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The goal of this research was to use procedures to

assay for biological activites and then to utilize these

procedures in the evaluation or purification of the

active natural products.

Coca and cocaine were evaluated using bioassay to

develop dose response curves. Dose response curves for

reducing limited access food consumption were determined

for cocaine HC1 IP, cocaine HC1 P0, and whole

Erythroxylum coca (Lin.) extract P0. The ED50's for

cocaine HC1 in drug naive rats were 19.6 mg/kg (IP) and



34.6 mg/kg (P0). When the dose of E. coca extract was

expressed in terms of cocaine HC1 content, the ED 50 was

52.6 mg/kg (P0). When dose response curves were

determined in rats that had received cocaine (45 mg/kg,

P0) for 30 days, a shift to the right in the cocaine HC1

curve (an ED 50 of 98.4 mg/kg, P0) indicated tolerance.

However, the shift to the right was less for E. coca

extract than for cocaine HC1. Although the anorexic

activity of E. coca extract was less than that of an

equivalent amount of cocaine in naive rats it was often

more than that of equivalent doses of cocaine HC1 in

tolerant rats. Interaction with other constituents of E.

coca extract appears to alter the potency of the cocaine

content of the extract in different directions in naive

and tolerant rats.

The second plant studied using bioassay and

phytochemical techniques was the Inside-Out plant,

Vancouveria bexandra (Morr. and Decne.). During a

phytochemical investigation of K. bexandra for alkaloids

it was noted that certain fractions posessed

vasoconstrictor activity. A quaternary alkaloid was

isolated which was not responsible for the

vasoconstrictor effect. A methanol extract, through

chromatographic techniques, yielded an active principle.

The active principle was shown to be icariin through a



comparison with an authentic sample and conversion to

known derivatives.

Icariin was found to have in vivo vasoconstrictor

activity which was considerably less active than

norepinephrine. However the vasoconstrictor activity of

icariin was not reduced by phentolamine, an adrenergic

blocker. Thus icariin appears to act directly on the

smooth muscle of the artery.
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A STUDY OF BIOACTIVE SUBSTANCES FROM

ERYTHROXLUM COCA (LIN.) AND VANCOUVERIA REXANDRA (MORR.

AND DECNE.)

INTRODUCTION

Chemicals and congeners from natural products still

constitute a large proportion (approximately 50%) of all

drug prescriptions [13]. The contribution of natural

products to all prescriptions has not decreased

dramatically in the last twenty years [13,16].

Unfortunately, isolation of biologically active natural

products has assumed a diminishing role [14]. In 1975

Farnsworth produced an "annual report" concerning natural

products research [14]. During this year only 43 new

biologically active natural compounds were discovered.

Perhaps the stated goals towards phytochemical ends were

at fault. The isolation of natural products with

pharmacological actions were seldom persued.

The goal of this research was to use procedures to

assay for biological activities and then to utilize these

procedures in the evaluation or the purification of
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active natural products. Two plants were utilized in

these investigations. The first plant studied was

Lrythroxylum coca (Lin.), or coca. It has been often

stated that cocaine is the sole active constituent in

coca extract [20, 23], but recent reports have indicated

that subjective differences exist between cocaine and

coca [33, 34]. Whereas many pharmacological studies

exist concerning the activities of cocaine, there exists

few controlled pharmacological studies comparing the

properties of coca and cocaine. In this study a bioassay

was developed utilizing naive and cocaine tolerant rats

to determined whether other constituents in coca could

demonstrate anorexic activity besides cocaine. The

activity of cocaine by the oral route of administration

is ambiguous according to reports in the literature

[3,32]. The bioassay method was also used to compare

intraperitoneal and oral routes of administration of

cocaine.

The second plant utilized in bioassay experiments,

Vancouveria hexandra (Morr. and Decne.), or Inside-Out

flower, was one of 53 plants studied in a NIH funded

project to phytochemically screen Northwest plants in

1964-6. As expected from a phytochemically based study

only compounds lacking activity were isolated. This

study did indicate the presence of alkaloids in y.
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hexandra and since alkaloids were unknown in this genus

the isolation and characterization of these alkaloids

became a goal of this research. However the observation

that breathing the dust of this plant could act as a

nasal decongestant led to the deduction that there must

be a vasoconstrictor property in Vancouveria and to the

goal of the isolation of the active principle responsible

for the vasoconstrictor activity.

Thus this research had four goals:

1. Use of bioassay to compare oral and intraperitoneal

routes of cocaine.

2. Use of bioassay to compare pharmacological properties

of coca and cocaine.

3. Use of bioassay to isolate and characterize the

vasoconstrictor property of Vancouveria hexandra.

4. Use of phytochemical techniques to isolate unknown

alkaloids from Vancouveria hexandra.
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CHAPTER 1

Anorexic Activity of Cocaine and Coca Extract in Naive

and Cocaine Tolerant Rats

1.1 INTRODUCTION

Botanists today recognize two species of the genus

Zrythroxylum. These two species are E. coca Lam., which

includes Bolivian or Huanuco coca and E. novogranatase

(Morris) Hieron., which is Columbian coca [24]. Each of

these species has two cultivated varieties that are

recognized [24]. The variety of Z. coca, which is known

as E. coca var. Ipadu Plowman, has the common name of

Amazonian coca. Along the north coast of Peru grows a

cultivated variety of E. novogxanatase recogized as E.

novogranatase var. truxillense (Rusby) Plowman, also
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known as Trujillo coca. The identity of these varieties

of coca and the common names has been the source of much

confusion in the literature. The geographical

distribution of these coca varieties are shown in Figure

1.

E. coca (Bolivian or Huanuco coca) is the most

important commercial species and is still widely

cultivated in the Andes region for legal and illegal

production of cocaine [25]. This variety is considered

by taxonomists to be the most primitive among the

cultivated varieties and may be the ancestor of the other

varieties. Only examples of this variety have been found

in the wild state which supports this contention [24]. A

museum specimen of L. coca var. coca is shown in Figure

2.

All the cultivated coca plants are employed for

chewing although the Trujillo coca is the most highly

prized by coca chewers. Trujillo coca, B. novogranatase

var. truxillense, has a high methyl salicylate content

and has been used in production of coca flavoured

beverages and wines [25]. Today de-cocainized extracts

of Trujillo coca are used in production of the popular

beverage Coca Cola [25]. When Coca Cola was originally

developed in 1885 by John S. Pemberton it was formulated

with the complete extract including cocaine [20].



Figure 1

Geographical Distribution of Coca Varieties
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Figure 2

Line Drawing of E. coca var. coca
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South American Indians have chewed coca leaves for

centuries to suppress hunger, thirst, fatigue, and other

purposes. In the first Western account of the practice

of coca chewing mention is made that coca reduces hunger

and thirst.

"In certain valleys, among the mountains (of Peru),
there grows a certain herb called Coca, which the
Indians do esteem more than gold or silver ... The
virtue of this herb found by experience is that any
man having these leaves hath never hunger or thirst

"[20].

The German chemist Albert Niemann isolated cocaine

from coca in 1860 [20]. The pharmacological properties

of cocaine were elucidated by a series of physicans from

Koller in 1884 to Einhorn in 1904 [20]. All the

pharmacological properties of coca became attributed to

cocaine [20, 33].

Although the physiological activity of coca is

attributed to cocaine some 14 alkaloide of the coca

plant. The coca alkaloids are a mixture of ecognine

derivatives (including cocaine and cinnamyl cocaine),

tropeines (including tropeine and tropacocaine) and

hygrines (including hygrine and cuscohygrine) [21].

Previously it was believed that cocaine was

destroyed in the gastrointestinal tract and not very

active if swallowed [27]. Preliminary experiments were
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begun to determine the difference between cocaine given

by intraperitoneal and oral routes of administration.

