DRIED KHAT

Recently our laboratory has received some dried plant material suspected of being khat.
Our khat procedure was developed to analyze fresh khat samples. This is the form that
khat is normally seen in the laboratory. Upon searching the literature I found that
references to dried khat have been made for a long time. It has apparently been seen in
other parts of the country recently. It appears that the cathinone does not degrade in the
dried samples as it does in the fresh wet samples. This is probably the reason that we are
beginning to see khat in this form.

Our procedure calls for homogenizing 10 grams of sample in a blender with 100 mls of
0.1 N HCL for 5 minutes. The sample that we received did not weigh enough for us to
use 10 grams. Instead of using 10 grams we ground an aliquot of the dried material in a
mortar with 0.1 N HCL. The sample was then filtered into a test and made basic with 1N
sodium hydroxide and extracted into a small amount of chloroform. There was no need to
dry the small amount of chloroform or evaporate it. The analysis was conducted on this
chloroform extract and an excellent mass spectra and vapor phase IR was produced
providing proof that both cathine and cathinone were present in the sample. The same
reagents and extraction was used for this analysis, only the amount of sample and
reagents used were different. The smaller amounts of reagents used made it unnecessary
to dry and evaporate the chloroform.

/ R o/or

hillip W-Freeze
Forensic Scientist Supervisor



NDIC Comment: Seizures of LSD laboratories in the United States are rare. According to
NCLSS seizure data, law enforcement officials seized one LSD laboratory in Kansas in 2000,
one in Missouri in 2002, and one in California in 2003. Most LSD available in the United States
is produced primarily in Northern California and the Pacific Northwest by a relatively small
network of experienced chemists; however, independent dealers throughout the country produce
the drug in limited quantities. |
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- INTELLIGENCE BRIEF -
“GRABA” (DRIED KHAT) SEIZED IN KANSAS CITY

[From the NDIC Narcotics Digest Weekly 2004;3(13):3
Unclassified, Reprinted with Permission.]

Missouri: On March 4, 2004, officers from the Kansas City Police Department seized three
bundles of khat and three small plastic bags filled with a dried form of khat, known as graba,
from a Kansas City apartment. Officers went to the apartment after receiving information that
several Somali males at the apartment were in possession of khat. An officer knocked on the
door of the apartment and, when one of the occupants opened the door, the officer observed
several males holding a green leafy substance that he recognized as khat. When the individual
who opened the door realized that police were present, he immediately tried to shut the door.
However, three officers entered the apartment based on reasonable suspicion that a crime was
occurring. Officers conducted a search of the apartment for additional individuals, during which
time officers discovered a total of six men as well as three bundles of khat and two plastic bags
filled with graba. Officers also requested and obtained consent to search one of the suspect's
vehicles, where he located an additional plastic bag filled with graba. According to the Kansas
City Police Department, the availability of khat leaves has declined in the Kansas City area. At
the same time, the availability of graba has increased. This is at least the third time this year that
Kansas City Police Department officers seized graba. On January 4, 2004, officers seized 13.2
pounds of graba from an Ethiopian national and on January 28, 2004, officers seized 38 grams of
graba from a Somali national.

NDIC Comment: Graba, often similar in appearance to marijuana, usually is produced in
Ethiopia and commonly is dried before it is transported to the United States. Graba, like fresh
khat leaves, contains cathinone, a Schedule I drug under the Controlled Substances Act;
however, according to DEA, cathinone in khat begins to degrade 48 hours after the plant has
been cut. Conversely, the Kansas City Regional Crime Lab reports that dried graba leaves
maintain their cathinone content for an extended period of time. Unlike fresh khat, graba does
not need to be kept moist prior to consumption, making graba easier to transport and package.

[Editor’s Notes: To clarify the apparent ambiguity between the DEA and Kansas City Regional
Crime Lab statements, cathinone begins to degrade in fresh cut leaf within 48 hours, unless it is
refrigerated or dried. Most of the khat seizures in this country are of fresh leaf, wrapped in a
combination of moist paper and banana leaves or similar, and often shipped in coolers. The
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appearance of “graba” in the U.S. may be in response to the loss of potency in the fresh v.
resulting from degradation during extended shipping and/or Customs delays.]

* %k ok ok Kk

CORRECTIONS, CLARIFICATIONS, AND UPDATES
Europol is Not Part of Interpol

Sir: With regard to the March 2004 edition of Microgram Bulletin, and the item about 2C-I,
your notes on page 48 referring to a related article in the May 2003 edition of the Europol Drugs
Intelligence Bulletin are appreciated. However, please note that Europol is not “the drug arm of
Interpol” as stated on page 49. In fact Europol is a totally separate entity - being the (single) law
enforcement intelligence agency for the European Union. The Drugs Unit is a part of Europol
which is mandated to deal with all areas of major organized crime. Europol co-operates with
international organizations, including Interpol.

Additional Information on N—~Methylpyrrolidinone - I

Sir: I have just received a copy of the March issue of Microgram Bulletin and read the
Intelligence Alert regarding N-Methylpyrrolidinone (NMP). This compound was predicted to be
a possible GHB analog in early 2001, and there is analytical information regarding it in the
January 2001 issue of the CLIC Journal.

[Editor’s Notes: The referenced article is: Morris JA. Analogs of GHB. Part 2: Analytical
Perspective. Journal of the Clandestine Laboratory Investigating Chemists Association
2001;11(1):16. Note that the Journal of the Clandestine Laboratory Investigating Chemists
Association is a law enforcement restricted publication.]

Additional Information on N-Methylpyrrolidinone - 11

Sir: Some paint strippers contain a mixture of GBL and NMP as solvents. It would not be
inconceivable that some entrepreneur attempted to make GHB from such a solvent, not realizing
(or caring) about the presence or adverse effects of NMP. The net result would be a combination
of GHB and NMP, as mentioned in the March Microgram Bulletin.

“Factory-Sealed” Cans May Not Be....

Sir: The January 2004 issue of Microgram Bulletin contained an Intelligence Alert on Page 6
referring to the smuggling of marijuana in “factory-sealed” cans. Our laboratory had an
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TECHNICAL NOTE

Marsha M. Lee,! Ph.D.

~The Identification of Cathin
Time Study

one in Khat (Catha edulis): A

REFERENCE: Lee, M. M., “The Identification of Cathinone in
Khat (Catha edulis); A Time Study,” Journal of Forensic Sciences,
JFSCA, Vol. 40, No. 1, January 1995, pp. 116-121.

ABSTRACT: Previous stu
illustrated

drying the young khat shoots at ambient temperature,
may li: detected in khat samples that have been harves
than 10 days. Refrigeration for two weeks and
month of the khat samples also yield identifiable levels of cathinone.
Cathinone and cathine are both specifically determined and differen.
tiated by vapor phase infrared detection, which is the method of
choice in relation to mass spectrometry.

KEYWORDS: forensic science, Catha edulis,
cathine, controlled drug, vapor phase infrared det

khat, cathinone,
ection

The chewing of khat, which typically consists of the young
leaves and stems of the Catha edulis plant, for its stimulant effects
has in the past been largely confined to its area of cultivation,
namely, East Africa and the Arab Peninsula. Historically, cathine

potency about 3 to 4

((+]-norpscudocphcdﬁne) (Fig. 1), was erroneously identified to_

be the active compound in khat which was responsible for the
observed pharmacological effects because the investigations were

OH

NH,

CH,
FIG. 1—Cathine.
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based on dried or old plant samples. However, di
drug potency signaled to researchers that another compound was
accountable for the effects. Using fresh young leaves or otherwise
well-preserved khat samples, cathinone (2—amino-l-phmyl-1—pro-
panone) (Fig. 2), was finally isolated and identified as the principal
alkaloid [/-8). Cathinone is estimated to be one-third as potent
as amphetamine? and ten times more potent than cathine [9). It
has been found that during the maturation of the leaves or decompo-
sition of the plant through drying and storage,
within the plant is enzymatically converted to cathine [5].

Effective February 1993, cathinone was placed into Schedule I
of the Controlled Substances Act [0]. Khat is a Schedule I sub-
stance when cathinone is present. Cathine is ruled as a Schedule
ger contains detectable
levels of cathinone, as in older leaf samples, but contains cathine,
khat is classified as a Schedule IV substance. This causes a logisti-
cal problem with cathinone detection since fresh khat leaves (or
otherwise well-preserved sample) are needed for the analysis, in
order for the sentence of a Schedule I drug to be invoked.

Fresh leaves are traditionally chewed as the cut khat loses its

Y. and Great Britain, Although
it is now recognized that the rapid extraction and analysis of fresh
khat samples is needed, the time frame required for cathinone
detection has not yet been adequately addressed. Further, the focus
of past khat studies relied upon using freshly picked khat samples,
deep-freeze and freeze-dried preservation techniques, and tempo-
rary dry ice storage so that cathinone detection would be insured

0
NH,

CH,

FIG. 2—Cathinone.

