Executive Summary

This report synthesizes current scientific evidence on the chemistry, pharmacology, toxicology,
traditional/therapeutic applications, and epidemiology of use of coca leaf in response to a
Member State request for a critical review by the 48th Expert Committee on Drug Dependence.
Coca leaf is currently listed under Schedule | of the 1961 Single Convention (substances whose
liability to abuse constitutes an especially serious risk to public health and which have very
limited, if any, therapeutic usefulness).

Coca leaf refers to the unprocessed leaf of the coca bush, excluding those from which cocaine
and related alkaloids have been removed. Four primary cultivated varieties are reviewed: E. coca
var. coca, E. coca var. ipadu, E. novogranatense var. novogranatense, and E. novogranatense var.
truxillense. Cocaine content varies across species and regions, ranging from 0.11% to 1.02% (dry
weight).

The alkaloid cocaine can be extracted from the coca leaf using several solvents without altering
its molecular structure. The simplicity and profitability of extraction contribute to its role in illicit
cocaine production. One hectare of coca yields approximately 0.9 kg of cocaine hydrochloride
annually.

Coca leaf contains a complex mixture of alkaloids, flavonoids, terpenes, and phenols. Its
pharmacological effects include:

e Stimulant activity via inhibition of dopamine and norepinephrine reuptake.
e Antihypertensive and vasodilatory effects observed in several Erythroxylum species.

e Antioxidant, anti-inflammatory, and antimicrobial properties, with preclinical evidence
supporting potential therapeutic applications.

e Hepatoprotective, antidiabetic, and anorectic effects, with limited human data.

Coca leaf exhibits low acute toxicity in animal models. No fatal overdoses have been reported
from traditional use. Adverse effects are primarily localized (e.g., oral mucosa irritation) and
dose-dependent. Coca leaf use is not associated with significant dependence or abuse potential
in limited ethnographic studies, though high-dose extracts may mimic cocaine-like effects in
animal models.

Traditional use in Andean regions includes coca leaf chewing and infusion (coca tea) for energy,
altitude sickness, and digestive health. Studies suggest coca leaf may modulate glucose
metabolism, improve exercise tolerance, and support nutritional intake, though clinical evidence
remains limited.
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1 Substance identification

“Coca leaf” means the leaf of the coca bush, except a leaf from which all ecgonine, cocaine, and
any other ecgonine alkaloids have been removed. “Coca bush” means the plant of any species of
the genus Erythroxylon (United Nations, 1961).

A comprehensive description of the taxonomy of the genus Erythorxylum, comprising both major
and minor species, is provided below.

1. Taxonomy
The genus Erythroxylum P. Browne (or Erythroxylon Linnaeus. T. (Plowman, 1976) includes over
250 species. As of 2024, Kew's Plants of the World Online listed 270 species (Proctor, 2012),
distributed across the tropical and pantropical regions of the world (Plowman & Hensold, 2004).

1.1 Major Erythroxylum species

Since the 1970s, cultivated coca plants have been distinguished into two species of the genus
Erythroxylum: Erythroxylum coca Lamark and Erythroxylum novogranatense (Morris) Hieron
(Johnson et al., 2003). Each comprises two subspecies described below (Evans et al., 2009).
These four major varieties are reported in Table 1.

1) Erythroxylum coca Lam. is the most primitive cultivated coca and is less adapted to
dry habitats. Two varieties can be identified:

1.1) Erythroxylum coca var. coca [(E. coca var. coca); ‘Bolivian” or ‘Hudanuco
coca’] is produced on the eastern slopes of the Andes in Bolivia and Peru. The
cocaine content can vary between 0.23% and 0.96% with an average of 0.63% (dry
weight) (Plowman & Rivier, 1983).

1.2)  Erythroxylum coca var. ipadu Plowman [(E. coca var. ipadu); ‘Amazonian coca’]
is cultivated in the western area of the Amazon basin. The cocaine content is
significantly lower compared to E. coca var. coca (0.11-0.41% with an average
of 0.25% based on dry weight) (Plowman & Rivier, 1983).

2) Erythroxylum novogranatense: similarly to E. coca species, two varieties can be
identified:

2.1)  Erythroxylum novogranatense var. novogranatense (Morris) Hieron [(E. novo.
var. novogranatense); ‘Colombian coca’] has been cultivated throughout the
mountains of present Colombia and Venezuela since pre-Columbian times. It
thrives at lower altitudes and in hotter and drier climates than does E. coca;
this variety was widely cultivated in the Old-World tropics, especially in the
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former British colonies, as an ornamental plant with a lower content of
cocaine. The cocaine content can vary between 0.55% and 0.93% with an
average of 0.77% (dry weight) based on the data reported by Plowman and
Rivier on three laboratory-cultivated samples (Plowman & Rivier, 1983).

2.2)  Erythroxylum novograntense var. truxillense (Rusby) Plowman [(E. novo.
var. truxillense); ‘Trujillo coca’], is well adapted to the desert conditions of
North Peru and was cultivated specifically for ‘coca chewing’ and the
manufacture of coca-based soft drinks (devoid of cocaine). The cocaine
content ranges between 0.42% and 1.02% with an average of 0.72% (dry
weight) (Plowman & Rivier, 1983).

Geographic origin and cocaine content for each subspecies are summarized in Table 1.

Table 1. Major species and varieties of Erythroxylum with reference images, geographic origin, and cocaine content.

Species Subspecies? Geographic origin R Cocaine C(b)ntent
(avg..)
Erythroxylum coca var. coca Eastern slopes of
(E. coca var. coca) the Andes in 0.23-0.96 (0.63)
Erythroxylum ‘Bolivian coca’ or ‘Hudnuco coca’ Bolivia and Peru
coca Erythroxylum coca var. ipadu Plowman
(E. coca var. ipadu) Westernarea of | 1) 441 (0.25)

. . ) the Amazon basin
Amazonian coca

Erythroxylum novogranatense var. Mountains of
novogranatense (Morris) Hieron resent-da
9 ( ) . Y 0.55-0.93 (0.77)
(E. novo. var. novogranatense) Colombia and
Erythroxylum ‘Colombian coca’ or ‘Java coca’ Venezuela
novogranatense Erythroxylum novograntense var.

truxillense (Rusby) Plowman
(E. novo. var. truxillense)
‘“Trujillo coca’
@ Scientific name (abbreviation of the scientific name) ‘other names’; © based on dry weight

according to (Plowman & Rivier, 1983)

North Peru 0.42-1.02 (0.72)

1.2 Other Erythroxylum species

The wide variety of over 250 existing Erythroxylum species is spread throughout the
tropical and semi-tropical regions of the world. The majority of the non-cocaine-
producing species examined were found to contain a range of other tropane alkaloids,
including pervilleines, catuabines, and calystegins. Esters of trimethoxybenzoic acid and
trimethoxycinnamic acid seem to commonly occur in all Erythroxylum species. A study of
51 wild species of Erythroxylum from South America reported the presence of cocaine in
23 of them, with E. laetevirens having the highest cocaine content (Evans et al., 2009).
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A. International Nonproprietary Name (INN)

N/A
B. Chemical Abstract Service (CAS) Registry Number
N/A

C. Other Chemical Names

Bolivian leaf; Coca; Coca folium; Coca levelek; Cocablatt; Cocae folium; Cuca; Daun coca;
Erythroxylon; Erythroxylum coca; Erythroxylum truxillense; Foglia di coca; Foi de coca; Folha de
coca; Folia coca,-o; Folia erytroxyli cocae; Folium cocae; Hayo; Huanuco leaf; Ipadd,-0,-u; Kkoka;
Koka; Koka yapraggi; Kokablad; Kokablatt; Kookanlehti; Lisc koka; Listy kokadové; Listy rudodreva
koka; Peruvian leaf; Trujillo coca; Trujillo herb; Truxillo leaf; Waraquol koka; Ypadu (United
Nations, 2006).

D. Trade names

Raw or dried coca leaves, whole or chopped, are marketed as coca tea and are available either in
loose form or in individually packaged serving bags sold under brand names ' (Siegel et al., 1986).

Coca Leaf Powder (Coca flour) is marketed as a nutritional supplement by Enaco S.A. (Lima, Peru)
(ENACO, 2021).

E. Street Names

See other chemical names.

F. Physical Appearance

Coca leaves are similar in appearance to Laurus nobilis leaves, especially the oval shape, but size
and appearance vary among different plant varieties (see Section 1.1). The common
characteristic traits in all species are the darker color of the upper side compared to the
underside of the leaf, and two lines parallel to the midrib of the leaf (NicDaéid & Savage, 2013).

Based on the species, the leaves have different physical appearances:

E. coca var. coca: the leaves are elliptic in shape (2.5-7.5 cm long and 1.5-4 cm wide),
thick, pointed at the apex, greenish brown to brown in color, and glabrous with the
margin entire. The midrib is prominent on the lower surface and presents a ridge on its
upper surface, protruding slightly beyond the lamina as an apiculus. The lamina is often
broken in the commercial product, but the leaves are fairly entire. The leaves have a
characteristic aromatic odor and a bitter and slightly aromatic taste, although the
alkaloids cause the numbness of the tongue and lips afterwards (Evans et al., 2009).
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E. coca var. ipadu: the leaves are broadly elliptic and rounded at the base (Evans et al.,
2009) with size and shape intermediate between the Bolivian coca and the Colombian
coca (Plowman, 1982). The characteristic ‘parallel lines’ on the lower surface described in
the E. coca var. coca are often indistinct or lacking.

E. novo. Var. novogranatense: the leaves are smaller, narrower, thinner, rounded at the
apex, and bright yellow-green colored compared to those of the E. coca species (Evans et
al., 2009).

E. novo. Var. truxillense: the leaves are 1.6-5 cm long, pale green in colour, paperier in
texture than the Bolivian coca, and are usually broken. The lamina is about 1.6-5 cm long,
and the ‘parallel lines” on the lower surface are usually indistinct (Evans et al., 2009).

Coca leaves can also be more or less finely pulverized and appear as a greenish powder with
variable granulometry.

2 CHEMISTRY

A. Chemical Name
IUPAC Name:
N/A
CA Index Name:
N/A

B. Chemical Structure
Free base:

N/A
Molecular Formula:
N/A
Molecular Weight:
N/A
C. Stereoisomers
N/A

D. Methods and Ease of lllicit Manufacturing

Cultivation and collection differ depending on the geographical source. For the coca cultivated in
the Andean region at an altitude of 500-2000 m, the plants grow from seed. Seeds are usually

8
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gathered from December through March from plants that are two to three years old, planted in
small plots kept shaded from the sun. The seedbeds are kept well-watered and weeded
frequently, and the seeds usually germinate within 20 to 30 days. Seedlings are usually
transplanted after about two months when they are about 12 inches tall (United States
Department of Justice, 1991). During the first few days, the transplanted seedlings are
continuously irrigated and reach the mature stage for harvest after 12 months, but there have
been reports of fields harvested after 8 months from transplantation due to the use of fertilizer.
After the harvesting, pesticides are applied to the bushes to protect the crop from a variety of
pests, including larvae, fungus, and ants. At 4-5 years old, the plant is totally pruned, leaving only
the base of the trunk, a practice called pillu that significantly increases the crop yield of the next
harvest, which starts not earlier than 6-8 months. The life of a coca plant is about 30 years. After
harvesting, the leaves are dried artificially or by the sun and packed into bags for commercial use
(UNODC, 2006)

In the Amazon basin, plants grow from cuttings, often in jungle clearings and interplanted
between other staple crops (Evans et al., 2009). The cuttings are planted at the beginning of the
rainy season, then the shrub grows sparsely with the stems eventually covered completely with
lichens. After 18 months, the bush is ready for harvest and may yield leaves for 20 to 30 years
(Schultes, 1980).

E. Chemical Properties

Melting point
N/A

Boiling point
N/A

Solubility
N/A
Stability
N/A

E1. Chemical composition

A total of 383 compounds from 67 Erythroxylum species have been reported to date (Lv et al,,

2022). These compounds mainly belong to the classes of alkaloids, terpenes, flavonoids, tannins,
and phenols (Lv et al., 2022). The total alkaloid content can reach up to 2.4% (calculated on a dry
weight basis) in E. coca, E. coca var. coca, and E. novo. var. novogranatense (Aynilian et al., 1974).

9
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The production of total phenols can be up to 17.97%, while those of tannins and flavonoids are
reported to be up to 8.4% and 3.87%, respectively. Such amounts were reported for E.
suberosum, E. tortuosum, and E. deciduum (Rodrigues et al., 2015). Total diterpene content was
found to be up to 1.8% in stems of E. australe and E. pictum (Lv et al., 2022).

E1.1 Moisture

Coca leaf can be traded either as fresh, as in Colombia, or dried, as in Peru and Bolivia. When
comparing the two types of coca leaf, it should be taken into account that the fresh one has been
assessed to contain about 57% moisture as reported in a survey conducted by UNODC in 2004
(UNODC, 2006). Moreover, due to the different post-harvest processing methods in the Andean
regions, coca leaf yield and production can be expressed in fresh, sun-dry, or oven-dry leaves.
Sun-drying, which is typically carried out for traditional uses (tea preparation and chewing),
causes a weight loss of more than 50%, while oven-drying reduces the weight of fresh leaves by
about 70% (UNODC, 2010).

Indeed, experiments carried out by Johnson et al. showed that 4 g fresh leaves afforded 1.1 g dry
weight after 2 h in the oven at 70 °C (removed about 72+3% of the fresh leaves' weight)
(Johnson, 1995).

Additionally, analysis of moisture contents of seven commercially dried leaves from E. coca var.
coca varied from 13% to 16%, except for a commercially processed coca flour sold as a nutritional
supplement and bought as a dried, micropulverized leaf flour, which had a moisture content of
8% (Penny et al., 2009).

E1.2 Nutritional components

Nutritional values are reported for 100 g of dry leaves (with a maximum moisture content of
0.5%) of E. coca Lam. from Chapare, Bolivia (Duke et al., 1975) and E. coca var. coca from seven
different regions of Peru (with a maximum moisture content of 11.68%) (Penny et al., 2009)
(Table 2).

Table 2. Nutritional values based on 100 g of product.

Value/100 g
Nutritional component (Duke et al., 1975) (Penny et al., 2009)¢
Energy 305 calories 346 calories
Proteins 189¢ 20.28 g
Carbohydrates 46.2 g -
Fibers 144¢g 15.46¢
Fat 50¢g 6.12 g
Ash 90¢g 565¢g
Calcium 1540 mg 990.18 and 1033.17 mg”®
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Phosphorous 911 mg -
Iron 4.8mg 29.16 and 29.16 mg®
lodine 5.0 mg -
Magnesium 213 mg 225.19 and 196.69 mg®
Zinc 2.70 mg 2.71and 2.63 mg®
Copper 1.21mg -
Biotin 0.0863 mg -
Pantothenic acid 0.684 mg -
Sodium 40.6 mg -
Potassium 202¢g -
Aluminium 39.5mg -
Barium 4.67 mg -
Stronzium 9.71 mg -
Boron 5.35mg -
Manganese 6.65 mg -
Chromium 0.359 mg -
Vitamin A (B-carotene) 11000 IU 3.51 mg
Vitamin B2 (riboflavin) 191 mg -
Vitamin C (ascorbic acid) 1.4 mg -
Vitamin E (a-tocopherol) 435U 16.72 mg
Vitamin B6 0.508 mg -
Folic acid 0.13mg -
Vitamin B12 1.05 mg -

Oil 50¢g -
Thiamine 0.35mg -
Niacin 1.29 mg -
Histidine - 0.418 mg
Isoleucine - 0.728 mg
Leucine - 1.323 mg
Lysine - 0.801 mg
Methionine - 0.337 mg
Cysteine - 0.200 mg
Phenylalanine - 0.790 mg
Tyrosine - 0.570 mg
Threonine - 0.711 mg
Tryptophan - 0.265 mg
Valine - 0.902 mg

Values are reported as the mean of eight samples; ? Data from two different laboratories.

E1.3 Terpenes

Erythroxylum comprises 11 types of diterpene scaffolds for a total of 78 compounds, which can
be classified into three subclasses: 12 bicyclic, 22 tricyclic, and 44 tetracyclic diterpenes. Besides
11
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diterpenes, a total of 19 triterpenoids with a pentacyclic structure have been identified in the
genus Erythroxylum, 10 of which are fatty acid esters of triterpenes. Most diterpenes have been
isolated not only from the leaves but also from the timber and roots of the plants, while
triterpenes were identified from aerial organs (Lv et al., 2022). Diterpenes and triterpenes found

in Erythroxylum species are reported in Table 3.

Table 3. Diterpenes and triterpenes found in the Erythroxylum genus.

Diterpenes

Bicyclic diterpenes

Tricyclic diterpenes

Tetracyclic diperpenes

ent-labda-8(17),14-

7-ox0-16-hydroxy-

ent-beyer-15-ene

Triterpenes

B-amyrin palmitate and

dien-13R-ol abiet-15(17)-en-19-al ((+)-hibaene) stearate
t-13R-
en 7-oxo-abiet-15(17)-en- | ent-beyer-15-en-19-ol erythrodiol palmitate
hydroxylabda-8(17)-
; 16-ol (erythroxylol A) and stearate
dien-3-one

ent-labda-8(17),14-
dien-36,13R-diol

7a,16-dihydroxy-abiet-
15(17)-en-19-al

ent-beyer-15-en-17-ol

oleanolic acid

ent-labda-8(17),14-
dien-13R,18-diol

ent-pimara-8(14),15-
dien-3a-ol

ent-beyer-15-en-17,19-diol

B-amyrin palmitate

ent-labda-8(17),13E-
dien-15-ol

ent-3a,116-
dihydroxypimara-
8(14),15-diene

ent-beyer-15-en-1a-ol

38-hydroxy-11-oxo-
olean-12-enylpalmitate

ent-labda-8(17),13E-
dien-15,16-diol

erythroxydiol Y
(allodevadarool)

ent-beyer-15-en-126-ol

36,118-dihydroxy-
olean-12-enyl palmitate

ent-15¢,16-
dihydroxypictan-
4(18)-en-5-one

ent-dolabr-4(18)-ene-
15S,16-diol

ent-beyer-15-en-7-one

38,28-dihydroxy-olean-
12-enyl palmitate

ent-4,15¢,16-
trihydroxypictan-5-
one

ent-56-dolabr-4(18)-
ene-15R,16-diol

ent-2-hydroxybeyer-2,15-
dien-1-one

36-hydroxy-11,12-
epoxy—friedoolean-14-
enyl palmitate

ent-4,15¢,16,18-
tetrahydroxypictan-5-
one

ent-15,16-
dihydroxydolabr-4(18)-
en-1-one

ent-2,17-dihydroxybeyer-
2,15-dien-1-one

lupenyl palmitate

ent-15¢,16-dihydroxy-
4,18-epoxypictane-5-
one

ent-la-acetoxydolabr-
4(18)-ene-11a,15¢,16-
triol

ent-2,19-dihydroxybeyer-
2,15-dien-1-one

lupenyl acetate

ent-16-hydroxypictan-
4(18)-ene-5,15-dione

ent-dolabr-4(18)-ene-
11a,15¢,16-triol

ent-15,16-epoxy-beyer-1-
one

a-amyrin esters

ent-4,13a-dihydroxy-

ent-11a-acetoxydolabr-

15¢,16-bisnorpictan-5- 4(18)-ene-15€ 16-diol ent-15,16-epoxy-beyerene | a-amyrin
one
ent-dolabr-4(18)-ene- ) )
76.155, 16-triol erythroxylol A epoxide B-amyrin
ent-dolabr-4(18)-ene- erythroxylol A acetate .
76,15R,16-triol epoxide erythrodiol
— - -1(10)- -
ent-56-ros-1(10)-en 46-hydroxy-18-norhibaene | lupeol

15¢,16-diol

12
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ent-11la-acetoxy-5a-

dihydroxyrosan-15-one

15-en-1-one

ros-1(10)-en-15¢,16- 4a-hydroxy-18-norhibaene | lupenone

diol

ent—Z—oxo—ros—l(lO),15— ent-beyer-15-en-19-al friedelanol
diene

er.zt—rosa ne-5a,15¢,16- ent-17-hydroxybeyer-15- friedelan-3-one
triol en-1-one

ent-5a,16- ent-2a,17-dihydroxybeyer-

taraxerol

ent-rosane-5a,16-diol

ent-2a,19-dihydroxybeyer-
15-en-1-one

ent-ros-5-en-15¢,16-
diol

ent-beyer-15-en-1-one

ent-rosan-1-one-
58,15¢,16-triol

ent-2a-hydroxybeyer-15-
en-1-one

ent-19-hydroxybeyer-15-
en-1-one

ent-la-hydroxybeyer-15-
en-2-one

ent-1a,17-dihydroxybeyer-
15-en-2-one

ent-1a,19-dihydroxybeyer-
15-en-2-one

isoatisirene

atisirene

ent-kauran-16-ol

ent-kauran-16,17-diol

erythroxylisin A

erythroxylisin B

ent-126-hydroxy-kaur-16-
en-19-al

methylent-78,15a-
dihydroxy-kaur-16-en-19-
oate

(+)-devadarene

ent-devadarane-15¢,16-
diol

ent-devadaran-
la,11a,15¢,16-tetrol

ent-la-acetoxydevadaran-
11a,15¢,16-triol

triol Q

ent-11a-acetoxy-
devadarane-15¢,16-diol

ent-devadarane-
11a,15¢,16-triol

ent-devadarane-76,15¢,16-
triol

13
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ryanodanol

14-0O-methyl-ryanodanol

Monoterpenes and sesquiterpenes have been also investigated in fresh leaves of E. ovalifolium

and E. subsessile (Cruz et al., 2018). Acyclic, monocyclic, and bicyclic compounds can be

distinguished in the monoterpenes class (Table 4).

Table 4. Monoterpenes and sesquiterpenes found in the Erythroxylum genus.

Diterpenes

Bicyclic diterpenes

Tricyclic diterpenes

Tetracyclic diperpenes

Triterpenes

ent-labda-8(17),14-
dien-13R-ol
ent-13R-hydroxylabda-
8(17)-dien-3-one
ent-labda-8(17),14-
dien-38,13R-diol
ent-labda-8(17),14-
dien-13R,18-diol

ent-labda-8(17),13E-
dien-15-ol

ent-labda-8(17),13E-
dien-15,16-diol
ent-15¢,16-
dihydroxypictan-4(18)-
en-5-one

ent-4,15¢,16-
trihydroxypictan-5-one

ent-4,15¢,16,18-
tetrahydroxypictan-5-
one
ent-15¢,16-dihydroxy-
4,18-epoxypictane-5-
one
ent-16-hydroxypictan-
4(18)-ene-5,15-dione
ent-4,13a-dihydroxy-
15¢,16-bisnorpictan-5-
one

7-ox0-16-hydroxy-abiet-
15(17)-en-19-al
7-oxo0-abiet-15(17)-en-
16-ol
7a,16-dihydroxy-abiet-
15(17)-en-19-al
ent-pimara-8(14),15-
dien-3a-ol
ent-3a,116-
dihydroxypimara-
8(14),15-diene
erythroxydiol Y
(allodevadarool)

ent-dolabr-4(18)-ene-
15S,16-diol

ent-56-dolabr-4(18)-
ene-15R,16-diol

ent-15,16-
dihydroxydolabr-4(18)-
en-1-one
ent-la-acetoxydolabr-
4(18)-ene-11a,15¢,16-
triol
ent-dolabr-4(18)-ene-
11a,15¢,16-triol

ent-11a-acetoxydolabr-
4(18)-ene-15¢,16-diol

ent-dolabr-4(18)-ene-
78,15S,16-triol
ent-dolabr-4(18)-ene-
78,15R,16-triol
ent-56-ros-1(10)-en-
15¢,16-diol
ent-11a-acetoxy-5a-ros-
1(10)-en-15¢,16-diol

ent-beyer-15-ene
((+)-hibaene)
ent-beyer-15-en-19-ol
(erythroxylol A)

ent-beyer-15-en-17-ol

ent-beyer-15-en-17,19-diol

ent-beyer-15-en-1a-ol

ent-beyer-15-en-126-ol

ent-beyer-15-en-7-one

ent-2-hydroxybeyer-2,15-
dien-1-one

ent-2,17-dihydroxybeyer-
2,15-dien-1-one

ent-2,19-dihydroxybeyer-
2,15-dien-1-one

ent-15,16-epoxy-beyer-1-one

ent-15,16-epoxy-beyerene

erythroxylol A epoxide

erythroxylol A acetate
epoxide

48-hydroxy-18-norhibaene

4a-hydroxy-18-norhibaene
14

B-amyrin palmitate and
stearate

erythrodiol palmitate and
stearate

oleanolic acid
B-amyrin palmitate

38-hydroxy-11-oxo-olean-
12-enylpalmitate

38,118-dihydroxy-olean-
12-enyl palmitate

38,28-dihydroxy-olean-12-
enyl palmitate

36-hydroxy-11,12-epoxy—
friedoolean-14-enyl
palmitate

lupenyl palmitate

lupenyl acetate

a-amyrin esters

a-amyrin

B-amyrin
erythrodiol
lupeol

lupenone
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ent-2-oxo-ros-1(10),15-

) ent-beyer-15-en-19-al friedelanol
diene
er.zt—rosane—Sa,15£,16— ent-17-hydroxybeyer-15-en- friedelan-3-one
triol 1-one
ent-5a,16- ent-2a,17-dihydroxybeyer-

t |
dihydroxyrosan-15-one 15-en-1-one araxero

ent-2a,19-dihydroxybeyer-
15-en-1-one
ent-ros-5-en-15¢,16-diol  ent-beyer-15-en-1-one

ent-rosane-5a,16-diol

ent-rosan-1-one- ent-2a-hydroxybeyer-15-en-

58,15¢,16-triol 1-one
ent-19-hydroxybeyer-15-en-
1-one
ent-la-hydroxybeyer-15-en-
2-one
ent-1a,17-dihydroxybeyer-
15-en-2-one
ent-1a,19-dihydroxybeyer-
15-en-2-one
isoatisirene
atisirene
ent-kauran-16-ol
ent-kauran-16,17-diol
erythroxylisin A
erythroxylisin B
ent-126-hydroxy-kaur-16-en-
19-al
methylent-78,15a-dihydroxy-
kaur-16-en-19-oate
(+)-devadarene
ent-devadarane-15¢,16-diol
ent-devadaran-la,11a,15¢,16-
tetrol
ent-la-acetoxydevadaran-
11a,15¢,16-triol
triol Q
ent-11la-acetoxy-devadarane-
15€,16-diol
ent-devadarane-11a,15¢,16-
triol
ent-devadarane-78,15¢,16-
triol
ryanodanol

14-0-methyl-ryanodanol

Examples of the chemical structure of the terpenes present in Erythroxylum are shown
Figure 1.
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)\W

Myrcene
Acyclic
ent-labda-8(17),14-
dien-13R-ol B-Cubebene
Bicyclic
__\HVOH H
a-Pinene
Monocyclic o a-Selinene

7-ox0-16-hydroxy-
abiet-15(17)-en-19-al

i i Tricyclic

1,1,6-Trimethyl-1,2-
dihydronaphthalene

[-Caryophyllene

Bicyclic
(+)-Hibaene
. Lupenone
Tetracyclic
Monoterpenes Diterpenes Triterpenes Sesquiterpenes

Figure 1. Chemical structure of examples of terpenes found in Erythroxylum.