Subsequent reports appeared in the literature documenting

that cocaine could be orally adsorbed [28]. In addition

these results were confirmed by a report that cocaine

appeared in the blood of coca chewers [17]. It was

reported that oral cocaine had the same subjective

effects as intranasal cocaine [32].

At the time this research was initiated there were

few references demonstrating the anorexic activity of

cocaine. The first reports utilizing rats and dogs

failed to demonstrate any activity on food consumption

[10, 11]. However the experimental design did not take

into account that cocaine has a short half-life in the

body [28]. Thus the effects of cocaine injections

quickly are lost, the animals appetite returns and normal

food consumption is observed. Preliminary experiments

demonstrated that limited access food consumption was

effected by cocaine injections. Subsequently others

reported the anorexic activity of cocaine administered

intraperitoneally and orally [3]. One publication has

shown that no difference exists between the two routes of

administration [4].
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Tolerance to the anorexic activity of cocaine was

not known at the time these studies were initiated in

1978. However two reports were published soon after our

studies were begun indicating that tolerance occurred

after intraperitoneal injections [35, 36]. These reports

seem to conflict with the experience of Indians who chew

coca for years without loss of anorexic effect [21]. The

possiblity existed that another constituent in coca

besides cocaine effected anorexic activity. Studies were

undertaken to indicate whether other constituents in coca

effected the anorexic activity of cocaine. A subsequent

report indicated that a cocaine-free fraction had

significant activity in reducing food consumption [5].

However there existed significant toxicity associcated

with this fraction so the anorexic activity could have

been a part of the toxic response. No study to date has

demonstrated a difference between an extract of the whole

leaf and of cocaine alone on limited access food

consumption.

This study was designed to do the following:

1. the feeding schedule was determined,

2. dose response curves were delineated for oral and

intraperitoneal cocaine,

3. the degree of tolerance developing from oral

administration of cocaine was determined',
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4. the cocaine content of E. coca var. coca whole

methanol extract was determined,

5. the anorexic activity of cocaine and whole leaf

extract with equal cocaine content were compared in naive

and cocaine tolerant rats.
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1.2 METHODS

The subjects, male Sprague-Dawley rats, were

individually housed in a temperature controlled

environment with a 12 hr light-dark cycle. A liquid diet

[9] was available for a one hour period. Once daily and

twice daily periods were evaluated. The feeding schedule

that allowed a nearly normal weight gain was the twice

daily feeding schedule. The subjects were allowed to

acclimate to this feeding schedule until mean food intake

varied by less than 10 per cent.

E. coca var. coca leaves were obtained from Peru

with the generous assistance of Dr. Andrew Wiel of the

Harvard Botanical Museum. A voucher specimen has been

maintained at the museum. The dried leaves (1.07 kg)

were ground in a Wiley mill and then percolated

exhaustively with methanol until all alkaloids had been

extracted (Dragendorf negative). Following evaporation

of solvent at reduced pressure, the extract was suspended

in water (500 ml) and lyophilized to assure that all

methanol was removed. The cocaine content was determined

by a gas chromatography method [2].
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A gas chromatograph equipped with a flame ionization

detector was employed for the analysis. A 1.8 m, 0.6 mm

coiled glass column was packed with ay-in on Gas Chrom

Q. The temperatures of the column bath, injector port,

and detector were 200° C, 250° C, and 300° C,

respectively. The carrier gas, nitrogen, had a flow rate

of 30 ml/min. The retention time for cocaine free base

was 17.1 min. A sample of 2ipl was injected. A standard

curve relating peak height and cocaine concentration was

determined (Figure 5).

The analysis for cocaine in the extract employed the

following procedure. To a 161 mg sample (representing 1

gm of leaves) of coca extract was added 1 ml of strong

ammonia/water (1:1), to which 5 ml of acetone was added.

The extraction was aided by sonically disrupting the

extract. The mixture was centrifuged and the supernatent

was transferred to a clean tube. The supernatant volume

was reduced under a stream of nitrogen to appoximately 2

ml, then the volume was raised accurately to 5 ml in a

volumetric flask. An aliquot of this sample was injected

onto the column. To confirm the identity of the peak

identified as cocaine free base, another evaluation was

performed by GC-MS on a Finnigan EI-CI.



14

Coca extract was suspended in normal saline with the

aid of Tween 80 so that each rat would receive

approximately 1 ml of preparation. Four dose levels were

employed corresponding to a cocaine HC1 content of 15,

30, 60, and 90 mg/kg. Cocaine HC1 flakes USP were

obtained from Mallinkrodt Chemical Co. Seven dosages

(10, 15, 20, 30, 60, 90 and 120 mg/kg) of cocaine HC1

were administered in 1 ml of 0.9% saline. All drug

solutions, prepared immediately before each experiment,

were given by gastric lavage or intraperitoneally.

In the anorexic testing procedure the acclimated

rats were given 1 ml of saline vehicle at either 15 min

(intraperitoneal) or 45 min (oral) before each feeding

session for three days and thereafter except when the

drug was given. The experimental design was a 5 x 5

Latin square with four drug dosages and one saline

control dosage utilized [7]. The possibility of drug

carry-over effects was evaluated by administering a 125

mg/kg dose to 15 rats and then monitoring food intake for

two days. The drug was administered on alternate

afternoon sessions to minimize drug carry-over effects.

Each animal served as its own control to calculate

changes in food intake. The data was statistically

evaluated by ANOVA. Mean responses to different

treatments were compared using Student's t-test. Log
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dose response regression lines were evaluated for

linearity and compared for similarity using F tests.

Similarity of slopes between two regression lines was

determined by calculation of the 90% confidence limits

for the difference in slopes [7) .

In the acute studies the rats had a mean weight of

300 gm ( ± 25 SEM). There were 4 to 5 rats in each of

the five groups. Intraperitoneal dosages of cocaine HC1

were given 15 min prior to feeding sessions, and four

dosages (10, 15, 20 and 30 mg/kg) were employed. Oral

dosages of cocaine HC1 were given 45 minutes prior to

feeding sessions in dosages of 15, 30, 60 and 90 mg/kg.

Oral doses of coca extract were given in a similiar

manner and contained an equivalent amount of cocaine HC1.

In the chronic studies the rats (mean weight 250 gm)

were given an oral cocaine HC1 dose of 45 mg/kg. This

dose was administered 45 minutes before each feeding

session, twice daily, for thirty days. The anorexic

activity of oral cocaine and coca extract were again

determined as described above except cocaine HC1 (45

mg/kg) was given before feeding sessions instead of

saline vehicle. There were 3 to 4 rats (mean weight 300

gm) in each of the five groups. Cocaine HC1 was

evaluated at 30, 60, 90 and 120 mg/kg in order to
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complete dose response curves. The dosages of whole coca

extract equivalent to 15, 30, 60 and 90 mg/kg cocaine HC1

were tested for anorexic activity. To establish normal

weight gain a control group of 10 rats received only the

saline vehicle for thirty days.
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1.3 RESULTS

1.3.1 Acclimation af Rats t2 Limited Access Liquid Diet

Initially a 1 hr daily feeding schedule was

attempted with a liquid diet. Over the first four days

the daily mean food intake was respectively, 9.7 ml, 17.2

ml, 16.0 ml and 14.2 ml. Since the mean food intake was

decreasing after the second day the procedure needed to

be adjusted.

Altering the feeding schedule from 1 hr to two 1 hr

feeding periods gave satisfactorily stabilized food

intakes and the rats gained weight. The mean daily food

intake over a nine day period is shown in Figure 3.