*Dr. Rudolf M. Brenneisen,
Beme, Switzerland, personal

Institute of Pharmacy,
communication.
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LEE - IDENTIFICATION OF CATHINONE IN KHAT;

Msundance| 4, Average of 3.910t0 3.960 min.: CATHINONE.D (,-") containing dry ice for 3—4 days, then latqr allowed to ajr .;L'.I_
7 10 10 days [72). ' ' §
gl - The IRD spectra for cathinone and cathine isolated fromi
ao00d Catha edulis cuttings are shown in Figs. 4a,b and the masg
s for cathinone and cathine standards are provided in Fig
0000 ] — . . : Previous works have described using high-pressure liquiq i
..I. l PR O 1] 24 _ L tography, gas Chrunutography. infrared spectroscopy, MS an
w2 8 0 e 0 %0 100 110 12 1% 140 1 to identify cathinone and cathine. The mass Spectra for the
FIG. Sa—Mass spectrum of cathinone standard, none and cathine standards (Fig. 5a and 5b) are Very similg
an idcnﬁcalbascpeakatmleuforboth compounds
have used acetylation to better identify the two co
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FIG. 5b—Mass Spectrum of cathine standard,

508 1
(0.33 pm loading) capillary column and a temperature program s Y087
of 100°C for 2 min, 15%min to 300°, with a final temperature hold g
for 5 min, equipped with a Hewlett-Packard 5970 Mass Selective &
Detector (electron impact mode). 390
Thin-Layer Chromatography .

The plant extract was spotted directly onto a precoated 5 by 10
cm silica gel 60 (Kieselgel F-254) plate. Cathinone and cathine

were also applied. The plate was developed in ethyl acetate: metha- o 2 s 3 T e %
nol: ammonia (85:10:5), then viewed under an ultraviolet lamp Time (min.)

(254 nm) [2,7,8,12,14]. The SpOls were visualized using a 0.5%

ninhydrin solution, and then the plate was heated using a heat i
gun. Cathine appeared purple, while cathinone was a bunt orange R S e T RO Vi
(faster moving spot). The Ry values obtained for cathinone and

cathine were 0.46 and 0.25, respectively.

g
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5
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e x Cathincsie
Air-Dried Samples Stored at Room Temperature on.s
Setting Day 1 as the day the khat material was harvested, 5 g :::J _
of leaves and stems were removed from the paper bag on a daily ST e P ey
basis and analyzed. Cathinone was detected as the major compo- 3 Heney lem

fABUNEED - ssuinicy voe 11O B. 188 mim, Tra= PRE

in the TRC was twice or equivalent to the cathine peak, which
made a positive identification for cathinone difficult, but stil] possi-
ble, due to the poor chromatographic separation. As the plant dried
out, more leaves were needed to yieldtheSg sample size. Analyses

Transmittance {%T)
[ ]
[ ]
L ]

for longer time periods were not performed since there was insuffi- Sl

cient air-dried sample. The IRD detection of cathinone after 10 (LR s
days of air drying is consistent with an carlier work which used TR Wl
thin-layer chromatography ( TLC) to verify the presence of cathj- FIG. 6—IRD tp1q] response chromatogram of

none in collected khat samples that were first stored in thermoflasks > weeks).
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MS:[8].> However, the IRD spectra for cathinone and cathine are
unambiguous and unique (Fig. 4a and 4b).

Refrigerated Samples

A 3.5 g khat sample that was stored in a refrigerator for two
weeks, exhibited cathinone and cathine (Fig. 6).
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Frozen Samples

Samples stored in the freezer for 34 days and 48 days both
showed cathinone and cathine, with the cathine levels in higher
concentration in the latter sample (Figs. 7a,b).

Actual Khat Exhibit

While this study was in progress, an actual khat exhibit was sub-
mitted to the Western Laboratory within fourdavs of a 1T & Chetmm’s
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Drug Intelligence Brief

KHAT
JUNE 2002

Status in International Prug Trafficking

Although khat is illegal in the United States, it is legal
throughout much of Europe, East Africa, and the
Arabian Peninsula. Individuals of East African and
Middle Eastern descent are most often responsible for
the importation, distribution, possession, and use of khat .
in the United States.

Background A khat she

Khat is a naturally occurring stimulant derived from the Catha edulis shrub. This shrub
is primarily cultivated in East Africa and the Arabian Peninsula. The use of khat is an
established cultural tradition for many social situations in those regions. Khat is also
known as Abyssinian tea, African salad, oat, kat, chat, and catha. Khat has two active
ingredients, cathinone and cathine.

e Cathinoneisa

Schedule 1 substance Methcathinene

that produces a

euphoric effect Methcathinone, commonly called cat, is
similarto _ occasionally confused with khat.
amphetamine in thatit  Methcathinone is a synthetic Schedule I
stimulates the central substance that has a similar chemical structure
nervous system. The to the cathinone in the khat plant.

cathinone in khat .- Methcathinone is produced in clandestine
begins to degrade 48 Iaboratories and sold as a methamphetamine
hours after the plant alternative. Ephedrine and/or pseudoephedrine
has been cut. Khat are the main precursor chemicals used in-
that has been methcathinone synthesis. The addictive
re_fngera_tec_l or frozen properties and side effects of this synthetic are
will retain its more intense than either of the naturally
cathinone potency for occurring khat substances.

a longer period.

o Cathie is a Schedule
IV substance that
produces a much less
intense stimulant
effect than cathinone;
however, it does not

hitp://www.usdoj.gov/dea/pubs/intel /02032/02032p.htm] 4/20/2003
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lese its potency after
harvesting.

Recent History.

Several million people may currently be using khat
worldwide; the largest concentrations of users are in the
regions surrounding the Middte East.U.S. Customs !
Service USES) seizures of khat have risen from around
800 kilograms annually in-1992 to over 37.2 metric tons
in 2001. The price of khat ranged from US$30 to US$60 [
per kilogram in 1992. Although-current kilogram prices
for khat are not available, the price of khat ranged from |
US$15 to US$50 per bundle in 1998. [Note: There is no-
method of converting bundles to kilograms, because the |3
weights of the bundles vary—soeme bundles can weigh 5 5
almost nothing while others can' weigh much more. In
addition, a bundle of khat can contain between 20 and
40 stems; the variance of weight and number of stems
accounts for the wide range of prices per bundle.
Seizures of khat, however, can be measured and-are
measured in kilograms.]

.m akhat culuvauon Fea
Cultivation

Khat is an important part of the economy of many producer countries, particularly
Somalia and Yemen. Press reports from:Yemen state that more than US$2 billion are
spent annually by Yemenis to purchase khat, which is often grown on land that is.
unsuitable for other crops. [Note: Although khat is cultivated on land that is currently
unsuitable for other crops, the cultivation of khat precludes the land’s development for
other purposes.]

Khat is grown in export quantities in countries such as Kenya and Ethiopia; it is
Ethiopia’s fourth largest export according to U.S. embassy reporting, and the
recreational use of khat is widely accepted there. Over 33 percent of Yemen’s gross
national product is associated with the cultivation, consumption, and exportation of khat.
The World Health Organization reports that the cultivation and use of khat has profound-
socioeconomic consequences on countries and individuals. The cultivation of khat
requires scarce land and water resources that could be put to other uses. Khat use is
costly and potentially addictive. Widespread frequent use of khat impacts productivity
because it tends to reduce worker motivation.

The only known case of khat cultivation in the United States occurred in September
1998, when 1,076 khat plants were seized in a raid in Salinas, California. Sophisticated
irrigation techniques were used in this outdoor-grow operation. The individual involved
was of Middle Eastern origin; he earned approximately US$10,000 per month in khat
sales.

Because the potency of the cathinone in the khat is reduced as the plant material dries,
http://www:.usdoj.gewdea/pubs/intel/02032/02032p.html ' 4/20/2003
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shipment by air is the most common method of transport.
Trafficking

Khat is usually shipped already packaged into bundles, and wrapped in plastic bags or
banana leaves to retain moisture and freshness. Khat is generally smuggled in passenger
luggage, overnight express mail (USPS, UPS, DHL, etc.), or shipped as air cargo and
falsely labeled as “vegetables.” According to the U.S. Food and Drug Administration,
khat is sometimes falsely labeled and shipped to the United States as molokheya, an
Egyptian vegetable.

Most khat seized in the United States has been seized from immigrants of Somatia,
Ethiopia, Yemen, Eritrea, and other countries where khat-use is common. The USCS.
makes most of its khat seizures-at the JFK International Airport in New York from
arriving passengers, overnight express mail, and air cargo. Of the over 27 metric tons.
seized by the USCS in FY 1998, almost 18 metric tons were seized from flights arriving
from Great Britain. Most cases of khat trafficking in the United States are prosecuted at
the state level rather than in the federal court system.

Use/Abuse of Khat

Khat has been used since antiquity as a recreational and
religious drug by natives of Eastern Africa, the Arabian
Peninsula, and the Middle East. Khat is legal in many
countries, including Great Britain where khat can be
legally imported, distributed, used, and/or exported.
Khat has long been an acceptable substitute for alcohol
among Muslims. During the period of Ramadan, the use
of khat is popular to alleviate fatigue and reduce hunger. .
Although khat can be abused, it is often used in a social Tye e chewing khat:
context similar to the manner in which coffee is

consumed in other parts of the world. Reports from Yemen indicate that khat is
consumed by 3 out of every 4 Yemenis, and accounts for more than 40 percent-of the
average family budget.

Khat is typically chewed like tobacco. The fresh leaves, twigs, and shoots of the khat-
shrub are chewed, and then retained in the cheek and chewed intermittently to release
the active drug. Dried plant material can be made into tea or a chewable paste, but dried
khat is not as potent as the fresh.plant product. Khat can also be smoked and even
sprinkled on food..

