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ABsTRACT.—The unbranched nonarticulated laticifer, including its latex, and
capitate glandular trichomes from Cannabis sativa L. were analyzed in fresh and cryo-
stat preparations with histochemical procedures for the presence of cannabinoids
alkaloids, and other selected celiular components. A positive response to cannabinoi
indicators, Duquenois-Negm, fast blue salt B, Gibb, and Beam reagents occurred in
laticifers, as well as exuded latex and in disc cells of epidermal capitate glandular
trichomes. No response or only an apparent background response to these reagents
was detected in other cells. Alkaloids were detected histochemically in laticifers and
exuded latex with Wagner, Dittmar, Ellram, chromic acid, Hager, and Dragendorff
reagents. Alkaloid indicators also reacted with capitate glandular trichomes but did
not show a positive response in other cells of the plant. Laticifers also contained
other specialized contents including the enzymes, cytochrome oxidase, and lipase.
Free lipids and storage proteins were not detected in laticifers. Qualitative responses
to these histochemical procedures were similar in laticifers and capitate glandular
trichomes from various regions and organs of the plant axis. Histochemical indi-
cators can be useful for preliminary surveying of specialized cell types and tissues for
the presence of specialized substances.

Recent investigations of the chemistry of Cannabis sativa L. have identified
a group of terpenophenols, the cannabinoids, which occur only in this genus
(1, 2, 3). The major cannabinoids, including A®-tetrahydrocannabinol (A®-THC),
cannabinol (CBN), and cannabidiol (CBD), are utilized in the chemical characteri-
zation of drug, nondrug, or fiber strains of Cannabis (4, 5). These compounds
appear to be most abundant in actively growing regions of the shoot system of
both pistillate and staminate plants (6). Several recent studies have indicated
that these cannabinoids accumulate in epidermal glandular trichomes (7, 8, 9).
However, there have been few studies of the relationship of cannabinoids to
laticifers, an internal secretory system, or to other specific cells or tissue systems
in the plant.

Similarly, the presence of alkaloids, including choline and trigonelline, already
noted in the early literature (18) have been reported from Cannabis tissues (11,
12, 13). Other investigators have identified a group of cannabimine (14) as well
as hordenine, neurine, and spermidine (15, 16, 17, 18) alkaloids from various
portions of this plant. The presence of alkaloids has not been related to specific
cell types or tissues in this genus, although alkaloids are common constituents
in specialized cells such as the laticifer in other plants.

The purpose of this study is to examine whether histochemical procedures
can be utilized effectively to survey plant tissues for their general composition.
Histochemical techniques are applied to the laticifer and glandular systems as
well as other cells to determine sites of accumulation of cannabinoids, alkaloids
and other specific compounds in these cells. We will show that these techniques
can be useful for preliminary surveying of cells and tissues for the presence of
specialized substances.

MATERIALS AND METHODS

Materials of Cannabis sativa L. investigated included laticifers, latex exudate, tissue com-
ponents of fruits, seedlings, leaves, and floral parts of pistillate and staminate axes. Prepared
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chemical reagents were applied to freezing microtome or fresh sections of tissues, and fresh
latex exudate collected from the petiole.

Major cannabinoids, A%tetrahydrocannabinol (A-THC), cannabidiol (CBI)), and can-
nabinol (CBN), were identified by specific colorimetric reactions. The Duquenois-Negm test
is reported to detect A%-THC and other cannabinoids (19), fast blue salt B (FBSB) reportedly
identified THC (20), the Beam reagent detected CBI) (21), and the Gibb reaction stained all
major cannabinoids (1).

Reference standards were obtained from the National Institute on Drug Abuse and in-
cluded A’-tetrahydrocannabinol, cannabinol and cannabidiol.

Presence of alkaloids in sections was identified with alkaloid-specific reagents: Wagner,
Dittmar, Ellram, Dragendorff (modified), and chromic acid (22). Solutions of 19, aq choline
hydrochloride, 19, aq trigonclline, and 1¢, aq hordenine sulfate were employed as reference
standards in tests of alkaloid detecting solutions.

Wagner reagent consisted of 1.27 g of iodine and 2 g of potassium iodide in 100 ml of dis-
tilled water. Dittmar reagent was prepared with 1 g of potassium iodide, 1 g of sodium nitrite,
30 ml of hydrochloric acid and 30 ml of distilled water. Ellram reagent consisted of 1 g of
vanillin in 100 g of 409}, sulfuric acid.