Progessively the mean daily food intake increased until

day 5. After day 5 the mean food intake was 49.6 ml and

did not vary by more than 10%. Therefore allowing the

rats to acclimate for at least 7 days before treatment

with drugs assured that mean food intake was stable.
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Figure 3

Daily Food Consumption During Acclimation Period
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1.3.2 Drug Carry-Over Determination

A cocaine (oral) dose of 125 mg/kg was chosen to

test for drug carry-over effect. This 125 mg/kg dose was

greater than the largest dose employed in subsequent

experiments. A group of 15 rats received the drug on the

afternoon of day 1. The food intake of each animal was

measured for the next two days. The mean morning food

intakes for day 1 through day 3 were 29.5 ml ( ± 7.6

SEM), 28.6 ml ( ± 6.4 SEM) and 27.5 ml ( ± 5.9 SEM),

respectively. The food intakes for each animal before

and after treatment with 125 mg/kg cocaine (oral) were

paired and tested for significant difference with the

Student's t test. The differences were regarded as

coming from one sample of pairs. The mean difference

between food intake on day 1 and day 2 was -14/15, or

- 0.93 ml. The standard deviation for the difference

between days was 8.54 and the standard error was 2.28.

The t value for the paired difference is -0.93/2.28, or

- 0.41, well below the 1% level which is 2.977 (in

absolute value). Thus no significant differences in mean

food intakes were tound even on the next morning

following an afternoon injection. Therefore the protocol

of giving doses on alternate afternoon should not have

any drug carry-over effect complicating the experiment.
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1.3.3 Effect DI Cocaine

211 Limited Access Food Consumption

Twenty-five rats were divided into five equal

groups. The groups determined the order a dose was to be

given, and represented the rows in the 5 x 5 latin square

experimental design. Four doses of cocaine (IP) and one

saline (IP) dose, representing the treatments A, B, C, D

and E; which corresponded to saline, 10, 15, 20 and 30

mg/kg, respectively. The drugs were given on alternate

days, and days represent the columns of the latin square.

The latin square with the food intakes expressed as the

mean (5 rats) normalized food intakes is shown in Table 1

with the totals.
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Table 1.

Mean Normalized Food Intakes

in Cocaine (IP ) Treated Rats

5 x 5 Latin Square

Groups Days Totals

1 3 5 7 9

I A=1.0 B=0.67 C=0.86 D=0.79 E=0.62 3.94

II B=0.90 A=1.0 D=0.47 E=0.21 C=0.82 3.40

III C=0.41 E=0.46 A=1.0 B=0.81 D=0.47 3.15

IV D=0.46 C=0.36 E=0.20 A=1.0 B=0.85 2.87

E=0.01 D=0.33 B=0.71 C=0.64 A=1.0 2.69

Totals 2.78 2.82 3.24 3.45 3.76 16.05

Totals for Doses

A B C D___ E____

5.0 3.94 3.09 2.52 1.50



22

The following sums of squares were then calculated:

Correction Factor, C=sqr(16.05)/25=10.304

Total SS=12.33 - 10.304=2.026

Rows SS=1/5(sqr(3.94)+ +sqr(2.69)) 10.304=0.192

Columns SS=1/5(sqr(2.78)+ +sqr(3.76)) - 10.304=0.140

Treatments SS=1/5(sqr(5.0)+ +sqr(1.50)) - 10.304=1.430

Error SS=2.026 - 0.192 - 0.140 - 1.430=0.264

These sums of squares were entered in the analysis of

variance, see Appendix (Table 10). The F value for

treatment with cocaine (IP) was 16.27, well beyond the 1%

level, which is 5.06 for 4df and 12df. This indicated

that the mean per cent of control food intake varies in a

dose dependent manner. The estimated standard error of

the mean per cent of control food intakes is sqr rt(Error

MS) /5, or in this case 0.010. From ANOVA (see Appendix

(Table 10) the F value for the rows and columns were 2.18

and 1.59, respectively, which is below the 5% value,

3.26, for 4df and 12df. Thus neither the group of rats

or the day had any clear effect on the food intake of the

rats. Table 2 contains the data relating dose, log dose,

and per cent of control food intake. These data are

plotted in a scatter plot in Figure 4. A regression line

was fitted by the least squares method and is shown in
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Figure 4

Plots of Mean Responses to Cocaine and Coca Treatments with Corre-

sponding Regression Lines in Naive and Cocaine Tolerant Subjects
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Table 2

Effect of Cocaine and Coca Extract

on Mean Normalized Food Intake

Dose (mg/kg) 10 15 20 30 60 90 120

Log Dose 1.00 1.18 1.30 1.48 1.78 1.96 2.08

Mean Normalized Food Intake ( ± SEM)

0.41

Naive Rats

0.31 0.14

0.43 0.37

0.72 0.54

0.82 0.49

Cocaine 0.79 0.62 0.50 0.30

(IP) ( ± 0.01 SEM)

Cocaine 0.79 0.56

(PO) ( ± 0.006 SEM)

Coca Extract 0.83 0.67

(PO) ( ± 0.009 SEM)

Cocaine Tolerant Rats

Coca Extract 0.88 0.83

(PO) ( ± 0.008 SEM)

Cocaine 0.92

(PO) ( ± 0.02 SEM)
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the same figure. The linear regression function obtained

was

Y=1.817 - 1.020X, where X is the log dose of cocaine

(IP) and Y is the mean per cent of control food intake.

An analysis of variance was obtained for the regression

function and the results are presented in Table 3.
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Table 3

Regression Lines and Statistical Analysis of Variance

Treatment Line

Naive rats

Regression Eq P F SE

Cocaine A Y=1.817 -1.020X .001 848 .0008

(IP)

Cocaine B Y=1.782 -0.830X .0001 1215 .0006

(P0)

Coca Extr C Y=1.565 -0.619X .001 142 .005

(PO)

Cocaine Tolerant rats

Coca Extr D Y=1.401 -0.412X .10 2 .032

(PO)

Cocaine E Y=2.433 -0.966X .025 24 .035

(PO)
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1.3.4 Effect DI Cocaine (P0) ma Limited Access Food

Consumption

Twenty-five rats were divided into five groups. The

groups determined the order a dose was to be given, and

represented the rows in the 5 x 5 latin square. Four

doses of cocaine (P0) and one saline (P0) dose,

representing the treatments A, B, C, D and E; which

corresponded to saline, 15, 30, 60 and 90 mg/kg,

respectively. The drugs were given on alternate days and

days were taken as the columns of the latin square. The

latin square with the food intakes expressed as the mean

(for 5 rats normalized food intake is shown in Table 4

with the totals. The following sums of squares were then

calculated.

Correction Factor, C=sqr(13.99)/25=7.829

Total SS=10.55 - 7.829=2.721

Rows SS=1/5(sqr(3.04)+ +sqr(2.52))-7.829=0.039

Columns SS=1/5(sqr(2.44)+ +sqr(2.50))-7.829=0.074

Treatments SS=1/5(sqr(5.0)+ +sqr(0.70))-7.829=2.442

Error SS=2.721 - 0.039 - 0.074 - 2.442=0.166

These sums of squares were entered in the analysis of
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Table 4

Mean Normalized Food Intakes

in Cocaine (P0) Treated Rats

5 x 5 Latin Square

Groups Days Totals

1 3 5 7 9

I A=1.0 B=0.92 C=0.61 D=0.50 E=0.01 3.04

II B=0.83 A=1.0 D=0.30 E=0.28 C=0.59 3.00

III C=0.36 E=0.24 A=1.0 B=0.75 D=0.31 1.84

IV D=0.25 C=0.76 E=0.17 A=1.0 B=0.59 2.77

V E=0.0 D=0.17 B=0.87 C=0.48 A=1.0 2.52

Totals 2.44 3.09 2.95 3.01 2.50 13.99

Totals for Doses

A B C____ D____ E____

5.0 3.96 2.80 1.53 0.70
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variance, (see Appendix, Table 11). The F value for

treatment with cocaine (P0) was 44.13, well beyond the 1%

level, which is 5.06 for 4df and 12df. This indicated

that the mean normalized food intake varies in a dose

dependent manner. The estimated standard error of the

mean normalized food intake was sqr rt(Error MS)/5, or in

this case 0.006. From ANOVA table (see Appendix, Table

11) the F value for the rows and columns were 0.71 and

1.34, respectively, which is below the 5% value, 3.26,

for 4df and 12 df. Thus neither the group of rats or the

day had any clear effect on the food intake of the rats.