E1.4 Alkaloids

The Erythroxylum genus is characterized by the production of tropane alkaloids, which bear a
tropane skeleton (8-azabicyclo[3.2.1]octane). The most updated review of such compounds dates
back to 2022 and reports 197 tropane alkaloids from 53 Erythroxylum species (Lv et al., 2022).
The tropane skeleton is characterized by a two-ring structure with two carbons and the nitrogen
atom at the bridge position of a pyrrolidine and piperidine rings (EFSA Panel on Contaminants in
the Food Chain (CONTAM), 2013). Most compounds of this class are represented by esters
derived from ecgonine and organic acids, including acetic, tiglic, isovaleric, 2-methylbutyric,
phenylacetic, 2-hydroxy-3-phenylpropionic, benzoic, cinnamic, 3,4,5-trimethoxybenzoic, 3,4,5-
trimethoxycinnamic, pyrrole-2-carboxylic, and N-methylpyrrole-2-carboxylic acids. Pyrrole-2-
carboxylic acid and 2-furoic acid are typical acid moieties of alkaloids in E. vacciniifolium and E.
dekindtii, respectively. The latter species is also characterized by a limited range of alkaloids,
which include tropine and pseudotropine esters. In particular, esters of tiglic acid seem to be
unique to E. gustrale (Evans, 1981).

16



48th ECDD (2025)/3.1.1/ Coca leaf

Typical acid moieties found in Erythroxylum alkaloids are reported in Figure 2.

l 9 | o
© OH © N-"0H
O O NH
Trimethoxybenzoic acid Trimethoxycinnamic acid Pyrrole-2-carboxylic acid
OH N\
2-Hydroxy-3-phenylpropionic acid Cinnamic acid N-Methylpyrrole-2-carboxylic acid
O
0
OH S OH
OH N\ 0
Benzoic acid 2-Methylbutyric acid 2-Furoic acid
0
At S TS
OH OH OH
Phenylacetic acid Tiglic acid Acetic acid Isovaleric acid

Figure 2. Acid moieties found in Erythroxylum alkaloids.

The total content of alkaloids in coca leaves ranges between 0.7 and 1.5% with the predominant
components being cocaine (methylbenzoylecgonine), cis- and trans-cinnamoylcocaine and a-
truxilline (Evans et al., 2009). However, other studies in the literature report different
concentration ranges, such as 0.5-2.4% (Aynilian et al., 1974; Johnson & Foy, 1996). They occur in
different proportions in different cultivated varieties. Javanese leaves usually present the highest
total alkaloid content with the most abundant compound being the cinnamoylcocaines. In
contrast, the Bolivian and Peruvian leaves contain a lower total alkaloid content but a higher
proportion of cocaine. Other compounds of this class isolated from different varieties of
Erythroxylum include hygrine, hygroline, cuscohygrine, dihydrocuscohygrine, and tropacocaine
(3B-benzoyloxytropane). 1-Hydroxytropacocaine has been isolated as a major alkaloid of
greenhouse-cultivated E. novo. var. novogranatense (Evans et al., 2009).

In addition to cocaine, cis- and trans-cinnamoylcocaine, hygrine, cuscohygrine, and tropacocaine,
many studies analyzing coca leaf alkaloids also report ecgonine derivatives, such as ecgonine
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methyl ester (methylecgonine), benzoylecgonine, anhydroecgonine methyl ester, and tropinone
as target analyte (Johnson, 1995; Turner et al., 1981).

Cocaine is produced in significant amounts only in cultivated varieties, whereas wild species
either do not contain this alkaloid or it is present only in small quantities (0.00008-0.00882%). All
varieties share the common presence of ecgonine derivatives together with hydroxytropanes and
their esters (Evans, 1981).

The alkaloids in coca leaf that have received the most research attention are shown in Figure 3.

\ \
N O B }\| 0 N O
e (0]
o o OH (j
H H H N )I\
o] OH 0] /

Cocaine Ecgonine methyl ester Benzoylecgonine Hygrine

\
N O \
H H o” N Q
o] \H H H o/
H o RN \

Anhydroecgonine methyl ester

trans-Cinnamoylcocaine cis-Cinnamoylcocaine
\ \ \
N N
] SP WS
N )J\ N
0 ol O / \
H o H o 0
Tropacocaine 1-Hydroxytropacocaine Tropinone Cuscohygrine

Figure 3. Most investigated alkaloids in coca leaf.

E1.5 Flavonoids

In total, 73 flavonoids from 37 species of Erythroxylum have been identified in leaves or
branches: predominant flavoinoid aglycones found in Erythroxylum are quercetin, ombuin (7,4'-
dimethylquercetin), kaempferol, fisetin, epicatechin, eriodictyol and taxifolin. Additionally,
isofavone, isofavanone and other favone derivatives can be found and the major glycosides of
these favonoids include mono-glucosyl rhamnosyls and dirhamnosyl-glucosides, as well as mono-

galactosyl and mono-arabinosyl (Lv et al., 2022).
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The chemical structures of the most abundant flavonoids and sugar residues found in

Erythroxylum species are shown in Figure 4.

Eriodictyol Fisetin
OH
(0]
¥~ "OH
o_,0 OH
Glucosyl rhamnosyl HO\’/L]IO
HO OHO OH
@)
OH
OH OH OH

, Dirhamnosyl glucoside
Arabinosyl

Galactosyl

Figure 4. Chemical structure of the most abundant flavonoids and sugar residues found in
Erythroxylum.

E1.6 Other constituents

Other compounds contributing to the chemical composition of the Erythroxylum genus include
megastigmanes (norisoprenoid compounds) characterized in the leaves of E. cuneatum and three
steroids including 4-methyl ergosta-7,23-dien-36-ol and 4-methyl ergosta-7,24(28)-dien-36-ol
from E. monogynum leaves and B-sitosterol from E. barbatum, E. daphnites, E. rimosum, E.

nummularia, and E. passerinum leaves (Lv et al., 2022).

E1.7 Botanical variation in coca plant and differences in component
substances (types and proportions), distribution in coca leaf
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The chemical composition of the coca leaf can vary depending on the species and the climate it is
grown in (Restrepo et al., 2019). In relation to the alkaloids, their content is known to vary due to
the growth environment, method of storage after harvest, growth stage, and treatment during
extraction (Restrepo et al., 2019; Turner et al., 1981). Among the different parts of the coca plant,
the leaves exhibit the highest alkaloid content (Johnson, 1996). The leaves of E. coca, E. coca var.
coca, and E. novogranatense var. novogranatense show different concentrations of alkaloids
ranging from 0.5% to 2.4% (Lv et al., 2022). Among the alkaloid class, cocaine concentrations are
lower in the E. coca var. ipadu (Amazonian coca) with 0.11-0.41%. E. coca var. coca (Bolivian coca)
contains an average of 0.63% cocaine, while the highest levels have been registered in the E.
novogranatense varieties with 0.77% in E. novo. var. novogranatense (Colombian coca) and 0.72%
in E. novo. var. truxillense (Trujillo coca) (Plowman & Rivier, 1983). Of the 51 plants from wild
species investigated by S. Bieri et al. in 2006, 23 showed the presence of cocaine with amounts
lower than 0.001% (dry leaves). E. suberosum, E. tortuosum, and E. deciduum registered a high
production of total phenols, total tannins and total flavonoids of up to 17.97%, 8.4%, and 3.87%
(dry leaves), respectively. Moreover, the total diterpenes content determined in stems of E.
australe and E. pictum ranged from 0.09% to 1.8% (dry mass) (Bieri, Brachet, et al., 2006).

Light intensity does not significantly affect the alkaloid production, while lower temperatures
seem to negatively influence this process in all cultivars studied by Acock et al. in 1996 (Acock et
al., 1996).

A study on the alkaloid distribution over the leaf growth stages showed that cocaine peaked in 7-
day old rolled leaves (0.75%) and declined to 0.39% at leaf drop. Cocaine, ecgonine methyl ester,
hygrine, tropinone, trans-cinnamoylcocaine, cis-cinnamoylcocaine, cuscohygrine, and
tropacocaine content in mature (35-day old) leaves was 0.61%, 0.59%, 0.68%, 0.08%, 0.31%,
0.55%, 0.52%, and 0.05%, respectively. Of these alkaloids, cocaine, ecgonine methyl ester,
hygrine, cis-cinnamoylcocaine, and cuscohygrine gradually decreased from week 2 to week 36 (at
leaf drop). Cis-cinnamoylcocaine content was higher than cocaine at week 12, 16, and weeks 19
to 23. Trans-cinnamoylcocaine was higher in rolled leaves (week 1) and in expanded leaves after
week 30 (Johnson & Emche, 1994). Similarly, L. River investigated the content of cocaine and the
cinnamoylcocaines at different growth stages. In E. coca var. coca and E. novo. var.
novogranatense, the cinnamoylcocaines were more abundant in younger leaves, while cocaine
content increased with leaf age, although the amounts varied dramatically between the two
subspecies. In E. novo. var. truxillense, although the alkaloid pattern was the same as in the other
two subspecies, the proportion of cinnamoylcocaines was greater in young leaves than in old
ones when compared to cocaine levels (Rivier, 1981).

Even within the same species, plants grown in different geographical areas can produce different

amounts of alkaloids. Indeed, notwithstanding similar cocaine concentrations, the
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cocaine/cinnamoylcocaine and the cis-/trans-cinnamoylcocaine ratios varied between samples of
E. coca collected from three different areas. The registered values for cocaine, cis-
cinnamoylcocaine and trans-cinnamoylcocaine were respectively in the range of 0.57-0.60%,
0.03-0.08% and 0.01-0.07% (w/w) for the E. coca of Tingo Maria, Cuzco, and Trujillo (Turner et al.,
1981).

Greenhouse cultivated plants of E. coca var. coca were analysed at 35-70 days from leaf
formation. Each harvested leaf was divided into four primary sections (petiole, base, mid and
anterior) and three subsections (lamina periphery, false midrib, and true midrib) to determine
the distribution and content of hygrine, cuscohygrine, trans-cinnamoylcocaine, cis-
cinnamoylcocaine, tropacocaine, tropinone, ecgonine methyl ester, and cocaine. Cocaine,
ecgonine methyl ester, and hygrine showed the highest concentration in the lamina periphery
with a content of 0.48%, 0.46%, and 0.32%, respectively. Trans-cinnamoylcocaine was the
predominant of the cinnamoylcocaines with higher levels in the petiole (0.24%), while the
distribution of cis-cinnamoylcocaine, tropinone, cuscohygrine and tropacocaine was not
significantly different among the tissue sections analysed with concentrations of 0.14%, 0.004%,
0.16%, and 0.04%, respectively (Johnson, 1995).

E1.8 Preparations of coca leaf and available information as to chemical composition
E1.8.1 Coca tea

Coca tea bags from Peruvian (1.09 g per bag) and Bolivian (0.82 g per bag) coca leaf were found
to contain cocaine in the highest amount (5.02 mg and 4.86 mg in the Peruvian and Bolivian tea
bags, respectively), followed by ecgonine methyl ester (1.15 mg and 2.93 mg in the Peruvian and
Bolivian tea bags, respectively) (Jenkins et al., 1996). Moreover, traces of benzoylecgonine

and trans-cinnamoylcocaine were also found, along with trace amounts of anhydroecgonine
methyl ester (also known as methylecgonidine or anhydromethylecgonine).

Tea was made from the same tea bags by the addition of 180 mL of deionized water at 94 °C. The
tea bag was maintained in the hot water for 3, 6, 9, 12, and 15 min, then removed. A cup of the
resultant tea was found to contain the same alkaloids contained in the tea bags with cocaine
being the most abundant (4.14 mg and 4.29 mg in the tea from the Peruvian and Bolivian coca
tea bag, respectively), followed by ecgonine methyl ester (1.15 mg and 1.81 mg in the Peruvian
and Bolivian tea, respectively), benzoylecgonine (0.50 mg and 0.26 mg in the Peruvian and
Bolivian tea, respectively), and trace amounts of trans-cinnamoylcocaine and anhydroecgonine
methyl ester (Jenkins et al., 1996).

E1.8.2 Nutritional supplements
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‘Coca leaf flour’ or ‘coca flour’ is powdered coca leaves sold as a nutritional supplement (e.g.
coca leaf powder sold by ENACO S.A., Lima, Peru) and usually added to food and drinks with a
recommended intake of 2 spoonfuls (5 g) (Penny et al., 2009). The inclusion of 5% coca flour in
bread flour has also been proposed for public nutrition programs (emol.com, 2006).

In the study by Penny et al., it was calculated that a school-aged child consuming two wheat
bread rolls of 30 g each would ingest 3 g of coca flour. In the same study, the nutrients (see Table
2) and alkaloid content of eight coca leaf powder samples, including that from ENACO, were
analyzed. Two spoonfuls of coca leaf flour (5 g) would satisfy less than 10% of the dietary intake
requirements for schoolchildren and adults for critical, commonly deficient nutrients in the diet
(Penny M.E. et al., 2009). Cocaine was found in the amount of 15 mg in two bread rolls (based on
an average 0.56% concentration in the raw powdered leaves). As noted in Section 9, the authors
conclude that a daily supplement of 5 g of dried powder does not represent substantial
nutritional value, and a higher intake, on the order of 100 g daily, would provide unsafe amounts
of cocaine (Penny et al., 2009).

Additionally, anhydroecgonine methyl ester and ecgonine methyl ester were detected at 0.02%
and 0.18%, respectively (dry weight), likely derived from cocaine degradation. Lastly, trans- and
cis-cinnamoylcocaine were found at concentrations of 0.04% and 0.07%, respectively (dry
weight) (Penny et al., 2009).

E1.8.3 Essential Oil

Essential oil is obtained by hydrodistillation of fresh leaves with distilled water. A work by R. A. S.
Cruz reports hydrodistillation for 4 h of two Erytroxylum species (E. ovalifolium and E. subsessile)
collected in January 2009 at Restinga de Jurubatiba National Park, Rio de Janeiro, Brazil. The
yields of the two essential oils were 0.04% and 0.05% (w/w), respectively. Gas chromatography
coupled to mass spectrometry (GC-MS) analysis revealed a total of 20 constituents in E.
ovalifolium essential oil (91.3% of the total relative composition) and 22 constituents in E.
subsessile essential oil (99.7% of the total relative composition) (Cruz et al., 2018). A less recent
work depicts the volatile components of the species E. coca var. coca (Novak & Salemink, 1987).
The relative percentages are reported in Table 5.

Table 5. Relative amount (%) of each volatile component in three Erythroxylum species.

Compound E. ovalifolium (Cruz E. subsessile (Cruz E. coca var. coca (Novak
N-methylpyrrole - - 3.7
trans-2-hexenal 24.1 41.0 10.4
cis-3-hexen-1-ol 16.1
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1-hexanol - 2.9 5.2

N,N-Dimethylbenzylamine - - 0.5

Methyl salicylate 2.0 4.4 13.6
2-Hexenol - 3.2 -
a-Pinene - 20.0 -
B-Pinene - 5.1 -
Mircene - 0.5 -
3Z-Hexenyl acetate 1.2 0.3 -
a-Terpinene - 0.4 -
o-Cimene - 0.8 -
Limonene - 0.8 -
Z-8-Ocimene 0.8 0.4 -
E-8-Ocimene 23.2 8.1 -
Terpinolene - 13 -
37Z-Hexenyl butanoate 2.6 - -
Tetrahydrolinalool 1.6 - -
Linalool - 1.2 -
3Z-Hexenyl-2-methyl 1.6 . -
E-B8-Damascenone 1.2 - -
B-Cubebene 4.4 - -
1,1,6-Trimethyl-1,2- 1.0 - -
Italicene 0.9 - -
E-Caryophyllene 0.9 4.0 -
trans-a-Bergamotene 0.7 - -
B-Selinene - 1.5 -
6-Selinene - 1.3 -
E,E-a-Farnesene 3.7 0.5 -
6-Amorfene - 1.1 -
trans-Calamenene - 0.4 -
37Z-Hexenyl benzoate 13 - -
Z-Dihydroapofarnesol 1.0 - -
epi-Cubenol - 0.5 -
6E,10Z-Pseudophytol 8.1 - -
Nonacosane 8.2 - -
Untriacontane 2.8 - -

E1.9 Stability of component substances and changes in the coca leaf during
growth and in different environmental conditions

The stability of the component substances in coca leaf was evaluated, focusing on the alkaloid
class, while no literature was found describing the other components. In particular, cocaine,
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benzoylecgonine, and ecgonine were analysed in the coca tea, indicating that their degradation
was less than 30%. Both cocaine and benzoylecgonine degraded into ecgonine, which was not
present in the original plant material (Marin-Saez et al., 2019).

It is also reported that some alkaloids detected during chemical analysis are likely to be artifacts
generated by the extraction reagents used. For example, ecgonine methyl ester is probably
formed during acidic extraction, as it was not present in the ethanolic extract, while ecgonine
methyl ester could be derived from the breakdown of cocaine during prolonged extraction with
chloroform. As far as the cinnamoylcocaines are concerned, no conversion of the cis to the trans
isomer has been observed in whole leaves because variable amounts of both compounds were
found in the different plant specimens and some samples showed only the presence of the cis
isomer (Rivier, 1981).

Cuscohygrine is reported to be very unstable and to degrade rapidly to hygrine in standard
solution (10 pg/mL). After one week its GC-MS signal was no longer detected. In urines preserved
at-20 °C with sodium fluoride 1% and acidic pH the initial ratios between cuscohygrine and
hygrine varied between 2% and 6%, whereas after four months it varied between 30% and 45%,
suggesting a high instability of cuscohygrine also in these biological samples (Rubio et al., 2014).

Bieri et al. evaluated the stability of cocaine during extraction by focused microwave-assisted
extraction (FMAE) and subsequent solid phase microextraction (SPME) with alkaline agqueous
solutions at different temperatures over a time period of 150 min. The stability experiments were
carried out with pure cocaine standard solutions prepared in various buffers (pH 8.1 and 8.6:
phosphate; pH 9.1 and 9.6: borax; pH 10.6: carbonate), while the experiments with the plant
material were performed employing the conditions found ideal to preserve cocaine
concentrations. Cocaine has a pKa value of 8.6, thus it is efficiently extracted at pH values above
10. However, under these conditions it spontaneously undergoes hydrolysis. In particular, its
lability increases with increasing pH and/or temperature (Bieri S. et al., 2006b).

E. novo. var. novogranatense, E. novo. var. truxillense, and E. coca var. ipadu are native to
Colombia and cultivated for illicit cocaine production. In the mid to late 1990s, stricter law
enforcement against shipments of crude Peruvian cocaine base to Colombia led to a shift in
cultivation, with new coca plantations established in Colombia that expanded to about 167,000
ha. Coca farmers started to select plants with specific traits, including resistance to glyphosate,
dense biomass, and high cocaine content, thus generating 15 new cultigens throughout
Colombia (Casale et al., 2014). Analysis of the alkaloids produced from E.

novo. var. novogranatense and E. novo. var. truxillense showed elevated concentrations of
truxillines, tropacocaine, and 1-hydroxytropacocaine relative to cocaine (Moore & Casale,
1994)(Moore J.M. and Casale J.F., 1994) while being void of trimethoxy-substituted alkaloids
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compared to E. coca var. ipadu (Casale & Moore, 1994)(Casale J. and Moore J., 1994). Of the new
cultigens, ten showed a profile compatible with that of E. coca var. ipadu, and four presented a
mixed profile between E. coca var. ipadu and either E. novo. var. novogranatense or E. coca var.
truxillense with high concentrations of truxillines, tropacocaine, and 1-hydroxytropacocaine
relative to a typical E. coca var ipadu profile (Casale et al., 2014). Moreover, one cultigen showed
a heterogeneous alkaloid profile and could not be classified. Amplified fragment length
polymorphism (AFLP) DNA analysis later confirmed the presence of hybridized plants (Johnson et
al., 2003; Johnson et al., 2005).

F. Identification and Analysis

Coca leaf can be analysed by physical identification assays and chemical analysis.

F.1 Physical identification assays

Physical identification can be carried out on either whole coca leaf or powdered coca leaf
material (UNODC, 2012). A macroscopic and a microscopic assay can be performed for the whole
coca leaf, while only a microscopic assay can be performed for the powdered material. However,
these assays should always be followed by chemical analysis for confirmation.

F.1.1 Macroscopic assay

Macroscopic analyses include the visual examination of coca leaves, assessing their color, size,
shape, and texture. Coca leaves are similar in appearance to Laurus nobilis leaves, especially for
the oval shape, but size and appearance vary among different plant varieties. The common
characteristic traits in all species are the darker color of the upper side compared to the
underside of the leaf and two lines parallel to the midrib of the leaf (NicDaéid & Savage, 2013).

The physical traits of the leaves vary among the four major subspecies (see paragraph F —
Physical appearance)

F.1.2 Microscopic assay

Microscopic analysis can be carried out on either fragmented, pulverized, or semi-carbonized
plant material using either a stereoscopic microscope, a light microscope, a transmission electron
microscope (TEM), or a scanning electron microscope (SEM) (M. T. Castro et al., 2004; Cortella &
Pochettino, 1994; Dillehay et al., 2010). A cross-section of a coca leaf reveals the upper
epidermis, palisade parenchyma containing calcium oxalate prisms, spongy parenchyma, and a
lower papillose epidermis with numerous stomata, which is the main distinctive traitin a
microscopic assay (Cortella & Pochettino, 1994; Dillehay et al., 2010). The midrib is partially
encircled by a ring of pericytic fibers, surrounded above and below by a substantial amount of
collenchyma tissue. When examining the lower epidermis under a surface preparation, the
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papillae appear as well-defined circles, accompanied by numerous stomata, each featuring four
subsidiary cells, two of which align their long axes parallel to the pore (Evans et al., 2009).

F.2 Chemical analysis

Chemical analysis is performed with two main objectives: a) qualitative and/or quantitative
determination of coca leaf constituents in plant material or plant material preparations; b)
qualitative and/or quantitative determination of coca leaf constituents and their metabolites in
biological samples. Chemical analysis can be carried out on either whole or pulverized plant
material. Based on the aim of the analysis (qualitative or quantitative), different sample
preparation procedures and techniques should be adopted.

F.2.1 Sample preparation
F.2.1.1 Plant material and plant material preparations

For qualitative analysis, chopped or pulverized leaves are extracted with either ethanol or
methanol at ambient temperature by pounding them in a mortar. The alcoholic extract is usually
spotted onto thin layer chromatography (TLC) or injected into either a GC- or a liquid
chromatography (LC) system (Perera et al., 2021; UNODC, 2012).

Quantitative analysis of alkaloids, instead, requires a more systematic protocol for sample
preparation starting from pulverized material and using either boiling ethanol or methanol. After
removal of the solid material and evaporation of the solvent, the residue is dissolved in
chloroform and extracted with citric acid (1.5%, w/v). The pH is then adjusted to 8.2 and the
solution extracted with chloroform. After solvent evaporation an appropriate internal standard
(1S) is added and the sample is analyzed by either GC or HPLC (Turner et al., 1981; UNODC, 2012).
Alternatively, many research works report the direct analysis of the alcoholic extract using an
alcoholic IS solution as the extracting solvent (Ferreira et al., 1998).

It is also reported that focused microwave-assisted extraction (FMAE) at atmospheric pressure at
the standard frequency of 2450 MHz using methanol as the solvent can efficiently extract several
endogenous plant substances. An additional purification step by solid phase microextraction
(SPME) with an aqueous buffer (pH 8.1) allows for a higher selectivity for cocaine and cis- and
trans-cinnamoylcocaine (Bieri, llias, et al., 2006).

One study reports the trituration of coca leaf powder with an agueous solution saturated with
sodium bicarbonate. This basified mixture was extracted with water-saturated toluene (with IS) at
60-65°C for 1 h with occasional mixing. The extract is then passed through a chromatographic
column packed with a mixture of 0.18 M sulphuric acid and Celite. After washing with water-
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saturated toluene, the coca alkaloids are eluted by the addition of water-saturated chloroform
(Moore et al., 1994).

Heating a coca leaf bag for coca tea in hot distilled water (94 °C) allows for to transfer of over
80% of the cocaine originally present in the coca tea bag. The amount of cocaine, along with that
of ecgonine methyl ester, increased with the infusion time (from 3 to 15 min), while the amount
of benzoylecgonine remained almost unchanged (Jenkins et al., 1996).

Flavonoids can also be extracted from coca leaves as reported in E. L. Johnson et al., first with
72% aqueous methanol, then with water. After centrifugation, the supernatants are dried and
dissolved in 1% acetic acid (v/v). The extract is loaded onto SPE columns, washed, and the
flavonoids eluted with 70% methanol. The analyte-containing fraction can be analysed as such, or
the solvent can be removed and replaced by 1% acetic acid (v/v) for storage due to the weak
acidic character of these compounds (Johnson et al., 2002).

F.2.1.2 Biological samples

For biological specimens, the procedure for the extraction of coca leaf alkaloids changes
according to the sample type. For hair samples from people who chewed coca leaf or drank coca
tea, a preliminary washing step with water and acetone and drying should be undertaken, then
the samples undergo extraction, which can consist of a mixture of methanol/acetonitrile/2mM
ammonium formate (25:25:50, v/v/v) with gentle shaking at 37°C (Rubio, Krumbiegel, et al.,
2019). Another example reports the washing of the hair samples with methanol, then extraction
with 0.05 M sulphuric acid, neutralization with 1 M sodium hydroxide, and pH adjustment to 4
with 2 M sodium acetate (Springfield et al., 1993).

Oral fluid analysis of people who chewed coca leaf or drank coca tea is reported to require
extraction with borate buffer (pH 9.2) before analysis (Cabarcos-Fernandez et al., 2024) or
protein precipitation with acidic acetonitrile (pH 4.2) (Rubio, Bermejo-Barrera, et al., 2019).

Whole blood, plasma, and urine of coca leaf consumers can be diluted with acetate buffer (pH 4)
before extraction (Jenkins et al., 1996; Rubio et al., 2025).