Chronic khat abuse can result in symptoms such as physical exhaustion, violence, and
suicidal depression, which are similar to amphetamine addiction. Common side effects
include anorexia, tachycardia, hypertension, insomnia, and gastric disorders.

Statistics

Seizures of Khat at U.S. Ports of Entry
Metric Tons

http://www .usdoj.gov/dea/pubs/intel 02032/02032p. html 4/20/2003
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Seizures of Khat (Non-U.S.)
Metric Tons

SOURCE:
Interpol
Statistics
for the
years

2000 and
2001 are
unavailable.

Key Judgments

The amount of khat seized in the United States has been steadily increasing; it appears to
be related to the increasing number of immigrants from Somalia, Ethiopia, Yemen,
Eritrea, and other countries where khat use is common. Although it is hard to predict
future immigration trends, it seems likely that the importation of khat will continue to
increase to meet the demand of those ethnic groups who are accustomed to using it.

It does not seem likely at this point that khat use will expand beyond the ethnic
Somalian, Ethiopian, Yemeni, and Eritrean communities. There is no indication that
khat is marketed outside these ethnic communities although it appears to be readily
available.

This report was prepared by the DEA Intelligence Division, International ‘Strategic Support Section, . ll
Europe, Asia, Africa Strategic Unit. This report reflects information received prior to April 1, 2002.
Comments and requests for copies are welcome and may be faxed to the Intelligence Production Unit,
Intelligence Division, DEA Headquarters, at (202) 307-8726.
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~Khat

Khat is a sheub the leaves of which are used as a stimulant or a medicine in certain regions
of East Africa and Arabia. The question of khat has been placed by the Narcotics Commission on
the provisional agenda of its twelfth session, scheduled to meet in April 1957, on the proposal of the
representative of Egypt. The following article is a compilation of information from existing published
souirees on the subject, which are of varying degrees of authority; and it should be regarded as of a back-
ground character, pending closer examination of the guestion by the Commission.

Historical Background

Khat was probably known and used on the Ethiopian
uplands, where it seems that it originated, in very ancient
tmes. It is, however, impossible to fix accurately its original
habitat and the region where it first developed.  As is usual
in such cases, some authors state that it was not unknown to
classical antiquity. Merab, for instance (58), thinks that it
was the smoke of khat that inspired the Delphic pythoness,
that Homer’s nepenthe offered by Helen to Telemachus was
none other than khat and that Alexander the Great used it
to cure his army of an epidemic disease. There are equally
unverifiable suggestions with regard to cannabis and opium,
and no importance can be atrached to such suppositions.

The first historical reference, as far as could be determined
from the literature consulted, occurs in a medieval Arab
manuscript (MS.143, Bibliothéque nationale, Paris), where
it is stated that the King of Ifat, Sabr Ad-Din decided to
lant khat in the town of Marad (the period in question

.cms to be the first half of the fourteenth century). Accord-
ing to Rocher d'Héricourt (75), khat was introduced from
Ethiopia into the Yemen in 1424 by Sheikh Abu Zerbin.
Another reference to its cultivation in the fourteenth century
in the region of Aden and in the Yemen is found in a six-
teenth—century Arab chronicler, Abdul-Kadir. Its cultivation
in that region is thought to be carlier than that of coffee (82).
Khat was not known to the scientific world until the end
of the eighteenth century. During an expedition organized
by King Frederick V of Denmark, the physician and botanist
Peter Forsskal collected, among many other plants, speci-
mens of khat, which he described under the name of Catha
edulis. The only survivor of the five members of the expe~
dition, the Hanoverian geographer,  Karsten Niebuhr,
published the botanical papers in 1775, and in memory of
his friend called Catha edulis * Catha cdulis forssk ™ (65).

In the firse half of the nineteenth century, various travellers
and scientists visiting Arabia and East and South East Africa
referred to and described khat cither under that name or
variants of it : Celastrus edulis Vahl, by Ferret and Galinier (37),
Catha Forsskali A. Richard, by R. Petit, Methyscophyllum glau-
cun, by Ecklen and Zeyher (27), etc.

Description

Khat is 2 shrub with persistent leaves of the Celastraceae
family, relatively of little importance, which includes the
spindle-tree, Celastrus, etc.; mention may be made, however,

“a Philippines plant of the same family, Lophopetalum toxicum,

Ataining a poisonous substance lophopetalin, which is used
in the composition of arrow-head poisons (67). Khat grows
to between 3 ft and 6 ft (1-2 m) in high and dry soils, reaches
20 ft (6 m) on the moist slopes of the Ethiopian mountains

and may even in the equatorial region under favourable cir-
cumstances reach a height of 80 ft (25 m). The trunk may
be some 24 in (60 cm) in circumference and the bark is thin,
smooth and brown; in appearance the tree is not unlike the
tea shrub.

The new leaves are reddish-brown, becoming greenish-
yellow when fully grown. They are bifarious, elliptical,
lanceolate, sharp, coriaceous and almost tasteless. Dimen-
sions vary widely from 0.2 in (0.5 cm) to almost 3 in (7 cm).
The limb, which at the base is smooth, has over the remainder
of the leaf short, mossy serrations; the median vein projects
on the under, reddish side; the secondary veins meet before
the margin of the limb; between he secondary veins the
smaller ones form a reticulate venation. From the histo-
logical point of view, Perrot (67) gives the following descrip-
tion : “Glabrous epidermis; bi-facial messophyl with two
palisade layers and spongy parenchyma with ramous cells
of twin crystals, isolated or sometimes grouped in clusters
in the same cell. Fasciculate system in an arc almost closed
by two superior phléem-lignous strands. Many periphléem

units. Crystalliginous phlsem ™.

Ficure 1
Flower of khat

FIGURE 2
Fruit and seed of khat (note the “ wing ™ of the seed)



The flowers are small, white or greenish and arranged in
axillary cymes. They have five equal sepals, deeply indented,
and five oblong petals. The fruit is a lincar capsule, dark
brown, with three valves, each loculus containing one to
three small seeds at the base of a thin brown wing. The
seeds, brown-red in colour are about one-eighth of an inch
(3 mm) long.

Variants and Vernacular Names

It is generally recognized that the genus Catha edulis consists
of only one species; however, in view of its extreme poly-
" morphism, it is certain that it comprises several culrural
varieties which seem not to have the same properties. A. Che-
valier (20) points out that A. Richard noted in Ethiopia a
variety which he’ calls Celastrus padinus Rich. with longer
petioles and broader limbs. The Natal form, called Methys-
cophyllum glaucum Eckl. and Zeyher is certainly a distince
variety with narrow glaucous leaves; it is called Catha glauca
comb. nov.

Given this polymorphism and also the many races repre-
sented by those who use khat, the plant is known by a wide
range of names which designate cither the whole shrub or
a quality of the product utilized. The Arab name of khat
is the commonest—mainly because Arabic is by far the most
widely used language of those which refer to the shrub or
its parts. This is the term used in Europe, with variants
which are simply phonetic transcriptions according to the
language (catha, khat, kat, qat, ciat, etc.). Khat is the name
designating the whole plant in Somali and in Ambharic,
(variant : tschat). The name which is, practically speaking,
the most important after khat is “ mira ” or ** miraa "—found
in Masai, Kikuyu, Tukuyu and frequenty in official or
scientific texts in South and East Africa.

In view of the confused state of the literature of the subject
in this respect, a list of terms used in East Africa to indicare
the plant khat is given below (according to Greenway (40)) :

Gazaland
Mutsawhari (Chendao).

Kenya

Kat (Somali); mirungi, muirungi and miraa (Kikuyu);
ol meraa (Masai); liss (Mar.); tumayot (Dor.); muraa (Mer.);
mairongi (Mt. Kenya); meongi, maonj and miungi (Kamb.).

Npyasaland
Mutsawari (Mlanje); mdimamadzi (Dedza).

Uganda
Musitate (Lumwege).

Tanganyika

Mlonge (Swahili); mulungi (Somali); warfo, warfi and waifo
(Mbulu); seri (Fiome); mandoma, mwandama, m'mke and
mfeike (Shambaa); mzengo (Nguru); msckera (Kilongo,
Uzinza); nangungwe (Mwera); mhulu, muhulu and muhulo
(Hehe); Liruti (Hehe, Fuagi); msabukinga (Kinga); msuruti,
msuvuti and mbungula mabwe (Rungwe); mira and mbun-
gula mabwe (Tukuyu); ikwa (Nyika). '

On the other hand, some authors (20, 39, 68, 83) give
lists of terms which distinguish the various gualities of khat.
The definitions do not always exactly agree and the chief
conclusion to be drawn is that in whatever region it is con~
sumed, khat is regarded as are tea and coffee by connoisseurs,

the criteria being the part of the plant utlized (leaves, buds,
twigs or a mixture of two or all of these forms), the degrec
of maturity and, consequently, of size (the young shoots and
the small red leaves are the most appreciated), and lastly the
region of orgin. It seems that there are * vintage ” khats
and, in all probability, the fraud and the snobbery that accom-
pany that idea. Obviously the choice will depend on the use
to be made of khat (see below) and also on the price, which
varies considerably with the quality of the product.