Table 2 contains the data relating dose, log dose, and

mean normalized food intake. These data are plotted in a

scatter plot in Figure 3. A regression line was fitted

by the least squares method and is shown in the same

figure. The regression function obtained was

Y=1.782 -0.830X, where X is the log dose of cocaine

(P0) and Y is the mean normalized food intake. An

analysis of variance was obtained for the regression

function and the results are presented in Table 3.
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1.3.5 Cocaine Content of Coca Leaves and. Methanol

Extract

The standard curve relating peak height and cocaine

concentration is shown in Figure 5. The peak width

remained constant (5 mm) so area under curve is directly

related to peak height. The linear regression function

obtained was

Y=-1.446 + 11.81X, where Y is the peak height and X

is the cocaine free base concentration in mg/ml. The

correlation coefficient of the regression function was

0.996.

To confirm the identity of the peak identified with

cocaine free base the peak was analyzed by GC-MS. The

mass spectrum of this peak closely matched an actual

cocaine mass spectrum (Figure 6).

The injected 2 ul sample, an aliquot of the 161 mg

of coca extract, was found to have a cocaine free base

concentration of 1.13 mg/ml. Thus the 5.0 ml sample,

representing 161 mg of extract, contained (1.13 mg/m1)(5

ml), or 5.65 mg. The cocaine content of the methanol

extract was (0.00565 gm)(161 gm)/(0.161 gm), or 5.65 gm

and the per cent by weight cocaine free base
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Figure 6

Mass Spectra of Assigned GC Peak and Actual Cocaine Free Base
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concentration was 3.51%. Thus the cocaine concentration

of the dried leaves was (5.65 gm)(100)/(1000 gm), or

0.565%. The extract contained the equivalent of (5.65

gm)(339.64 gm/mole)/(303.17 gm/mole), or 6.33 gm of

cocaine HC1. The equivalent cocaine HC1 concentration of

the methanol extract was 39.3 mg/gm of extract.

The efficiency of the extraction was calculated by

adding 6.1 mg of cocaine HC1 (equivalent to 5.4 mg of

cocaine free base) to an identical 161 mg sample of coca

extract. The sample was found to have a cocaine free

base content of 10.9 mg. Thus the efficiency is given by

the following equation,

(Increase Found)(100)/(Increase Predicted) =

(10.9 mg - 5.7 mg)(100)/(5.4 mg) , or 96.3%. The

effect of this error on a 120 mg/kg dose in a typical rat

(350 gm), without correcting for the extraction

efficiency, the dose would be 2 mg/kg greater than

expected. This 1.7% difference was considered neglible

in respect to the normal biological variation.

1.3.6 Effect Qf Coca Extract (P01 an Limited Access Food

Consumption
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Twenty rats were divided into five equal groups.

The groups determined the order a dose was to be given,

and represented the rows in the 5 x 5 latin square. Four

doses of coca extract (P0) and one saline (P0) dose,

representing the treatments A, B, C, D and E; which

corresponded to saline, 15, 30, 60 and 90 mg/kg,

respectively. The doses of coca extract are expressed in

terms of the cocaine content of the extract. The drugs

were given on alternate days and days were taken as the

columns of the latin square. The latin square with the

food intakes expressed as the mean (for 4 rats)

normalized food intake is shown in Table 5. The

following sums of squares were then calculated.

Correction Factor, C=sqr(16.51)/25=10.90

Total SS=12.83 - 10.90=1.93

Rows SS=1/5(sqr(3.07)+ +sqr(2.76))-10.90=0.182

Columns SS=1/5(sqr(3.17)+ +sqr(3.61))-10.90=0.092

Treatments SS=1/5(sqr(5.0)+ +sqr(1.83))-10.90=1.414

Error SS=1.93 - 0.182 - 0.092 - 1.414 = 0.242

These sums of squares were entered in the analysis of

variance, see Appendix, Table 12. The F value for

treatment with coca extract (P0) was 17.50, well beyond

the 1% level, which is 5.06 for 4 df and 12 df. This

indicated that the mean normalized food intake varies in
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Table 5

Mean Normalized Food Intakes

in Coca Extract (PO) Treated Rats

5 x 5 Latin Square

Groups Days Totals

1 3 5 7 9

I A=1.0 B=0.77 C=0.72 D=0.32 E=0.26 3.07

II B=0.90 A=1.0 D=0.92 E=0.30 C=0.92 4.04

III C=0.60 E=0.50 A=1.0 B=0.80 D=0.40 3.30

IV D=0.31 C=0.59 E=0.41 A=1.0 B=1.03 2.76

V E=0.36 D=0.22 B=0.65 C=0.53 A=1.0 2.76

Totals 3.17 3.08 3.70 2.95 3.61 16.51

Totals for Doses

A E____ C____ E____

5.0 4.15 3.36

____

2.17 1.83
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a dose dependent manner. The estimated standard error of

the mean normalized food intake is sqr rt(Error MS)/5, or

in this case 0.009. From ANOVA table (see Appendix,

Table 12) the F value for the rows and columns were 2.26

and 1.14, respectively, which is below the 5% value, 3.26

for 4df and 12 df. Thus neither the group of rats or the

day had any clear effect on the food intake of the rats.

Table 2 contains the data relating dose, log dose and

mean normalized food intake. These data are plotted in a

scatter plot in Figure 3. A regression line was fitted

by the least squares method and is shown in the same

figure. The linear regression function obtained was

Y=1.565 - 0.619X, where X is the log dose of coca

extract (P0) and Y is the mean normalized food intake.

An analysis of variance was obtained for the regression

function and the results are presented in Table 3.
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1.3.7 Effect of Cocaine (P0) After Chronic Cocaine

Exposure 911 Limited Access Food Consumption

Twenty rats were divided into five equal groups.

The groups determined the order a dose was to be given,

and represented the rows in the 5 x 5 latin square. Four

doses of cocaine (P0) and one saline (P0) dose,

representing the treatments A, B, C, D and E; which

corresponded to saline, 30, 60, 90 and 120 mg/kg,

respectively. The drugs were given on alternate days and

days were taken as the columns of the latin square. The

latin square with food intakes expressed as the mean (for

3 rats) is shown in Table 6 with the totals. The

following sums of squares were then calculated.

Correction Factor, C=sqr(18.41)/25 = 13.557

Total SS=16.67 - 13.557=3.113

Rows SS=1/5(sqr(3.54)+ +sqr(2.72))- 13.557=0.770

Columns SS=1/5(sqr(4.41)+ +sqr(3.28))- 13.557=0.233

Treatments SS=1/5(sqr(5.0)+ +sqr(2.05))-13.557=1.480

Error SS= 3.113 - 0.770 - 0.233 -1.480=0.630

These sums of squares were entered in the analysis of

variance, see Appendix, Table 13. The F value for
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Table 6

Mean Normalized Food Intakes

in Cocaine Treated

Cocaine Tolerant Rats

5 x 5 Latin Square

Groups Days Totals

1 3 5 7 9

I A=1.0 B=0.86 C=0.58 D=0.63 E=0.47 3.54

II B=0.87 A=1.0 D=0.31 E=0.39 C=0.55 3.12

III C=1.66 E=0.57 A=1.0 B=1.53 D=0.53 5.29

IV D=0.75 C=0.77 E=0.49 A=1.0 B=0.73 3.74

V E=0.13 D=0.22 B=0.82 C=0.55 A=1.0 2.72

Totals 4.41 3.42 3.20 4.10 3.28 18.41

Totals for Doses

A B C D____ Z____

5.0 4.81 4.11 2.44 2.05
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treatment with cocaine (P0) was 7.11, beyond the 1%

level, which is 5.06 for 4df and 12df. This indicated

that the mean normalized food intake varies in a dose

dependent manner. The estimated standard error of the

mean normalized food intake is sqr rt(Error MS)/5, or in

this case 0.02. From ANOVA table (see Appendix, Table

13) the F value for the rows and columns were 3.69 and

1.12, respectively. The value for the day of treatment

was below the 5% value, 3.26, for 4df and 12df but the

experiment was slightly dependent on the group of rats.