F.2.2 Thin Layer Chromatography (TLC)

TLC is generally performed on extracts of seized material by spotting individually the sample(s)
and a cocaine standard solution on a silica gel plate and running an appropriate solvent system as
mobile phase. A recommended procedure for the detection of cocaine reported by the UNODC
includes the choice of one solvent system between: a) chloroform/dioxane/ethyl
acetate/ammonia (29%) (25:60:10:5, v/v/v/v), b) methanol/ammonia (29%) (100:1.5, v/v), and c)
cyclohexane/toluene/diethylamine (75:15:10, v/v/v) (UNODC, 2012). The literature mentions
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other examples of solvent systems, such as methanol for TLC analysis of the leaves from E. coca
var. coca and E. novo. var. novogranatense (Ferreira et al., 1998) and toluene/ethyl acetate (9:1,
v/v) for the HPTLC (high-performance TLC) analysis of the leaves of E. monii (Perera et al., 2021).

Visualization of the spots can be achieved by different methods (UNODC, 2012):
a) UV light at 254 nm: cocaine appears as a dark spot over a green background

b) Acidified potassium iodoplatinate reagent: cocaine appears as a blue spot when the
plate is sprayed with the reagent.

c) Dragendorff’s reagent (Munier): cocaine appears as an orange spot when the plate is
sprayed with the reagent.

F.2.3 Liquid Chromatography (LC)
F.2.3.1 Plant material and plant material preparations

Liquid chromatography can be interfaced to either a UV (HPLC-UV) or a mass spectrometry
detector (HPLC-MS).

HPLC-UV detection of coca alkaloids is recommended by the UNODC, in particular with the use of
a C18 column and methanol:water:1% phosphoric acid:n-hexylamine (300:700:1000:14 v/v/v/v;
pH =2.5) as mobile phase. The UV detector should be set at 230 nm, and the calibration should be
performed to have a limit of quantification (LOQ) of 0.05 mg/mL for cocaine (UNODC, 2012).

An HPLC-UV method has been developed for the determination of cocaine and cis- and trans-
cinnamoylcocaine in 110 samples of E. coca var. coca collected in the Yungas mountains and the
Chapare lowlands (Bolivia) between the end of 1991 and the middle of 1992. The method was
developed in reversed-phase mode using a C18 column heated at 35°C for the determination of
cocaine and a C8 column for the cinnamoylcocaines. The mobile phase for cocaine consisted of
0.05 M phosphate buffer (pH 5) containing 25% (v/v) acetonitrile, while for the cinnamoylcocaines,
the solvent was a mixture of acetonitrile:tetrahydrofuran:0.1% diethylamine in water (40:10:50,
v/v). The detector was set at 220 nm for cocaine and 280 nm for cis and trans-cinnamoylcocaine.
Results indicated a concentration of cocaine of 0.33% and 0.60% (based on dry weight) in the wet
and dry seasons respectively in the Youngas, while concentrations of 0.32% and 0.50% (based on
dry weight) were recorded in the same seasons in the Chapare. Cis-cinnamoylcocaine registered
levels of 0.016% and 0.08% in the wet and dry seasons respectively in the Youngas and levels of
0.021% and 0.01% in the same seasons in the Chapare. Trans-cinnamoylcocaine was lower than
the cis isomer with amounts of 0.003% in both seasons in the Youngas and 0.003% and 0.005% in
the wet and dry seasons respectively in the Chapare. LOQs were 0.037% for cocaine, 0.0065% for
cis-cinnamoylcocaine, and 0.0015% for trans-cinnamoylcocaine (Sauvain et al., 1997).
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An example of the use of the HPLC-MS technique involves the separation of cocaine, norcocaine,
benzoylecgonine, ecgonine methyl ester, cocaethylene, cinnamoylcocaine, anhydroecgonine
methyl ester, hygrine, cuscohygrine, and tropacocaine contained in coca leaves or coca tea. The
chromatographic separation was achieved on a HILIC (hydrophilic interaction liquid
chromatography) stationary phase kept at 40 °C with a mobile phase composed of ammonium
formate buffer (pH 4.2) and acetonitrile. The chromatographic apparatus was interfaced to a
quadrupole-time of flight mass spectrometer (HPLC-QToF) and to a triple quadrupole mass
spectrometer in multiple reaction monitoring mode (MRM) (HPLC-MS/MS). The LOQ is not
specified. The results showed that the main components were cocaine, cinnamoylcocaine,
ecgonine methyl ester, and cuscohygrine in similar ranges (0.10-0.35%, w/w), while lower amounts
were detected for anhydroecgonine methyl ester (0.006%, w/w), and benzoylecgonine (0.02%,
w/w), and tropacocaine was undetectable (Rubio, Krumbiegel, et al., 2019).

Leaf extracts from Amazonian field-grown coca (E. coca var. ipadu) were analysed for flavonoids by
LC-MS. Eight O-conjugated flavonoids were detected: two O-conjugates of taxifolin, one O-
conjugate of quercetin, two O-conjugates of eriodictyol, and three O-conjugates of kaempferol.
An O-ethyl ester typically found in E. coca var. coca, kaempferols, and a 7-O-rutinoside commonly
encountered in the E. novogranatense taxons were also detected in the Amazonian coca leaf
samples, suggesting that the field under investigation in Colombia derives from a cross
between E. coca var. coca and E. novo. var. truxillense. The data obtained in the study suggested
that flavonoids can be used as biomarkers of the Erythroxylum taxon (Johnson et al., 2002).

F.2.3.2 Biological samples

Oral fluid analysis by HPLC-MS/MS (Q-TRAP) in MRM mode allowed for the quantitative
determination of cocaine, benzoylecgonine, hygrine, cuscohygrine, tropacocaine, ecgonine methyl
ester, trans-cinnamoylcocaine, and anhydroecgonine methyl ester from coca leaf consumers (coca
leaf chewers and coca tea drinkers). Chromatographic separation was achieved using 20 mM
ammonium formate in ultrapure water (pH 4.2) and an acetonitrile/methanol (4:1) mixture as a
mobile phase on a HILIC stationary phase at 40 °C. The LOQ was established at 5 ng/mL for cocaine,
benzoylecgonine, trans-cinnamoylcocaine, and cocaethylene, 10 ng/mL for ecgonine methyl ester
and anhydroecgonine methyl ester, and 50 ng/mL for cuscohygrine. Cocaine concentrations ranged
from 11.3 to 253.4 ng/mL. In comparison to people who use cocaine, people who use coca leaves
were positive for hygrine and cuscohygrine (Rubio, Bermejo-Barrera, et al., 2019).

The quantitative determination of cocaine, benzoylecgonine, ecgonine methyl ester, trans-
cinnamoylcocaine, tropacocaine, anahydroecgonine methyl ester, and cuscohygrine, and the
detection of hygrine were undertaken in oral fluid samples of three volunteers after drinking a cup
of coca tea using an HPLC-MS/MS (Q-TRAP) method exploiting the MRM transitions of the analytes.
The separation was achieved using a mobile phase made of 20 mM ammonium formate in
ultrapure water (pH 4.2) and an acetonitrile/methanol (4:1) mixture on a HILIC column. The LOQ
was determined to be 1 ng/mL for cocaine and benzoylecgonine, 5 ng/mL for ecgonine methyl
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ester, trans-cinnamoylcocaine, and tropacocaine, 10 ng/mL for anahydroecgonine methyl ester,
and 15 ng/mL for cuscohygrine. Oral fluid samples were diluted in borate buffer (pH 9.2) and then
subjected to SPE, eluting the analytes of interest with 2% (v/v) acetic acid in methanol. The samples
were taken from volunteer 1 at 30, 60, 120, and 180 min after drinking, and from volunteers 2 and
3 at 30 and 180 min after drinking. After 30 min, all volunteers tested positive for hygrine, and 2 of
them even after 180 min. Anahydroecgonine methyl ester was detected in one volunteer up to 60
min after consumption of the tea, while tropacocaine was not detected in any samples. After 30
min, the cocaine levels ranged from 330 to 840 ng/mL, and after 180 min, from 1.1 to 7.0 ng/mL.
Ecgonine methyl ester, trans-cinnamoylcocaine, and benzoylecgonine were found at levels above
14 ng/mL even after 180 min (Alvarez-Freire et al., 2023).

HILIC separation combined with tandem MS (QToF/MS) analysis of hair samples of 10 people who
used coca leaves or coca tea occasionally or moderately was used to quantify the amount of
cocaine, norcocaine, benzoylecgonine, ecgonine methyl ester, cocaethylene, cinnamoylcocaine,
anhydroecgonine methyl ester, hygrine, cuscohygrine, and tropacocaine. The latter was not
detected. Due to the lack of an analytical standard for hygrine, this substance was not quantified,
but the peak area ratio hygrine/cocaine was used as a relative measure of the concentration. The
LOQ of all analytes in hair was in the range of 10-30 pg/mg, and the average concentration for
cocaine was 2 ng/mg (the average content of the leaves and tea was 0.42%). Cocaethylene usually
results from the concomitant use of alcoholic beverages, while the detection of anhydroecgonine
methyl ester was excluded to be an artifact in the LC-MS/MS analysis, as it was demonstrated to
be also present in coca leaves and coca tea by several works, thus it does not unambiguously prove
smoking of cocaine products (Rubio, Krumbiegel, et al., 2019).

Urine samples collected over 72 h after consumption of a coca tea cup (3.8 mg of cocaine) from
five volunteers were analysed by UHPLC-MS/MS (triple quadrupole detector) using formate buffer
adjusted to pH 3 and 0.1% formic acid in acetonitrile as mobile phase and a C18 stationary phase.
The LOQ was 5 ng/mL for cocaine, benzoylecgonine, and ecgonine methyl ester. Cocaine was
detectable for 20 h in urine (concentration range 6-91 ng/mL), and its metabolites,
benzoylecgonine and ecgonine methyl ester, were detectable for 70 and 60 h, respectively, after
consumption of a single cup of coca tea (Feisthauer et al., 2022). In the same work, hair samples
were analysed one month after the consumption of a single coca tea cup, and the UHPLC-MS/MS
analysis provided a negative response for cocaine with a LOQ of 10 pg/mg (Feisthauer et al., 2022).

Urine samples stored for 6 years with sodium fluoride 1% (w/v) in an acidic environment (pH close
to 5) at-20 °C were qualitatively analysed by both GC-MS and LC-MS/MS (Q-Trap). LC-MS/MS
analysis was performed on a HILIC column at 40 °C using 20 mM ammonium formate in ultrapure
water (pH 4.2) and 4:1 acetonitrile/methanol as a mobile phase. The limit of detection (LOD) was
established at 50 ng/mL for cocaine and trans-cinnamoylcocaine, 100 ng/mL for ecgonine methyl
ester, and 200 ng/mL for cuscuhygrine by GC-MS. The LC-MS/MS method provided LODs of
5 ng/mL for cocaine and trans-cinnamoylcocaine, 10 ng/mL for ecgonine methyl ester, and
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50 ng/mL for cuscohygrine. The LC-MS/MS method showed a higher rate of positive results for all
analytes, especially hygrine (putatively identified) and cuscohygrine, compared to the GC-MS
method (Rubio, Moreda-Pifieiro, Alvarez-Freirec, et al., 2019).

In the same work, the authors indicated the factors that affect the detection of coca leaf alkaloids
in urine samples (Rubio, Moreda-Pifieiro, Alvarez-Freirec, et al., 2019):

- frequency of coca leaf consumption

- The method of coca leaf consumption as chewing and drinking coca tea, leads to
different concentrations of coca alkaloids in urine (higher in chewers)

- use of alkaline substances during chewing, which enhances the absorption of the coca
alkaloids from the leaf

- use of alkaline pH during the extraction as it favours the chemical hydrolysis of the
analytes with ester moieties like cocaine, ecgonine methyl ester, and trans-
cinnamoylcocaine.

F2.4 Gas Chromatography (GC)

Qualitative analysis by means of GC-MS is based on the comparison of the retention time and
mass spectrum of the analyte with that of a reference standard obtained in the same operating
conditions.

Quantitative analysis, instead, is accomplished by means of either GC-MS or GC coupled to flame
ionization detector (GC-FID) and can be applied to all sample types, including both seized
material and biological specimens.

F.2.4.1 Plant material and plant material preparations

UNODC recommends the analysis of coca leaf to be performed by GC-FID without derivatization
using a reference external standard of either cocaine free base or hydrochloride salt with only one
point for calibration (0.27 mg/mL) (UNODC, 2012).

GC-FID (Johnson & Emche, 1994; Turner et al., 1981) and GC-MS (Johnson & Emche, 1994; Rivier,
1981) analyses showed that the cocaine/cinnamoylcocaine and the cis-/trans-cinnamoylcocaine
ratios can vary substantially according to geographical area of origin, age, and subspecies of
Erythroxylum. Results for cocaine, cis-cinnamoylcocaine, and trans-cinnamoylcocaine were
respectively in the range of 0.57-0.60%, 0.03-0.08%, and 0.01-0.07% (w/w) for the E. coca of three
different areas, Tingo Maria, Cuzco, and Trujillo (the LOD for cocaine is reported to be 0.5 ng)
(Turner et al., 1981). Other alkaloid determined were ecgonine methyl ester, hygrine, tropinone,
cuscohygrine, and tropacocaine in various concentration ranges: cocaine varied from 0.18% in the
buds to 0.75% in young rolled leaves and 0.61% in mature leaves; ecgonine methyl ester was found
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to be 0.47%, 0.78% and 0.59% in the buds, young and mature leaves respectively; hygrine was
0.19%, 1.80% and 0.68% in the same tissues; tropinone followed the same trend with 0.11%, 0.33%
and 0.08% in buds, young and mature leaves; trans-cinnamoylcocaine was found at 0.19%, 3.9%
and 0.31% in the three tissues; its cis isomer had concentrations of 0.06% in buds and young leaves
and 0.55% in mature leaves; cuscohygrine was found at 0.23%, 1.97% and 0.52% in buds, young
and mature leaves respectively; lastly, tropacocaine had concentrations of 0.05% in buds and
mature leaves and higher concentration of 0.12% in young leaves. All results were reported as %
of substances based on the dry weight of plant material (Johnson & Emche, 1994).

The leaves of 51 Erythroxylum species were analysed for their cocaine content by GC-MS in single
reaction monitoring (SIM) mode. The LOQ of the method is reported to be 0.0001% of cocaine
based on dry weight. Among the cocaine containing wild species, E. laetevirens presented
markedly lower cocaine levels compared to other cultivated E. coca species (0.11-1.02%), as well
as to a commercially available “Mate de coca” (0.60%)., Moreover, a qualitative chromatographic
profile of the E. laetevirens alkaloid content was carried out and compared with those of cultivated
coca species. The tropane alkaloid pattern was similar for all species, with hygrine,
anhydroecgonine methyl ester, ecgonine methyl ester, cocaine, and the cinnamoylcocaines
unambiguously identified.

Cocaine, ecgonine methyl ester, benzoylecgonine, and trans-cinnamoylcocaine were found after
derivatization and GC-MS analysis in both coca tea and in coca tea bags from which the tea was
made. An average concentration of 4.14 mg of cocaine was transferred to the coca tea from the
tea bag (81% extraction efficiency). Coca tea also contained an average of 1.15 mg of ecgonine
methyl ester, similar to the amount found in coca tea bags. In addition, benzoylecgonine was found
in amounts (0.50 mg) 10-fold higher than those contained in the tea bag (Jenkins et al., 1996).

SPE-GC-MS analysis of a coca leaf extract obtained after stirring with a mixture of
methanol/acetonitrile/2 mM ammonium formate (25:25:50, v/v/v) for 15 min was used to quantify
several coca alkaloids, including hygrine, cuscohygrine, ecgonine methyl ester, trans-
cinnamoylcocaine, and cocaine in coca tea extracts and compare the content with oral fluid
samples. However, the quantitative results have not been discussed (Cabarcos-Fernandez et al.,
2024).

Derivatization and GC-MS with isotope ratio mass spectrometry analysis were applied to a sample
from a seized illicit coca field in Chapas (Mexico), showing the ability of this technique to identify
the geographical origin of the plant, which depicted a profile not comparable to other coca plants
in South America. The leaves were classified as belonging to E. novo. var. truxillense containing
0.36% (w/w) cocaine, but with extraordinary levels of 1-hydroxytropacocaine (21.3%) and
cinnamoylcocaines (242%) relative to cocaine (Casale & Mallette, 2016).

Capillary GC coupled to either FID (cGC-FID) or electron-capture detector (cGC-ECD) was used to
analyse South American coca and greenhouse- and tropical-cultivated field coca and determine
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coca alkaloids. Quantitative data were obtained using a standard mixture of cocaine, cuscohygrine,
ecgonine methyl ester, and trans-cinnamoylcocaine at the final concentrations of 0.100 mg/mL,
0.050 mg/mL, 0.050 mg/mL, and 0.030 mg/mL. The results indicated the presence of cocaine, cis-
and trans-cinnamoylcocaine, tropacocaine, hygrine, cuscohygrine, and the isomeric truxillines in
the coca leaf extracts of South American fields obtained with water-saturated toluene. The cocaine
content varied from 0.36% to 0.72% (dry weight), while cis-cinnamoylcocaine represented 5.8-
28%, trans-cinnamoylcocaine was 2.9-33%, tropacocaine 0.25-4.9%, and cuscohygrine 11-78% of
the cocaine content. Total truxilline content was in the range 2.9-61.2% relative to cocaine, while
hygrine was between 1.4% and 24% of cocaine. The highest amount of all analytes was found in
the plants of Colombia. In comparison, the greenhouse and tropical samples extracted in the same
way did not show detectable levels of either hygrine or the truxillines. The content of cocaine in
the greenhouse cultivated plants varied from 0.37% to 0.60% (dry weight). The relative content of
cis-cinnamoylcocaine, trans-cinnamoylcocaine, ecgonine methyl ester, tropacocaine, and
cuscohygrine was 7.2-50%, 18-98%, 38-63%, 0.3-4.6%, and 3.8-57%, respectively. The content of
cocaine in the tropical plants varied from 0.43% to 0.67% (dry weight). The relative content of cis-
cinnamoylcocaine, trans-cinnamoylcocaine, ecgonine methyl ester, tropacocaine, and
cuscohygrine was 18-53%, 22-170%, 29-47%, 0.16-3.8% and 5.8-61%, respectively. The samples
from both South America and the greenhouse belonged to the E. coca var. coca and E. novo. var.
novogranatense, while the tropical samples also included the E. novo. var. truxillense. Further
extraction of some of the samples with acid phthalate buffer (pH 4) and chloroform, and
subsequent basification, led to the isolation of numerous trace-level coca alkaloids of unknown
structure (Moore et al., 1994).

F.2.4.2 Biological samples

SPE-GC/MS analysis of urine samples of an individual who had assumed a coca tea cup made from
a Peruvian coca tea bag showed that the concentrations of benzoylecgonine and ecgonine methyl
ester peaked at 10 h (3368 and 2520 ng/mL, respectively), while those of cocaine at 5 h (196
ng/mL). Thereafter, concentrations declined, but benzoylecgonine and ecgonine methyl ester
remained at detectable concentrations for 48 h (23 and 22 ng/mL, respectively), while cocaine was
negative. The same experiment carried out with a coca tea cup made from a Bolivian coca tea bag
revealed the peak concentrations of all analytes after 3.5 h (4155, 587, and 2314 ng mL of
benzoylecgonine, cocaine, and ecgonine methyl ester, respectively). After 52.5 h, in urine,
benzoylecgonine and ecgonine methyl ester concentrations were still detectable (21 and 12
ng/mL, respectively), while cocaine was negative. LOQs of the analytes were 6.25 ng (Jenkins et
al., 1996).

Oral fluid collection after consumption of a coca tea cup, followed by SPE-GC/MS analysis, revealed
that the sample collection method affects the concentration of coca alkaloids due to different
extraction recoveries. Hygrine, cuscohygrine, ecgonine methyl ester, and trans-cinnamoylcocaine
were not detectable after 120 min when Quantisal® was used, but they remained in the samples

33



48th ECDD (2025)/3.1.1/ Coca leaf

obtained by passive drooling (above 0.04 ng/mL). Tropacocaine was negative in all samples, while
cocaine always remained detectable, although at lower levels in the Quantisal® samples (0.08 and
0.28 ng/mL) compared to the passive drooling collection (0.24 and 1.11 ng/mL). It should, though,
be taken into account that cuscohygrine and trans-cinnamoylcocaine presented a high matrix
effect with both collection methods. LOQs were 10 ng/mL for cocaine, trans-cinnamoylcocaine,
ecgonine methyl ester, and tropacocaine, and 50 ng/mL for cuscohygrine. The authors also
highlight that hygrine, cuscohygrine, tropacocaine, and trans-cinnamoylcocaine are not included
in routine forensic and toxicological analyses (Cabarcos-Fernandez et al., 2024).

SPE-GC-MS analysis (with derivatization) has also been applied to hair samples of ancient Peruvian
coca chewers (dated 1000 AD), revealing detectable amounts of ecgonine methyl ester (2.4 ng/mg)
and benzoylecgonine (2.1 ng/mg), which resulted in 10-fold higher amounts than cocaine (0.25
ng/mg). LOQ of the analytes with the GC-MS method is reported to be 10 ng (Springfield et al.,
1993).

Another example of the use of GC-MS analysis is the study of cocaine levels in plasma after
chewing either the whole leaves with the alkaline mixture /lipta or the powder with ashes of
leaves of Cecropia sciadophylla. The amount of cocaine in leaves and powder was 0.39-0.48%
and 0.24% based on dry weight, respectively (Holmstedt et al., 1979).

F2.5 Matrix-assisted laser desorption/ionization mass spectrometry
coupled to Fourier-transform ion cyclotron resonance imaging mass
spectrometry (MALDI-FT-ICR IMS)

Matrix-assisted laser desorption/ionization mass spectrometry has recently been considered as a
valuable technique for the identification and analysis of the distribution of alkaloids on the surface
of coca leaves. The instrumental platform operated in positive-ion mode using the Fourier-
transform ion cyclotron resonance imaging mass spectrometry (MALDI(+)FT-ICR IMS). For this type
of analysis, a piece of leaf was frozen and sectioned horizontally. The results suggested that cocaine
is distributed over the whole leaf surface with small areas of greater abundance in the central
region of the inner part of the leaf tissue, where benzoylecgonine and cinnamoylcocaine also are
colocalized. Additionally, the molecule was seen to be present both in the adaxial (front) and
abaxial (back) surfaces, but it was less abundant on the back than on the front of the leaf. On the
other hand, the truxilline detected showed a greater abundance in the peripheral regions of the
leaf tissue. Lastly, six flavonoids (isoquercitrin, kaempferol, herbacetin, carlinoside, peltatoside,
and rutin) were monitored on the E. coca leaf: in particular, isoquercitrin had a greater abundance
in the inner and central parts of the leaf. The other flavonoids, kaempferol, herbacetin, carlinoside,
peltatoside, and rutin, showed greater abundance in the outer part of the leaf (dos Santos et al.,
2021).

F2.6 DNA analysis
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E. L. Johnson et al. analyzed 132 known and unknown coca leaf accessions by the amplified
fragment length polymorphism (AFLP) approach (genetic fingerprinting) to define specific genetic
traits that could distinguish the four Erythroxylum varieties cultivated for cocaine production (E.
novo. var. novogranatense, E. novo. var. truxillense, E. coca var. coca, and E. coca var. ipadu). Based
on the DNA profiling, it was possible to establish that the Colombian coca had changed its classical
signature to become a hybridization of E. coca var. ipadu (Johnson et al., 2003). The same authors
investigated with the same approach 86 Erythroxylum accessions using a capillary genotyping
system to assess the pattern and level of genetic variation among and within the taxa. They found
a clear distinction between E. coca and E. novogranatense. At the intra-specific level, significant
differentiation was observed between E. coca var. coca and E. coca var. ipadu; on the other hand,
no differentiation could be appreciated betweenE. novo.var. novogranatense andE.
novo. var. truxillense. Interestingly, E. coca var. ipadu had a significantly lower amount of diversity
than the E. coca var. coca, with a clear genetic distinction from the E. coca var. ipadu cultivated in
Colombia during the early 2000s (Johnson et al., 2005).

3 EASE OF CONVERTIBILITY INTO CONTROLLED
SUBSTANCES

As described in Section 1, the coca leaf plant contains complex mixtures of chemicals that vary
across subspecies. Many subspecies of coca leaf contain cocaine, an alkaloid that is naturally
synthesized by the plant (see Section 1.1). Hence, chemical transformation of these subspecies of
coca leaf into a controlled drug is not required. Rather, the production of cocaine and other
alkaloids from coca leaf falls within the IUPAC definition of solvent extraction: “the process of
transferring a substance from any matrix to an appropriate liquid phase” (IUPAC, 2025). It is a
physical separation process in which a compound is removed from a complex matrix using selective
solvents based on differential solubility or affinity. This operation does not involve any modification
of the molecular structure of the extracted alkaloids. To obtain pure cocaine base, the extract must
be purified (i.e., other extracted substances must be removed), and the resulting product may be
transformed into cocaine hydrochloride (one of the typical forms found on the illicit market). Of
note, the processes described below do not apply to any of the subspecies of coca leaf that do not
contain cocaine. None of the chemicals contained in these subspecies could be easily converted
into cocaine or another controlled substance.

Two common procedures for extracting cocaine from coca leaves are described by UNODC 2012
and Casale et al. 1993 (Casale & Klein, 1993; UNODC, 2012). The first is the preparation of a coca
paste from coca leaves using an acid-base extraction, as described in the next paragraph.
Alternatively, cocaine sulphate can be directly extracted from the coca leaf with dilute sulphuric
acid. After filtration, an excess of lime or carbonate is added to the aqueous solution, obtaining a
precipitate of crude coca paste. Because this paste contains cocaine (as well as other alkaloids), it
is controlled under drug control regulations that pertain to cocaine.
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The acid—base extraction of cocaine from coca leaf involves the extraction of coca paste (Schedule
| of the 1961 Single Convention according to the Yellow list Annex to Forms A, B, and C, 63rd edition,
July 2024) by mixing coca leaves with water and lime. The resulting alkaline mixture is crushed, and
the alkaloids are extracted with kerosene, while the waxy material is removed by heating, then
cooling the kerosene mixture and solidifying the unwanted wax. The kerosene fraction is then back-
extracted with dilute acidified water to convert the free base of the alkaloids to their sulphate form
and transfer them into the aqueous layer. Lime or ammonia is then used to convert the sulphates
back to the free bases, which results in the precipitation of crude cocaine along with the more
basic alkaloids and inorganic salts. The product is then filtered and dried to give coca paste.
Purification of cocaine base from coca paste is accomplished by dissolving the latter in dilute
sulphuric acid and slowly adding potassium permanganate that turns the solution from a yellow-
brown colour to a colourless liquid. The solution is then filtered and made basic with ammonia,
resulting in precipitation of cocaine base and other alkaloids. The cocaine base is filtered, washed
with water, dried, and dissolved in diethyl ether. Cocaine hydrochloride is eventually obtained as a
precipitate by adding concentrated hydrochloric acid and acetone (Casale & Klein, 1993; UNODC,
2012).