Chemical and Pharmacological Aspects

The above-mentioned differences are empirical and sub-
jectve in character, and no thorough scientific investigation
has been made of them because the authors working on khat
never had at their disposal the complete collections of samples
of leaves, etc., which would allow the establishment of valid

conclusions. From the point of view of the effect, it is quite

“clear that there is little connexion between the small, thin

leaf of 2 bush some 3 ft (1 m) high, growing at 5,000 ft
(1,500 m) in an arid soil, and that of a 16-foot (5 m) tree
growing in the equatorial zone. In fact, experence in the
case of other alkaloid plants shows that the effects vary with
the soil and climatic conditions in which the plant grows
(and obviously of cultivaton, if the plant is cultivated), that
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Figure 3

Flowering khat twig (from Nyasaland). Note the large size
of the leaves
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FiGURE 4

Khat twig with fruit (from Cape Province).
The leaves are small and elongated

the alkaloid content changes and that under certain conditions
some effects may disappear entircly (for instance, the varia-
tions in the opium alkaloids). Further practical proof as
regards khat is provided by Mustard (62), who reports the
introduction of khat into Florida, where it has been success-
fully cultivated, and where leaves eaten experimentally had
no effect on those who chewed them.

It is therefore impossible at this stage to draw up an over-
all scientific table of the properties of khat. That is why the
following approach has been chosen : first, to give a descrip-
tion of what is known of the chemical analysis of the plant
and of the effects of its alkaloids, and to deal in a later chapter
with the effects in practice upon man of the plant as cultivated.

*
* *

The first studies were those of Fliickiger & Gerock (86)
and of Paul (86) & Mosso.(63). The first two isolated an
alkaloid that they called cathine, the last an alkaloid to which
he gave the name celastrine. In fact, these studies were of
little use, for the substances discovered were quite impure.
The second stage of research was in 1901 when Beitter (8)
claimed to have extracted a certain number of salts of cathine
(sulphate, hydrochloride, hydrobromide, salicylate) and
described cathine as crystallizing into needle crystals, bitter
in taste, with no smell, soluble in ether, alcohol and chloro-
form. The formula he gave was C;yH;3sNO,. Subsequently,
J. Chevalier studied khat and published an important work
in 1911 (21). He suggested the possible utilization of khat
or cathine in the withdrawal cure from morphine, a sugges-
tion which does not seem to have been followed up.

In 1912 the Pharmaceutical Journal and Pharmacist published
a communication made to the Pharmaceutical Society by
Dr. R. Stockman (79). This important article gives details
of his discovery of three alkaloids of khat : cathine, cathidine
and cathinine. The author had at his disposal dried leaves,
but—because of either experimental obstacles or difficultes
inherent in the substances—he obtained only a low and
variable yield. In addition to the alkaloids, the leaves con-
tained sugar, tannin, 2 small quantity of rubber, 2 wax-like
substance, and 2 small quantity of a yellowish essential oil
that was pleasant to smell and to taste. The first alkaloid
isolated, cathine—as a sulphate—was in the form of white,
needle crystals, of bitter taste, easily soluble in water and
diluted alcohol, but not in pure alcohol, chloroform, ether, etc.

Cathidine is a white amorphous powder insoluble in water,
soluble in ether, pure alcohol, acetone, etc.

These descriptions were repeated more or less exactly in
subsequent publications (up to and including the Merck
Index 1940) (59). The proportions given for the three alka-
loids (which, as has been seen, must be taken with reserve)
are 0.27 per cent for cathine, 0.32 per cent for cathidine and
0.15 per cent for cathinine. Even admitting possibilities of
wide error, these percentages are such that commercial
extraction does not seem very promising.

In 1930, Wolfes (86) gave for cathine a different formula
from that of Beitter (perhaps the latter had isolated the sub-
stance in the.form of glycoside) : C;H,yNO,. He showed
that it is identical with d-nor-iso-ephedrine C;H;CHOH.
CH(NH,)CH,. This substance is one of the alkaloids which
in the Ephedra vulgaris of Japan (Ma-Huang) are the satellites
of the [-ephedrine used commeonly in medicine as a sympathe-
ticocomimetic. Possibly, according to Hesse's theory (46),
the other two alkaloids also closely resemble ephedrine.

On account of the difficulties of obtaining leaves of khat,
whether fresh or not, and perhaps also because of their small
commercial value as shown by the early analysis, original
studies on the chemical composition of khat are rare. In
1952, Miss Mustard (62) published the results of research into
tropical plants in order to determine their ascorbic acid
content. She made five analyses of a mixture of leaves and
twigs—" commercial khat "—and found an ascorbic acid
content of 135.7 mg/100 g. Analysis of leaves only gave the
high content of 324 mg/100 g. Obviously, it might be
stated that the khat consumers use it unconsciously on
account of the high ascorbic acid content, but even if that
were relevant to the consumption of khat, it is probably
only one, and not the most important, among many consi~
derations (it is true that scurvy is endemo-sporadic in the
region where khat is consumed, but there are in such regions
many other plants containing ascorbic acid that are not

chewed).

Lastly, Peters (68) draws attention to a very interesting fact :
“In a recent series of analyses (1952) carried out by the
government laboratories, London, it was demonstrated that
there was no appreciable difference between the alkaloidal
properties of fresh samples of khat and samples that had been
dried and preserved for a period of ten days. It would appear
from this that, if indeedthere is a difference between the
properties of the fresh leaves and those of the dry—and local
opinion substantiates this—there is an additional factor to be
considered, which might well be a property contained in the
resin of the plant.”



BULLETIN ON NARCOTICS e OCTOBER—Di:'.CEMBER 1956 11

Methods of consuming Khat

Methods of consuming khat vary according to a certain
number of factors : the regions concerned, and of course,
the kind of khat that the consumer has available, the price
he can pay and, lasdly, the purpose of using it—that is to
say, his own personal tastes. Fifty years ago the methods
were relatively the same for all the regions, since transport,
being by caravan, was slow, and, consequently, khat was
necessarily consumed dry by those who did not cultivate it.
The methods have changed since transport is now either by
rail or, particularly, by air. Whereas nineteenth-century
travellers and explorers nearly always described the Arabian
use as being in the form of infusions of the dried leaf, nowadays
this method scems to be giving way to mastication of the
fresh leaf, sincé khat is imported to Aden and the Yemen
and elsewhere by air from Harar. This shows that the methods
of consuming khat were not necessarily the result of choice
or particular taste, but depended rather on circumstances.

The three normal methods of consuming khat are : (1) chew-
ing—in this case the fresh plant is used—i.c., khat picked four
or five days previously (at most), which has kept its moisture,
since for that purpose it has been wrapped in leaves which
are moistened from time to time. The more tender and
juicy the leaves (either because they are taken from a
plant variety with small leaves or because they are picked
from the end of a branch), the easier it is to chew them and
consequently the more they are appreciated. Thus, accord-
ing to Peters (66), there is in Ambharic a special name for this
kind of leaf (koda) and also in Somali (hagafa). According to
Vaughan (83), this kind of khat, called malhani, is more
sought after in Southern Arabia, Aden, the Yemen, Hadra-
maut, ctc. According to the size and the freshness of the
leaves, therefore, there are * vintage: ” of khat, which are
highly appreciated by the connoisseurs, and the price of
which varies with the demand. A consumer used to good-
quality khat chewed fresh would find it as difficult to get
used to the dried leaves as, for instance, a cigar-smoker would
to chewing tobacco. When the khat to which the consumer
is accustomed is unobtainable, he would rather go without
than try an inferior quality.

To chew the khat, the twigs are stripped of their leaves,
which are made into 2 kind of quid, which is chewed untl
all the juice is extracted. To help the process, the chewer
drinks large quantities of water. The process may last ten
minutes or a quarter of an hour; when it is over, the residue
is swallowed. During chewing, cigarettes are sometimes
smoked. It may be remarked that when the leaf is fresh, the
saliva is sufficient to extract the active elements—the alkaloids
alone or combined with some other part—whereas with the
dried leaves chewing alone does not scem to be sufficient.

The second method consists in using the large leaves which
would be too hard for chewing or the leaves that have lost
their freshness on too long a journey. In this case, the leaves
are used dry—either the large leaves after drying in the sun
or the others used as reccived from the seller. The dried
leaves are powdered in a mortar; the powder is placed in a
bowl and, after adding sugar and sometimes spices and water,
a kind of paste is made, which is then chewed. As before,
the residue is swallowed—and large quantities of water are
drunk—probably to facilitate the extraction of the active
elements. It may be added that, according to individual
taste or to regions—always where fresh leaves are not avail-
able—a khat infusion is made in the same way as tea. This

method is not very common and is followed mainly in
South Africa (64). It is more usual to add to ordinary
tea fragments of khat twigs to alter the taste and the
effect of the tea. It may be pointed out that with infusion,
at least one of the alkaloids, cathidine, is lost, being insoluble
in water, for so far as is known the residue of the infusion is
not consumed. Since it seems that the effect is not different
from that produced by chewing, it may be concluded that
cathidine is not responsible for the effect produced by khat,
although the action of khat is stll not very well known.
Merab (58) points out that the Ethiopian Christians use khat
in preparing certain of their beverages (tedgee and talla).