It appears from the latin square that group III was

chiefly responsible and is definitely suspect. Table 2

contains the data relating dose, log dose, and mean

normalized food intake. These data are plotted in a

scatter plot in Figure 3. A regression line was fitted

by the least squares method and is shown in the same

figure. The linear regresson function obtained was

Y=2.433 - 0.966X, where X is the log dose of cocaine

(P0) and Y is the mean normalized food intake. An

analysis of variance was obtained for the regression

function and the results are presented in Table 3.
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1.3.8 Effect 2f Chronic Cocaine (P0) Exposure pn Body

Weight

The body weights of the cocaine treated group (20

rats) are compared to the control group (10 rats) in

Figure 7. Both the chronically treated group and the

control group gained weight over the thirty day period.

Initially the chronically treated group gained weight

more slowly than the control group. However after

fifteen days the two groups gained weight at similiar

rates and the cocaine receiving group even increased

their weight more rapidly than the control group.

1.3.9 Effect of Coca Extract (P0) in Cocaine Tolerant

pats oln Limited Access Food Consumption

Twenty rats were divided into five equal groups.

The groups determined the order a dose was to be given,

and represented the rows in the 5 x 5 latin square. Four

doses of coca extract (P0) and one saline (P0) dose,

representing the treatments A, B, C, D and E; which

corresponded to saline, 15, 30, 60 and 90 mg/kg,

respectively. The doses of coca extract are expressed in

terms of the cocaine content of the extract. The drugs
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were given on alternate days and days were taken as the

columns of the latin square. The latin square with the

food intakes expressed as the mean (3-4 rats) normalized

food intakes is shown in Table 7. The following sums of

squares were then calculated.

Correction Factor, C=sqr(19.81)/25=15.70

Total SS=16.76- 15.70=1.06

Rows SS=1/5(sqr(3.82)+ +sqr(4.00))-15.70=0.197

Columns SS=1/5(sqr(4.10)+ +sqr(3.92))-15.70=0.019

Treatments SS=1/5(sqr(5.0)+ +sqr(2.69))-15.70=0.606

Error SS=1.06 - 0.197 - 0.019 - 0.606 = 0.238

These sums of squares were entered in the analysis of

variance, see Appendix, Table 14. The F value for

treatment with coca extract (P0) in cocaine tolerant rats

was 7.93, well beyond the 1% level, which is 5.06 for 4df

and 12df. This indicated that the mean normalized food

intake varies in a dose dependent manner. The estimated

standard error of the mean normalized food intake is sqr

rt(Error MS)/5, or in this case 0.009. From ANOVA table

(see Appendix, Table 14) the F value for the rows and

columns were 2.45 and 0.25, respectively, both of which

are below the 5% value, 3.26 for 4df and 12df. Thus

neither the group of rats or the day had any clear effect
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Table 7

Mean Normalized Food Intakes in Coca (PO) treated

Cocaine Tolerant Rats

5 x 5 Latin Square

Groups Days Totals

1 3 5 7 9

I A=1.0 B=0.82 C=0.94 D=0.69 E=0.37 3.82

II B=0.59 A=1.0 D=0.73 E=0.46 C=0.70 3.48

III C=0.76 E=0.48 A=1.0 B=0.86 D=0.62 3.72

IV D=0.99 C=0.95 E=0.62 A=1.0 B=1.23 4.79

V E=0.76 D=0.56 B=0.88 C=0.80 A=1.0 4.00

Totals 4.10 3.81 4.17 3.81 3.92 19.81

Totals for Doses

A____ B C____ D____ E____

5.0 4.38 4.15 3.59 2.69
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on the food intake of the rats. Table 2 contains the

data relating dose, log dose and mean normalized food

intakes. These data are plotted in a scatter plot in

Figure 3. A regression line was fitted by the least

squares method and is shown in the same figure. The

linear regression function obtained was

Y=1.401 - 0.412X, where X is the log dose of coca

extract (PO) and Y is the mean normalized food intake.

An analysis of variance was obtained for the regression

function and the results are presented in Table 3.
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1.3.10 Difference in Regression Line Blopes

The slopes of the regresson lines were compared by

calculating the difference in slopes with 90% confidence

limits. The results of these calculations for various

treatments is shown in Table 8. The regression lines for

acutely and chronically administered cocaine (P0) are

parallel (Figure 4). Comparison of other treatments as

illustrated were not found to be parallel.
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Table 8

Comparison of Regression Line Slopes

Regression Lines

Compared (Figure

Difference in Slopes

4) (90% Confidence Limits)

A versus B +0.096, +0.283

B versus C +0.204, +0.217

B versus D -0.621, +0.893

C versus D +0.181, +0.656

'D versus E +0.093, +1.015
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1.4 CONCLUSIONS

Increasing cocaine dosages gave a dose dependent

reduction of food intake. The intraperitoneal dose that

reduced food consumption by 50% (ED =19.6 mg/kg)
50

compares well with the approximate ED Is, 14 mg/kg and
50

15 mg/kg, reported in previous studies [3, 26, 36].

Also, this study corroborates reports on the

effectiveness of cocaine HC1 by the oral route [3, 26,

36]. The oral ED was 76% greater (p < 0.05) than the

intraperitoneal ED . Differences from previous reports
50

include the use of different strains of rats, number of

subjects and observations, time of injection before

feeding, length of feeding time, and possible toxic

responses. The fact that the intraperitoneal experiments-

agreed with previous studies indicates that most

differences from prior studies were probably minimal.

The experimental design employed herein took into account

the fact that alkaloid absorption from the

gastrointestinal system may occur primarily via the small

intestine [28], hence cocaine HC1 was given orally 45

minutes before feeding rather than 15 minute injection

time for intraperitoneal dosages. Furthermore, the latin
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square design allowed 20-25 observations to establish

each point on the dose response curves.

This is the first report of the effect of whole coca

extract on limited access food consumption. The dose

response curve in naive subjects of coca extract,

prepared to contain equivalent amounts of cocaine, was

shifted to the right of that of oral cocaine HC1. The

ED
50

of coca extract was 50% greater (p < 0.05) . Thus the

effect of coca extract in naive subjects could not be

explained by the cocaine content alone and suggests that

other constituents of coca extract affect the activity.

Possibly other constituents affect the bioavailablitiy of

the cocaine in the extract or a less potent constituent

decreases the cocaine activity.