Practicability and profitability

The extraction of coca paste from coca leaf and the purification of cocaine from coca paste are
easy to follow and do not require specialist expertise. Except for kerosene, the chemicals and
reagents used for the processes (sulphuric acid, potassium permanganate, hydrochloric acid,
acetone, and diethyl ether) are listed in the United Nations Convention against lllicit Traffic in
Narcotic Drugs and Psychotropic Substances of 1988 (CND & United Nations Commission on
Narcotic Drugs, 2024).

According to INCB Precursors Report 2024 — VIl Annex (INCB, 2024c), approximately 1-3 liters of
sulfuric acid, 0.2-0.55 kg potassium permanganate, 10-20 liters of solvent (e.g., ethyl ether
and/or acetone), and 0.2-0.4 liters of hydrochloric acid are needed to obtain 1 kg of cocaine
hydrochloride.

Yield

According to UNODC field surveys conducted in 2008—2009, supplemented with information
provided by the US Drug Enforcement Administration (DEA), the following national average
conversion ratios were reported for Colombia (UNODC, 2009): one hectare of coca cultivation
produces approximately 4.2 tonnes of fresh leaves per year; one tonne of fresh leaves is
processed into about 1.5 kg of coca paste or 1.4 kg of cocaine base; one kilogram of cocaine base
results in roughly 0.9 kg of cocaine hydrochloride; the latter typically contains around 85% pure
cocaine (EMCDDA, 2010).
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4 GENERAL PHARMACOLOGY

4.1 Routes of administration and dosage

Coca leaf products are traditionally administered through two primary routes: chewing and
infusion. Chewing coca leaves is a widespread and culturally accepted habit in the Andean
highlands, often referred to as “coqueo” or “acullico”, that involves placing a wad of dried leaves
in the buccal cavity, either alone or with an alkaline substance such as plant ash or sodium
bicarbonate that enhances the extraction of alkaloids through the oral mucosa.

The traditional technique for preparing coca leaves begins with harvesting the leaves and drying
them by exposure to the sun (Plowman, 1984; Restrepo et al., 2019) or over a low fire (Plowman,
1981). The leaves are stripped of their veins, placed in the mouth and moistened with saliva,
forming a quid with the tongue, which is then placed between the gum and cheek. As several
authors point out, the English translation "coca chewing" is inaccurate because the quid is not
actually chewed but rather is sucked as its juice is released. Occasionally, a leaf or two is added to
refresh the acullico, which is eventually discarded and replaced with a fresh one (Heath, 1990;
Restrepo et al., 2019).

The absorbed dose depends on the duration of the mastication process, the amount of leaves used
(typically 8-50 grams per session), and the type of alkali added (Bauer, 2019; Biondich et al., 2016).
Traditional coca chewers practice their habit daily; agricultural laborers or mine workers are
identified as the people that most perform the practice since they start chewing early in the
morning and keep it up throughout their working hours. Typically, a chewer keeps a quid of leaves
in his mouth between two and three hours and renews it three to four times a day. This amounts
to an average daily consumption of about 50 grams of dry leaves (Negrete, 1978).

When comparing research describing the effects of coca leaf chewing, the dose used must be taken
into account, as it varies widely between individuals and studies. The levels of alkaloid absorption—
and their effects—can therefore be very different. Using a study from the Bolivian Institute of High
Altitude Biology (where many of the studies described below were done) as an example, the
variability in the amount of leaf consumed and the associated plasma cocaine concentrations was
analyzed. In a group of 17 people who reported long-term use of coca leaf by chewing, the
consumption quantities ranged from 3 to 77 g, with a mean of 31 +/- 21 g, and plasma cocaine
levels ranged from 28 to 299 ng/mL, with a mean of 98 +/- 75 ng/mL. Following an exercise test,
plasma levels ranged from 30 to 211 ng/mL, with a mean of 86 +/- 54 ng/mL. In another
experiment where the amounts of coca leaf consumed were more uniform (12 +/- 3 g), the
resulting plasma cocaine levels were also less variable (89 +/- 25 ng/mL after chewing and 80 +/-
22 ng/mL after exercise) (Rerat et al., 1997).
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Coca leaves are also infused in water and consumed as tea (Bedi & Scully, 2014). In the Andean
countries, it is called "Mate de Coca”. It is sold in small, 1-gram filter bags of coca leaf, which can
contain approximately 4 mg of cocaine (Jenkins et al., 1996). When prepared in hot water, up to
80% of the cocaine it contains can be extracted (Baselt, 1983; Carmona et al., 2000). The
gastrointestinal absorption rate of ingested cocaine is approximately 33% (Skopp et al., 2001),
which shows that up to 1.0-1.3 mg of cocaine per filter bag would be absorbed into the
bloodstream. This is a much lower dose of cocaine than the estimated 10 to 35 mg for a
recreational nasal dose, or about 15 mg for intravenous use (Nogué Xarau et al., 2002).

Coca leaf as flour (finely ground coca leaves) can be used like coffee in a coffee machine to make a
stronger, more concentrated tea. Coca flour with a coca leaf concentration of 5% is also sold as
nutritional supplement (ENACO S.A., Lima, Peru) with a recommended intake of 2 spoonfuls (5 g)
added to soups or drinks (Penny et al., 2009). However, oral consumption of coca flour is
uncommon compared to other routes of administration described above (Bauer, 2019).

Use of coca leaves by other routes (smoked, inhaled) is not described as regular consumption
practices.

4.2 Pharmacokinetics

Pharmacokinetic studies are vital for understanding how a substance is absorbed, distributed,
metabolized, and excreted in the human body. However, when it comes to traditional herbal
preparations such as the leaves of Erythroxylum coca and Erythroxylum novogranatense, current
scientific literature presents significant limitations that hinder the clinical relevance and
generalizability of available data (Khan et al., 2005; Schwitzer et al., 2005).

Furthermore, the number of published clinical trials specifically focusing on the pharmacokinetic
aspects of coca leaf in its traditional forms—such as infusions (teas or mates) or leaf chewing
(“chacchado” in Peru)—is limited, largely to that published several decades ago (Barnett et al.,
1981).

The process of standardizing whole plant extracts is inherently complex. The chemical composition
of coca leaves can vary not only between species (e.g., E. coca vs. E. novogranatense), but also due
to environmental factors such as soil type, altitude, climate, and seasonal harvest (Bohm et al.,
1982; Johnson & Foy, 1996; Sauvain et al., 1997).

Preparation technigues have a substantial impact on the phytochemical composition of coca leaf
products. Whether consumed as an infusion or chewed with alkaline agents such as lime or ash,
each method influences the spectrum and concentration of bioactive compounds. These
differences pose challenges when attempting to extrapolate pharmacokinetic findings from
controlled laboratory settings to traditional use contexts (Hilgert et al., 2001).
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In addition, cultural practices often play a key role in modifying compound absorption and
bioavailability. The “chacchado” technique, for instance, entails slowly masticating dried coca
leaves in combination with alkaline substances, facilitating gradual alkaloid release through the oral
mucosa (Hilgert et al., 2001). This prolonged exposure contrasts markedly with experimental
models that rely on brief administration of standardized extracts.

Another limitation to interpreting evidence on the pharmacokinetics of coca leaf for traditional use
is that, despite widespread cultural use in some regions, evidence-based research on traditional
herbal medicines, including coca leaf, is scarce. Pharmacological studies on herbal medicines,
including coca leaf, often focus on isolated active ingredients, rather than the complex mixtures
present in whole-plant preparations, further limiting translational value (Biondich et al., 2016;
Chang, 2000).

In fact, the current pharmacokinetic data on coca leaf, derived from a small number of studies, is
insufficient to reflect the complexity and variability of its traditional forms of use. The limited
scope, methodological heterogeneity, and lack of cultural-contextual integration suggest caution
is needed when interpreting this information and extrapolating it to other contexts.

4.2.1 Absorption

4.2.1.1 Chewing coca leaves and drinking coca leaf tea

When coca leaves are chewed, a combination of several constituents, including cocaine, is
absorbed from the mucous membranes of the mouth and by swallowing. Absorption of these
constituents through oro-buccal membranes avoids first-pass liver metabolism, whereas
swallowed products are absorbed from the gastrointestinal tract.

Although the genus Erythroxylum includes several hundred species, trace amounts of cocaine have
been detected in 23 species of Erythroxylum, but with content below 0.001% (Aniszewski, 2007),
and from this small amount of cocaine present in coca leaves, only 30% of it is absorbed through
the mucous membranes of the mouth, stomach, or duodenum (Grabowski, 1984). For example,
when exposed to 50 g of chewed coca leaves for 2 hours of chewing, the peak concentrations of
metabolitesin blood is 150 ng/ml plasma, and 249 ng/ml after 3 hours, while detection persisted
in the plasma for more than 7 hours measured by mass fragmentography (Hilgert et al., 2001;
Sauvain et al., 1997). A second study indicated that chewing 4.4 g of whole leaves leads to a higher
amount of cocaine determined in the plasma (150 ng/mL) compared to chewing 20 g of powder
(140 ng/mL). In addition, the study reported a faster absorption rate (half-life 0.2-0.6 h) compared
to the elimination rate (1.0-1.9 h). The peak plasma concentration occurred between 0.4 and 2.0
hours (Holmstedt et al., 1979).

Experimental evidence on coca chewing was scientifically gathered by Holmstedt et al. (Holmstedt
etal., 1979). When coca leaves (5—-10 g) were taken orally by human subjects replicating traditional
indigenous practices in South America, cocaine was immediately detected in the blood, reaching
peak plasma concentrations between 10 and 150 ng/mL within 0.38 to 1.95 hours, and remaining
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detectable in plasma for more than 7 hours. The elimination half-life of cocaine ranged from 1.0 to
1.9 hours, while absorption half-lives ranged from 0.2 to 0.6 hours.

The metabolite concentrations produced by chewing coca leaves are relatively low in contrast with
the levels observed following cocaine recreational consumption (inhaled or intravenous). For
example, intravenous or smoked cocaine use in humans can produce plasma cocaine
concentrations up to approximately 1,200 ng/mL, with benzoylecgonine (BE) also present at
substantial levels, though typically lower than the parent compound in early post-use timepoints
(Isenschmid et al., 1992). In emergency department patients with recreational cocaine use, plasma
cocaine levels ranged roughly from 16 to 130 ng/mL, while BE concentrations reached up to about
1,390 ng/mL (Williams et al., 2000). Similarly, in forensic blood samples from drivers under the
influence, typical cocaine concentrations were around 95 ng/mL, and BE levels averaged 700-
1,010 ng/mL, often an order of magnitude higher than parent drug concentrations (Jones et al.,
2008). According to Javaid et al. (Javaid et al., 1978), intranasal administration of 32 mg of cocaine
resulted in peak plasma concentrations ranging from 100 to 500 ng/mL within 30-60 minutes.
Similarly, Cone et al. (1995) reported that intravenous administration of 25 mg cocaine produced
peak levels around 200 ng/mL, and intranasal administration of 32 mg cocaine produced peak
levels more than 100 ng/mL.

These levels are often higher compared with those seen with coca chewing, which typically results
in peak concentrations of 10 to a maximum of 149 ng/mL, as shown by Holmstedt et al. (Holmstedt
et al., 1979).

Compared to modern cocaine use (either inhaled-one "line" of cocaine contains 10-35 mg- or
intravenously-an average dose has 15 mg) (Nogué Xarau et al., 2002), traditional coca consumption
involves much lower doses.

Coca tea bags contain 4.86—5.11 mg of cocaine depending on origin (Biondich et al., 2016).

Indigenous population and mining workers are the largest consumers of chewed coca leaves, who
may consume up to 52 to 60 g of coca leaves daily. However, the considering that coca leaf contains
a minimum 0.1% of cocaine alkaloid (United States Department of Justice, 1991), and the
bioavailability fraction for oral cocaine component is 0.20 (Coe et al., 2018) then the expected
absorption when coca leaf is chewed is limited and scattered throughout the day, reaching with
very low whole plasma levels compared with other ways of administration.

Authors like Hurtado-Gumucio (Hurtado-Gumucio, 2000) state that only 10g of coca leaves can be
held at a time because of the limitations of the mouth’s size. Extraction of the components is slow
and relatively inefficient; since the mouth, in addition to crushing the leaves, must also soak the
leaves for a while in the weak acids of saliva.

A study of over 3,000 people who use coca leaf demonstrated that mine workers, considered the
largest consumers, chew an average of 13 ounces a week (368 g), i.e., extract an average of 3.9 net
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grams of cocaine per week (Carter & Mamani, 1986). Therefore, the theoretical maximum cocaine
dose is 500mg per 24 h (assuming 100% efficiency by oral extraction, which is not true).

Research performed in the High Biological Bolivian Institute -IBBA (Villena et al., 1997)
demonstrated that the absorption of cocaine is limited after chewing about 30g of leaves (around
98ng/ml in blood analysis using High Pressure Liquid Chromatography) which differs from levels
obtained after cocaine nasal shot which is 4890ng/ml in whole blood (Javaid et al., 1978; Van Dyke
et al., 1978). Hence, the whole blood concentration of cocaine is almost 50 times greater after
using the pure isolate in comparison to chewing coca leaf (Biondich et al., 2016).

Thus, while coca leaf chewing does lead to low, but measurable, plasma metabolites, the
magnitude and duration of exposure often differ from those following active cocaine intake
(Barnett et al., 1981; Rubio et al., 2015).

In other studies, using gas chromatography-mass spectrometry, researchers quantified cocaine
levels over time in plasma. Cocaine absorbed was detectable in plasma 5 minutes after the chewing
began, and peak plasma concentrations (10—-150 ng/ml) occurred between 0.4 and 2.0 hours,
depending on the quantity used. Absorption half-lives ranged from 0.2 to 0.6 hours. The rapid
onset of effects correlated with the rising phase of the plasma concentration curve and matched
subjective stimulant sensations reported by participants.

These findings confirm lower systemic exposure when coca leaves are chewed or drunk in tea
(Biondich et al., 2016).

Other products that can be extracted from the coca leaf are alkaloid metabolites. The most
common alkaloid metabolites are hygrine (HIG), cuscohygrine (CUS), cinnamoylcocaine (CIN), and
tropococaine (TRO). Interestingly, HIG and CUS are not extracted from coca leaves during the
clandestine production of cocaine hydrochloride; hence, these compounds are not present in
biological samples from people who use cocaine (Rubio et al., 2015).

Low concentrations of cocaine were found in the hair of seven people who used coca leaves or
coca tea occasionally (0.010-0.051 ng/mg). For three moderate chewers of coca leaves, all
compounds except tropacocaine (TRO) were detected, including anhydroecgonine methyl ester
(AEME). Cuscohygrine (CUS) remains the most suitable marker in hair for chewing coca leaves or
drinking coca tea (Rubio, Bermejo-Barrera, et al., 2019; Rubio et al., 2015). By contrast, the two
main metabolites of cocaine (benzoylecgonine (BE) and methylecgonine (MEE) are present at high
frequency in people who use cocaine, but not in people who use coca leaf, which may help to
distinguish between the consumption of processed cocaine and natural coca leaves. In one
preliminary study with two healthy volunteers, BE and MEE were present in the oral fluid for
approximately 12 hours after chewing 5 g of coca leaf for approximately 1 hour (Rubio, Bermejo-
Barrera, et al., 2019; Rubio, Krumbiegel, et al., 2019; Rubio, Moreda-Pifieiro, Bermejo-Barrera, et
al., 2019).
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CUS and HIG also remain positive in the oral fluid of the volunteers who chewed coca leaves, even
when cocaine (COC) and its metabolites, such as benzoylecgonine, have decreased in
concentration below the cut-off values proposed by international guidelines for screening (15 to
20 ng/mL) and confirmatory (8 to 10 ng/mL) purposes. CUS and HIG remain positive up to 1 hour
after ingestion of the tea, whereas cocaine and BE can no longer be detected. Therefore, CUS and
HIG, if measured in oral fluid, could also be useful markers to corroborate recent coca leaf use
(through chewing or ingesting coca tea) and discriminate against cocaine use (Rubio et al., 2013;
Rubio, Bermejo-Barrera, et al.,, 2019; Rubio, Krumbiegel, et al., 2019; Rubio, Moreda-Pifieiro,
Bermejo-Barrera, et al., 2019 ).

In another study, hair analysis was shown to be a suitable method for distinguishing between
alkaloid absorption from coca leaf chewers and users of manufactured cocaine (Rubio et al., 2015).
As mentioned above, one study used the coca alkaloids hygrine (HYG) and cuscohygrine (CUS) as
markers, demonstrating that CUS remains the most reliable marker for identifying frequent coca
leaf chewing or coca tea consumption (more than twice per month), as it is not found in the hair
of Argentinean PACO smokers or German cocaine users (Rubio, Bermejo-Barrera, et al., 2019;
Rubio, Krumbiegel, et al., 2019).

Other components of coca leaves may be absorbed and detected in humans’ blood and tissues,
including numerous flavonoids (600 mg/gr of leaf). Flavonoid absorption is usually very low, and
their absorption pathways and metabolites are poorly understood (Beslo et al., 2023; Chen et al.,
2022).

4.2.2 Distribution

When coca leaves are chewed or drunk as a tea infusion, a combination of several constituents,
including cocaine and several alkaloids, might be absorbed. The distribution of these coca leaf
components is demonstrated through the presence of these substances in several tissues of the
body. The general pharmacokinetic profile of terpenes, common in essential oils, shows biphasic
elimination, indicating distribution from blood into tissues; however, their high clearance and short
half-lives make accumulation unlikely. Despite this general understanding of terpene
pharmacokinetics in herbal medical plants (Kohlert et al., 2000), the specific presence and
composition of terpenoids in coca leaves are not extensively documented in current literature.

The flavonoids absorbed after coca leaf oral administration pass from the small intestine to the
liver through the portal vein, where they are metabolized by hepatic enzymes and released into
circulation for distribution. After a short plasma stage, flavonoids quickly enter peripheral tissues,
with peak values reached after 0.25-0.5 h (Schroder-van der Elst et al., 1997). Unabsorbed
flavonoids enter the large intestine, where abundant gut microbiomes cleave their pyranone rings.
They then undergo dehydroxylation, decarboxylation, and other reactions, resulting in further
metabolites, which are subsequently absorbed, distributed, or excreted in the feces (Hu et al,,
2025).
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Coca leaf alkaloids, including cocaine itself, have fast distribution to the tissues and easily diffuse
across the blood-brain barrier (Roque Bravo et al., 2022).

Giordano et al. revealed the presence of alkaloids of the Erythroxylum species in brain tissue
(Giordano et al., 2024). After coca leaf exposure, an undefined amount of these components may
undergo enterohepatic circulation (Gosselin et al., 1984).

Coca leaf compounds, including cocaine bind to albumin and al-acid glycoprotein at a level of
around 90% and they can be found at the highest concentrations in the brain, spleen, kidney, and
lungs, followed by blood, the heart, and muscle tissue (Bertol et al., 2022).

Authors describe that the volume of distribution of cocaine and its alkaloids ranges between 1.2
to 3 L/kg (Cunha-Oliveira et al., 2013; Edwards & Bowles, 1988).

Studies focusing on pharmacokinetic parameters when cocaine itself is administered orally showed
kinetic parameters demonstrated that the mean + SEM oral cocaine bioavailability was 0.32 + 0.04
after a dose of 100 mg and 0.45 + 0.06 after 200 mg, while the volume of distribution (Vd) and
clearance (CL) were both greatest after an oral dose of 100 mg (Vd = 4.2 L/kg; CL = 116.2 mL/[min
kg]) compared to 200 mg oral administration (Vd = 2.9 L/kg; CL = 87.5 mL/[min kg]) and 40 mg IV
(Vd = 1.3 L/kg; CL =32.7 mL/[min kg]) (Coe et al., 2018).

4.2.3 Biological half-life

In a study performed by Holmstedt et al. (1979) coca leaves were taken orally by chewing or by
drinking tea infusion by human subjects in the same way as Indigenous people of South America.
The absorption half-life of cocaine after ingestion of 50 g of coca leaf ranged from 0.2 to 0.6 hours.
It was quickly detected in the blood, reached peak concentrations from 10-150 ng/ml plasma at
0.38-1.95 hours, and persisted in the plasma for more than 7 hours. The elimination half-life
ranged from 1.0 to 1.9 hours (Holmstedt et al., 1979).

Cocaine itself is rapidly cleared from the plasma and can be detected in the brain, ocular fluid, and
liver for 8 hours after initial inhaled usage (Boghdadi & Henning, 1997). Plasma half-life and blood
concentrations are both known to be dose dependent (Coe et al., 2018; Firenzuoli & Gori, 2007).

When coca leaf is ingested as tea bag infusion, benzoylecgonine was detected in the urine of some
coca tea drinkers by gas chromatography with nitrogen phosphorus detection and gas
chromatography/mass spectrometry (GC/MS) for 29 h following consumption of one cup of Health
Inca tea (estimated to contain 4.8-5.7 mg of cocaine per tea bag) (EISohly et al., 1986). Peak
benzoylecgonine concentrations occurred 2 h after ingestion and decreased to 274 ng/ml by 22 h.
The total amount of benzoylecgonine excreted after 29 h was 0.82 mg. Peak benzoylecgonine
concentrations ranged from 1.4-2.8 mg/1 and occurred 4-11 h post ingestion. Positive
immunoassay results (300 ng/ml cutoff) were obtained for 21-26 h.
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Floren and Small (Floren & Small, 1993) reported a peak urine concentration of 2608 ng/ml for
benzoylecgonine in a 100-kg subject 4 h after drinking one cup (240 ml) of ‘Mate de Coca’
purchased in Bolivia. Urine drug screens for two individuals were negative (no cutoff concentration
reported) 24 h after drinking two cups of coca tea.

4.2.4 Metabolism

Coca leaf components are rapidly and extensively metabolized by hepatic metabolism. Enzyme
esterase, specifically plasma cholinesterase, plays an important role in the metabolism of cocaine,
and the activity of cholinesterase can vary greatly between individuals. Metabolites conjugated
with methyl, glucuronate, and sulfate groups are the predominant forms present in plasma
(Schroder-van der Elst et al., 1997).

The cocaine component of Coca leaf is largely metabolized to water soluble metabolites through
four pathways (Bencharit et al., 2003; Brzezinski et al., 1994; Stewart et al., 1977): (i) liver
carboxylesterase 1 (hCE1) hydrolyzes the methyl ester linkage of cocaine to form benzoylecgonine
(BZE), (ii) intestinal carboxylesterase (hCE2) hydrolyzes the benzoate linkage to form ecgonine
methyl ester (EME), (iii) serum butyrylcholinesterase (BchE) also produces EME (though with low
catalytic efficiency) (Carmona et al., 2000) and (iv) CYP450 3A4 demethylates cocaine to form
norcocaine (NCOC). Further oxidative metabolism produces several minor hydroxy (e.g., m- and p-
HOCOC; m- and p-HOBZE) metabolites. It has also been reported that cocaine can spontaneously
hydrolyze in vitro at physiological temperature and pH to form BZE and EME (Baselt, 1983) at a rate
of 4.8% total cocaine/h (Warner & Norman, 2000).

The major products of metabolism are ecgonine methyl ester (32 to 49%) and benzoylecgonine
(29 to 45%). Other metabolites, including hydroxycocaine, methylecgonidine, and norcaine, have
been identified (Coe et al., 2018; Roque Bravo et al., 2022).

Additionally, other compounds like flavonoids undergo extensive metabolism in enterocytes and
hepatocytes, including glucuronidation, sulfation, and methylation, significantly altering their
active forms and reducing systemic availability. Glucuronidation, sulfation, and methylation serve
to enhance the water solubility of these substances, promoting their excretion through bile and
urine (Hu et al., 2025; Naeem et al., 2022). Recent studies have highlighted the modulatory role of
the gut microbiota in flavonoid metabolism, which may enhance or reduce their bioactivity,
depending on diet, health status, and genetics (Hu et al., 2025).

4.2.5 Elimination

The metabolites of coca leaf components, including flavonoids, alkaloids, and cocaine, are excreted
in urine and can be identified up to 48 hours after oral ingestion.

Following metabolism, cocaine and its main metabolites are finally excreted in urine. Ecgonine
methyl ester (EME) and benzoylecgonine (BE) constitute the major excretion products, irrespective
of the route of administration (Jeffcoat et al., 1989). Moreover, approximately 1-3% of cocaine
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metabolic products excreted in urine are those resulting from N-demethylation to a norecgonine
base, such as norbenzoylecgonine (NBE), in addition to ecgonine (EC) (Goldstein et al., 2009).

There are almost no differences in composition between Peruvian and Bolivian teas. After
consumption of one cup of tea made of 1 g of coca (determined by Jenkins et al. in this study to
contain an average of 4.14- 4.29 mg of cocaine per cup), cocaine metabolites like benzoylecgonine
and ecgonine methyl ester were detected in urine (Jenkins et al., 1996). Levels of benzoylecgonine
were 3368 ng/ml at 10 h, 1000 ng/ml at 17 h, 300 ng/ml at 20 h, 100 ng/ml at 45 h, and 23 ng/ml
after coca tea consumption, with a cumulative urinary excretion of benzoylecgonine of 3.11 mg
after 48 h. The excretion profile of ecgonine methyl ester was 2520 ng/ml at 10 h, and 22 ng/ml at
48 h.

After metabolism, 1 to 9 % of cocaine is excreted unchanged in the urine (Chang, 2000; Paul et al.,
2005). Urine excretion of cocaine after consumption of 1 g of coca leaf was 196 ng/ml at 5 h, with
undetectable levels after 48 h (Jenkins et al., 1996; Williams et al., 2000).

Although the route of administration impacts the metabolic profile of cocaine, Cone et al. (1998)
observed that cocaine was rapidly absorbed, metabolized, and excreted, and it was usually
identified in the first urine void regardless of route of administration, including intravenous,
intranasal, or smoking routes.

BE is a cocaine metabolite that is required by many countries for regulated urine drug testing
programs (DHHS, 2004). Cocaine can be converted to BE in urine when the pH is basic, allowing
the possibility of a positive test due to external contamination (Isenschmid et al., 1989). Hence,
some authorities have suggested testing for EME to circumvent this problem, but Klette et al.
(Klette et al., 2000) demonstrated that cocaine can be converted to EME when urine pH is > 7.
Because of these bias risks, testing for m-hydroxybenzoylecgonine (mOHBE) and p-
hydroxybenzoylecgonine (pOHBE) is recommended. These metabolites are lower in concentration
than BE or EME, but they are not produced in vitro (Huestis et al., 2007).

4.3 Pharmacodynamics

The pharmacodynamics of coca leaf primarily depends on the alkaloids, phenols, tannins,
flavonoids and diterpenes that it contains (see section 1) The pharmacodynamics of cocaine, the
most important alkaloid in coca leaves, includes its inhibitory action on the sodium pump, which
explains its local anesthetic effect, and its inhibition of the presynaptic reuptake of monoamines
such as norepinephrine, dopamine, and 5-HT. However, the effects of cocaine are not the focus
of this report. There is no evidence available yet on the mechanism of action of the other
components of the coca leaf (Roque Bravo et al., 2022).
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4.4 Preclinical effects

The biological and pharmacological effects of coca leaf use are described below, according to in
vivo or in vitro studies carried out. In the following paragraphs, several species of Erythroxylum
will be discussed, so it should be kept in mind that the only ones cultivated to obtain cocaine are
E. coca and E. novogranatense.