Iodine-potassium 1odine solution (IKI) and periodic acid-Schiff reagent (PAS) were em-
ployed for detection of carbohydrates (23).

Lipids were identified by 0.19, aq nile blue, osmium tetroxide vapors, or Sudan dyes (Sudan
IV and Sudan black) (23).

Proteins and enzymes were detected by a ninhydrin-Schiff reaction medium. Sections of
Ricinus seeds which contain storage protein served as a positive control. A deamination
solution, sodium nitrite and acetic acid or acetic anhydride in pyridine, served as a negative
control (23).

Acid phosphatase activity was localized by incubating tissues in a modified Gomori reac-
tion medium in which ammonium sulfide was used to precipitate lead sulfide at acid phosphatase
reaction sites. Controls were either pretreated 5 min in boiling water to inactivate the enzyme
or incubated in the medium lacking substrate (23).

Presence of lipase activity in tissue sections was identified with a sulfide reaction (23).
In the positive test, lead sulfide was precipitated in incubated sections as a reaction product
of lead nitrate and hydrogen sulfide water. Controls were incubated in the reaction medium
lacking the substrate.

Cytochrome oxidase was identified in sections incubated in alpha naphthol and dimethyl
paraphenylene diamine solution (23). Controls were pretreated 5 min in boiling water prior
to incubation in the substrate.

The presence of callose was determined with the aniline blue technique and fluorescence
microscopy (24).

RESULTS

CannaBIiNOID TEsTS.—Color responses to cannabinoid-detecting reagents
were compared individually against cannabinoid standards (A*-THC, CBN, and
CBD). CBD and A-THC were stained red with fast blue salt B, while CBN
stained purple with this reagent. The Duquenois-Negm test reacted with A9-
THC and CBN to produce a purple color. Colors produced with the Beam test
were red-brown for A-THC and CBN and purple for CBD. The Gibb reaction,
similar for all cannabinoids, resulted in formation of yellow color upon addition
of 2,6 dibromo-quinone-4-chlorimide and blue-black color upon addition of
isopropyl-amine (table 1).

Laticifers and both capitate-sessile and capitate-stalked glandular trichomes
on various plant organs were stained when treated with fast hlue salt. R, Duguenois-
Negm, Beam, and Gibb reagents (table 1). These cells when treated with
Duquenois-Negm stained red within 1 min of treatment and subsequently changed
to blue-purple within 10 min indicating the presence of a cannabinoid content.

The response of various fresh tissues to cannabinoid indicators was examined
for plant parts of different ages (table 2). Seed parts, roots, hypocotyl, and
cotyledons of 7-day old seedlings contained no detectable quantities of can-
nabinoids. The epicotyl of seedlings and shoot apices of both staminate and
pistillate adult plants showed a positive response for cannabinoids, as did vegetative
leaves and floral organs. Freshly exuded latex derived from the petiole contained
cannabinoids (table 2).
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TasLE 1. Response of specific cellular structures in Cannabis to
alkaloid and cannabinoid indicators.

Capitate
Reagents: Laticifer | Parenchyma | glandular
trichomes
Cannabinoid indicator: |
Fast bluesalt B2...... ... ... +++ - +4++
Beamb. ... ... ... ... ...l +++ - +4++
Du uenois-Negme..... .. ....... + 44 — +
.......................... +4++ = 4+
Alkalold indicator:
Wagner (pH4.5). . ............ +++ iz +4++
Dittmar (pH1.5).............. +++ k=2 +4+4+
Ellram (pH1.0).... . .. ... .. +++ =
Dragendorff (pH5.5).......... ++ = ++
Chromic acid (pH1.5)......... + | - —
Hager (pH1.0)................ + | — —

+++ intense reaction, ++ moderate reaction, + weak reaction, —
no reaction.

&A positive reaction is a red color.

bA positive reaction is a purple color.

A positive reaction is represented by the color sequence, first pink and
then blue-purple color.

Alcoholic extracts of various Cannabis tissues also were stained with can-
nabinoid detecting reagents, including fast blue salt B, Duquenois-Negm, and
Gibb reagents. No color response occurred in extracts of roots. The Beam
reagent did not react with any tissue extract.