This study also demonstrates the considerable

tolerance that develops to repeated cocaine injections as

previously noted [29, 35]. The dose response curve to

cocaine HC1 after thirty days exposure demonstrated a

considerable shift in the curve to the right in a

parallel manner; the ED was 98.4 mg/kg, a 180% increase
50

(p < 0.05). However, greater activity was found when coca

extract, which contained equivalent quantities of cocaine

HC1, was given orally to cocaine tolerant subjects, since

the shift in the curve to the right appeared to be less
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than that observed with cocaine HC1 and was not parallel

to either the cocaine HC1 curves or to the coca extract

curve in naive rats. In contrast to the results in naive

rats, coca extract, in low to moderate doses, exhibited

greater activity than equivalent doses of cocaine HC1 in

cocaine tolerant rats. The substances responsible for

the decreased effect of cocaine as a constituent of coca

extract in naive subjects and for the enhanced effect of

low to moderate doses of cocaine as a constituent of coca

extract in cocaine tolerant subjects merit further

research. Such research should attempt to isolate,

identify and bioassay other coca constituents.
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CHAPTER 2

Isolation and Characterization of

Vasoconstrictor Property of Vancouveria hexandra

2.1 INTRODUCTION

Vancouveria hexandra (Berberidaceae) is a plant

occurring only west of the Cascadae mountain range in the

northwestern United States and British Columbia (Figure

8) [23]. No substances have been isolated from

Vancouveria, and extracts of this plant have not been

reported to be physiologically active. During a

phytochemical investigation of the Vancouveria, it was

noted that certain fractions of the plant had nasal

decongestant and potential vasoconstrictor activity. The

present study was initiated in order to determine the

compounds responsible for this property.
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Figure

Photograph of Vancouveria hexandra



52

2.2 RESULTS

The whole plant was collected dried and then ground

in a Wiley mill and extracted with methanol. The

vasoconstrictor action of the methanol extract was

investigated by use of the isolated rat tail artery

procedure first introduced by de la Lande [9]. The

degree of vasoconstriction was expressed in terms of

units of vasoconstrictor activity. One unit of

vasoconstrictor activity (VA unit) was equal to the

response resulting from 10-7 M norepinephrine. The

methanol extract was found to have 6.0 VA units/g

extract. The extract was fractionated, and fractions

were assayed in terms of vasoconstrictor activity as

shown in Figure 9.

The methanol extract was triturated with acetic acid

(3M), and the active, acetic acid-soluble fraction was

lyophilized, dissolved in methanol, and chromatographed

on a Sephadex LH-20 column. The activity was localized

in a single fraction. This fraction was then

rechromatographed on a silica gel column. All of the

activity was eluted with 20% methanol in chloroform.

Crystallization of the eluted material from methanol

yielded an active principle, which was called compound I.
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Figure 9

Extraction Scheme of Vasoconstrictor Principle

Vancouveria hexandra (8.4 kg)

<-------methanol extraction

Methanol extract 24.3% (6.0 VA units/g.)

3M acetic acid extraction

Acetic Acid solubles 12.1% Acetic acid Insoluble 12.2%

lyophilized

dissolved in methanol

LH-20 chromatography

fraction B 10.5% (7.2 VA units/g.)

Silica Gel chromatography

icariin 0.23% (91.2 VA units/g.)

Yields (%) were calculated on the basis of the dried plant, and

scores in parentheses represent the vasoconstrictor activity in

VA units of the fractions.
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Compound I was obtained as yellow needles with m.p.

229-230°C (Figure 10), and had an empirical formula of

C33 H42 016. The uv spectrum in methanol indicated peaks

at 272, 316, and 352 nm. The empirical formula and m.p.,

of compound I are very similar to those first reported

for icariin (1) by Akai [1]. A compound designated as

icariin, with different empirical formula and m.p., was

isolated by Tokuoka et al. They assigned a different

structure to icariin [31]. Since physical constants for

this compound differ in the literature and since the

structure for icariin is ambiguous, further steps were

taken to establish the structure of compound I.

Compound I was hydrolyzed with hydrochloric acid.

The hydrolyzed sugars were identified as rhamnose and

glucose by paper chromatography. The aglycone was

obtained as yellow needles, m.p. 219 -220° C, and

exhibited a uv spectrum in methanol with peaks at 272,

308, 330 and 369 nm. Thus, the properties of the

aglycone are similiar to those reported for

,-anhydroicaritin (2) [31]. The aglycone was converted

to a diactate and spectra were compared with those

reported forj-anhydroicaritin diacetate. The proton NMR

spectrum was very similar to that reported for

J- anhydroicaritin diacetate [31].
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Figure 10

Photograph of Icariin crystals
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3- Anhydroicaritin is not the simple hydrolysis

product from icariin, and it has been reported that a

cyclization takes place during hydrolysis. In a recent

paper reassigning the structure of icariin, an acetate

derivative (3) was made to confirm the glycoside

structure [31]. This same acetate derivative was

synthesized from compound I, but we were unable to

confirm the isopentyl side chain by pmr. However, we

found that conversion of icariin to the octasilyl icariin

derivative allowed unequivocal assignment of the NMR

signals (Table 9), which agreed with the revised icariin

structure. These assignments to the isopentyl side chain

were confirmed by double resonance studies.

An authentic icariin sample was obtained from

Dr. Takemoto and icariin from y. hexandra was compared

to authentic icariin by mmp and optical rotation and

found to be identical.
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Table 9

PMR Assignments (60 MHz) for Icariin Derivatives

ccta(trimethylsily1)
icariin

icariin octaacetate
(5)

multiplicity assignment

-0.10 --- s 0-Si(CH3)3

0.14 - 0.02 --- s 6 0-Si(CH3)3

0.23 --- s 0-Si(CH3)3

0.82 0.90 d, J-7 Hz rhamnose CH3

CH3,
C=C

1.57 1.69 s CH3'/

2.00 - 2.07 s 7 OCOCH3

2.44 s OCOCH3

3.57 3.53 d, J=8 Hz benzyl CH2

3.73 3.90 s Ar OCH3
C, 21

5.07 --- m ,C=C,
C C

5.10 --- d, J=2 Hz rhamnose C-1

6.28 6.77 s C-6-H

6.82 7.06 d, J=12 Hz C-3', H-5'

7.68 7.86 d, J=12 Hz C-2', H-6'
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LD50 Determination 2f Crude Extract

The LD50 was determined using the moving average

method. Four doses were evaluated and the number of mice

surviving after two and twenty-four hours were noted.

Treated animals were less active but still agile if

provoked. The subjects that died developed clonic

convulsions which only lasted less than a minute before

subjects died. The number of subjects that died in both

time periods at doses of 0.5, 1.0, 2.0 and 4.0 gm/kg were

0/4, 1/4, 4/4, and 2/4, respectively. The LD50 was found

to be 1.41 (S.E. = ± 0.12) gm/kg for the crude extract.

Biological Evaluation of Icariin

Potency Determinination. A (2 + 2) dose assay

method was used to compare the potency of norepinephrine

verus icariin in the isolated rat tail artery

preparation. The doses of icariin (3.2 x 10 -4 M and 1 x

10 -3 M) were compared with a dose of norepinephrine (10 -7

M) which constricted the artery to a similar degree. The

response to icariin was linear over the dosage range and

the two dose response lines appeared parallel (Figure

11). Norepinephrine was found to be 3900 times as potent

as icariin (Figure 12). Phentolamine, an adrenergic

blocker, had no effect on the vasoconstrictor activity of

icariin. Nitroglycerin however reversed the effect of
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icariin. Therefore, it would appear that icariin does

not have the same mechanism of action as norepinephrine.

In Vivo Activity. The systolic blood pressure was

determined in an anaesthetized rat by an indirect method

before and after an intravenous injection of icariin (40

mg/kg). The systolic blood pressure increased from 102.3

to 123.3 mm Hg indicating that icariin possessed in vivo

activity.

2.3 DISCUSSION

Extracts of y. hexandra exhibit vasoconstrictor

activity. An active principle of the crude extract was

determined to be the previously isolated compound

icariin. Icariin has been previously isolated from

Oriental medicinal herbs of the related genus Epimedium

[1]. The vasoconstrictor property of icariin has not

been previously recognized. Epimedium species are

considered to be vegetables and medicinal plants in the

Orient [30]. Medicinally they are considered to have

value as a tonic (increase spermatogenesis) [18]. There

exists two recent reports from hospitals in mainland

China concerning the biological activity of icariin [19,

37]. In the first article Yang et al. isolated and
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identified icariin from E. brevicorum [37]. The authors

stated that this plant is used for the treatment of

vascular disease and hypertension. The second article by

Lin et al. reported that icrariin was isolated and

identified from E. koreanum and was reported to have a

hypotensive effect in rats and also enhanced activity of

epinephrine in rats [.9]. However this does not provide

information as to the methods used to obtain these

results.