4.4.1 Antihypertensive effect

Several Erythroxylum species demonstrate antihypertensive potential through ACE inhibition,
vasodilation, and diuretic effects. Ethanol extract of E. gonocladum inhibited ACE in vitro, with
astilbin identified as a key active compound (Lucas-Filho et al., 2010; Matos de Macédo et al.,
2022). Crude extracts and semipurified fractions of E. argentinum leaves reduced blood pressure
in vivo (Matos de Macédo et al., 2022; Takahashi et al., 1988). E. laurifolium extract inhibited ACE
by 64% at 0.33 mg/mL, with activity linked to proanthocyanidins, quercitrin, and afzelin, which
showed synergistic ACE inhibition and blood pressure—lowering effects in animal models
(Fukunaga et al., 1989; Hansen et al., 1996; Matos de Macédo et al., 2022; Novoa et al., 1985;
Restrepo et al., 2019).

E. macrocarpum displayed diuretic effects via inhibition of fluid absorption, attributed to tropane
alkaloids (Mahomoodally et al., 2005; Restrepo et al., 2019). E. campestre methanolic fraction
reduced blood pressure, renal and aortic vascular resistance in hypertensive rats, likely due to
glycosylated flavonoids (de Lima et al., 2024). E. passerinum ethanolic extract induced dose-
dependent hypotension, bradycardia, and vasorelaxation, mediated by polyphenols through
nitric oxide, COX metabolites, and potassium channels (Santos et al., 2022). E. pungens caused
hypotension and tachycardia in vivo and vasorelaxation in vitro, with tachycardia attributed to
baroreflex (Oliveira et al., 2012).

Overall, E. gonocladum, E. argentinum, E. laurifolium, E. macrocarpum, E. campestre, E.
passerinum, and E. pungens have shown ACE inhibitory, diuretic, and vasodilatory effects in vitro
and in vivo, supporting their traditional antihypertensive use.

4.4.2 Anticancer activity

4.4.2.1 Cytotoxic effect

Cytotoxicity assays of Erythroxylum species have demonstrated variable activity across different
extracts and cell lines. Aradjo Neto et al. (2021) reviewed 21 species against 45 cell lines,
grouping them into alkaloid-rich species with high cytotoxic potential (e.g., E. caatingae, E.
pervillei, E. rotundifolium, E. vacciniifolium), alkaloid-containing species with low activity, and
non-alkaloid species. Some extracts showed activity below the NCI antitumor threshold.
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Specific studies report cytotoxic effects of triterpenes from E. daphnites on oral carcinoma cells
via apoptosis (Elias et al., 2016; Lv et al., 2022; Matos de Macédo et al., 2022); alkaloid-rich
fractions of E. pungens against cervical, prostate, and renal cancer lines (Aradjo Neto et al., 2021;
Macedo Pereira et al., 2018); and aqueous E. cuneatum extracts against HepG2 cells without
genotoxicity (Matos de Macédo et al., 2022; Prayong et al., 2008; Wesam et al., 2013). E.
suberosum extracts enhanced radiotherapy efficacy in oral and hypopharyngeal carcinoma
(Macedo et al., 2016; Matos de Macédo et al., 2022).

Other findings include cytotoxic activity of E. coca morphotypes against murine fibroblasts
(Marentes-Culma & Orduz-Diaz, 2025), E. campestre extracts with strong activity against $180
and Hela cells (Aratjo Neto et al., 2021), E. deciduum extracts showing effects comparable to
cisplatin (Araujo Neto et al., 2021; Mesquita et al., 2017), and E. macrocarpum extracts selective
for tumor cells (Araujo Neto et al., 2021). Extracts of E. tortuosum and E. anguifugum also
displayed cytotoxicity against HelLa and leukemia lines, respectively (Aradjo Neto et al., 2021; Liu
et al., 2025).

Some preparations showed radiosensitising effects (E. suberosum, E. subrotundum), often
comparable to cisplatin (Elias et al., 2015; Macedo et al., 2016). Selective or protective effects
were also reported, such as hepatoprotective properties of E. confusum (Araudjo Neto et al.,
2021; Rodeiro, Donato, Lahoz, et al., 2008; Rodeiro, Donato, Martinez, et al., 2008) and lack of
cytotoxicity for rutin (Cristina Marcarini et al., 2011). Early animal studies (Schulz et al., 1980) and
small human studies on coca products (Descailleaux, 1990) suggest both antitumor and
antimutagenic effects.

Overall, Erythroxylum species show diverse cytotoxic and radiosensitising properties, with some
extracts displaying activity comparable to standard chemotherapy agents.

4.4.3 Anti-oxidant and anti-inflammatory activities.

Several Erythroxylum species have been evaluated for antioxidant activity using in vitro methods,
including DPPH, ABTS, ORAC, NO, SO, H202, XO inhibition, and FRAP assays. Sterols isolated from
E. monogynum leaves, 4-methyl ergosta-7,23-dien-3fB-ol and 4-methyl ergosta-7,24-dien-3B-ol,
showed strong antioxidant and anti-glycation activity (G & Suripeddi, 2021; Lv et al., 2022). Leaf
alkaloid extract of E. cuneatum demonstrated both antioxidant and anti-inflammatory effects (Li
et al,, 2020; Lv et al.,, 2022). In vivo, crude extract and semipurified fractions of E. argentinum
leaves reduced carrageenan-induced paw edema in laboratory animals (Matos de Macédo et al.,
2022; Takahashi et al., 1988).

E. sideroxyloides exhibited strong protective effects in microsomal lipid peroxidation systems with
IC50 values of 0.0435 + 0.001 mg FW/mL (Fe3+/ascorbate) and 0.05 + 0.002 mg FW/mL (AAPH),
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surpassing other Mauritian endemic plants (Soobrattee et al., 2008). Comparative evaluation of
64 Mascarene Island plants confirmed high antioxidant capacity for E. laurifolium and E.
sideroxyloides, with IC50 values in ABTS, FRAP, and ORAC assays reported for leaf and bark
extracts of both species (Ledoux et al., 2018; Matos de Macédo et al., 2022).

Antioxidant activity varied widely across species, extraction methods, and assays. Extracts of E.
macrocarpum ranged from low to strong activity depending on site and methodology (F. M.
Mahomoodally et al., 2012; Matos de Macédo et al., 2022; Rambhit et al., 2018). In E.
alaternifolium, only polar fractions showed detectable activity (Perera Cérdova et al., 2012).
Moderate antioxidant activity was reported for alcoholic extracts of E. novogranatense and E.
coca (Gamarra Ochoa et al., 2017), while E. Coca infusions also demonstrated measurable effects
(Poblete et al., 2009). By contrast, steroids from E. monogynum consistently exhibited strong
antioxidant activity (G & Suripeddi, 2021).

Anti-inflammatory testing of E. mexicanum extracts in LPS-stimulated RAW 264.7 macrophages
found no significant cytotoxicity, but also no inhibition of NO production at concentrations from 1
to 100 pg/mL (Hurtado-Diaz et al., 2024). In a comparative study, ethanol extract of E. suberosum
leaves showed superior antioxidant activity across DPPH, FRAP, and cyclic voltammetry assays
compared to ethyl acetate extract, likely due to higher phenolic content (de Fatima Souza de
Oliveira et al., 2015). Isoquercitrin, quercetin, catechin, and epicatechin isomers identified in the
extract support this explanation (Barros et al., 2017).

Overall, extracts of E. cuneatum, E. argentinum, E. sideroxyloides, E. macrocarpum, E. laurifolium,
E. alaternifolium, E. novogranatense, E. coca, E. monogynum, E. suberosum, and E. mexicanum
show variable but sometimes strong antioxidant and anti-inflammatory effects in vitro and in
vivo, suggesting potential for future development of therapeutic agents.

4.4.4 Antimicrobial effects

Antimicrobial activity (against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa,

and Salmonella typhi) and antiviral effect on herpes simplex have been found . Although many of
these properties are invoked for traditional medicine, they do not yet have sufficient evidence for
their use in therapeutics (Restrepo et al., 2019).

The hydro-alcoholic extract of Erythroxylum coca leaves was evaluated under cell culture
conditions for its effects on human granulocytes and mononuclear cells. The study assessed cell
viability, mitochondrial and cytoplasmic oxidoreductase activity, and innate immune functions,
including phagocytosis, chemotaxis, endocytosis, and microbicidal activity, as well as cytokine
release related to inflammatory response (Padilla et al., 2023). At doses equivalent to traditional
human consumption (0.13 pg/ml) and up to higher concentrations (130 pg/ml), leukocyte
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viability was preserved. Within this safety range, the extract did not impair oxidoreductase
enzyme activity; instead, low doses stimulated it. Chemotactic and endocytic functions were
enhanced at intermediate doses, while microbicidal activity remained unchanged, with cells
effectively processing Staphylococcus aureus similarly to untreated controls. The extract also
promoted mitochondrial enzymatic activity and increased bacterial ingestion and
polymorphonuclear cell migration. Regarding cytokine modulation, E. coca stimulated TNF
release and inhibited IL-10, favoring a pro-inflammatory profile. Overall, the extract
demonstrated no harmful effects on leukocyte viability or functionality at traditionally
recommended doses and showed immunomodulatory potential by enhancing certain innate
immune responses and promoting a pro-inflammatory cytokine profile.

The ability to trigger myeloperoxidase activities of phagocytes by methanolic and aqueous
extracts of E. macrocarpum leaves was evaluated. At concentrations of 25, 50, and 100 pg/mL,
the extracts showed low immunomodulatory activity when compared with the control (F. M.
Mahomoodally et al., 2012; Matos de Macédo et al., 2022).

The influence of a coca leaf 95% ethanol extract was studied in a model of cellular immune
response induction in mice. Animals that received coca derivatives orally during the first 4 days of
the immune challenge showed a 53% lower response than controls. The inhibitory effect of the
extract was greater than that of pure cocaine, suggesting that the extract contains other
inhibitory components (Watson et al., 1983).

The preparations used are generally alcoholic extracts of coca leaves. Ethanol used as a vehicle
serves as a negative control, and chlorhexidine or an antibiotic serves as positive controls. The
alcoholic extracts have an area of microbial inhibition intermediate between these two controls.

4.4.5 Antibacterial effects

Crude extracts of E. delagoense, E. emarginatum and E. pictum showed significant antibacterial
activity (Lv et al., 2022; Wet, 2011). Similarly, E. coca leaf extract (1 g/mL) demonstrated broad
inhibition zones against S. epidermidis, E. coli, P. aeruginosa and S. aureus, confirming notable
antimicrobial potential (Gamarra Ochoa et al., 2017; Matos de Macédo et al., 2022).

Alcoholic extracts of E. novogranatense leaves were active against multiple oral and pathogenic
bacteria, including Streptococcus, Lactobacillus, Actinomyces, Prevotella, Fusobacterium, E. coli,
P. aeruginosa, and S. epidermidis (Alvarado Villanueva & Moromi Nakata, 2010; Gamarra Ochoa
et al.,, 2017; Luna-Vilchez et al., 2017). E. macrocarpum also showed strong to moderate activity
against both Gram-positive and Gram-negative strains (Mahomoodally et al., 2005; Matos de
Macédo et al., 2022; Ramhit et al., 2018). Comparative testing of E. macrocarpum, E.
hypericifolium, E. laurifolium, and E. sideroxyloides revealed antimicrobial effects against S.
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aureus, E. coli, P. aeruginosa, and S. typhi, linked to quercitrin, isoquercitrin, and catechin. E.
macrocarpum was active against all strains, while E. hypericifolium also inhibited Aspergillus niger
(Gurib-Fakim et al., 2005; Matos de Macédo et al., 2022; Restrepo et al., 2019). Extracts from E.
laurifolium further inhibited Salmonella enteritidis, P. aeruginosa, Enterobacter cloacae, and B.
subtilis (Matos de Macédo et al., 2022).

Direct comparisons between coca leaf varieties highlight species differences: ethanolic extracts
of E. coca var. coca showed stronger activity against Streptococcus mutans than E.
novogranatense var. truxillense, with significant dose—response effects, though neither matched
chlorhexidine (Salcedo Calderén & Moromi Nakata, 2022). Other studies confirmed ethanolic E.
coca extracts inhibited S. mutans and S. sanguis but were less effective than chlorhexidine
(Cormejo Cruz & Quispe Condori, 2017, Loyola et al., 2020). In contrast, aqueous E. coca extracts
lacked activity (Diaz Velasquez, 2022). Essential oil from E. novogranatense var. truxillense also
inhibited S. mutans (Castro Luna, 2008).

Additional species demonstrate broad-spectrum effects: alcoholic E. pulchrum extract inhibited

B. subtilis, E. coli, P. aeruginosa, S. aureus, and S. mutans (Albuguerque, 2013). In E. mexicanum,
methanolic leaf extract was ineffective against Gram-positive strains up to 500 pg/mL, but stem

extracts and fractions displayed promising antibacterial activity (Hurtado-Diaz et al., 2024).

4.4.5.1 Antifungal effect

E. daphnites and E. subrotundum showed activity against the yeast strains with a Minimal
Inhibitory Concentration (MIC) value of 1000 pg/dis. The ethanol extract of E. daphnites leaves
failed to show any inhibitory activity. The aqueous extract of E. daphnites leaves showed
inhibitory effect only against C. glabrata (24 and 25 mm). The aqueous extract of E. subrotundum
leaves was effective against three Candida species and showed comparable antifungal activity
against C. parapsilosis (10 and 11 mm), C. guilliermondii (10 mm), and C. glabrata (15 and 30
mm). The ethanolic extract of E. subrotundum revealed antifungal activity against C. parapsilosis
(10 mm) and C. glabrata (20 to 25 mm) (Fernandes Correia et al., 2016).

The aqueous and ethanolic extracts of E. coca leaves did not show any effect on the growth of
Candida albicans and Trichophyton mentagrophytes, but did show an effect on Trichophyton
rubrum and Microsporum canis (Luna-Vilchez et al., 2017; Matos de Macédo et al., 2022).

Extracts from E. ovalifolium leaves exhibited antifungal activity for Stryphnodendron adstringens,
Styrax spp., Synadenium sp. and Symphytum officinale (Matos de Macédo et al., 2022; Sales et
al., 2016).

Extracts from the leaves of E. laurifolium were reported to exhibit antifungal activity against C.
albicans (Matos de Macédo et al., 2022).
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4.4.5.2 Antiprotozoal activity

Species of the genus Erytroxylum were analyzed for their antiplasmodial properties. Extracts
from the leaves of E. monogynum showed interesting antimalarial activity, with the methanolic
extract being the most promising, with an IC50 of 12.23 pg/mL against Plasmodium falciparum
(Venkatesalu V et al., 2012). In contrast, extracts from the leaves and bark of E. laurifolium and E.
sideroxyloides were only able to reduce the population of P. falciparum at concentrations greater
than 50 pg/mL (Ledoux et al., 2018; Matos de Macédo et al., 2022).

The antiparasitic activity of 174 compounds and plant extracts from the semi-arid region of Bahia
was study, among them, a pure substance isolated from E. passerinum, which at a concentration
of 0.1 mg/mL presented 21.39% inhibition for Trypanosoma cruzi epimastigotes and 5.88%
inhibition for Leishmania amazonensis promastigotes (Matos de Macédo et al., 2022).

4.4.5.3 Antiviral activity

The antiviral properties of methanolic extracts of the leaves and bark of E. laurifolium against
Herpes simplex virus type 1 (HSV-1) and Poliovirus type 2 (PV-2), were analyzed. It was observed
that the extracts did not show the ability to inhibit the growth of PV-2; however, they were active
against HSV-1 with an IC50 of 125 ug/mL and a selectivity index of 16 (Fortin et al., 2002). In
addition, the tannin-enriched extract from the leaves and bark of E. laurifolium at a
concentration of 2 mg/mL showed time-dependent virucidal activity against HSV-1. This property
is explained by the fact that tannins can affect virus replication due to their ability to complex
with cell envelope proteins (Lohezic et al., 1999; Matos de Macédo et al., 2022).

Hydroalcoholic extracts of E. areolatum or E. confusum leaves showed antiherpetic activity (Lv et
al., 2022).

Extracts form leaves of E. laurifolium, E. areolatum and E. confusum have antiherpetic activity.
This genus seems relevant as a source of bioactive compounds with antiviral properties.

4.4.6 Stimulant activity

Despite an abundance of information on the psychostimulant effects of purified cocaine, there is
little research on the acute stimulant effects of coca leaf preparations. In 1984, Novak (Novak et
al., 1984) reported the bioactivities of tropane alkaloids (TAs) from leaves of E. coca and E.
novogranatense that had stimulant activity, inhibiting effect on dopamine uptake.

Methylecgonine, benzoyltropine, and propacocaine were found to inhibit dopamine reuptake in
various animal preparations, an action associated with psychostimulant effects (Novak et al.,
1984; Williams et al., 1977).
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Benzoyltropine shows both potency and selectivity as an antagonist of 5 hydroxytryptamine
(serotonine) on the rabbit heart. In rats, benzoyltropine inhibits the radiolabeled [3H]
norepinephrine and [3H] dopamine uptake in the cortex and striatum, respectively (Novak et al.,
1984).

Psychostimulant effects in humans are reviewed in section 9.

4.4.7 Hepatoprotective effects

Extracts of E. minutifolium or E. confusum leaves showed hepatoprotective effects (Lv et al.,
2022; Rodeiro, Donato, Lahoz, et al., 2008).

The protective effect on oxidative damage induced by toxic models in rat hepatocyte cultures was
studied for extracts of E. minutifolium and E. confusum. Both extracts showed hepatoprotective
activity, reducing hepatocyte damage caused by tert-butyl hydroperoxide (EC50 72 to 83 ug/mL)
and carbon tetrachloride (EC50 86 to 33 ug/mL), as well as ethanol and lipopolysaccharide with
EC50 >100 pg/mL (Matos de Macédo et al., 2022; Rodeiro, Donato, Martinez, et al., 2008).

E. minutifolium leaves extract (25, 50, and 100ug/mL, sub-toxic concentrations) exhibited
hepatoprotective effects and also showed antioxidant potential by the reduction in the
production of malondialdehyde (MDA). The maximum effect was observed with a 50 ug/mL
concentration (Rodeiro, Donato, Martinez, et al., 2008).

The methanolic and hydroalcoholic extracts of E. monogynum leaves demonstrated
hepatoprotective activity in vivo on the toxicity induced by paracetamol and CCl4 in rats,
respectively. The administration of CCl4 (1 ml/kg) and paracetamol (2 mg/kg) resulted in
significant hepatocellular damage, evidenced by a significant increase in serum biomarkers SGPT,
SGOT, and total bilirubin compared to control groups. There was a reduction in SGOT, SGPT, and
total bilirubin levels, in addition to hepatocyte regeneration (Aradjo Neto et al., 2021; Syed &
Namdeo, 2013).

The presence of glycosylated flavonoids, especially rutin (quercetin-3-O-B-rutinoside), is thought
to be responsible for the hepatoprotective effect observed by the hydroalcoholic extracts of the
leaves of E. confusum and E. monogynum and by the methanolic extract of the leaves of E.
monogynum. The potent antioxidant capacity of rutin has been demonstrated by different
antioxidant assays. The ability to neutralize or sequester free radicals has been proven in tests
such as the hydroxyl radical scavenging test, superoxide radical scavenging test, 1,1-diphenyl-2-
picrylhydrazyl radical scavenging test (DPPH), sequestration of 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) radicals (ABTS), and lipid peroxidation assay (Araujo Neto et
al., 2021).
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4.4.8 Antidiabetes activity

The methanolic extract of the leaf of E. laurifolium showed significant inhibition of a-amylase
(IC50 7472.92 pg/mL) and a-glucosidase (IC50 1.02 pg/mL) when compared with acarbose. It
was then demonstrated that E. laurifolium has a potent antidiabetic activity, with strong
inhibition especially of a-glucosidase (Picot et al., 2014; Shori, 2015). At concentrations between
250 and 2000 pg/mL, the extracts and fractions of £. macrocarpum showed low antiglycation
properties, with an IC50 of 0.11 to 9.36 pg/mL when compared with the aminoguanidine
standard (M. F. Mahomoodally et al., 2012). On the other hand, the steroids 4-methyl ergosta-7,
23-dien-3B-ol and 4-methyl ergosta-7, 24(28)-dien-3f-ol, isolated from the leaves of E.
monogynum, demonstrated high antiglycation capacity, with more than 90% inhibition of
advanced glycation end products (AGE) at a concentration of 100 mg/mL and with IC50 of 35.12
and 39.28 mg/mL, respectively (G & Suripeddi, 2021; Matos de Macédo et al., 2022).

Furthermore, it was observed that Coca (E. coca) reduces postprandial glycemia in people
without a metabolic pathologic background, and it's statistically significant in the two ways of
cultural consumption, in a control group post-intake mate of 5 gr. Coca and a post-chewing group
5 gr. Coca leaf (Hurtado Sanchez et al., 2013).

4.4.9 Cholinergic and adrenergic activity

The tropane alkaloid 7B-acetoxy-3, 6B-dibenzoyloxytropane, isolated from the leaves of E.
rimosum, was evaluated for inhibition of acetylcholinesterase (AChE) and butyrylcholinesterase
(BuChE), presenting IC50 values of 4.67 x 103 mmol/L and 2.71 x 104 mmol/L, respectively, an
effect that was significant when compared to that obtained by the control with physostigmine
(Ribeiro et al., 2013). Furthermore, it was also described that the extract (Acetone/water (70/30,
v/v) of the leaves of E. macrocarpum presents a potent and significant inhibitory activity of AChE
with an IC50 of 0.04 mg of fresh weight per mL (Lv et al., 2022; Matos de Macédo et al., 2022;
Ramhit et al., 2018). Furthermore, TA from the leaves of E. coca and E. novogranatense,
tropacocaine, and benzoyltropine exhibited cholinolytic action. Benzoyltropine has mild mydriatic
properties but a limited anesthetic effect (Novak et al., 1984).

4.4.10 Antiparkinsonian activity

Astilbin (AST), a flavonoid isolated from the aerial parts of E. gonocladum, has been reported to
have anti-inflammatory, antioxidant, and neuroprotective properties. In this sense, AST was
evaluated for its potential to treat Parkinson's disease (PD) induced with 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP) in mice. AST showed the ability to exert neuroprotective
effects in MPTP-induced PD mice, suppressing gliosis, a-synuclein overexpression, and oxidative
stress, suggesting that AST could be used for the development of medicines for the treatment of
PD (Matos de Macédo et al., 2022; Zhu et al., 2019).
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4.4.11 Myorelaxant activity

E. caatingae was investigated for its muscle relaxant effect on muscle tissue by analyzing its
ability to reduce the contractility of the ovine cervix. The ethanolic extract of E. caatingae leaves
at cumulative concentrations (1-729 g/mL) decreased the amplitude of contractility in vitro, with
an EC50 of 17.9 g/mL. The muscle relaxant effect may involve nitric oxide signaling mediated by
cellular cGMP transduction, related to intracellular calcium sequestration (Matos de Macédo et
al., 2022; Santos et al., 2016).

Other species also demonstrated interesting effects on the muscular system; the aqueous and
methanolic extracts of the leaves and bark of E. sideroxyloides, E. hypericifolium, E. laurifolium,
and E. macrocarpum presented in vivo contraction and relaxation responses of smooth muscles,
aortal and tracheal muscles in cold-blooded animals (Gurib-Fakim et al., 2005; Matos de Macédo
et al., 2022).

4.4.12 Cytochrome P450 system modulating activity

A study reported the ability of extracts from the leaves of E. minutifolium and E. confusum to
modulate the cytochrome P450 system of rat hepatocytes. Both extracts produced a decrease in
the activities of CYP1A2, CYP2E1, and SM40H, whereas no influence on the values of CYP3A1,
2D2, and 2C6 was observed (Rodeiro, Donato, Lahoz, et al., 2008). Another study evaluated
volatile mixtures induced by jasmonic acid from two Erythroxylum species. The study concluded
that CYP79D60, CYP79D61, and CYP79D62 accept L-phenylalanine, L-leucine, L-isoleucine, and L-
tryptophan as substrates, and that these in vivo contribute to the production of volatile and
semivolatile nitrogenous defense compounds in E. coca and E. fischeri (Luck et al., 2016).
Quantitative real-time PCR revealed that CYP79D60, CYP79D61, and CYP79D62 were significantly
upregulated in jasmonic acid-treated Erythroxylum leaves (Matos de Macédo et al., 2022).

4.4.13 Larvicide activity

Regarding larvicidal activity, the methanolic and ethyl acetate extracts of the leaves and fruits of
E. passerimum and E. nummularia were inactive against Aedes aegypti larvae. However, the
compound 14-O-methyl-ryanodanol, a diterpene isolated from E. nummularia, showed slight
activity in the larvicidal test with an LC50 of 82 ppm (Barreiros et al., 2007; Matos de Macédo et
al., 2022).

4.4.14 Metabolic activity

There is clinical evidence of the association between coca leaf use and lower total cholesterol
levels. See section 9, “Lipid Lowering Effects”. Supplementation with a powdered preparation of
coca leaf has also been studied on bone turnover in postmenopausal women. See section 9,
“Effects on Bone Metabolism”.
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4.4.15 Analgesic and anesthetic effects of coca leaves

The local anesthetic effect of cocaine is well known (Calatayud & Gonzalez, 2003; Tsuchiya, 2017),
but studies of these effects from the whole coca leaf or other derived preparations are very
scarce.

Different fractions obtained from an alcoholic extract of E. coca were studied in a laboratory
model of rat tail withdrawal from electric shock, with cocaine as a positive control and the
excipient as a negative control. The efficacy of the most potent preparations, containing 2%
cocaine, was 20% lower than that of purified cocaine. Remarkably, a cocaine-free fraction
reached 30% of the effect observed with cocaine. It was concluded that the local anesthetic
effect of these extracts appears to depend on their cocaine content, although the contribution of
other components of the coca leaf was not ruled out. (Bedford et al., 1984).

4.4.16 Anorectic activity

Experiments in animal research have shown that oral and intraperitoneal administration of E.
coca extracts in rats increased locomotor activity and reduced food consumption in treated
animals. (Bedford et al., 1980). It's possible that the reduction in appetite is not solely
attributable to the cocaine content: after removing the alkaloid, intraperitoneally administered E.
coca extracts in rats resulted in decreased food-seeking behavior without affecting general motor
activity (Bedford, Wilson, et al., 1981).

Rats fed decocainized coca leaves at a high dose of 150 mg demonstrated a significant decrease
in weight gain compared with control animals receiving the vehicle, but not at any of the lower
doses (1.5 or 15 mg (Valentine et al., 1988).