Comparative tests of the cannabinoid reagents, fast blue salt B and Duquenois-
Negm, on alkaloid standards (trigonelline, choline, hordenine) indicated that
cannabinoid reagents do not produce a color reaction with alkaloids (table 2).

TasLe 2. Reaction of tissues, fresh or eryostat sections, of Cannabis to
alkaloid and cannabinoid indicators.

Alkaloid indicator Cannabinoid indicator

Tissue or section

Wagner | Dittmar | Fast blue | Duquenois-| Beam | Gibb
salt B2 Negm

Cannabinoid standards:
Cannabinol. .. ... ...... ...
Ad- Tetrahydrocannabmol
Cannabidiol.. i3

Plant portions:

Seed and fruit parts........
Cotyledon, seedling. . .. .. ..
Hypocotyl, seedling. .... ...
Root, seedimg, adult... . ...
Epicotyl, seedling. .........
Shoot apex, adult..........
Leaf, green mature.........
Leaf, senescing.............
Bract......................

+++
+++
1

+++

F Uttt 00
e e
e
e
R
S

l“Fast blue salt B was applied to different samples both as an aqueous and methanolic
solution
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Alkaloid tests—The protoplasm in laticifers was precipitated by Ellram,
Wagner, and Dittmar reagents (table 2). Ellram reagent produced a densely
red cellular content in laticifers, while Dittmar and Wagner reagents formed
red-brown precipitates in these cells. The positive response of laticifer contents
to these reagents occurred in these cells located in various regions of both vegetative
and flowering axes. No qualitative differences in color response were detected
in laticifers of different ages or in laticifers from different plant organs. The
initial response to these reagents occurred in laticifers of 5-10 day old seedlings;
no response occurred in younger seedlings, nor in any cells of the embryo. Color
reactions for alkaloids were formed in laticifers treated with other alkaloid indi-
cators including chromie acid (pink-red color), Hager solution (red-brown color),
and Dragendorff reagent (brown color).

The response of exuded latex to alkaloid reagents indicated the presence of
alkaloids. Ellram indicator formed a dense precipitate in exuded latex. Wagner
and Dittmar indicators produced a brown and olive-brown precipitate with
exuded latex (table 1), which corresponded closely with the brown and olive-
brown precipitates formed with trigonelline, choline hydrochloride and hordenine
sulfate standards, respectively (table 3).

TaBLE 3. Reaction of cannabinoid and alkaloid standards to cannabinoid
and alkaloid indicators.

Cannabinoid indicator Alkaloid indicator
Substance
Fast blue salt B | Duquenois-Negm Wagner Dittmar

Cannabinoid:

ATHC,.......... Pink-red Blue-violet NRe NR

CBN............. NR Blue-violet NR NR

CBD............. Light pink Violet NR NR
Alkaloid:

Trigonelline....... NR NR Brown Brown

Choline........... NR NR Orange-brown | Orange-brown

Hordenine. .. ..... NR NR Brown Brown

sNR indicates no reaction.

Color reactions for alkaloids also occurred in capitate-sessile and capitate-
stalked glandular trichomes with Wagner, Dittmar and Dragendorff indicators,
whereas no reaction was detected in these structures with chromic acid and Hager
indicators (table 1).

Comparative tests of the alkaloid reagents with cannabinoid standards (CBD,
CBN and A*-THC) yielded no color reaction. Therefore, the alkaloid and can-
nabinoid reagents were sufficiently selective to distinguish between thesc classes
of compounds (table 3).

Histochemistry.—Starch was not detected in the protoplasm of laticifers or
glandular trichomes. However, starch grains were detected in chloroplasts
in the cytoplasm of parenchyma by both the IKI and PAS procedures. Walls of
all cells were stained a positive purple-red, indicative of cellulose, with the PAS
reagent. Callose, a normal constituent in phloem sieve tube members, was
detected with aniline blue on sieve plates by a yellow fluorescence; callose was not
detected in laticifers or disc cells of glandular trichomes (table 4).
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Lipids were present in the protoplasm of laticifers as well as in the disc cells
of the glandular trichomes and were stained black with osmium tetroxide and
dark blue with nile blue (table 4). Latex exudate also contained lipid bodies
which stained upon exposure to osmium tetroxide. However, lipids in the exudate
did not respond to Sudan dyes (table 4).