Icariin from Z. hexandra was evaluated for

activity using accepted methods. Although icariin is a

relatively weak vasoconstrictor compared to

norepinephrine the activity it does possess is due to a

different mechanism. Icariin seems to act directly on

smooth muscle and not through the sympathetic nervous

system. The effects of icariin can be reversed through

direct muscle dilators, such as nitrates. Icariin was

shown to be active in the whole animal. Hence, icariin

deserves study as the prototype of a new class of

vasoconstrictors which may possess some interesting

properties.
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2.4 EXPERIMENTAL (1)

Plant Material. The whole plant, Vancouveri,

hexandra, was collected the summer of 1981 near Oregon

City, Oregon. A voucher specimen of this plant was

deposited in the School of Pharmacy at Oregon State

University. The plant material was dried in an oven at

40°C and milled to a fine powder with a Wiley mill.

*******************************************************

1. The melting points were taken with a Kofler Micro

Stage without correction. The uv spectra were determined

with an Aminco DW-2a spectrometer. The pmr spectra were

recorded in suitable solvents with tetramethylsilane as

an internal standard (except for silane derivatives where

benzene was used), on a Varian FT-80A instrument; all

chemical shifts are reported in or (ppm) units. Optical

rotations were measured on a Perkin-Elmer 141

polarimeter. Mass spectra were determined on either

Varian CH-7 or Finnigan EI-CI with direct inlet systems.

Elemental analyses were performed by M-H-W Laboratories,

Phoenix, AZ.

*******************************************************
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Extraction and Initial Fractionation Procedures.

The powdered whole plant (8.4 kg) was extracted in a

Soxhelet extractor with methanol. The methanol extract

was evaporated in vacuo to give a black residue (2.041

kg). 60 g sample was triturated with 3 M acetic acid

(100 ml) and filtered. The soluble portion was

lyophilized to a powder. A sample of the powder (10.6 g)

was dissolved in methanol (50 ml) and applied to a

Sephadex LH-20 column (75 x 4.25 cm) and eluted with

methanol. Each fraction of 50 ml was collected an

analyzed by tic. Fractions 6-10 were pooled (7.45 g) and

found to be active. This residue was chromatographed on

a silica gel column (4.5 x 80 m) (E. Merck no. 1018,

350 g), deactivated with 10% water, eluted with

chloroform-methanol mixture increasing from 10% to 40% of

methanol. Each fraction of 20 ml was collected and

analyzed by tic.

Isolation of Icariin. The residue (0.5 g) from

silica gel column fractions 48-73 eluted with 20%

methanol in chloroform was found to be active. Crystals

of icariin were obtained from methanol as yellow needles

(160 mg), mp 229 -230° C, cg-72.9c(c= 1). pyridine.

Anal. Calcd. C33 H42 016: C, 57.48; H, 5.96. Found C,

57.06; H,6.09; uv (MeOH) (Figure 13) max (Log E): 272

(4.14), 316 (3.84) and 352 nm (3.77); max (MeOH- A1C13)



Figure 13

UV Spectrum of Icariin
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Figure 14

PNR Spectrum of Icariin
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: 280, 304, 344 and 412 nm; pmr J-(25% DMSO-d6 in CDC13)

(Figure 14): 0.90 (d, J=7 Hz, rhamnose CH3), 1.67 (s,

CH3) , 1.70 (s, CH3) , 3.80 (s, ArOCH3), 5.37 (d, J=2 Hz,

rhamnose C-1), 6.53 (s, C-6-H), 7.00 (d, J=12 Hz, C-2',

6'-H), and 12.50 (s, C-5-0H). This compound was

identified by conversion to the aglycone, the aglycone

acetate and silane derivatives.

5-Anhydroicaritin and '...Anhydroicaritin Diacetate

from Icariin. A 25 mg sample of icariin was dissolved in

1 ml of 10% HC1 and 1 ml ethanol and heated on a water

bath for 1 hr. The hydrolyzed sugars were identified by

taking an aliquot of the hydrolysate for analysis with

paper chromatography against sugar standards. The

aglycone (10 mg) was extracted with chloroform then

evaporated under reduced pressure. The residue was

chromatographed on a Sephadex LH 20-80 column (30 x 3 cm)

and eluted with methanol. Each fraction of 15 ml was

collected and analyzed by tic on layers of silica gel G

with methanol/chloroform (1:5). The residue from 12-15

fractions were pooled. 3-Anhydroicaritin was

crystallized from ethanol, mp 219-220°; uv (MeOH) `(max:

272, 308, 330 and 369 nm; WI': 368 (Figure 15); pmr cf

(CDC13) (Figure 16): 1.38 (s, 2 CH3, 1.87 (t, H=8 Hz,

-CH2-), 2.87 (t, J=8 Hz, benzyl CH2), 3.85 (s, ArOCH3),

6.68 (s, C-6-H), 7.00 (d, J=12 Hz, C-3', 5'-H), 8.15 (d,
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Figure 15

Mass Spectrum of 13 -Anhydroicaritin

100 150

250



70

Figure 16

PMR Spectrum ofS-Anhydroicaritin
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J=12 Hz, C-3', 5'-H), 8.15 (d, J=12 Hz, C-2', 6'-H) and

11.9 (s, C-6-0H) .

The diacetate derivative of B- anhydroicaritin was

synthesized by heating_r-anhydroicaritin (10 mg) at 5dDC

with 0.5 ml acetaldehyde and 1.5 ml pyridine for 24 hrs.

Water was added to cause precipitation of the acetate

derivative, which was then filtered. The diacetate was

purified by PLC using toluene/chloroform/acetone

(40:25:35). Pmr (CDC13) : 1.37 (s, 2 CH3) , 1.87 (t, J=8

Hz, CH3) , 2.30 (s, OCOCH3) , 2.40 (s, OCOCH3) , 2.87 (t,

J=8 Hz, benzyl CH2) , 3.85 (s, ArOCH3), 6.45 (s, C-6-H),

6.95 (d, J=12 Hz, C-3', 5'-H) and 7.77 (d, J=12 Hz, C-2',

6'-H). This pmr spectra was similar to the spectra

reported for -anhydroicaritin diacetate [31].

Octa(trimethylsilyll icariin from Icariin. Icariin

(30 mg) was dissolved in 2 ml pyridine, 0.5 ml

hexamethyldisilazane and 0.5 ml trimethylchlorsilane.

After 1 hr the mixture was evaporated under reduced

pressure to give a dark residue. This residue was left

on a vacuum pump overnight then extracted with carbon

tetrachloride and filtered. The filtrate was evaporated

under reduced pressure. Pmr (CDC13): see Table 9 and

Figure 17.
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Figure 17

PMR Spectrum of Octa(trimethylsily1) icariin
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Isolated at Tail Artery Preparation. A 15 to 20 mm

segment of caudal artery was removed from male

Sprague-Dawley rats and cannulated with polythylene

tubing. Then this preparation was incubated in a tissue

bath as described by De la Land [9]. Arteries were

perfused intraluminally by a peristaltic pump and bathed

extraluminally with Kreb's bicarbonate solution (37° C)

bubbled with 95% 0
2
-5% CO2. A rate of flow was

established to give a baseline perfusiion pressure of 50

mm Hg for the artery. Changes in vascular resistance

were recorded as changes in perfusion pressure by means

of a Statham pressure transducer (model P236b) and

recorded. Responses to concentrations of icariin

(dissolved in minimum volume of DMSO and then brought up

to volume with Kreb's solution) or norepinephrine applied

intraluminally were recorded with five replications.

Antagonists were applied in Kreb's solution

extraluminally and the effect on concentrations of

icariin were noted.