In addition, a study by Vee GL et al. demonstrated that a coca extract given orally reduced food
intake with an ED50 of 52.6 mg/kg + 1.7 SEM. Significant tolerance developed over 30 days
associated with an increase in the ED50 to >100mg/kg (Vee et al., 1983).

4.4.17 Effects on the Gastrointestinal System

Pizarro, F et al. (1994) measured the amount of tannins in coca leaf when used as a tea. They
found the levels to be intermediate and similar to matico, boldo, avocado, bay leaf, orange, and
fennel. They concluded that regular Coca tea use may reduce the Gl absorption of iron (Fe), zinc
(Zn), and copper (Cu), essential metals that are needed for normal physiological function (Pizarro
et al., 1994).
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4.4.18 Effects on Locomotor Activity

We did not identify any peer-reviewed research directly studying the effect of coca leaf (as
traditionally consumed, e.g., coca tea or chewing) on driving performance or driving under the
influence of drugs in humans or animals.

Studies on locomotor activity in male Wistar rats were performed to test whether two extracts of
the coca leaf have effects comparable to the effects of cocaine. Coca leaf extracts were prepared
using 95% ethanol, then the ethanol was evaporated, and any residue was partitioned between
water and chloroform. The doses of the extracts studied were 60, 120, 240, and 480 mg/kg body
weight. The doses of cocaine studied were 3.45, 6.9, 13.8, and 27.6 mg/kg. The chloroform layer
of the extract, when given orally or intraperitoneal at the doses of 240 mg/kg or 480 mg/kg,
produced significant increases in locomotor activity and decreases in food consumption (Bedford
et al., 1980). Further studies by this group demonstrated that the coca leaf does contain
constituents other than cocaine that are biologically active in increasing locomotion and reducing
food consumption. This activity is thought to be qualitatively different from that observed with
cocaine (Bedford, Wilson, et al., 1981).

A study by Silva-Filha et al. investigated the effects of an ethanolic extract of Erythroxylum
mucronatum on the strength and muscle performance of resistance-trained Wistar rats. A daily
dose of either 50 or 150 mg/kg/day was administered in two groups of rats through gavage
during the 20 days of training. Supplemented groups had significantly lower body fat content, a
reduction in oxidative stress, and increased antioxidant activity compared to the control groups
(P <.05) (Silva-Filha et al., 2022).

Decocainized (cocaine removed) i.v. injections of large doses (200 mg/kg) can produce
hyperglycemia, a significant reduction in heart rate, and a significant decrease in blood pressure
in dogs, as well as a reduction in the oxygen utilization in mice (240 to 800 mg/kg). Coca extract
may have the potential to produce slower growth rates at high elevation (6,705 m) in rats, as well
as a potential to demonstrate addictive properties at high levels of coca extract (60 and 120
mg/kg). In several rat and mouse studies, there were significant signs of coca leaf extract causing
increased locomotor activity, decreased food consumption, increased respiratory quotient, and
reduced oxidative stress.

Water-soluble nonalkaloid fractions of E. coca were screened by observation as well as by
utilizing an open field locomotor screen assay in mice for central nervous system (CNS) activity.
No CNS effects were demonstrated in mice (Harland et al., 1982).
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4.4.19 Other activity

A study sought to determine the effect of the alkaloid extract of the leaves of E. cuneatum
against chronic morphine dependence and the influences on neurotransmission processes in
vitro. The extract of E. cuneatum was postulated to treat dependence symptoms after chronic
morphine, with properties similar to methadone, increasing vesicle traffic and neurotransmitter
release. (Matos de Macédo et al., 2022; Suliman et al., 2016).

In a small study in anemic rats, E. coca ethanol extract showed an incipient antianemic effect, as
evidenced by the improvements in serum hemoglobin levels observed in the treated group
(Gonzales-Carazas et al., 2013).

Cuscohygrine (alkaloid of E. coca and E. novogranatense) was found to inhibit the delayed type
hypersensitivity response to 2,4-dinitrofluorobenzene in mice; it produced 24% inhibition at daily
doses of 60 mg/kg. Mice dosed with 60 mg/kg cuscohygrine had suppressed plaque-forming
cell/10 ®spleen cell responses (Novak et al., 1984).

A study was conducted to determine whether cocaine-free extracts would produce changes in
oxygen utilization, blood glucose levels, respiration, and/or cardiovascular effects that could be
related to improved physical endurance in humans (Harland et al., 1982).

Water-soluble non-alkaloid fractions of E. coca were analyzed in mice for their effects on oxygen
utilization and central nervous system (CNS) activity. In dogs, these fractions were analyzed for
cardiovascular, glycemic, and respiratory changes. No CNS effects were observed in mice;
however, a reduction in the rate of oxygen utilization and locomotor activity was observed. The
decrease in locomotor activity was not the only cause of decreased oxygen consumption.
Intravenous administration of the extract to dogs produced hyperglycemia, a reduction in heart
rate, and a decrease in blood pressure. Since hard work or heavy exercise tends to increase
cardiac output and mean arterial pressure, the sustained hypotensive effect and decrease in
heart rate could be partially responsible for the enhanced work performance and endurance
experienced by natives using coca. Blood glucose levels reached their peak 45 min after dosing
and began to decline after 60 min. This could explain a ready energy source, which would
improve the short-term ability to do work and alleviate hunger. The blood glucose levels begin to
decline in 1 hr. This is the approximate length of time that chewing of coca leaves is reported to
give stimulatory effects, without affecting liver glycogen stores (Harland et al., 1982).

No substantial changes were observed in respiratory rate or tidal or minute volumes.

A single 200-mg/kg dose IV of a butanol fraction cocaine-free given to conscious dogs produced
an effect on the autonomic nervous system. Shallow, rapid panting and increased salivation,
swallowing, and defecation began immediately after injection. Cyanosis and inactivity were
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produced and lasted-1 hr postdose. These effects, exclusive of defecation, appeared to be
masked in the anesthetized animals (Harland et al., 1982).

These data suggest that noncocaine-containing fractions may contribute to the beneficial effects
seen in subjects chewing coca leaves (Harland et al., 1982).

5 Toxicology

The toxicology of the coca leaf or the Erythroxylum genus is defined here as the study of the
mechanisms of action, the damage caused, testing methods, and prevention and repair
strategies, including dose-response relationships, exposure pathways, and susceptibility factors.
This section will detail the toxicology (study of toxicity) of the coca leaf, whether chewed or in
sources of powder, flour, food, drink, as well as utilized as pigments, in materials, fertilizers,
agricultural products, etc., on living organisms. The majority of the evidence for possible toxicity
associated with the use of coca comes from animal studies or tissue isolated from humans and
Erythroxylum coca Lam. or Erythroxylum novogranatense (Morris) Hieron.

The vast majority of toxicology research has focused on pure, isolated cocaine; this concentrated
and rapidly acting single constituent is far more toxic than the whole coca leaf (Novak et al.,
1984). The coca leaf contains a mix of less harmful alkaloids and a lower concentration of cocaine
(Novdk et al., 1984). Extrapolating these findings to traditional coca use is of limited use, and
drug scheduling has greatly restricted toxicology research specific to the leaf itself.

We were unable to locate in our extensive literature search any studies, human or otherwise,
that determine the impact of coca leaf consumption on health or specific health conditions and
involved an extensive, multi-center, longitudinal cohort study that objectively assessed outcomes
in both coca consumers and matched non-consumers over time, while rigorously controlling for
confounding variables and ensuring cultural and demographic representativeness. Such a design
would provide more robust and generalizable evidence on the causal relationship between coca
leaf chewing, specific health conditions, and overall health. Below is a synopsis of the studies that
entail the use of the coca leaf and its outcomes towards measures of toxicity and adverse events
in animals and humans.

5.1 Lethality

The estimated minimum lethal dose of cocaine remains a topic of ongoing debate and discussion
among researchers, with some studies suggesting a dose as low as 1.2g, while others report
different estimates or question current estimates due to the complexities of cocaine toxicity and
its effects on individual physiology. Predicting toxic reactions following cocaine use is
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complicated by multiple factors, including individual sensitivity, acute tolerance, cocaine purity,
and the type of impurities and adulterants (Barceloux, 2012).

There is no evidence in ethnographic or medical literature of a fatal coca leaf overdose in
humans, even in regions where chewing is traditional and widespread.

The 24-hour lethal effects of cocaine were compared to those of a crude ethanol extract of the
coca leaf (E. coca) in male Swiss mice. Coca leaf extracts as well as cocaine were suspended in a
Tween 60, Arlacel 83, and distilled water vehicle and administered intraperitoneal (IP) injections
to cohorts of 10 mice each. The LD50 for the coca extract was very high at 3450 mg/kg. As a
comparison, the LD50 for cocaine was 95.1 mg/kg- a 36-fold difference (Bedford et al., 1982).

5.2 Effects on the cardiovascular and hematologic systems

Water-soluble, non-alkaloid fractions of E. coca were screened in dogs for their cardiovascular,
blood glucose, and respiratory effects. Crude ethanol extract of coca leaves was partitioned
between water (fraction A) and chloroform (fraction B). Fraction A was made cocaine and
alkaloid-free by dissolving in ammonium hydroxide solution and extracting 10 times with
chloroform. Each chloroform fraction was subjected to analytical (GLC) analysis. These fractions
each showed the absence of cocaine peaks. Fraction A was further partitioned between butanol
and water, yielding two fractions: fraction C, the butanol phase; fraction D, the water phase.
Intravenous administration of fraction C (200 mg/kg) to dogs produced hyperglycemia, a
significant reduction in heart rate, and a significant decrease in blood pressure. The authors
concluded that the other constituents in the coca leaf (not cocaine nor alkaloids) are causing the
outcomes (Harland et al., 1982).

5.3 Effects on the respiratory system

Water-soluble nonalkaloid fractions of Erythroxylum coca were screened in mice for their effects
on oxygen utilization. Crude ethanol extract of coca leaves was partitioned between water
(fraction A) and chloroform (fraction B). Fraction A was made cocaine and alkaloid-free by
dissolving in ammonium hydroxide solution and extracting 10 times with chloroform. Each
chloroform fraction was subjected to GLC analysis. These fractions each showed the absence of
cocaine peaks. Fraction A was further partitioned between butanol and water, yielding two
fractions: fraction C, the butanol phase; fraction D, the water phase. There was a significant
(p<0.01) reduction in the oxygen utilization rate in mice at doses of 240 to 800 mg/kg of all
fractions. Intravenous administration of the extract to dogs caused no significant changes in
respiratory rate, tidal volume, or minute ventilation (Harland et al., 1982).
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5.4 Effects on the immune system

In our search, we were unable to identify any reputable, well-designed, peer-reviewed studies
that directly investigate the immunomodulatory effects of coca leaves on the human or animal
immune system.

5.5 Mutagenicity and cancer
5.5.1 Potential oral carcinoma effects

A study was conducted to determine if coca leaf consumption causes genotoxic effects in humans
that may lead to carcinogenesis. A buccal cytome assay was used to analyze oral cells from 45
uni- and bilateral chewers and 23 controls living in the Altiplano of the Peruvian Andes. In total,
123,471 cells were evaluated from the chewers, and 57,916 from the controls. Chewing of the
leaves did not induce nuclear anomalies reflecting genetic damage such as micronuclei (MNi) and
nuclear buds. In the highest exposure group, a significant decrease in the frequency of cells with
MNi (by 64%) was observed. Yet, the study did find a significantly elevated level of other nuclear
anomalies (karyorrhexis or nucleus fragmentation and karyolysis or dissolution of a cell nucleus),
which reflect cytotoxic effects in the coca users. The frequencies of these anomalies increased
with daily consumption, and when lime was used to improve the release of the alkaloids. In
contrast to other chewing habits (betel, tobacco, and khat), consumption of coca leaves does not
appear to induce genetic instability in cells from the oral cavity, as measured by the buccal
cytome assay, and their findings indicate that no adverse health effects took place in chewers
that are associated with DNA damage. However, the significant increase in certain anomalies
shows that acute toxic effects are caused by coca consumption (Nersesyan et al., 2013).

In one observational study, 68.4% of 150 coca leaf chewers exhibited hyperparakeratosis and
notable intracellular edema in the stratum corneum and the basal cell layer, without any
inflammatory signs in the lamina propria (Borghelli et al., 1973). Coca chewing also suppresses
salivary glandular activity and contributes to xerostomia by decreasing the secretion of saliva and
slowing salivary flow (Indriati & Buikstra, 2001).

In a 1969 study by Hamner, J. E., and Villegas, O. L., forty-six biopsy specimens from the buccal
mucosa of Bolivian Indians who had chewed a coca leaf/lime mixture for a variable number of
years (0.5 to 65 years) were examined (36 men and 10 women). Histologic leukoedema was a
prominent finding on the side in which the chew was held. Large, spongy, vacuolated epithelial
cells were noted in the stratum spinosum in many of the samples. No clinical or histologic
evidence was found to support the idea that the leukoedema may be a premalignant condition.
None of these patients displayed buccal carcinoma, despite lengthy exposure to coca leaf and
calcium hydroxide (Hamner & Villegas, 1969).
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5.5.2 Potential cytotoxic effects

Utilizing extracts from Erythroxylum suberosum, Erythroxylum subrotundum, and Erythroxylum
daphinites, a study on oral squamous cell carcinoma, hypopharyngeal carcinoma, and a
keratinocyte cancer cell line examined cytotoxic effects in the absence and presence of radiation.
E. suberosum alone demonstrated significant cytotoxic effects, which were further enhanced in
the presence of radiation, on all types of cancer cells tested. E. daphinites demonstrated
significant cytotoxicity only in the hypopharyngeal carcinoma cells. E. subrotundum did not
demonstrate any cytotoxicity (Elias et al., 2015).

Extracts from coca leaves exhibited moderate cytotoxic activity against the L929 murine
fibroblast cell line, with one morphotype (Palo) showing a 60.95% inhibition and the other
(Caimo) showing a 48.57% inhibition. Clinical implications of this activity have yet to be
elucidated (Marentes-Culma & Orduz-Diaz, 2025).

To better understand the activity and toxicity of E. coca, the authors tested E. coca extract on
human peripheral blood mononuclear cells in vitro. E. coca extract at physiological doses
(1.3ug/ml-130ug/ml) did not demonstrate increased toxicity in the mononuclear cells measured
by trypan blue and MTT assay at 24 and 48 hours (Padilla et al., 2023).

5.5.3 Fertility and teratogenesis

In our search, we were unable to identify any reputable, well-designed, peer-reviewed studies
that directly investigate the teratogenic effects of coca leaf use in humans or animals.

6 ADVERSE REACTIONS IN HUMANS

The adverse events associated with the Erythroxylum genus primarily deal with E. coca and E.
novogranatense. Adverse events are defined as any unfavorable and unintended medical
occurrence in humans, and may include a wide range of outcomes, from abnormal laboratory
findings to death or potential birth defects. This section will detail the adverse events of the coca
leaf, whether chewed or in sources of powder, flour, food, drink, as well as utilized as pigments, in
materials, fertilizers, agricultural products, etc., on living organisms. Most of the evidence for
possible adverse events associated with coca leaf use comes from published observational
reports in humans, population-based studies, and involved participants who were existing coca
leaf consumers without clear controls or adequate methodology to explore important themes
like causality.

6.1 Oral and periodontal system

A case-control study was conducted from 2013 to 2018 at the Senor del Milagro Hospital, Salta,
Argentina (Molina-Avila et al., 2024). This study consisted of 62 patients with Oral Squamous Cell
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Carcinoma (OSCC) and 180 control patients, adjusted for sex and age. Findings identified that
OSCC was significantly associated with coca leaf chewing (P < 0.001), tobacco use (P =0.001), as
well as poor oral condition (P = 0.02). The study employed a multivariate analysis, which
demonstrated that all three items remained independently associated with OSCC development in
individuals who chewed coca (P = 0.0007). This finding suggests that chewing coca leaves may be
considered a risk factor for oral cancer (Molina-Avila et al., 2024).

A case report of a 62-year-old male who had chewed coca leaves for more than six hours per day
for 40 years presented with an ulcerated, indurated, and fixed lesion located on the lower left
gingivojugal complex, accompanied by a leukoedematous white mucosa observed near the
lesion. On the contralateral buccal mucosa, a whitish lesion with a leukoedematous surface was
noted. The patient did not smoke, drink, or have exposure to environmental or occupational
carcinogens. No inherited history of cancer was recorded. A biopsy of the left-sided lesion
revealed a well-differentiated OSCC. The specimen obtained from the contralateral side showed a
stratified epithelium with areas of reactive keratosis and underlying chronic inflammatory
infiltrate (Molina-Avila et al., 2020).

A case-control study was conducted to determine whether long-term coca leaf chewing in
inhabitants of the highland region of Peru is associated with histological periodontal changes
(Mendoza-Azpur et al., 2021). The study included 50 individuals who were habitual coca leaf
chewers and 50 non-users of coca. Study participants were between 60 and 80 years old, had at
least 20 teeth, were systemically healthy (without controlled systemic disease), and were not
currently using medications that might affect the gingiva. Chronic tobacco smokers were
excluded, and based on gingival biopsies, coca leaf chewers reported several oral changes, such
as bitterness, numbness, and mouth dryness. None of the non-chewers reported experiencing
such changes (P = 0.014). In addition, histological changes of coca chewing participants
demonstrated a higher number of inflammatory cells in the stratum spinosum (P=0.011), with
more acanthosis (P<0.001), clear cell and eosinophils (P<0.001), loss of dyskeratotic cells (altered
maturation process within the epidermis) (P=0.001) and higher number of blood vessels as
compared to controls (P=0.001) (Mendoza-Azpur et al., 2021).

A study examined the oral health of 301 subjects from Venezuela (male and female), aged from
30 to 87; 150 were habitual coca leaf chewers, and the remaining subjects were non-coca
chewers. They found that the coca chewers had a significant increase in oral leukoedema (a non-
cancerous, whitish or grayish appearance) and leukoplakia (thickened, white or grayish patches)
(Borghelli et al., 1975).

A non-experimental, cross-sectional study was conducted to examine the association between
oral disease and coca leaf chewing among residents in Peru. The results revealed that 70% of
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participants (n = 49) reported chewing coca leaves, with the practice being most prevalent
among males and individuals aged 46 to 52 years, indicating a notable demographic pattern. The
prevalence of oral diseases within the study population was considerable: gingivitis was observed
in 43% of participants, periodontitis in 53%, and dental caries in 56%. Statistical analysis revealed
a significant association between coca leaf chewing and both gingivitis (p = 0.008) and dental
caries (p = 0.024). These findings suggest that while coca leaf chewing may increase susceptibility
to gingivitis, it may concurrently exert a protective effect against the development of dental
caries (Daga Mauricio et al., 2024).

A second cross-sectional study examined the oral health in Peruvian coca chewers. Participants (n
= 200) were divided into two groups: 100 non-coca chewers and 100 coca chewers. Participants
completed a validated oral health instrument where temporomandibular joint (TMJ), oral cavity,
and coca leaf chewing characteristics were assessed. The authors found no association between
dental wear, fracture, or mobility and coca chewing. Coca chewing was associated with alteration
of the gums (OR=42.67) and increased right insertion masseter muscle pain (OR=17.47)
compared to those who did not chew coca (Lucas-Espeza et al., 2023).

A study of 81 male construction workers investigating the relationship of periodontal disease and
E. coca chewing with lime found no relationship with periodontal disease and coca chewers with
lime (p=0.458) (Ordinola Ramirez et al., 2020).

Borghelli et al. reported data from 2,174 military recruitment exams in Argentina. A total of 655
individuals had one or more lesions of the oral mucosa (30.1%). 110 of these cases were clinically
compatible with previously reported signs of coca chewing. The authors confirmed that 71.8% of
the 110 cases involved coca chewers, and the lesions on the oral mucosa were consistent with
leucoedema (Borghelli et al., 1973).

Histopathological changes in the gingival mucosa were evaluated in men aged 40-61 years from
Yauyos Province, Peru. Thirty men who reported coca chewing were compared to 30 non-coca
chewers. The ages and characteristics were similar between the coca-chewing and non-coca-
chewing groups. A significant association was found between the coca chewing group and an
increased incidence of acanthosis and hyperparakeratosis (P < 0.05) (Ayon Haro & Chu Morales,
2005).

6.2 Cardiovascular system

Human studies show that coca chewing produces measurable cardiovascular effects, including
increases in heart rate, mean arterial pressure, hemoconcentration, and peripheral
vasoconstriction, particularly during exercise or cold exposure, but these changes were generally
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within normal physiological ranges and did not indicate overt harm in healthy individuals (Carmel
etal., 2022).

6.3 Gastrointestinal system

In a prospective cohort study conducted between 2000 and 2006 on patients admitted with
sigmoid volvulus at the Bolivian-Japanese Gastroenterology Institute, a university tertiary
Hospital in Cochabamba, Bolivia, coca-chewing was found to be an independent risk factor for
higher inpatient mortality (aOR: 6.1, p<0.05), surgical intervention (not reported), and hospital
readmission (aOR: 2.5, Cl: 1.1-5.6, p<0.05). Post-surgical complications were not found to be
associated with coca-chewing, but alcohol abuse was a significant risk factor (Simons-Linares et
al., 2018).

A second publication, also conducted at the Bolivian-Japanese Gastroenterology Institute, found
that among 814 patients with lower intestinal obstruction, 74.7% had sigmoid volvulus, often
associated with megacolon. Chagas disease was the most common cause (22% seropositive), but
another 21.4% of patients were seronegative and had a history of coca leaf chewing, suggesting
coca may also contribute to megacolon (Saravia Burgos & Acosta Canedo, 2015).

6.4 Hormonal and endocrine effects

In studies of Andean populations, coca-leaf chewing dramatically increased apparent salivary
progesterone levels—averaging a 716% rise at 30 minutes post-chewing—likely due to assay
interference rather than true hormonal change, with habitual users showing higher levels than
infrequent users. Additionally, a high-altitude study found that coca leaf infusion during
submaximal exercise influenced prolactin, FSH, LH, and testosterone levels, though the clinical
significance of these hormone changes remains unclear.

6.5 Visual system

In a published abstract of 111 individuals in Peru all exposed to biomass fuels (burning of things
like wood, leaves, etc.) with 60 (54%) of the individuals coca leaf chewers they found more
blurred vision 70% (coca chewers) vs. 47% (controls) (p=0.01), double vision 39% (coca chewers)
vs. 18%(controls) (p=0.01), dry eye sensation 58% (coca chewers) vs. 42% (controls) (p=0.08) In
addition to vision issues they found that increased cough 41,4% (coca chewers) vs. 16% (controls)
(p<0.01), allergic rhinitis symptoms 18,6% (coca chewers) vs. 3,9% (controls) (p=0.01) and had
more days per week with expectoration (4,5 vs. 3,1 days, p<0.05). They also found that chewers
had higher peripheral blood white cell counts (p=0.037). Overall, individuals exposed to biomass
fuels and those who chew coca leaves may experience more difficulties with vision, cough,
expectoration, and allergies (Sanchez-Sierra et al., 2010).
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6.6 Nutritional state and overall health

An epidemiological study of the inhabitants of several small Peruvian villages investigated
whether regular coca chewers and non-chewers demonstrated a statistically significant difference
in weight-to-height ratios. They found that coca chewers showed a slight decrease in both weight
and height compared to non-chewers, although the difference was not statistically significant. In
the same study investigating nutritional state, they found no significant difference in skin
thickness; however, coca chewers exhibited a slight reduction in skin thickness compared to the
controls. They found that serum albumin levels were significantly lower (p = 0.05) and
cholesterol levels were lower (p = 0.01) in coca chewers compared to the control group. Personal
hygiene was evaluated, with the prevalence of pyoderma being more significant in coca chewers
compared to controls (p = 0.03). This same study measured hemoglobin and hematocrit, finding
a decrease in coca-chewers compared to controls, which may be induced in those with
hookworm, a common issue among this population (Buck et al., 1968).

7 DEPENDENCE POTENTIAL

Studies conducted in animals to assess dependence potential were not identified in the
literature.

The dependence potential of coca leaf use has been assessed through clinical observations.

Several ethnographic studies conducted in Andean and Amazonian regions during the 1970s—
2000s consistently reported low potential for dependence on coca leaf chewing. Field
observations from long-term residence among habitual users (Hanna, 1974; Hurtado Gumucio,
2000; Negrete, 1980; Weil, 1978) found no evidence of tolerance, withdrawal symptoms, or
compulsive patterns of use. On the contrary, coca chewing was described as easily discontinued,
particularly when users migrated to urban areas or when regular consumption was interrupted
by circumstances such as hospitalization.

A recent study explored dependence on the use of coca leaf in a more systematic way with a
large representative random sample of the Andean rural highlanders of Peru, applying the ICD-10
diagnostic criteria for dependence syndrome. The results show that coca leaf chewing is common
(41.2% of those who have ever chewed coca leaf and 21.4% of current users). Furthermore, 2.3
% (95% Cl: 1.4%- 3.5%; SE 0.5) of those who reported chewing coca leaf met criteria for ICD-10
dependence syndrome within the past 12 months, and this dependence syndrome has
compromised their quality of life. These initial findings should be followed by rigorous causal
studies to assess the clinical features of coca leaf chewing dependence syndrome (Cruz, 2020).

Additional information on presentations to drug dependence treatment can be found in Annex |.
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8 ABUSE POTENTIAL

Some experimental studies in animals explored the abuse potential of the coca leaf. In one study,
Wistar rats were trained to discriminate 5.0 mg/kg cocaine from 2.0 ml/kg saline using a two-
lever food reinforcement (FR 30) drug discrimination paradigm. After training, they were tested
with chloroform extracts from the coca leaf. The two largest doses of the chloroform fraction (60
and 120 mg/kg, IP) generalized to cocaine, while the other three doses did not, suggesting that
high doses of coca leaf extract may produce subjective effects similar to cocaine (Bedford, Nail, et
al., 1981).

In a recent epidemiological study in Peru, Cruz (Cruz, 2020) reported that among 1,333
individuals with a history of coca leaf chewing, the 12-month prevalence of harmful use was
virtually absent (0.1%).

No other rigorously conducted animal or human research studies have been found that evaluate
the abuse potential of coca leaf use.

9 THERAPEUTIC APPLICATIONS AND TRADITIONAL USE,
EXTENT OF THERAPEUTIC USE, AND EPIDEMIOLOGY OF
MEDICAL USE

9.1 Therapeutic applications and traditional uses of coca leaf
In addition to E. coca and E. novogranatense, the two species associated with licit and illicit

cocaine production, there are more than 230 other species of the genus Erythroxylum. Although
minimal concentrations of cocaine have been detected in some of them, on the order of one
hundredth of that of E. coca (Aynilian et al., 1974, Oliveira et al., 2010), their traditional use in
phytotherapy and modern research exploring possible therapeutic uses focus on other
components (Restrepo et al., 2019).