Lastly, in certain parts of Arabia, khat is smoked like tobacco
or cannabis, the ends of the twigs and the leaves being first
crushed and then rolled in cigarettes (no mention of khat
smoked in a narghile has been found).

The taste for the different varieties of khat seems as strange
to those who are not accustomed to it as the choice between
different qualities of wine or tea to non-initiates : it has prob-
ably not much to do with the alkaloid content. Khat is
taken not only for its simulating or inebriating effect, but
also for the pleasure given at the time of taking it. From that
point of view, therefore, it must be ranked with substances
such as tea, tobacco, alcohol, etc., at any rate as regards
occasional use. According to observations made on the spot
it appears that after some time, once the need has been created,
khat is no longer used for the pleasure derived from its taste,
but mainly or solely for its effect; that marks the transition
between the occasional and the habitual user. It may be
observed that it is about the same with alcohol, which is taken
by the occasional consumer for the pleasure derived from it,
whereas the confirmed drunkard secks principally or solely
for the effect, whatever the taste or the appearance of the
product consumed. In this connexion, some authors have
wondered whether the real difference between occasional
consumption, which might be styled pleasure or “ sociability ”
consumption, and harmful habits does not lic precisely in the
fact that the pleasure, which is sought at the time of consump-
tion, is complex in nature—taste plus knowledge of the
effect—whereas in the case of a harmful habit there is mainly

or exclusively the craving for the effect.

Before considering the effects of khat, it may be remarked
that it is consumed—when it is consumed for pleasure—in a
group; that is to say it is a part of social life. In almostall the
regions of habitual use, travellers mention this social habit—
for instance, the fact of offering the stranger or the guest a
twig of khat to chew or to welcome him in offering him 2
cup of khat, just as elsewhere he would be given a cup of
coffee or a cocktail. Moreover, khat is very frequently
taken socially, either in shops or public places where men
meet to pass the time of day, or in private houses, where
one is invited to “ take khat ”. Here again, as with alcohol
and the like, there is a marked difference between the occa-
sional consumer, who uses it in company, and the invetcrate
consumer who looks for the effect, and for whom in con-
sequence the social aspect is a drawback rather than an
advantage.

Effects of Khat

The foregoing analyses show that the effects of khat are
quite different on the occasional and on the habitual consumer.
On the former they will be strictly proportionate to the
quantity of khat taken. The case of the latter is much more
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complex. First, the effects obviously include the conse-
.quences of the khat taken as such—and the habitual user
consumes increasingly Jarge quantities in order to obtain
the same effect; then there is a whole series of secondary
physiological effects. The inveterate consumer loses his appe-
tite and eats less and less: his body becomes emaciated, and
he falls a victim to various deficiency diseases, not to mention
secondary complications, such as constipation, etc. Among
the psychological effects, the person who sleeps and cats less
falls 2 victim to various illnesses. He clearly loses intellectual
and will power. That situation gives rise to certain social
consequences. 'The inveterate consumer no longer bothers
about himself, his family or the rest of society. If he has the
means for procuring khat, he becomes a mere human wreck.
If he has not got the necessary money, he turns to begging
or some kind of anti-social activity, such as crime.

Little is known of the effect of khat on a normal individual
without considering the period of use. Since it has not been
thoroughly studied from the scientific point of view, but
only empirically observed by travellers or, less frequently,
reported by those who have taken it occasionally, the descrip-
tions of it are sometimes contradictory. Generally speaking,
there is a kind of exaltation, beginning with a feeling of
being liberated from space and time, accompanied by extreme
loquacity and inane laughter, until a semi-coma intervenes,
out of which the consumer awakes in a painful condition.
In the first stage, therefore, there is intellectual excitation
with euphoria, in the second stage the numbing of the intel-
lectual faculties, and in the third the eclipse of these faculties
—lack of attention and memory accompanied by the libera-
tion of violent instincts.

A distinction must be made between occasional and chronic
use :

In the case of occasional use khat abolishes sensations of
fatigue and hunger, soothes passions such as anger, then
degenerates into a state of veritable poisoning, accompanied
by dilatation of the pupil, cold sweats, convulsions, hyper-
aesthesia, etc. and, if taken in excessive guantities, may even
result in death. (Heisch (44) describes a specific case that
he had observed of a khat-chewer who, when taken to hos-
pital, . showed the above-mentioned symptoms, then passed
into 2 coma and died after four days. At the post-mortem, the
stomach was discovered to be full of khat and death could

not be attributed to any other cause than its consumption.)

In the case of chronic use, khat numbs the intellectual facul-
ties and leads to complete stupor or madness. Carrothers (17)
reports two cases of madness brought on by khat in which
he observed incoherence, feverish excitation, marked troubles
with a schizophrenic character and, finally, manifestations
akin to delirium tremens. Incidentally, both patients quickly
returned to normal when the khat was withdrawn.

To sum it, there is a quasi-medical use of khat : it has been
used for a long time by couriers carrying urgent messages
as sustenance during the journcy when there was no time to
stop for eating or sleeping. It is also used in traditional
medicine in Ethiopia, Arabia and elsewhere for all sorts of
purposes—e.g., as a diuretic in the treatment of gonorrhoea—
as a prophylactic against malaria, asthma, coughing and
diseases of the chest, stomach trouble and even as a preventive
against plague. This list shows that in the therapeutic prac-
tice of primitive traditional medicine khat becomes a panacea.

Khat has also a religious or magic significance. According °

to Tanret, (80) Mgr. Jarosseau, Bishop of Harar, noted this
phenomenon in the following terms : “ The whole country
is persuaded that this shrub enjoys divine blessing; no private
or public religious ceremony can take place without the
ritual chewing of the leaf accompanied by much praying
and singing. In the Moslems of Harar it induces a strong
religious exaltation, which they regard as a gift from heaven.”

There is again the use of khat for pleasure. Since khat is
regarded as an excitant and a stimulant like coffec, tea and
the like, it is generally not considered prohibited by Koranic
law and consequently there is no moral objection in the
Moslem countries affected against its abuse.

Khat is used in relatively poor regions, where the frequent
lack of food encourages deficiency diseases. Consequently,
in view of its stimulating effect, it is often not unnaturally
regarded as a divine blessing.

For populations with relatively few sources of distraction
it constitutes a simple and convenient form of escapism.

The observations, however superficial, that have been
made show that khat may produce a definite intellectual
and moral deterioration and that its social consequences may
be serious.

Except in sporadic cases such as the utlization of the wood
of the shrub, it is generally not used for industrial purposes,
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Khat: pharmacognostical éspects

By Amold NORDAL

Institute of Pharmacy, Department of Pharmacognosy, University of Oslo,
Norway . ’ C

ABSTRACT

A survey was made of the early literature on the production of khat. A bo-
tanical and micromorphological examination of 15 samples of Catha edulis
was carried out and the findings were compared with data from the earlier
literature on the subject. Based on earlier and present observations, the
vital organs (leaves, flowers, fruit and seeds) are described, with illustra-
tions, to assist in the identification of khat.

Introduction

Khat is usually described as the young fresh shoots and leaves of Catha
edulis Forsk., a species of the plant family Celastraceae. It is also known by
various other names, such as chat, gat, Kus-es-Salahin, miraa, tohai and tschat.
The dried leaves are known as Abyssinian or Arabian tea [1].

Catha edulis is a shrub or small tree that has been cultivated for centuries.
Its original habitat seems to have been the region of Ethiopia, whence it was
brought to neighbouring regions. There are records of the use of khat in
southern Arabia in the fifteenth century [2]. At the present time, Catha edulis
grows in the southern part of Arabia and in Africa, where its habitat extends
from northern Ethiopia and part of the Sudan as far south as South Africa [3].

Even if most botanists agree that there is only one species of the genus
Catha, there may be considerable variations in the general appearance of
samples of khat from different regions. There is reason to believe that these
variations are due to the cultivation of the plant over the centuries under differ-

ing ecolcgical conditions, as well as to local traditions connected with cultivation

and harvesting.

Production
In 1900, on the basis of reports by earlier authors, Beitter [4] described the
cultivation, harvesting and marketing of khat, which was recorded as growing in
north-east Africa and south-west Arabia between latitudes 18° N and 30° S.