A general protein reaction to the ninhydrin-Schiff reagent occurred as a faint
pink color throughout the protoplasm of laticifers and disc cells of glandular
trichomes. No large protein bodies were evident in these cells (table 4).

TaBLE 4. Reaction of cellular structures in Cannabis to histochemical indicators.

. Capitate
Reagents Laticifers Parenchyma glandular
trichomes

Cairkighydrates (protoplasm):

|
»
|

~
>
wng

I+
I

Aniline blue. ................. ...
Ligids:
udans III and Black............
Nileblue........................
Osmium tetroxide................
Storage proteins:
Ninhydrin-Schiff.................
Dinitrofluorobenzene. . . .........
Enzymes:
Cytochrome oxidase.............
Lipase......................... ..
Acid phosphatase................ +

|
++1 |

|
|

I+ ++1
| I
|

++
|
| ++

sSymbols indicate response upon comparison with control reactions described
in Materials and Methods.

Lipase and cytochrome oxidase reaction products were detected throughout
the laticifer protoplasm as an evenly distributed gray-brown and blue reaction
product, respectively. Disc cells of glandular trichomes developed a red color
in the lipase test and a dense blue color in the cytochrome oxidase test (table 4).

Acid phosphatase activity was localized within distinct bodies or granules
in parenchyma cells, but was not detected in laticifers or disc cells of the glandular
trichomes (table 4).

DISCUSSION

These analyses indicate that cannabinoids, alkaloids, and other specialized
substances typically extracted from tissues by chemical procedures for subsequent
analysis can be identified in situ in Cannabis tissues.

Fast blue salt B, frequently used in thin layer chromatography to identify
cannabinoids (20) and reported to be relatively specific for cannabinoids (3, 25),
readily stained contents of laticifers and capitate glandular trichomes. Other
investigators (26, 27) also reported this reagent to stain contents of stalked glands
on fresh tissues. Our application of other histochemical indicators, including
Beam, Gibb, and Duquenois-Negm, further confirmed that these reagents can
identify cannabinoids in fresh tissue as well as in prepared extracts of tissues.

Choline, hordenine, trigonelline, spermidines, cannabamines and other alkaloids
have been reported from Cannabis (11, 14, 15-18), but previously these substances
have not been associated with a particular cell or tissue. The present study
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indicates that alkaloids accumulate in both laticifers and capitate glandular
trichomes. The pattern of alkaloid distribution is similar to that for cannabinoids.
Alkaloid reactions are distinct from cannabinoid responses both in laticifers and
trichomes as shown by the differential histochemical reactions for these two
classes of compounds.

Both quantitative and qualitative differences for cannabinoids and alkaloids,
as reflected in the intensity and shade of color of the reactions associated with
indicators, were detected in different cells and tissues of developing plants.
Cannabinoids and alkaloids initially appear in detectable quantities in the first
true leaves of seedlings and in various organs of the shoot. The seed, root,
cotyledons, and hypocotyl of seedlings lack detectable quantities of these sub-
stances. De Faubert Maunder (20) also reported a similar distribution for
cannabinoids in the seedling. Reports in the literature indicate that more sensitive
techniques, such as gas-liquid chromatography, have identified cannabinoids
in roots and seeds (4) or in the hypocotyl (28). The differences for cannabinoid
distribution as observed from the present study may reflect changes in the accumu-
lation or synthesis of cannabinoids in the protoplasm of laticifers and disc cells
of glandular trichomes during their development. Laticifer differentiation and
distribution coincided only in part with the accumulation and profile of can-
nabinoids, which first become identifiable in the epicotyl of 5-day seedlings.

Storage carbohydrates do not appear to accumulate in quantity in either
the laticifers or glandular trichomes of Cannabis. Laticifer plastids (29, 30)
and glands, in general, appear not to accumulate large reserves of starch, although
the laticifer plastids of some plants, such as Euphorbia (32), do synthesize large
quantities of this carbohydrate.

Storage proteins and free lipids, either acidic or phospholipid forms, apparently
do not accumulate in histochemically detectable quantities in the cytoplasm of
laticifers or glandular trichomes of Cannabis. The enzymes lipase and cytochrome
oxidase were abundant in both structures. Neither enzyme has been associated
as yet with particular functions in these structures, although it has been suggested
that cytochrome oxidase in the laticifer of Catharanthus may be related to the
differentiation of this cell (33).