Indirect Blood pressure Measurement in Anaesthetized

Rat. A male Sprague-Dawley rat (250 gm) was

anaesthetized with 100 mg phenobarbital (IP). The

subject was housed in a Narco small animal study unit

and the environment warmed to 30°C. An annular cuff was

used to cut off the pulse and the pulse was detected with
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a pneumatic pulse sensor connected to a Narco pneumatic

pulse transducer. Both the pulse transducer and annular

cuff were connected to a Narco electrosphygmograph which

allowed for automatic inflation of the cuff and constant

monitoring of cuff pressure and pulse so that systolic

blood pressure could be determined. Icariin (10 mg) was

administered intravenously in 0.1 ml of DMSO. The

systolic blood pressure was ascertained before and after

the dose of icariin.
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CHAPTER 3

Phytochemical Study of Vancouveria hexandra

3.1 INTRODUCTIO

Vancouveria hexandra was one of the 53 plants

studied in a NIH funded project to phytochemically screen

Northwest plants. Extracts of these plants were

subjected to tic analysis to detect presence of

alkaloids. y. hexandra exhibited a Dragendorf positive

reaction (alkaloid positive). Since alkaloids have not

been previously isolated from Vancouveria genus the

isolation and characterization of the alkaloids from this

plant became one goal of this research.
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Another phytochemical goal of this research was to

characterize the inactive glycoside (called glycoside II)

of y. hexandra, which lacked vasoconstrictor activity.

3.2 METHODS AND RESULTS

Alkaloid Isolation and Characterization. The

methanol extract (see Chapter 2) was analyzed by tic

using alumina tic plates and methanol/chloroform (1:5) as

solvent. There was a Dragendorf positive spot, that also

was sensitive to iodine vapors and fluoresced blue when

irradiated with long wave uv light. An acid-base

shakeout of the methanol extract was evaluated for

alkaloids with Mayer's and Wagner's precipitating

reagents. The alkaloids did not partition into organic

solvents even under basic conditions. The water layer

contained the alkaloids which gave abundent precipitate

with both precipitating reagents.

The methanol extract was fractionated to isolate the

alkaloids as shown in Figure 18. The methanol extract

was triturated with water and the water-soluble portion

was precipitated with Meyer's reagent. The precipitate

was dissolved in acetone/methanol/water (6:4:1) and

chromatographed on an macroreticular ion-exchange column,



77

Figure 18

Extraction Scheme for Quaternary Alkaloid

Vancouveria hexandra (8.4 kg)

___Methanol Extraction

Methanol Extract (24.3%)

Water - Soluble
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Precipitate Soluble Portion

4- Acetone/Methanol/Water

(6/4/1) - Soluble

Ion-Exchange Chranatography

(Chloride form) (2.13%)

Alumina Chranatography

Alkaloid Chloride Salt (0.409%)

Ion-Exchange Chromatography

(Iodide form)

1
Unknonwn mixture of Iodide and Chloride Salts
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Amberlyst A-27 (Chloride form). At this point the

alkaloids were protected from exposure to light in all

further steps. The alkaloids were evaporated onto

alumina and applied to a 10% water deactivated alumina

column. The alkaloids were eluted with 15% methanol in

chloroform. The alkaloids were obtained as a floculant

powder. Repeated attempts to crystallize from pure

solvents were unsuccessful, but the solubility in

solvents was noted, i.e. the alkaloids were insoluble in

acetone but very soluble in methanol. A picrate salt was

formed with had a m.p. of 14J)C. The optical rotation

in pyridine was C(N22 = +162.7 (c=1). The alkaloid

exhibited a broad uv absorption band from 310 to 335 nm.

The alkaloids were sensitive to UV light. A bathochromic

shift was observed after addition of KOH. The alkaloid

fluoresced (max 510 nm), when irradiated with 365 nm

light. The mass spectrum of the alkaloid is shown in

Figure 19, which seemed to lack a molecular ion.

Elemental analysis of the alkaloid found C 60.94%, H

6.84% and N 3.49%. However a mixture of chloride and

iodide salts existed in the sample sent for analysis.

The pmr spectrum of the alkaloid picrate salt (in

pyridine-d
6

) is shown in Figure 20.



422

58.8

Figure 19
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Glycoside fl partial Isolation and Characterization.

Glycoside II eluted from column fractions with icariin

(see Figure 9) after elution with 25% methanol in

chloroform. Separation of the glycoside by column

chromatography was not possible so separation of the

aglycones was attempted. After hydrolysis of the

glycosides with dilute refluxing acid the aglycones were

extracted with ether, then applied in methanol to a

Sephadex LH 20-80 column. The pmr spectrum of the

aglycone was recorded (Figure 21) and appeared very

similiar to ....anhydroicaritin, but lacked the aromatic

methoxy group. The m.p. of the aglycone was 303-4°C

which agreed with reported m.p. for

nor-43-anhydroicaritin (1).

3.3 DISCUSSION

Based on solubility properties the Vancouveria

alkaloid appears to be of the quaternary type. This is

consistent with the occurance of quaternary alkaloids

(i.e. magnoflorine) in related genera. The fact that

the only crystalline salt synthesized was the picrate

salt was unfortunate since this can not undergo elemental

analysis. Thus the structure of the alkaloid from

Vancouveria hexandra requires further research.
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Figure 20

PNR Spectrum of Quaternary Alkaloid Picrate Salt
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The aglycone portion of glycoside II was isolated

and partially characterized by pmr and physcial

properties. The pmr spectrum indicated a closely related

structure to anhydroicaritin lacking an aromatic

methoxy group. This would be the known aglycone

nor-3-anhydroicaritin (1). The strong possiblity exists

that a cyclization occured during hydrolysis and that the

actual aglycone is nor-icaritin (2).
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Nor71-j-anhydroicar itin (1)

CH 0

Nor icar i tin (2)
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Table 10

ANOVA Table for Cocaine (IP) Latin Square

Source of

Variation df SS MS F

Rows

(group of rats)

(r-1)=4 0.192 0.048 2.18

Columns

(day of treatment)

(r-1)=4 0.140 0.035 1.59

Treatments

(doses)

(r-1)-=4 1.430 0.358 16.27

Error (r-1)(r-2)=12 0.264 0.022

Total (sqr(r)-1)=24 2.026
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Table 11.

ANOVA Table for Cocaine (PO)

5 x 5 Latin Square

Source of

Variation df SS MS F

Rows

(group of rats)

(r-1)=4 0.039 .0098 0.71

Columns

(day of treatment)

(r-1) =4 0.074 .0185 1.34

Treatments

(doses)

(r-1)=4 2.442 .6105 44.13

Error (r-1)(r-2)=12 0.166 .0138

Total (sqr(r)-1)=24 2.721
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Table 12

ANOVA Table for Coca Extract (P0)

5 x 5 Latin Square

Source of

Variation df SS MS F

Rows

(group of rats)

(r-1)=4 0.182 .0455 2.26

Columns

(day of treatment)

(r-1)=4 0.092 .0230 1.14

Treatments

(doses)

(r-1)=4 1.414 0.353 17.50

Error (r-1)(r-2)=12 0.242 0.0202

Total (sqr(r)-1)=24 1.930
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Table 13

ANOVA Table for Cocaine (PO) in Cocaine Tolerant Rats

5 x 5 Latin Square

Source of

Variation df SS MS F

Rows

(group of rats)

(r-1)=4 0.770 .192 3.69

Columns

(day of treatment)

(r-1)=4 0.233 .058 1.12

Treatments

(doses)

(r-1)=4 1.480 .370 7.11

Total (sqr(r)-1)=24 3.113
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Table 14

ANOVA Table for Coca Extract (PO)

in Cocaine Tolerant Rats

5 x 5 Latin Square

Source of

Variation df SS MS F

Rows

(group of rats)

(r-1) =4 0.197 .049 2.45

Columns

(day of treatment)

(r-1)=4 0.019 .005 0.25

Treatments

(doses)

(r-1)=4 0.606 .152 7.60

Error (r-1)(r-2)=12 0.238 .020

Total (sqr(r)-1)=12 1.060