51
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The main areas of cultivation were in Ethiopia, particularly in the Harar district,
and in Yemen, where it was grown south of Sana’a in the valleys of Upas and to 1

- Aphis, as well as on the plateaus at altitudes of over 600 m above sea level. hist
Important sites were Djebel Saber and Djebel Reima, where khat was cultivated Cat
on terraces, sometimes in conjunction with coffee plantations. Eth

Quoting the observations of P. E. Botta, who travelled in the areain 1837,
Beitter reports that khat was cultivated in Yemen from cuttings that were
allowed to develop for three years. The shrubs thus produced were then stripped
of their leaves, with the exception of those from some side branches, which
developed into young shoots in the fourth year. Cut and bundled, these were obt:
sold as kat moubarreh, considered to be of inferior quality. The following year, pow
new shoots grew on the branches that had been stripped and these were sold as cert
kat methani, said to be of superior quality. The tree was left for three years and
the procedure was repeated. According to Botta, wild-growing khat, known as the
kat beledi, had stronger effects and was little used. mer
Beitter also quoted Barbier de Meynard, who, writing in a journal on
oriental languages, contended that the variations in the potency of the effects of
khat were due to differences in the soil conditions where it was grown. Thus,
there were three types of khat: the first had the most marked effects on the brain
and could lead to madness, the second was milder and its effects could be vest
compared with those of alcohol, while the third caused only insomnia. drav
In still another quotation, Beitter recorded that in the Harar district of gtxfg
Ethiopia, khat was cultivated in three ways: as a dwarf plant, an arborescent of st
shrub and a shrubby tree. The dwarf plants, which had a maximum height of
0.4 m, had the most tender leaves, with a pleasant sugary taste when fresh. These
were the most sought after and the most expensive. In the plants that grew to full ofkl
height, the leaves were larger and, although they produced the same effects as o
the smaller leaves, they were less used because of their less pleasant taste. ;LO:I’
Peters [2] subsequently described the cultivation of khat in the Harar mar
district where it was grown in terraced plantations at an altitude of about 1,800 m Unit
above sea level. Coffee trees were interspersed with the khat, and millet was Bot:
found in the spaces between the trees. Seed was rarely sown and cultivation was purg

mainly from cuttings. After planting, artificial watering was provided fer a
period of about 40 days. Thereafter, the plants relied entirely on rainfall. The
trees were three or four years old before the first crop was taken and thereafter
yielded two crops a year. The trees were pruned annually to keep their height to
approximately 5 m, as otherwise they would grow to well over 18 m. The older
trees from which the main crops were obtained were 20—25 years old. No
disease seemed to be known amongst the khat trees on the plantations visited.
The khat was picked two or three times a week and sent to the markets in Harar,
where it was accepted as fresh for a period of up to four days after picking. The
bundles of khat were wrapped first in green, then in dry, banana leaves and their
freshness was preserved by occasional moistening with water.
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Getahun and Krikorian [5] have recently made an important contribution
to the knowledge about khat by describing in considerable detail the early
history, botany, cultivation, economics and sociological aspects of the use of
Catha edulis, with special emphasis on cultural practices in the Harar district of
Ethiopia.

Use

Most of the khat produced is used in the fresh state, when it is chewed to
obtain stimulating effects. When fresh material is not available, a dried or
powdered form of khat may be taken instead. Khat has also been used for
certain medical purposes [2, 4] and as an adulterant of common tea [1].

The leaves and shoots of Cassine species, mainly Cassine capensis L. (also of
the family Celastraceae), and the leaves from Maésa species have been
mentioned as adulterants of khat [4, 6].

Botany and morphology

A review of earlier literature shows that there are reports of thorough in-
vestigations on the botany and morphology of khat. There are, however, certain
drawbacks in connection with these sources, in that some of them are very
difficult to obtain because they are old and rare (for example, Beitter’s thesis [4]
published in 1900), while others are concerned with only a very limited number
of samples.

During recent years, intensive investigations on the chemical composition
of khat have been carried out at the United Nations Narcotics Laboratory. It was
considered of interest to compare the United Nations samples with the descrip-
tions of khat found in the earlier literature. It was also hoped to provide in-
formation that would facilitate the identification of the types of khat on the
market. An investigation was therefore made of 13 samples provided by the
United Nations Narcotics Laboratory plus 3 herbarium specimens from the
Botanical Museum of the University of Oslo, which were added for comparative
purposes, identified as follows:

Samples from the United Nations Narcotics Laboratory
From the Yemen Arab Republic
1. Young shoots, 13—15 cm long, bought in Sana’a, May 1974;
preserved in 96 % ethanol
From Kenya .
2. Dried (pressed) specimens of fresh khat bought at a market
in Nairobi, June 1975 ‘
3. Dried (pressed) specimens of shoots, 13—25 cm long, col-
lected at the Meru region, June 1975
4. Young shoots, 8—13 cm long, collected June 1975; pre-
served in 96 % ethanol
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Samples from the United Nations Narcotics Laboratory (continued)

From Madagascar (collected November 1977)

5. Type: white. One young shoot with 10 opposite leaves and
one shoot with 22 opposite leaves and clusters of fruits with
ripe seeds '

6. Type: red. Two young shoots with 8 and 12 alternate leaves

7. Type: white. One strongly branched shoot with 36 leaves
arranged opposite and alternate

8. Type: red. One shoot with 15 alternate leaves

9. Type: red. One shoot with 12 alternate leaves of which two
are obcordate and rather small (1.5 X 2 cm)

10. Type: red. Three shoots with alternate leaves

11. Type: white. Three young shoots, each with 3 alternate
leaves

12. One branched shoot with alternate leaves

13. One shoot with 8 alternate leaves, one of which is clearly
obovate :

Samples from the Botanic Museum, University of Oslo

14. Flowering branches designated “Catha edulis Forsk. No. 1538
(4629). Nyassa Hochland Station Kyimbila, at 1,200 metres
above sea-level. Sept. 3, 1912 Mg. A. Stolz”

15. Flowering branches designated “649 Catha edulis V&hl-
Hochst. W. Schimper pl. Abyssin. Ed. II. Hohenach 1952.
Prope ascum”

16. Cassine capensis L.

The investigation showed that most of the morphological elements impor-
tant for the identification of khat had already been exactly described, although
the accompanying illustrations were often inadequate. Therefore, an attempt
has been made here to combine new illustrations with descriptions that are
strongly influenced by older papers on the subject. A few new findings that seem
to be of importance for identification are also described.

Shoott

The samples investigated consisted of young shoots (stems and leaves) and
older shoots with leaves, flowers and fruits. The leaves are opposite or alternate
in arrangement (figure I). Occasionally, both arrangements are found on the
same twig. The shoots sometimes show heterophylly, one or more of the ordi-
nary oval-lanceolate leaves being replaced by smaller, obcordate leaves (figure
Ib) that may resemble the leaves of Cassine capensis L. (figure VIII). Stipules
can often be observed at the bases of the petioles.
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Figure |
Shoots with fa) opposite and {b) alternate leaves

Leaves

Macroscopical features

The leaves may vary considerably in their size, shape and colour according
to such factors as degree of development and botanical origin. They are simple.
4—11 cm long and 1.8—5 cm wide at the widest part. They have a short, round
petiole, 3—7 mm long. As described by Shadan and Shellard [7], the leaves are
usually oval-lanceolate in shape with an acute or sometimes slightly acuminate
apex and an acute symmetrical base. With the exception of a small portion near
the base which is entire, the margin is serrate, showing 2530 blunt teeth. The
upper surface shows pinnate venation but this is more marked on the lower
surface. A few of the lateral veins leave the midrib at a fairly wide angle (45°)
but the majority leave at a narrow angle (25—30°) and immediately curve up-
wards. Near the margin the lateral veins anastomose to form a reticulate
venation. See figure Ila.
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Figure Hl
fa) Leaf; {b) tooth-shaped projection found in the angles of the serrations

The youngest leaves are thin and slender. The surface is dull and they have a
brownish green colour which darkens upon drying. The adult leaves are bright
green, glossy, especially on the upper surface, and have a leathery appearance.
The midrib and the most prominent veins on the lower surface may vary in
colour from yellow to reddish brown. The distinction of types, such as “‘white”
and “‘red”, is probably connected with this fact (see, for example, samples listed
as Nos. 5—11). The leaves are almost odorless and have a slightly astringent
taste.

Microscopical features

In the serrate margins of the leaves, tooth-shaped projections are usually,
but not always, found in the angles of the serrations (figure I1b). The shape and
size of these projections vary considerably from one sample of khat to another.
and similar bodies are also found on the leaves of other celastraceous plants
(Cassine, Euonymus), as well as on leaves of plants belonging to other families
(e.g. the common tea), for which reason they are of limited importance for the
identification of khat.

Figure I11a shows a transverse section of the adult leaf near the middle part
of the lamina: there is little to be found that might form the basis for micro-
scopical identification. The most characteristic feature is the midnb which,
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Figure 111

fal Transverse section of an adult leaf; (b} transverse section of the petiole; {c}crescent-shaped
vascular strand

especially in the lower parts of the leaf, shows a crescent-shaped vascular strand.
This can be easily observed in a transverse section of the petiole (figure III, b
and ¢). Cluster crystals of calcium oxalate and cells with black contents (referred
to in the older literature as “‘tanniferous cells”) are scattered in the parenchyma.
No starch appears to be present. A surface view of the lower epidermis (figure
[Va) shows stomata of the ranunculaceous type and cluster crystals which
occasionally appear in pairs in the same cell or in two small adjacent cells. Such
“twin™ crystals, as they have sometimes erroneously been called, have been
indicated as a characteristic anatomical feature of khat leaves, but they are hard
to find in a microscopical preparation and they may also occur in related species.
Itis felt, therefore, that they are of little value for identifying khat.

Figure IVb shows a transverse section of the young stem, a few millimetres
below the base of two young opposite leaves. The stem is flattened with an
elongated great pith and with thin layers of xylem on both sides. Then follow the
cambium and a fibrous cortex.
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Figure IV

fa) Lower epidermis showing stomata and cluster crystals; (b) transverse section of young stem

Powdered leaves

The most characteristic elements of the powdered leaves have been
described [7] as containing fragments of lamina with reticulate venation (figure
Ve); fragments of lower epidermis showing stomata surrounded by three or four
(occasionally five) cells, some cells containing one or two cluster crystals of
calcium oxalate 4—8 pm in diameter (figure IVa); fragments of upper epidermis
with sinuous anticlinal walls (figure Vd); fragments of thick-walled, slightly
lignified fibres with lumen of variable width, often obliterated and branched at
the ends (figure V, b and ¢); and fibre tracheids with lignified walls and
elongated oval bordered pits (figure Va). Parenchymatous cells with cluster
crystals of calcium oxalate (4—40 pm) and parenchymatous cells with dark
contents (“tanniferous cells’’) may also be observed.