Localization of cannabinoids, alkaloids, and other specialized substances
with histochemical indicators in the laticifers and glandular trichomes of Cannabis
indicate that these reagents can selectively identify specific substances within
intact cells and tissues. Such techniques are useful, therefore, when employed
in conjunction with other specific analytical procedures, for identifying extracted
products derived from particular tissues or cells.

ACKNOWLEDGMENT
This research was supported with grants from the United States Department of Agriculture
1()530(1)32116—9—22) and National Institute on Drug Abuse (DA 00981). DEA Registration No.
10043113.

Recerved 11 April 1980

LITERATURE CITED

1. C. Pitt, R. Hendron and R. Hsia, J. For. Sci., 17, 693 (1972).

2. Y. Gaoni and R. Mechoulam, J. Am. Chem. Soc., 86, 1946 (1964).

3. J. Forrest and R. Heacock, J. Chromatogr., 89,113 (1974).

4. P. Fetterman, D. Keith, C. Waller, O. Guerrero, N. Doorenbos and M. Quimby, J. Pharm.
Sci., 60, 1246 (1971).

5. E. Small and A. Cronquist, Taxon, 25, 405 (1976).

6. J. Hemphill, J. Turner and P. Mahlberg, J. Nat. Prod., 43, 112 (1980).



MAR-APR 1981] FURR AND MAHLBERG: LATICIFERS AND TRICHOMES IN CANNABIS 159

M. Fujita, S. Hiroko, E. Kuriyama, M. Shigehiro and M. Akasu, Ann. Rept. Tokyo Coll.
Pharm., 17, 238 (1967).

J. Turner, J. Hemphill and P. Mahlberg, Am. J. Bot., 64, 687 (1977).

J. Turner, J. Hlemphill and P. Mahlberg, Am. J. Bot., 65, 1103 (1978).

E. Schulze and S. Frankfort, Ber. Dtsch. Chem. Ges., 27,769 (1894).

D. Salemink, K. Veen and W. De Kloet, Planta Med., 13, 211 (1965).

C. Brecht and C. Salemink, United Nations Secretariat ST/SOA/SER., S/21,1 (1969).

J. Samrah, United Nations Secretariat ST/SOA/SER., S/27, 1 (1970).

F. Klein, H. Rapoport and H. Elliott, Nature, 232, 258 (1971).

F. El-Feraly and C. Turner, Phytochemistry, 14, 2304 (1975).

F. El-Feraly and C. Turner, United Nations Secretariat ST/SOA/SER., S§/52, 1 (1975).

F. El-Feraly and C. Turner, U/nited Nations Secretariat ST/SOA/SER., S/53, 1 (1976).

H. Lotter, ). Abraham, C. Turner, J. Knapp, P. Schiff, .Ir., and D. Slatkin, Tetrahedron
Lett., 33, 2815 (1975).

W. Butler,J. :ssoc. Off. Agr. Chem., 45, 597 (1962).

Maunder M. de Faubert, J. :ssoc. Publ. Anul., 8, 42 (1970).

C. Farmilo, T. Davis, F. Vandenheuvel and R. Lane, United Nations Secretatiat ST /SOA/
SER., S/4,1 (1961).

C. Fulton, Am. J. Pharm., 104, 244 (1932).

J. Chayen, L. Bitensky, R. Butcher and L. Poulter, ‘“A guide To Practical Histochemis-
try,”’ Lippincott, Press, Philadelphia, PA., 1969.

G. Vertrees and P. Mahlberg, Am. J. Bot., 65, 746 (1978).

A. Segelman and F. Segelman, J. Chromatogr., 123,79 (1976).

A. André and A. Vercruyse, Planta Med., 29, 361 (1976).

T.Malingré, H. Hendricks, S. Batterman, R. Bos and I. Visser, Planta Med., 28, 56 (1976).
J. Hemphill, .J. Turner and P. Mahlberg, J. Nat. Prod., 43, 112 (1980).

C. Nessler and P. Mahlberg, Am. J. Bot., 64, 541 (1977).

K. Wilson and P. Mahlberg, A4m. J. Bot., 65,94 (1978).

C. Hammond and P. Mahlberg, Am. J. Bot., 65,140 (1978).

P. Mahlberg, Am. J. Bot., 62, 577 (1975).

L. Yoder and P. Mahlberg, Am. J. Bot., 63, 1167 (1976).