The potential therapeutic effects of crude extracts of different Erythroxylum species have been
investigated in in vitro and animal models and have been recently reviewed (Lv et al., 2022;
Matos de Macédo et al., 2022; Restrepo et al., 2019). By 2022, studies had been conducted on
some of the species of the genus Erythroxylum, primarily for their antioxidant, antibiotic,
anticancer, antihypertensive, antidiabetic, and neuroprotective effects (Matos de Macédo et al.,
2022). These effects are of great interest for future developments to establish their efficacy and
safety for use in human medicine.
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Although progress in research on these other Erythroxylum species is notable, clinical trials
exploring their therapeutic potential were not found. Further details on these investigations can
be found in section 4 of this report.

9.1.1 Traditional use as an “energizer”

Although the "energizing" effect is not a standard pharmacological term, this is the most
frequently cited reason for traditional use. Bolton (1976) points out that the motives given by his
research subjects for chewing coca leaves did not appeal to its sacred nature but to three
practical reasons: coca gave them energy to work, reducing fatigue; it kept them warm; and it
helped alleviate hunger (Bolton, 1976). Although the geographic distribution of coca use has
been explained by this combination of effects, which makes it an ideal means of adaptation to
altitude, it has been suggested that the persistence of ancestral native cultures also increases
with altitude, which could better explain the level of use for cultural rather than physiological
reasons (Bray & Dollery, 1983). Similar reasons are reported by the members of the Kogui
communities in the Sierra Nevada de Santa Marta, Colombia. Uses of coca leaf include aiding in
performing regular tasks and improving locomotor strength and stamina. Consumption is
perceived as reliable and free of adverse physical or psychological effects (Zambrano Calderén &
Vaca, 2002).

One approach to the rigorous study of the effects of coca leaf is the evaluation of the
cardiovascular, respiratory, and metabolic response to controlled exercise under laboratory
conditions, which is detailed in the following sections. The evidence reviewed corresponds to
observational studies comparing outcomes between coca leaf users and non-users. No well-
designed randomized clinical trials exploring the therapeutic potential of coca leaf were found.

9.1.2 Cardiovascular and respiratory responses to coca leaf consumption

Multiple studies have examined the physiological effects of coca chewing on cardiorespiratory
function and exercise response. The initial research indicated that chewing coca leaves (around
100 g per dose) acutely increased heart rate, blood pressure (especially systolic), respiratory rate,
core body temperature, and caused mild pupil dilation (Risemberg Mendizabal, 1944).

Studies comparing coca chewers and non-chewers at high altitude (4000 m) in Peru revealed that
coca users had lower heart rates but higher blood pressure throughout controlled exercise, with
no significant differences in ventilation or oxygen uptake (Hanna, 1970). In subsequent
experiments, coca chewers showed higher heart rates during submaximal exercise, but similar
oxygen consumption and maximal exercise duration compared to non-chewers (Hanna, 1971,
1974).
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From 1996 onward, collaborative research at Bolivia’s High Altitude Biology Institute with French
laboratories explored deeper metabolic and cardiovascular effects (Ayala Pio & Meneses, 2024;
Instituto Boliviano de biologia de altura : cooperaciéon Francesa, 2008). One study compared
habitual coca chewers of the Bolivian Altiplano to non-chewers, finding similar baseline plasma
norepinephrine and epinephrine levels, oxygen consumption, and work efficiency (Spielvogel et
al., 1996). Another study examined cardiovascular and metabolic responses during one hour of
submaximal exercise. They also exhibited a lower VO, drift, meaning oxygen consumption
increased less during prolonged effort, potentially enabling longer exercise durations and better
tolerance (Favier et al., 1996).

Additional research involving people who consumed larger amounts of coca leaf (about 50 g
daily) showed that coca leaf chewing increased resting heart rate and blood pressure, as well as
hematocrit levels, indicating plasma volume shifts associated with adrenergic activation. Heart
rate and blood pressure remained elevated after 60 minutes of exercise, with higher
norepinephrine and epinephrine levels in coca users. Hematocrit increases suggested plasma
volume reduction, consistent with sympathetic stimulation, which was more prominent in heavy
users (Spielvogel et al., 1997).

Studies of male coca chewers riding a bicycle ergometer found no differences in VO,, VCO,,
maximal work output, oxygen saturation, or pulmonary ventilation when comparing coca vs. non-
chewing conditions. However, muscle efficiency at low workloads (around 32% VO, max) was
slightly higher with coca, implying metabolic adaptation, though the significance for performance
remains uncertain (Brutsaert et al., 1995).

Research at high altitude (3950 m) with 80 men indicated that habitual coca chewers showed no
structural lung changes but had bronchodilation and increased heart rates after chewing. They
displayed heightened sensitivity to hypoxic and hyperoxic stimuli, aligning with the known effects
of low-dose cocaine absorption. Baseline lung function was similar between chewers and non-
chewers, supporting that coca use does not impair lung mechanics (Villena et al., 1997).

In summary, although some conflicting results exist, the body of evidence indicates that coca
chewing produces effects consistent with adrenergic stimulation: increased blood pressure, heart
rate, bronchodilation, mild pupil dilation, and elevated blood glucose and free fatty acids. These
effects do not appear to increase overall oxygen consumption or enhance maximum work
performance but may improve submaximal exercise tolerance through metabolic shifts and
delayed fatigue.
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9.1.3 Muscle performance

A study of 10 individuals using an ergographic curve of the bicep muscle recorded muscle fatigue
as a baseline recording. Twenty minutes of coca chewing and the repetition of the ergographic
curve of the bicep muscle resulted in no significant difference in muscle fatigue (Schwab et al.,
1952).

The effect of coca leaf chewing on athletic performance was compared with ten different
strength/endurance tests between 10 coca chewers (C) and 10 controls (NC), who were training
in the same gym. Although users reported less fatigue and greater feelings of strength with coca
use, performance in objective tests showed no differences between the C and non-C groups
(Bravo, 2021).

9.1.4 Temperature regulation and cold tolerance

The traditional view that coca leaf improves cold tolerance was experimentally examined by
Hanna (1974). Core and peripheral body temperature (measured on fingers and toes) was
recorded during two hours of exposure to a temperature of 15.5°C, comparing the results
obtained with and without coca chewing. It was found that during coca leaf use, peripheral
temperature dropped more, but core temperature remained higher than in the absence of coca.
Coca's effect was interpreted as producing vasoconstriction and less heat loss, which could
explain the traditional attribution of improved cold tolerance (Hanna, 1974).

9.1.5 Carbohydrate and lipid metabolism

Coca chewers experienced increased blood glucose, elevated plasma free fatty acids, and greater
fat utilization during exercise, which might delay exhaustion. This metabolic shift could improve
endurance by sparing glycogen stores (Spielvogel et al., 1996; Spielvogel et al., 1997).

Bolton (1976) found higher coca leaf use among individuals with a hypoglycemic response after a
glucose tolerance test. Conversely, another study showed that, following a glucose load, control
subjects experienced more frequent hypoglycemia at 120 minutes than coca users (57% vs.
6.6%), suggesting coca may regulate insulin secretion, though insulin levels were not measured
(Galarza Guzman et al., 1997).

Casikar et al. (2010) studied the impact of coca chewing during exercise in Peruvian adults.
Cutaneous microdialysis catheters were introduced into the forearm for real-time monitoring of
tissue levels of metabolic products. They report no significant changes in oxygen saturation,
blood pressure, or pulse compared to controls. However, coca users had increased glucose,
pyruvate, lactate, and glycerol, suggesting that coca impedes glycolysis, leading to reliance on
fatty acid beta-oxidation for energy. These effects may benefit sustained physical activity (Casikar
et al., 2010).
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Although the physiological evidence is suggestive, any potential clinical benefit should be
evaluated in a clinical trial.

9.1.6 Altitude sickness

Findings on the use of coca leaf products for the prevention or treatment of altitude sickness are
mixed, with no clear evidence of clinical benefit despite widespread tourist use and long-standing
cultural practices. Bauer has reviewed the use of coca derivatives in travel medicine for the
prevention or treatment of altitude sickness, with a focus on clarifying the possible confusion
between the properties of the coca leaf and those of cocaine (Bauer, 2019). Aside from the
cultural considerations and current use among travelers, the limited scientific evidence regarding
its efficacy and safety is reviewed here.

The effects of coca leaf products may be different for a native who has adapted to high altitude
and is a chronic user than for a traveler using it for the first time to prevent or treat acute altitude
sickness. The technique of use itself requires training, which is why coca infusions are the most
studied method of administration in travel medicine.

In a review of the use of coca derivatives to prevent altitude sickness in tourists, Salinas Piélago
(2016) found that coca tea is the predominant form in which it is offered to tourists, although no
evidence of its effectiveness was found, which the author attributed to the low alkaloid content
of coca tea (see 4.1) (Salinas-Piélago, 2016).

In an observational study conducted in Cusco, Peru, at 3,400 meters above sea level, nearly 1,000
visitors boarding their return flight at the city's airport were asked about the presence of
symptoms of acute mountain sickness (AMS) and the preventive and/or therapeutic measures
they had used. Approximately two-thirds of travelers had used coca leaf derivatives, including
infusions, leaf chewing, and even coca candies. Symptoms were very common, and 48.5% of
tourists met criteria for AMS. Preventive use of coca-containing products was associated with a
moderately increased risk of developing AMS (OR: 1.37; 95% Cl: 1.0-1.89). Due to the
observational and retrospective nature of the study, the possibility of indication bias, i.e., the
onset of symptoms precedes the use of the coca derivative, cannot be ruled out (Salazar et al.,
2012).

In a study conducted in Bolivia and Peru, tourists visiting destinations above 3,100 meters above
sea level were surveyed. Of the 136 respondents (average age 26 years), 89% reported coca leaf
consumption, of which 55% consumed coca tea, 22% chewed coca leaves, and the remaining
23% used both preparations. While the majority used coca to prevent or treat altitude sickness, a
third of respondents had other motives, such as a desire to participate in the local culture or
simple curiosity (Conway et al., 2012).
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A cohort of 142 students aged 20 to 25 years who visited Cusco, Peru, at 3,350 meters above sea
level, was studied. Upon arrival, they were surveyed about the measures planned to prevent
AMS and, after 4 to 5 days of stay, about the measures used and the presence of AMS symptoms.
Thirty-four percent of the young people drank coca mate, but it was not found to be effective in
preventing the development of AMS (RR: 1.43 [95% CI 0.95-2.15, p = 0.09]) compared to those
who did not use it (Caravedo et al., 2022).

Mujica et al. conducted an experimental study of acute physiological adaptation to altitude in
males living at sea level who ascended to an altitude of 3,280 m above sea level. The response to
submaximal exercise was studied at 150 m above sea level, upon arrival at altitude, and after
drinking half a liter of coca tea. Cardiorespiratory, metabolic, and hormonal aspects were
analyzed. Summaries of the results have been published, but we were unable to locate the full
report. Cardiorespiratory function was assessed with EKG, heart rate, blood pressure, Sa02, and
spirometry. After coca tea administration, there were slight, nonsignificant changes in spirometry,
a slight increase in systolic blood pressure, and no changes in the EKG. Blood glucose, total
cholesterol, HDL cholesterol, and triglyceride levels also did not change significantly. The
hormonal profile showed a decrease in prolactin and LH after coca mate ingestion. In summary,
no clear cardiorespiratory or metabolic effects were observed immediately after consumption of
a single dose of coca mate in people who had recently ascended to altitude (Mujica, Ronceros, et
al., 2012; Muijica, Saavedra, Huaman, Diaz, Carrién, et al., 2012; Mujica, Saavedra, Huaman, Diaz,
Ronceros, et al.,, 2012).

In a placebo-controlled, single-blinded, non-randomized study, 11 hikers were given homeopathic
coca at 200°C daily for 12 days starting from an altitude of 8,000 ft. until they arrived at the Mt.
Everest base camp, 17,600 ft. Thirteen hikers were the control group that took neutral
homeopathic pellets once daily for 12 days over the same hike. Oxygen saturation in the
homeopathic coca group was significantly higher. A questionnaire detailing the occurrence and
severity of altitude sickness symptoms included items regarding nausea, headaches, and
difficulty breathing while asleep. The homeopathic coca group demonstrated a statistically
significant decrease in nausea, headache, and difficulty in breathing compared to the control
group (Shackleton et al., 2000).

An earlier hypothesis by Fuchs suggested that coca leaf alkaloids may pharmacologically inhibit
excessive red blood cell production induced by hypoxia at high altitudes, potentially reducing
symptoms of mountain sickness and polycythemic stress (Fuchs et al., 1978). However,
controversy remains related to this hypothesis (Burchard, 1980). New research suggests a
potential genetic role, and a definitive answer is yet to be determined (Mary, 2025).
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9.1.7 Nutrition

9.1.7.1 Nutritional value of coca leaves

Nutritional analysis has led to the proposal to use coca leaves as a dietary supplement,
recommended for their high protein, iron, and calcium content, compared to other plant foods.
(Aibar Ozejo, 2006).

After reviewing the nutrient contents, the authors conclude that the nutritional value of coca
leaves is similar to that of other leaves such as oregano, parsley, and coriander, and that a daily
supplement of 5 g of dried powder does not represent a substantial nutritional contribution.
Furthermore, they consider that a higher intake, on the order of 100 g daily, would provide
unsafe amounts of cocaine (Penny et al., 2009).

Marentes et al. (2025) analyzed coca leaves collected in Colombia from the Palo and Caimo
morphotypes. The average crude fiber values were 18.48 +/- 0.09 and 21.05 +/- 0.41 g/100 g of
dry leaf, respectively. The protein content was strikingly lower than that reported by Penny et al.
(2009): 6.59 +/- 0.61 and 9.26 +/- 1.91 g/100 g of leaf, for the Palo and Caimo morphotypes,
respectively (Marentes-Culma & Orduz-Diaz, 2025).

Previous studies of the nutritional properties of coca leaves showed a similar micro- and
macronutrient profile, although the mineral content varies by region and season. The favorable
nutritional properties for its use as a nutritional supplement are emphasized, but with a
cautionary note due to the alkaloid content and possible insecticide contamination (Duke et al.,
1982; Duke et al., 1975).

9.1.7.2 Anorectic effect of coca leaves

Although there is agreement on the existence of an anorectic effect of coca leaf chewing, its
implications in addressing food scarcity at altitude gave rise to a prolonged debate centering on
whether proper nutrition should be the remedy for food scarcity, rather than the use of an
anorectic agent (Ayala Pio & Quintana-Salinas, 2019).

In field studies conducted over 50 years ago among natives of the Peruvian village of Cachimoto,
coca chewing was associated with poorer nutritional status (weight-for-height ratio, skinfold
thickness, serum albumin, and cholesterol) and a higher frequency and severity of hookworm
anemia (Buck et al., 1968). However, confounding socioeconomic factors cannot be ruled out in
this study, since, despite matching controls for age, sex, and ethnicity, educational and social
differences persisted between groups (Negrete, 1978).

To investigate the use of coca leaves as a hunger-suppressing strategy, a nutritional survey was
conducted among 120 men from two populations in the Bolivian plateau, comparing the intake

of the C and NC groups. A similar distribution of energy composition was found, with a high
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predominance of carbohydrates (84% carbohydrates, 10% protein, and 6% fat), but with lower
daily caloric intake in C than in NC groups (2266 kcal vs. 3040 kcal, respectively, in the 17- to 35-
year-old group, p < 0.01, and 2389 kcal vs. 2488 kcal, respectively, in those over 36 years of age, p
< 0.05). Unfortunately, anthropometry and biochemical markers of nutrition are not described,
nor is the additional caloric intake that could result from coca chewing mentioned (Lujan, 1997).

The use of coca derivatives has been proposed as a weight loss aid (Weil, 1978), though no
clinical trials have been identified.

9.1.7.3 Lipid-lowering effect

In a cross-sectional study conducted in Ayacucho, Peru, at approximately 2,700 m above sea
level, total cholesterol and plasma triglyceride levels were compared between 100 people who
regularly chew coca leaves (E. coca) with those of non-users. Total cholesterol levels were 23%
lower among coca users than in controls (155 mg/dL vs. 201.7 mg/dL in men and 150 mg/dL vs.
193.5 mg/dL in women, respectively). The difference in triglyceride levels was even greater, with
levels among coca chewers less than half those of controls (84 mg/dL vs. 174 mg/dL in men and
55 mg/dL vs. 134 mg/dL in women, respectively). The findings are suggestive, although the
influence of confounding variables such as older age and lower height, and body weight of coca
leaf users cannot be ruled out (Naccha-Urbano, 2021).

9.1.7.4 Antidiabetic properties of coca leaves

An experimental study conducted in Cochabamba, Bolivia, selected 90 young men with no
history of metabolic disease, and compared blood glucose levels 2 hours after an oral glucose
load of 75 g between control group, another group who chewed 5 g of coca leaves (E. coca) after
the load, and a third group that received 500 mL of tea prepared with 5 g of coca. The average
blood glucose levels at 2 hours were 100.4 mg/dL, 81.8 mg/dL, and 82.1 mg/dL for the control,
coca tea, and chewing groups, respectively, with significant differences between the groups that
received coca and the control group. The authors conclude that coca reduces postprandial blood
glucose in healthy subjects (Hurtado Sanchez et al., 2013).

The hypoglycemic effect of coca leaves was studied in 30 patients with type 2 diabetes mellitus,
who were administered a 5 g coca leaf infusion daily for 14 days. Blood glucose levels decreased
from a mean (SD) of 235.63 (118.7) mg/dL at baseline to 168.70 (72.4) mg/dL after 2 weeks of
treatment. Despite the magnitude of the observed effect, confidence in the results is very low
due to the before-and-after design in the same population, without a control group. The very
high initial blood glucose levels likely led to measures for improved glycemic control in the
following days. Furthermore, there was no clear description of the conditions under which blood
glucose was measured or of the concomitant use of antidiabetic medications (Lépez Espinoza et
al., 2023).
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9.1.8 Effects on bone metabolism

Based on its calcium and fiber content and antioxidant properties of coca leaf, Trigo-Pérez et al.
(2017) studied whether a powder preparation of E.coca leaves favorably modified bone turnover
in postmenopausal women. They administered 4 g of coca leaf powder daily for 90 days,
comparing bone markers at the beginning of the study with those obtained at 45 and 90 days of
treatment. They observed a significant decrease in the N-terminal telopeptide of type 1 collagen
(NTX1), a marker of bone resorption, but also a decrease in bone alkaline phosphatase (BALP), a
marker of new bone formation. There were no significant changes in the levels of beta-crosslaps
(BCTX) or the N-terminal propeptide of type 1 procollagen (PINP). These findings do not
demonstrate a benefit of this coca leaf derivative for bone health but highlight the need for
further research (Trigo-Pérez & Sudrez-Cunza, 2017).

9.1.9 Hematology and immunology

The influence of coca leaf chewing on platelet function and hemoglobin concentration was
studied in 10 coca leaf users and 10 controls. Baseline values were measured one hour after
consuming 10 g of coca leaf and remaining at rest, and at the end of one hour of submaximal
effort on the cycle ergometer. Baseline values for platelet aggregation tests were similar in groups
C and NC, with lower values of ADP-induced platelet aggregation after exercise in group C.
Baseline hemoglobin concentration was similarly elevated in both groups (17.6 g/dL), reflecting
altitude adaptation, and increased somewhat more at rest and after exercise in group C. The
potential clinical impact of these differences is unknown (Rodrigues et al., 1997).

9.1.10 Psychological effects

Research on the psychological effects of coca leaf use is limited, with most studies conducted
over 80 years ago and under experimental conditions that differ from traditional practices,
meaning no firm conclusions can be drawn about its therapeutic value as a psychostimulant.
Early reports describe initial stimulation followed by withdrawal: after chewing about 100 g of
coca leaf, habitual users first experienced euphoria, sociability, and a sense of well-being, then
became quiet, withdrawn, and absorbed in thought, a state they reported as favourable for
concentration and work (Risemberg Mendizabal, 1944). In another study, reaction time to
auditory stimuli lengthened as chewing progressed, while attention tasks were completed faster
but with more errors (Zapata Ortiz, 1944).

More recent investigations have not shown consistent benefits. A randomised crossover trial of
20 university employees found that coca tea (1 g leaf infusion daily for 15 days) did not
significantly reduce work-related stress compared to water (Rivera Encinas, 2015). In eight cases
of mild to moderate depression, daily coca tea use was linked with marked symptom reduction
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on the Beck Inventory over three weeks, but without a control group, placebo effects cannot be
excluded (Bolo & Ocampo, 2004).

Coca leaf chewing has also been explored as a harm reduction approach for cocaine dependence.
In an uncontrolled study of 50 cocaine users, prolonged coca leaf use (average 27 months) was
associated with improved social and economic functioning and a trend toward better mental
health, with the proportion classified as having ‘good” mental health rising from 2% to 35%.
However, the absence of controls, lack of standardised measures, and limited methodological
detail make interpretation difficult, and rigorous trials are needed (Hurtado Gumucio, 2000).

9.2 Extent and epidemiology of therapeutic use

The traditional use of coca leaves in the Andean regions of Peru, Bolivia, Chile, northwestern
Argentina, Colombia, Ecuador, and some areas of the Amazon basin has been extensively
described in the historical, anthropological, and medical literature.

The use of phytotherapy was studied in the Bolivian community residing in Barcelona, where 58%
of those surveyed used herbal medicines, most of them as self-medication. Among 60 reported
plant species, E. coca was the second most cited, accounting for 49% of cases. Indications
reported included stomach pain, menstrual cramps, headaches, high blood pressure, diabetes,
stress, maintaining alertness, and also as a ritual offering to Pachamama, known as k'hoa, which
is celebrated on the first Friday of each month (Antih et al., 2016).

Some species of the genus Erythroxylum are part of the traditional herbal medicine of Mauritius.
Preparations of E. laurifolium are included in herbal remedies for rheumatoid arthritis
(Neergheen-Bhuiyan et al., 2014) and in preparations for diabetes, perhaps explained by its
amylase inhibition, similar to that of acarbose (Rummun et al., 2018). Tea made from E.
hypericifolium leaves (bois ronde) is traditionally used in Mauritius as a treatment for anemia
(Suroowan & Mahomoodally, 2013). Derivatives of E. macrocarpum and E. sideroxyloides are
used for urinary calculi, and E. laurifolium is also claimed to have antibacterial, antifungal, and
antihypertensive effects (Rummun et al., 2018).

Cano et al. (2004) investigated the traditional use of herbal mixtures in Eastern Cuba. They
compiled references to 170 species, used in 199 formulas. E. havanense, an endemic species
from Cuba, appears in 15 of them, with indications such as biliary or urinary lithiasis, rheumatic
conditions, pneumonia, tuberculosis, asthma, muscle pain, and venereal diseases (Cano &
Volpato, 2004).

A case report from Pelotas, Brazil, describes the use of E. argentinum (“cocdo”) for prevention
and complementary treatment of prostate cancer (Andrade et al., 2011). It is also used for
digestive and respiratory conditions (Chaves et al., 1988).
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An infusion of the bark of E. vacciniifolium (and other components) is used in Brazil as a popular
medicine called “catuaba”, with tonic and aphrodisiac properties. These effects have been linked
to the tropane content, including catuabines A, B, and C. The leaves are used as a stimulant, and
the antimicrobial and cytotoxic properties of derivatives of the plant have been described
(Restrepo et al., 2019). Despite its widespread use as a medicinal plant, Magalhaes et al. found
no pharmacological studies investigating the popular use of catuaba as a treatment for anemia,
impotence, or nervousness (Magalhades et al., 2019).

In India, preparations of coca leaf have recognized homeopathic uses, and a detailed monograph
on coca leaf and preparations of coca leaf exists (Homeopathic pharmacopeia of India, 1974)

The Government of Colombia has suggested that coca leaf compounds be considered for
registration as plant-based medicinal products, in the context of natural and traditional medicine
(de Colombia, 2024).

10 LISTING ON THE WHO MODEL LIST OF ESSENTIAL
MEDICINES

Neither coca leaf nor its derivatives are included in the WHO Model List of Essential Medicines
nor the WHO Model List of Essential Medicines for Children (WHO, 2023a).

11 MARKETING AUTHORIZATIONS (AS A MEDICINAL
PRODUCT)

See Annex 1: Member State Questionnaire

The products sold in Latin America generally fall into the following categories: food and drinks,
dietary supplements, cosmetic products, and only in Bolivia, as medicinal products.

11.1.1 Bolivia

Bolivia has authorized different kinds of marketed products derived from the coca leaf. The vast
majority are for traditional medicine use, and the proposed indications include anti-
inflammatory, anesthetic, pain reliever, nervous system stimulant, cardiovascular, antidepressant,
diabetes prevention, antispasmodic, expectorants, cough suppressants, rheumatic pain, arthritis,
and gout. Despite this, the Regulatory Agency “Agencia Estatal de Medicamentos y Tecnologias
en Salud” (AGEMED) only has one product registration, for an ointment (Tara Tara Pino y Coca)
(AGEMED, 2025)
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In February 2025, the "Catalogue of Coca Leaf Derived Products and Their Application in
Traditional Medicine 2024-2025" was presented, with a list of coca leaf derivatives produced by
62 companies, laboratories, and gastronomical schools.

The full list of commercial products for medicinal, food and drinks, dietary supplements, and
cosmetic products is available in English and Spanish (Vicepresidencia del Estado Plurinacional de
Bolivia, 2025). It contains 10 medicinal products classified as: Traditional Medicine —
Pharmaceutical Industry, Natural Medicine, or Natural Pharmacopoeia.

11.1.2 Colombia

Products in Colombia must be completely devoid of active alkaloids, such as cocaine, for
authorization. The categories include food and drinks, dietary supplements, and cosmetic
products, but not medicinal products (INVIMA, 2025).

Products must come from licit crops, such as those authorized by the government in Indigenous
areas or substitution programes.

11.1.3 Peru

Peru does not have any medicines or pharmaceutical products authorized by the General
Directorate of Medicines, Supplies and Drugs (DIGEMID) that contain cocaine or any of its
derivatives. However, at the national level, there are products derived from coca leaves that are
authorized as industrial foods by the General Directorate of Environmental Health (DIGESA),
which, like DIGEMID, are general directorates that belong to the Ministry of Health.

There is a national company, the National Coca Company (ENACO SA), authorized to collect,
market, and process coca leaves (Erythroxylum coca) and their derivatives for legal and health-
promoting purposes.

ENACO manufactures finished products with coca leaf derivatives for direct use by the consumer,
as well as coca leaf concentrates without alkaloids for use in the food industry. ENACO offers 10
products, 3 of which are authorized by DIGESA (ENACO, 2025).