The shape and size of the fibres can be easily examined when leaf fragments
are subjected to maceration according to Schulze’s method [8]. In a wide test
tube or small vessel 50—100 mg of KClO; are moistened with concentrated
nitric acid and a few milligrams of small fragments of the leaves are stirred into
the mixture, which is heated slightly and stirred until most of the tissue is dis-
solved. After dilution with water, the fibres are studied under the microscope.
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Figure V

fa) Fibre tracheids; (b), and (c) slightly lignified fibres with lumen of variable width; (o)
fragment of upper epidermis; fe) fragment of lamina with reticulate venation

Flowers

When dried, the flowers are about 2 mm in diameter and dark yellowish
brown. A good description of the inflorescence and of the single flowers was
given by Christ [9]. He reported that the inflorescence of Catha edulis is a short,
typical cyme with five- or six-fold dichotomy originating from the axil. Some-
times the terminal flower is not fully developed. Each bifurcation is supported
by short lanceolate bracts. The flowers, which are on short peduncles, are
amongst the smallest within the dicotyledons. They are characterized by a
thick, fleshy, hypogenous disc into the margin of which the peripheral parts of
the flower are inserted, a common feature of the Celastraceae family (figure
VIa). The base of the disc is surrounded by a calyx of five sepals, which are
broad-ovate with fimbriate margins. Alternating with the sepals are five oblong-
ovate petals of a yellowish white colour, also with somewhat fimbriate margins.
Opposite the sepals are five subulate, lanceolate filaments carrying extremely
small trilocular anthers.
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so that the seeds can escape upwards. The outer surface of the ripe fruit is light-
brown, dry and rough. The individual valves are divided into two locules by a
wall which thickens in the lower half, so that the fruit is actually 6—8 loculate.
The separation wall is very thin towards the top, leaving space for two seeds. It is
rare for both seeds to mature; usually only two or three seeds develop in the
whole fruit. The seeds are small and brown, with a rough, oil-containing testa (in
disagreement with Christ [9], who described it as smooth). They are compressed
and on one side they have a keel-shaped indentation in which the raphe is
placed. The lower tip of the seed is covered by a fine, dry, white, merbranous
arillus which sometimes grows upwards on both sides of the seed. It is often up to
twice as long as the seed itself (figure VIIb).

Adulterants of khat

Figure VIII shows a flowering branch of Cassine capensis L. The leaves of this
plant are reported to be the most common adulterant for khat. In comparing
figure VIII with figure Ib it will appear that the normal leaves of the two plants
are very different. It is only the obcordate leaves found occasionally in Catha
edulis that show a certain resemblance to the leaves of Cassine.

Identification of khat

Khat has very few morphological and anatomical features that would serve
as a basis for the purpose of identification. It is therefore strongly recommended
that authentic samples of khat should be available for comparative purposes and
that identification should be based on more than one method. A combination of
methods for the identification of khat has recently been worked out in this
laboratory [10]. :
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Photo 5 (Courtesy of John F. Casale, DEA Special
Testing and Research Laboratory, Dulles, VA)

are not commonly encountered in Minnesota, and bricks with logos are rare. In this case, the
brick is suspected to have been shipped from the Chicago, Illinois area.
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SELECTED INTELLIGENCE BRIEF

Khat

DEA Intelligence Division
International Strategic Support Section
Europe, Asia, Africa Strategic Unit

[(202) 307-8726]
[Unclassified; Reprinted with Permission]
Status in International Drug Trafﬁcking
Although khat is illegal in the United States, it is legal throughout much of Europe, East Africa,
and the Arabian Peninsula. Individuals of East African and Middle Eastern descent are most

often responsible for the importation, distribution, possession, and use of khat in the United
States,
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Background '-

Khat is a naturally occurring stimulant derived from
the Catha edulis shrub. This shrub is primarily
cultivated in East Africa and the Arabian Peninsula.
The use of khat is an established cultural tradition for
many social situations in those regions. Khat is also
known as Abyssinian tea, African salad, oat, kat,
chat, and catha. Khat has two active ingredients,
cathinone and cathine.

Cathinone is a Schedule I substance that produces a
euphoric effect similar to amphetamine in that it
stimulates the central nervous system. The
cathinone in khat begins to degrade 48 hours after
the plant has been cut. Khat that has been
refrigerated or frozen will retain its cathinone
potency for a longer period.

Cathine is a Schedule IV substance that produces a
much less intense stimulant effect than cathinone;
however, it does not lose its potency after
harvesting.

Recent History

Several million people may currently be using khat
worldwide; the largest concentrations of users are in
the regions surrounding the Middle East. U.S.
Customs Service (USCS) seizures of khat have risen
from around 800 kilograms annually in 1992 to over
37.2 metric tons in 2001. The price of khat ranged

Methcathinone

Methcathinone, commonly called cat,
is occasionally confused with khat.
Methcathinone is a synthetic
Schedule I substance that has a
similar chemical structure to the
cathinone in the khat plant.
Methcathinone is produced in
clandestine laboratories and sold as
a methamphetamine alternative.
Ephedrine and/or pseudoephedrine are
the main precursor chemicals used in
methcathinone synthesis. The
addictive properties and side
effects of this synthetic are more
intense than either of the nmaturally
occurring khat substances.

from US $30 to US $60 per kilogram in 1992. Although current kilogram prices for khat are not
available, the price of khat ranged from US $15 to US $50 per bundle in 1998. [Note: There is
no method of converting bundles to kilograms, because the weights of the bundles vary - some
bundles can weigh almost nothing while others can weigh much more. In addition, a bundle of
khat can contain between 20 and 40 stems; the variance of weight and number of stems accounts
for the wide range of prices per bundle. Seizures of khat, however, can be measured and are
measured in kilograms.]

Cultivation

Khat is an important part of the economy of many producer countries, particularly Somalia and
Yemen. Press reports from Yemen state that more than US $2 billion are spent annually by
Yemenis to purchase khat, which is often grown on land that is unsuitable for other crops.

Page 172 JULY 2002
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[Note: Although khat is cultivated on land that is currently
unsuitable for other crops, the cultivation of khat precludes
the land's development for other purposes.]

Khat is grown in export quantities in countries such as
Kenya and Ethiopia; it is Ethiopia's fourth largest export
according to U.S. embassy reporting, and the recreational
use of khat is widely accepted there. Over 33 percent of
Yemen's gross national product is associated with the
cultivation, consumption, and exportation of khat. The
World Health Organization reports that the cultivation and
use of khat has profound socioeconomic consequences on
countries and individuals. The cultivation of khat requires
scarce land and water resources that could be put to other
uses. Khat use is costly and potentially addictive.
Widespread frequent use of khat impacts productivity
because it tends to reduce worker motivation.

The only known case of khat cultivation in the United At a khat cultivation
States occurred in September 1998, when 1,076 Khat plants area

were seized in a raid in Salinas, California. Sophisticated

irrigation techniques were used in this outdoor-grow operation. The individual involved was of
Middle Eastern origin; he earned approximately US$10,000 per month in khat sales.

Because the potency of the cathinone in the khat is reduced as the plant material dries, shipment
by air is the most common method of transport.

Trafficking

Khat is usually shipped already
packaged into bundles, and
wrapped in plastic bags or banana
leaves to retain moisture and
freshness. Khat is generally
smuggled in passenger luggage,
overnight express mail (USPS,
UPS, DHL, etc.), or shipped as air
cargo and falsely labeled as
"vegetables." According to the
U.S. Food and Drug
Administration, khat is sometimes falsely labeled and shipped to the United States as molokheya,
an Egyptian vegetable.

A bundle of khat

Most khat seized in the United States has been seized from immigrants of Somalia, Ethiopia,
Yemen, Eritrea, and other countries where khat use is common. The USCS makes most of its
khat seizures at the JFK International Airport in New York from arriving passengers, overnight
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express mail, and air cargo. Of the over 27 metric tons seized by the USCS in FY 1998, almost
18 metric tons were seized from flights arriving from Great Britain. Most cases of khat traffick-
ing in the United States are prosecuted at the state level rather than in the federal court system.

Use/Abuse of Khat

Khat has been used since antiquity as a recreational and
religious drug by natives of Eastern Africa, the Arabian
Peninsula, and the Middle East. Khat is legal in many
countries, including Great Britain where khat can be legally
imported, distributed, used, and/or exported. Khat has long
been an acceptable substitute for alcohol among Muslims.
During the period of Ramadan, the use of khat is popular to Two men chewing khat
alleviate fatigue and reduce hunger. Although khat can be

abused, it is often used in a social context similar to the manner in which coffee is consumed in
other parts of the world. Reports from Yemen indicate that khat is consumed by 3 out of every 4
Yemenis, and accounts for more than 40 percent of the average family budget.

Khat is typically chewed like tobacco. The fresh leaves, twigs, and shoots of the khat shrub are
chewed, and then retained in the cheek and chewed intermittently to release the active drug.
Dried plant material can be made into tea or a chewable paste, but dried khat is not as potent as
the fresh plant product. Khat can also be smoked and even sprinkled on food.

Chronic khat abuse can result in symptoms such as physical exhaustion, violence, and suicidal

depression, which are similar to amphetamine addiction. Common side effects include anorexia,
tachycardia, hypertension, insomnia, and gastric disorders.

Statistics

Seizures of Khat at U.S. Ports of Entry
Metric Tons s -

SOURCE: El Paso
Intelligence Center
(EPIC) from USCS
data

4996 1997 1998 1898 2000 2004
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Seizures of Khat (Nan-U.S )
Meftric Tons mmms :

SOURCE: INTERPOL

Statistics for the years
2000 and 2001 are
unavailable.

1936 1987 1998 1969

Key Judgments

The amount of khat seized in the United States has been steadily increasing; it appears to be
related to the increasing number of immigrants from Somalia, Ethiopia, Yemen, Eritrea, and
other countries where khat use is common. Although it is hard to predict future immigration
trends, it seems likely that the importation of khat will continue to increase to meet the demand
of those ethnic groups who are accustomed to using it.

It does not seem likely at this point that khat use will expand beyond the ethnic Somalian,
Ethiopian, Yemeni, and Eritrean communities. There is no indication that khat is marketed
outside these ethnic communities although it appears to be readily available.
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THE JOURNAL EXCHANGE

From the Editor: A partial collection of the journal Forensic Science International was offered
for donation in the April 2002 issue of Microgram Bulletin. Over 25 requests for this collection
were received by the DEA’s Office of Forensic Sciences, and the collection was eventually
donated to a small library collection of forensic journals in the midwestern U.S.

Previous efforts by the Editor to donate this collection through the various textbook and journal
clearinghouse list-servers (that communicate via email with many thousands of libraries world-
wide) were completely unsuccessful. Therefore, the level of interest expressed by the Micro-
gram readership (even though a better targeted audience) came as a surprise, and suggests a need
for a more formal journal exchange service. This solicitation is the first effort towards that goal.

If any subscriber.is interested in donating any forensic or analytical chemistry journal/textbook
or journal/textbook collection to a fellow subscriber or library, Microgram Bulletin is willing to
list the offered materials and the associated contact information in a future issue. The format
should follow that used in the April 2002 Microgram Bulletin for the aforementioned offer of the
Forensic Science International collection, and sent via email to the Microgram Editor at:
tklein@dialup.usdoj.gov Only items for donation (not for sale) will be considered for
publication, and donations to libraries should adhere to journal restrictions and/or time limits (if
any) on such offers.

At present, the journal exchange will be published on a quarterly basis. This will be adjusted (or
discontinued altogether) in accordance with the level of interest.

Page 176 MICROGRAM, VOL. XXXV, NO. 7, JULY 2002



File ‘ : C:\MSDCHEM\1\DATA\MED\SNAPSHOT\4051-1.D
Operatox : MED )
Acquired : 22 Apr 2004 10:52 using AcgMethod . MSDRUGS
Instrument : Bugs
Sample Name: PLANT MATERIAL
~Misc Info : EXT (HCL/NAOH/CHCL3)/100- 280

-al Number: 1

r\bundance TIC: 4051-1.0

3500000 _— Cnfﬁ”“"‘ﬁ'
o!- ouss!”

orl:
3000000 2

2500000

A\

2000000

1500000

1000000

500000

~

......-......‘.........““‘.—A....,.......|.....'.r..<........‘...
Time—> 150 200 250 "3bo 350 400 450 500 550 600 650 700 750 Bbo ks '
Abundance Scan 137 (1.717 min): 4057-1.D

1800000 4

1600000

1400000

1200000

1000000

800000

600000

77

400000
51

105
200000

ol... ||| ‘|, 57_63 70 |J||I 83 89 98 || 114119 128 134 150 193
miz—-> 3540 45 50 55 80 65 70 75 80 85 90 58 1601651101'\51é01é51éo1é51401&51éo1é51é01é51%u1%51éo1és1éo1és !

7



File , : C:\MSDCHEM\1\DATA\MED\SNAPSHOT\4051-1.D
Operator : MED .
Acguired : 22 Apr 2004 10:52 using AcgMethod .MSDRUGS
Instrument : Bugs
Sample Name: PLANT MATERIAL
Misc Info : EXT(HCL/NAOH/CHCL3)/100- 280

-al Number: 1

Abundance TIC: 4057-1T.D

3500000

3000000 )

2500000

2000000

1500000

o—
—— ==

1000000

500000

1\ A

Time-> 150 "200 250 300 350 400 450 555 550 600 650 7.0 750 8bo 8k
Abundance Scan 147 (1,764 min): 4057-1.D

1800000 4r

1600000

1400000

1200000

1000000

800000

600000

400000

77

200000
51

105
91
ol |’|, 56 ®es |83 1.9 |, 113118 132137 147152 193
miz—> 35 %0 4'5 B0 55 60 8570 75 80 85 90 95 1601651Jlo1151é01é51éo1é51ie1451éo1é51é01é51+o1is1éo1és1éu1é5 &

5/q



0.085

0.080
0.075-

0.070

0.065
o.oeoé
0.055—f
o.osovf

0.045

Absorbance

0.040
0.035
0.030

0.025-

0.020

0.015

0.010-}

0.005
-0.000 1

4000 3000 2000 1000
Wavenumbers (cm-1)

EXH. 041-04051-1 EXT(HCL/NAOH/CHCL3)/120- 270 - MED

GC/FTIR Collection time: Thu Apr 22 11:50:34 2004
Carlomona - 2

N
o



0.024

0.022

Lt ol gaudlay

0.020

0.018

0.016

0.014

0.012

R T T T T T T A I T I A A o

Absorbance

(
4
i

o

o

Q

[e7)

L gy
-r:f____

0.006 -

0.004

0.002

0.000-

4000 3000 2000 1000
Wavenumbers (cm-1)

EXH. 041-04051-1 EXT(HCL/NAOH/CHCL3)/120- 270 - MED

GC/FTIR Ount Collection time: Thu Apr 22 11:50:38 2004
~ - A
N



File
Opérator
Acquired
Instrument

Sample Name:

isc Info

. l1al Number:

C:\MSDCHEM\1\DATA\MED\4051-3.D
MED

22 Apr 2004

Bugs

11:59 using AcgMethod MSDRUGS

PLANT MATERIAL
EXT (HCL/NAOH/CHCL3) /100- 280
1

Fbundance
3500000
3000000
2500000
2000000
1500000
1000000

500000

oxk-

I, S

~ (:‘f‘nh’hg—
ol

TIC: 40571-3.D

yo$ 13

AP

Time-> 150 200 250" 360" 3bo 400 250 500 550 600 650 760 70 806 550 obs ohe

[Bbundance
1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

44

51

1] 11 57 63

Scan 137 (1.717 min): 4051-3.0

77

105

72,,||, 83 89 g8 || 114119 128 134 150 103

miz—> 30 35 40 45 50 55 60 65 70 75 80 85 90 OB 100105110115 120125130 135140 145 150 155 180 165 170 175 180 188 180 182

4/9 |



File : C:\MSDCHEM\1\DATA\MED\4051-3.D

Opérator  : MED | ,
Acquired : 22 Apr 2004 11:59 using AcgMethod MSDRUGS
Instrument : Bugs

Sample Name: PLANT MATERIAL
Mige Info ) EXT(HCL/NAOH/CHCLB)/lOO— 280
ial Number: 1

]Abundance TIC:4057-3.D
3500000

3000000
2500000

2000000

e -
1500000 P C;ﬁ m,ﬁ 3

1000000

500000

rrrrrrrr

Tme—> 150 260 250" '3bo" 350 4.b0 450 560 550 600 650 700 750 666 850 obe ok
ﬂ\bl.lﬁns%%nocg . Scan 746 (1.759 min): 4051-3.D

600000
550000
500000
450000
400000
350000
300000
250000
200000
150000
100000

77
50000 51
105

| J., 57 63 72 [I 83 91 [, 110 117 134 147

Ol e e b e b e bt A s A L A LA RS LA AR LERAE EARN It ks e r e
miz—-> 35 40 45 50 55 60 65 70 75 80 85 90 08 100105110115120125 130135 140 145 150 185 160165 170 175 180 185 150 188

7y



0.12

0.11

0.10

o
o
©

TN NN (N Y Y S T (N O N T W T O YO

0.08

o

o

<
|

0.06

Absorbance

0.05":

ao4{

0.03-

aoz{

ao1{

4000 3000 2000 1000
Wavenumbers (cm-1)

EXH. 041-04051-3 EXT(HCL/NAOH/CHCL3)/120- 270 - MED

GC/FTIR Coliection time: Thu Apr 22 15:11:53 2004
Cathines - rme : :

o
<~



Absorbance
(o]
o
—
(]
| 4

4000 3000 2000 1000
Wavenumbers (cm-1)

EXH. 041-04051-3 EXT(HCL/NAOH/CHCL3)/120- 270 - MED
GC/FTIR Collection time: Thu Apr 22 15:11:57 2004
Cotbre - ai>

N