The industrialization of coca leaves includes the production of pharmaceutical products provided
by ENACO, Empresa Nacional de la Coca S.A. (Art. 41 of DL 22095, Art. 6 of DL 1241, Art. 11 of DS
006-2016-IN)(DEVIDA, 2012). This industrial use of coca leaves has expanded in Peru, with
applications in the production of cosmetics and other derivatives. ENACO produces cocaine base
for the industrial production of local anesthetic ampoules and flours to produce analgesic capsules
or ointments. (DEVIDA, 2021).
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12 Industrial use

Coca products include food and nutraceuticals, cosmetics and other personal care products, and
agricultural inputs (e.g., fertilizer). Coca products developed for legal trade are described below.

12.1 Food and Nutraceuticals

Coca flour (micronized coca leaf powder) is noted for its content of protein, dietary fiber, calcium,
phosphorus, and vitamins such as A, B1, B2, C, and E (Penny et al., 2009; Trigo-Pérez & Sudrez-
Cunza, 2017). Coca flour is currently used to produce breads, cookies, nutritional bars, cereals,
and shakes (Trigo-Pérez & Sudrez-Cunza, 2017). Coca tea (mate de coca) is widely consumed in
high-altitude Andean regions, promoted for its stimulating and digestive properties and its
efficacy in preventing altitude sickness (DIGEMIC et al., 2024; Estado Plurinacional de Bolivia,
2023; Olivier et al., 2012). Dietary supplements derived from coca extracts have also been
proposed for use in metabolism regulation and enhancing physical endurance (de Colombia,
2024).

12.2 Cosmetics and Personal Care:

Coca leaf extracts are incorporated into soaps, shampoos, creams, and facial masks that are
promoted for their anti-aging, antimicrobial, and regenerative properties (de Colombia, 2024,
DIGEMIC et al., 2024).

12.3 Agricultural and Environmental Applications:

Residues from coca processing are being explored for use as organic fertilizers, with potential to
enhance soil quality and crop yield in high-altitude agricultural systems (de Colombia, 2024;
Lozada Centuridén, 2022; Valencia & Courtheyn, 2023). In addition, the coca plant’s high biomass
yield and ecological adaptability make it a promising candidate for sustainable agro-industrial
systems (DIGEMIC et al., 2024).

12.4 Textile and Pigment Industry

Natural pigments extracted from coca leaves are used in textile dyeing, a practice rooted in
traditional Andean culture and currently under reevaluation for ecological textile production (de
Colombia, 2024).

12.5 Government-Endorsed Industrial Product Catalogs

Both Bolivia and Peru have documented and promoted a range of coca-derived commercial
products, including energy drinks and herbal tonics, functional teas and coca liqueurs, chewing
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gum, nutritional tablets and capsules, toothpastes, balms, and muscle-relief creams (DIGEMIC et
al., 2024; Estado Plurinacional de Bolivia, 2023).

Since 2009, the Bolivian Constitution has recognized the traditional, medicinal, and cultural use
of coca leaves. In 2022, the Bolivian Coca Leaf Industrialization Productive Public Company
(KOKABOL) was created to develop coca leaf derivatives for industrial and other uses.

13 NON-MEDICAL USE, ABUSE, AND DEPENDENCE

Research on modes of consumption, dependence potential, and abuse potential of coca leaf is
reviewed in Sections 4, 7, and 8, respectively (see also 12-14)

14 NATURE AND MAGNITUDE OF PUBLIC HEALTH
PROBLEMS RELATED TO MISUSE, ABUSE, AND
DEPENDENCE

Research on coca and public health has been sporadic over time and has been constrained by the
plant’s complicated legality (Marentes-Culma & Orduz-Diaz, 2025). Nevertheless, research
reviewed for this report did not reveal evidence of clinically meaningful public health harms
associated with coca leaf use, and the contemporary scientific literature on the public health
impact of coca leaf remains consistent with the 1995 WHO Cocaine Report (WHO & UNICRI,
1995). The research record does, however, robustly document the substantial public health
harms associated with coca control strategies at all scales (see Section 19). For additional
information related to health problems related to misuse, abuse, and dependence, please refer
to Section 5.) Toxicology and 6.) Adverse Reactions in Humans as well as 7.) Dependence
Potential and 8.) Abuse Potential of this report.

15 LICIT PRODUCTION, CONSUMPTION, AND
INTERNATIONAL TRADE

The International Narcotics Control Board (INCB) publishes data reported by member states on
licit coca leaf production, utilization, imports, and exports. Those data are referenced below.

15.1 Licit production
15.1.1 Bolivia

Bolivia authorizes licit coca-leaf growing by registered producers in upland and lowland growing
areas (Brewer-Osorio, 2021; UNODC, 2023b).
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Over a five-year period (2019-2023), Bolivia reported producing between 24.5 to 30.9 million kg
of coca leaf annually (INCB, 2024b).

15.1.2 Colombia

Indigenous peoples in Colombia have a constitutional right to grow coca leaf for traditional use
and for the protection of Indigenous cultural identity (de Colombia, 2024; Estado Plurinacional de
Bolivia, 2023). They are also permitted to commercialize coca leaf products (Fernandez, 2017,
Snapp & Quintero, 2024). In recent years, the Colombian government introduced legislation to
regulate coca leaf use for medical, scientific, and industrial purposes. The bill also permits
scientific study of coca, which had previously been restricted (Marentes-Culma & Orduz-Diaz,
2025).

National INCB production estimates of licit coca leaf for Colombia were not available.

15.1.3 Peru

Legal coca leaf in Peru is regulated by its National Coca Company (ENACO, founded 1949). The
General Drug Law of 1978 establishes licit coca bush cultivation for traditional and medicinal uses
by farmers registered in the General Register of Coca Leaf Producers, who may sell only through
ENACO. This arrangement also supplies coca leaf for its use in soft drinks (Estado Plurinacional de
Bolivia, 2023; Gootenberg, 2007; Plowman, 1984). ENACO has exclusive control over coca leaf
distribution and pricing. The agency also sets the upper limit for total licit production (currently
81 tons annually) within an allowance of 12,000 ha nationwide for permitted cultivation (Busnel
& Manrique Lopez, 2023; Nifio de Guzman Tapia & Medina Rivas Plata, 2025). Coca leaf
production reported by Peru varied between 2019-2023, ranging from a low of 339,303 kg in
2022 to a high of 2.1 million kg in 2020 (INCB, 2024b).

The INCA 2019 study conducted by DEVIDA estimated that ENACO supplied approximately 12.3%
of the licit market demand for coca leaf in the Lima metropolitan area and around 11% of the
quantity required for coca tea production. These figures suggest a notable gap between formal
supply and consumer demand. As a result, coca leaf products are increasingly produced and
distributed outside ENACQO’s regulatory framework, with some lacking traceability and formal
oversight (DEVIDA, 2020).

15.2 Consumption
15.2.1 Patterns and prevalence

Coca leaf use is widespread across rural and urban areas in the western Amazon and Andes
regions, except for Ecuador (DIGEMIC et al., 2024; Estado Plurinacional de Bolivia, 2023;
Hirschkind, 2005). Migrant populations have contributed to the emergence of coca use in
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diasporic communities in other South American countries and Europe (Avilés & Bouso, 2024). In
addition to traditional chewing practices, niche markets for coca-based products—such as tea,
flour, and energy drinks—have expanded, particularly in South America and Europe (Avilés &
Bouso, 2024; Ghehiouéche & Riboulet-Zemouli, 2024; Olivier et al., 2012; Snapp & Quintero,
2024).

Reliable cross-national estimates of the prevalence of coca leaf consumption are limited. Coca
leaf is not included in the UNODC Annual Report Questionnaire’s module on drug use prevalence,
complicating efforts to monitor its use systematically (UNODC, 2025). Nonetheless, national and
regional surveys provide insight into consumption patterns:

e |n Bolivia, a 1984 survey found that 89% of adult women and 95% of adult men used coca
in some form (Carter et al., 1984). A 2009-2010 census-based estimate placed the
number of coca consumers at approximately 3 million (Estado Plurinacional de Bolivia,
2023; Viceministerio de Relaciones Exteriores, 2019).

e In Colombia, among Indigenous populations, coca leaf use is estimated at 1 to 1.5 million
individuals (National Commission of Indigenous Territories, 2018).

e In Peru, national surveys indicate shifting patterns of use over time, from exclusively rural
use in the 1940s (Gutierrez-Noriega, 1948) to more widespread use today. In 2005, 35.7%
of urban respondents aged 12—-64 reported having ever chewed coca (Centro de
Informacidn y education para la Prevencion del Abuso de Drogas,, 2006). Subsequent
surveys estimated that the number of coca consumers over age 12 increased from 4.6
million in 2003 to nearly 6 million in 2019—approximately 20% of the population in that
age group (Busnel & Manrique Lopez, 2023; DEVIDA, 2020).

Some consumption estimates are inferred from trade data. For example, the coca leaf trade
between Bolivia and Argentina suggests a user base of approximately 300,000 in Argentina
(Estado Plurinacional de Bolivia, 2023). However, the coexistence of licit and illicit supply chains
limits the reliability of such estimates (Busnel & Manrique Lopez, 2023).

Prevalence of coca leaf use is generally higher among men, older adults, and Indigenous
populations (Centro de Informacidn y Educacion para la Prevencion del Abuso de Drogas, 2006;
DEVIDA, 2020; Oliva, 2016). Occupational factors also influence use: high rates of coca chewing
have been reported among miners and agricultural laborers, particularly those engaged in
physically demanding work (J. R. d. Castro et al., 2004; Schinder & Ruder, 1989). Coca leaf is also
used by university students in some areas of Latin America, with reported motivations including
staying awake for study, social use, and perceived stimulant effects (Cuellar B et al., 2020;
Enriquez Flores & Villar-Luis, 2004; Martins et al., 2020; Mercado Antelo & K. Schulmeyer, 2021).
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Scientific literature documents the widespread use of coca leaf among Aymara and Quechua
populations in both urban and rural settings, including diasporic communities (Antih et al., 2016).
Coca leaf chewing is an important marker of cultural identity and is commonly used in social,
ceremonial, religious, and divinatory practices (Allen, 1981; Fernandez Droguett et al., 2024;
Garcia-Yi, 20143, 2014b; Goddard et al., 1969; Henman, 1990; INCB, 2009; Ministerio de
Relaciones Exteriores, 2009; Pereira, 2010; Plowman, 1984; Sandagorda, 1984; Sauvain et al.,
1997; Scrivener, 1871; Seminario, 2024; South, 1977; Von Glascoe et al., 1977; WHO & UNICRI,
1995). Bolivia’s 2009 Constitution recognizes chewing coca leaf as intangible cultural heritage.

Among Andean Indigenous groups, coca leaf use often begins in adolescence and is linked to
social transitions, such as entry into adulthood and participation in adult forms of work (Baker &
Mazess, 1963; Carter, 1982; Carter et al., 1984; Mendoza-Azpur et al., 2021; Plowman, 1984;
Uscategui M, 1959; Von Glascoe et al., 1977; WHO & UNICRI, 1995)(13, 14, 29, 47-51). The use
of coca leaf has also expanded beyond Indigenous populations. In Bolivia, coca chewing became
widespread among working-class individuals during the Chaco War (1932—-1935), when it was
distributed to mestizo troops (Ehrinpreis, 2020). In northern Argentina, coca chewing is socially
comparable to gum or tobacco use and is common among middle-class populations (Cattani,
1984; Cusicanqui, 2005; Goddard et al., 1969). Coca tea consumption in Peru and Bolivia became
widespread following independence and is not typically associated with Indigenous identity
(Estado Plurinacional de Bolivia, 2023; WHO & UNICRI, 1995).

15.3 International Trade

The 1961 Convention permits the import and export of coca leaf under two specific scenarios.
First, Article 27 of the Convention allows trade destined for the preparation of leaves as a
flavoring agent if the resulting product contains no alkaloids. Second, the Convention allows
trade in the leaf to produce limited amounts of cocaine for medical and pharmaceutical uses,
including to produce pharmaceutical cocaine, which is used primarily in ear, nose, and throat
surgeries (Wang et al., 2022).

Between 2019-2023, Peru reported exporting between 68,140 and 169,410 kg of coca leaf
annually (INCB, 2024b). No other countries reported exporting coca leaf. During the same period,
the United States of America reported importing between 52,940 kg and 148,503 kg of coca leaf
annually, while the Netherlands and France reported sporadic imports of 100 kg or less (INCB,
2024b). These trends reflect the fact that much of the market for flavoring agents and medical
cocaine is met by raw coca leaf imported from Peru to the USA to produce a de-cocainized
extract for soft-drink production, and to produce and sell medical-grade cocaine (Gootenberg,
2007).
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INCB estimates of requirements for coca leaf by country for 2024 show very small requirements
for Argentina (1 g), Brazil (50 g), China (2g), Costa Rica (20 g), Czechia (1g), Iran (2 g), Ireland (10
g), Mexico (1 g), Romania (2 g), Rwanda (5 g), Trinidad and Tobago (5 g), and Turkey (1 g). Other
countries have larger estimated coca leaf requirements: Australia (3 million grams), Canada
(11,300 g), France (4,427 g), Italy (183,200 g), Netherlands (150,000 g) and the United States of
America (148 million grams). Because coca leaf production is not reported in any of these
countries, these requirements are necessarily met by coca leaf importation (INCB, 2024a).

16 ILLICIT MANUFACTURE AND TRAFFIC AND RELATED
INFORMATION

The UNODC Global lllicit Crop Monitoring Program was established in 1998 and supports coca
bush surveys in Bolivia, Colombia, and Peru. Those efforts allow assessment of trends in the total
area cultivated in non-registered coca bush (“illicit” coca) at the national scale. In addition, data
on law enforcement eradication of coca bush, or seizures of harvested coca leaf, offer some
insight into the magnitude and routes of illicit production and traffic in coca leaf.

16.1 Bolivia

In 2023, Bolivia reported 31,000 ha under coca cultivation, of which 22,000 were permitted. The
country reported eradicating 10,302 ha that year (UNODC, 2023b). Bolivia reported seizing 331
MT of coca leaf in 2022 and 372 MT in 2023 (UNODC, 2023b).

16.2 Colombia

In 2023 (the most recent year data are available), Colombia reported over 250,000 ha in illicit
coca (UNODC, 2023a).

Recent efforts to control illicit coca leaf production and trade within Colombia have transitioned
significantly in their scope, priorities, and mechanisms since the early 2000s. At the center of
early strategies was Plan Colombia, a militarized counternarcotics initiative that featured aerial
spraying of coca crops with glyphosate, a practice that continued until 2015 when a public health
approach to drug policy was adopted (Huezo, 2017). This policy shift culminated in a new phase
of national drug control following the 2016 Peace Accords, a cornerstone of which was the
National Program for the Substitution of lllicit Crops (PNIS), a voluntary program designed to
transition smallholder farmers out of coca production through cash incentives, technical support,
and rural development.
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Colombia manually eradicated 68,974 hectares of coca in 2022 and 20,325 hectares in 2023. The
country has reported hundreds of thousands of kilograms of coca leaf seized annually since 2012
(UNODC).

16.3 Peru

Peru reported 92,784 ha of illicit coca bush cultivation in 2023 (UNODC, 2024b), and reported
manually eradicating 22,600 ha of illicit coca in locations across the country in 2023 (UNODC,
2024b). Peru targets illicit coca plantations with manual eradication and alternative development
policies. The country also seizes “illicit” leaf grown by registered growers but sold outside the
ENACO monopoly (Busnel & Manrique Lopez, 2023).

16.4 Other countries

Coca-growing is reported in Venezuela, Ecuador, and Brazil, particularly in borderland and
frontier contexts (Salisbury & Fagan, 2013)(142). In response, state and federal forces in those
countries have implemented periodic manual crop eradication campaigns and have seized
harvested coca leaves (UNODC, 2013, 2023a, 2024a).

Coca leaf consumption has been legal in Argentina since 1989 (Cusicanqui, 2005). The
Argentinian market is supplied by Bolivian coca, and Argentina has reported seizing thousands of
kilogram-equivalents of coca leaf annually (UNODC). The legality of the Bolivia/Argentina cross-
border trade is currently under review (Estado Plurinacional de Bolivia, 2023).

Coca is increasingly being grown in Central America, particularly in Honduras and Guatemala.
There is no reported coca bush monitoring in Central America. The Honduran and Guatemalan
police and military routinely report on their efforts to manually eradicate coca fields. In 2023,
Honduran authorities reported manually eradicating 461 ha, and Guatemalan authorities
reported eradicating 27 ha in 2022 (Murillo-Sandoval et al., 2024). The two countries also
sporadically report seizing (presumably harvested) coca leaf (Murillo-Sandoval et al., 2024;
UNODC).

17 CURRENT INTERNATIONAL CONTROLS AND THEIR
IMPACT

17.1 WHO Review History

Coca-leaf chewing was discussed at the 3™ (1952) and 4™ (1954) meetings of the WHO Expert
Committee on Drugs Liable to Produce Addiction and classified as a form of “addiction” (with the
report referencing a study conducted in 1949-50 by the United Nations Commission of Enquiry

on the Coca Leaf). (UNODC, 1950; WHO, 1952, 1954).
84



48th ECDD (2025)/3.1.1/ Coca leaf

Coca leaf was placed under Schedule | of the 1961 Single Convention. The treaty required that
the practice of coca-leaf chewing cease within 25 years of the convention coming into force (by
December 1989).

At its 28™ meeting in 1992, the ECDD conducted a pre-review of coca leaf. At that time, the
Committee advised that coca leaf was appropriately scheduled under Schedule | of the 1961
Single Convention since cocaine is readily extractable from the leaf (WHO, 1993).

In 2023, who received an official notification from a Member State to conduct a critical review of
coca leaf. Accordingly, in accordance with the Guidance on the WHO review of psychoactive
substances for international control, a critical review was initiated for conclusion in 2025

17.2 Current international controls

Coca leaf (Erhyroxylum coca, Folium cocae) and preparations of coca leaf are currently listed as a
Schedule | substance under the 1961 Single Convention on Narcotic Drugs (substances whose
liability to abuse constitutes an especially serious risk to public health and which have very
limited, if any, therapeutic usefulness).

Extracts and tinctures of coca leaf: As per Table 2 of the INCB Yellow List, one kilogram of
tincture of coca leaf containing 0.1 per cent of cocaine, i.e., 1 gram of cocaine, should be
considered to be equivalent to 200 grams of coca leaf. One kilogram of fluid extract of coca leaf
containing 0.5 per cent of cocaine, i.e., 5 grams of cocaine, is equivalent to 1 kilogram of coca
leaf. For the calculation of estimates and statistics in accordance with the terms of the 1961
Convention, coca leaf preparations containing more than 0.1 per cent of cocaine and made
directly from coca leaf should be considered to be coca leaf (preparations).

Cocaine (methyl ester benzoylecgonine) and certain preparations of cocaine (e.g., coca base,
coca paste, delcaine, depsocaine, dextrocaine,erytroxyline) are currently controlled separately
under Schedule | of the 1961 Single Convention on Narcotic Drugs. Ecgonine (and cocaethylene,
benzoylecgonine,cinnamylcocaine, ethylcocaine) is also controlled under Schedule | of the 1961
Single Convention on Narcotic Drugs.

Preparations of cocaine “containing not more than 0.1 per cent of cocaine calculated as cocaine
base and that are compounded with one or more other ingredients and in such a way that the
drug cannot be recovered by readily applicable means or in a yield which would constitute a risk
to public health” are listed under Schedule Il of the 1961 Convention as preparations of narcotic
drugs that are exempted from some provisions (substances whose liability to abuse constitutes a
substantial risk to public health and which have moderate to great therapeutic usefulness).
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The chemicals and reagents used for the extraction of cocaine from coca leaf (sulphuric acid,
potassium permanganate, hydrochloric acid, acetone, and diethyl ether) are listed in the United
Nations Convention against lllicit Traffic in Narcotic Drugs and Psychotropic Substances of 1988
(as at 3 December 2024, https://docs.un.org/en/ST/CND/1/Add.3/Rev.7).

17.3 Provisions of international control

To cultivate, use, trade, or to study coca leaf can only be granted through special government
authorization (e.g., export and import licenses) (Fernandez Droguett et al., 2024; McAllister,
2004; United Nations, 1961).

Article 26 of the 1961 Single Convention on Narcotic Drugs states the following:

1. If a Party permits the cultivation of the coca bush, it shall apply thereto and to coca leaves
the system of controls as provided in Article 23 respecting the control of the opium poppy
(e.g., the establishment of a national agency to carry out functions required under Article
23)

2. Parties may permit the use of coca leaves for the preparation of a flavouring agent, which
shall not contain any alkaloids, and, to the extent necessary for such use, may permit the
production, import, export, trade in, and possession of such leaves

3. Parties shall furnish separately estimates (article 19) and statistical information(article 20)
in respect of coca leaves for the preparation of the flavouring agent, except to the extent
that the same coca leaves are used for the extraction of alkaloids and the flavouring
agent, and so explained in the estimates and statistical information

17.4 Impact of international control

This section reviews the scientific literature that has assessed the direct and indirect effects of
these programs at multiple scales and over time. At the national scale, the data indicated that
coca control efforts have not curbed overall cultivation in Colombia and Peru, while Bolivia shows
more stability.:

e Colombia: Coca bush cultivation dropped from 2005-2013 (Rincon-Ruiz et al., 2016), but
has expanded markedly since. Peru estimated <100,000 ha in 2005, which rose to
>250,000 ha by 2023 (UNODC, 2023a)

e Peru: The area in coca bush rose from 40,300 ha in 2015 to 92,784 ha in 2023, despite a
slight decline in 2022 (UNODC, 2013).

e Bolivia: Coca cultivation has fluctuated but shows a net decrease over 20 years. In 2023,
31,000 ha were reported, with 22,000 ha permitted—indicating some growth in illicit
production (UNODC, 2003, 2023b).
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At the sub-national scale, coca cultivation trends in Peru, Bolivia, and Colombia are more complex
than at the national scale, with coca acreage declining and expanding depending on the
municipality or department (UNODC, 2003, 2013, 2023a, 2023b).

18 CURRENT AND PAST NATIONAL CONTROLS

See Annex 1: Member State Questionnaire for additional information.

In the United States, coca leaf is categorized as Schedule 2, in recognition of the plant’s medicinal
benefits (United States Department of Justice, 2024). Like the U.S., other coca-leaf importing
countries have created their own regulatory responses to coca (Executive Board, 2007). For
example, in 1989, Argentina legalized the chewing of coca leaves, but the importation of coca
leaves into Argentina remains illicit (Cusicanqui, 2005). In Canada, coca leaf is a Schedule 1
substance, but businesses have obtained licenses to import coca leaf for the development of
commercial products ("Coca-based flavor enhancer allows sugar cut in sodas," 2024).

19 OTHER MEDICAL AND SCIENTIFIC MATTERS RELEVANT
FOR A RECOMMENDATION ON THE SCHEDULING OF THE
SUBSTANCE

19.1 Effects of coca controls on human health

Some research has explored the effects of glyphosate spraying on human health in Colombia. An
early study using retrospective surveys of ¥2500 women across rural Colombia found no increase
in time to pregnancy for women in areas exposed to aerial eradication (Sanin et al., 2009).
Subsequent research, however, used a panel of individual health records to measure the impacts
of aerial spraying over 5 years. Results show that exposure to glyphosate from aerial spraying
campaigns increased the number of miscarriages and the number of medical consultations
related to dermatological and respiratory ilinesses in targeted communities (Camacho & Mejia,
2017).

Other studies have linked coca control efforts to cocaleros’ heightened exposure to potentially
toxic agro-chemicals more generally. For example, a 2021 study from Putumayo, Colombia,
showed that forced coca eradication by the police incentivized coca farmers to intensify and
diversify their use of toxic agro-chemicals in remaining or subsequent coca plots, increasing their
exposure to those chemicals (Acero et al., 2023; Bolognesi et al., 2009; Rhodes et al., 2023;
Varona et al., 2010).
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Similarly, in Bolivia’s Chapare, where ‘social control’ programs limit the extensification of coca
acreage, farmers can be incentivized to intensify production through increased agrochemical use.
This pressure has likely led to agro-chemically resistant coca fungus that is depressing leaf
production, further intensifying agro-chemical dependence (Pearson, 2016). Chronic exposure to
agro-chemicals increases any health risks associated with their use, including neurological
damage, organ failure, and reproductive health problems (Bolognesi et al., 2009; Pearson, 2016;
Rhodes et al., 2023; Varona et al., 2010). To date, these effects have yet to be fully studied in a
systematic epidemiological framework. Nevertheless, what emerges clearly from ethnographic
research is that coca growers have a pervasive fear of the long-term effects of these exposures,
compounded by the fact that medical support and environmental monitoring in these rural areas
are minimal to nonexistent (Acero et al., 2023). Rhodes et al. (2023) conclude that the
normalization of toxic chemical use and the lack of institutional response have created
environments of chronic vulnerability among coca producers (Rhodes et al., 2023).

Pesticides and other agrochemicals commonly used in the cultivation of unregulated crops may
influence both the safety profile and health risks associated with plant use (Ehrinpreis, 2020;
Plowman, 1984).

The broader literature highlights that persistent pesticide contamination may or may not pose
significant risks to human health and food safety, with potential for acute poisoning, neurological
disorders, and carcinogenicity, especially in settings lacking regulatory oversight (Giordano et al.,
2024; Hirschkind, 2005; Plowman, 1984). The intersection of plant toxicology and chemical
contaminants is a critical consideration for any future comprehensive risk assessment.

19.2 Methodological considerations on therapeutic effects

The evaluation of the therapeutic properties of a medicinal product requires experimental
studies, in particular randomized clinical trials. However, in contrast to the abundant literature on
the botanical, historical, and cultural aspects of coca leaves, adequately designed studies
evaluating their clinical effects are scarce. Most research consists of preclinical studies, whether
in vitro or in animal models (See Section 4.4 Biological / Pharmacological Effects). Human studies
consist of self-administered surveys, open interviews, cross-sectional studies, observational
studies (some without a control group, with small sample sizes and little consideration of
potential confounding factors), cohort studies, and a few experimental studies in laboratory
conditions with surrogate endpoints. By their nature, these studies are brief and limited and do
not allow a full appreciation of their clinical significance. Therefore, from a formal drug regulatory
standpoint, the evidence supporting the effectiveness and safety of these specific therapeutic
applications is still considered preliminary.
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However, care should be taken to apply suitable frameworks when analysing traditional medical
practices. Since 1976, the WHO has developed a framework for international collaboration on
herbal medicines, aiming to define strategies, standards, and benchmarks. The International
Regulatory Cooperation for Herbal Medicines (IRCH) is the formal forum for this task; as of
January 2025, the number of participating countries reached 46. Generally speaking, Traditional
and Complementary Medicine (T&CM) products and practices are subject to the same scrutiny
(regulation, safety, and quality control) as pharmaceuticals. As of 2023, 124 WHO Member States
have passed laws or regulations for herbal medicines. To support Member States, WHO has
published several guidelines for the quality, safety, and efficacy of herbal medicine (WHO,
2023b).
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