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In view of the stimulant effects of gibberellic acid on plant 

growth, and its interesting modifications of various metabolic pro- 

ducts, it was decided to determine whether this growth regulator 

would induce a favorable effect on total alkaloid production, especially 

on the antineoplastic alkaloids, of Catharanthus roseus (L. ) G. Don 

( Vinca rosea L. ). 

Two groups, of 120 plants each, consisted of a control group, 

and a gibberellic acid -treated group. Each of these groups was fur- 

ther divided into four sub - groups of 30 plants each, so that four 

separate harvests, each at two week intervals, could be made. The 

plants were distributed at random throughout the greenhouse. 

Gibberellic acid treatment was initiated nine weeks from the aver- 

age germination date. One -tenth milliliter of a solution containing 

100 micrograms of gibberellic acid was applied weekly on the upper 

+CF-. _, 7, 



leaves of each plant. Height measurements were made weekly com- 

mencing at the time of the first treatment. 

The first harvest was made five days following the initial gibber - 

ellic acid treatment. Three additional harvests were made at two 

week intervals. The leaves -tops, stems, and roots were separated 

and fresh weight determined. These were then placed in a circulating 

hot -air dryer at approximately 38° C until dry. Dry weights were 

then determined. The plant parts were pooled according to their re- 

spective groups, and reduced to a #40 powder. 

In order to determine the effect of GA- treatment on the produc- 

tion of the antineoplastic alkaloids, it was necessary to devise a pro- 

cedure for the quantitative determination of these alkaloids. After 

several approaches to quantitate vincaleukoblastine (VLB), leuro- 

cristine, leurosine and leurosidine, it was possible to establish a 

procedure for the determination of VLB. Total alkaloid content was 

determined by a modification of the procedure of Szász and co- 

workers. Other metabolic products were also determined. 

The pertinent differences on growth which were noted in the 

gibberellin- treated group are listed below. The growth rate, based 

on height measurements, was significantly increased with a maximum 

of 61 percent at the second week of treatment. The dry weight of the 

stems was significantly increased with a maximum of 86 percent in 

the second harvest. The root dry weights were higher than controls 



with a maximum of 36 percent at the second harvest; however, this 

was not statistically significant. There were no other marked effects 

on fresh or dry weights. 

The effects of GA- treatment which were noted on the alkaloid 

production are presented below. The concentration of the total alka- 

loids was decreased in all plant parts of the three harvests that were 

assayed, with the exception of the leaves of the second harvest. In 

the leaves and roots, the concentration of the total alkaloids increased 

with age then leveled off after the third harvest. A reverse trend 

was found in the stems where the concentration decreased with age. 

The total alkaloid content was decreased in both leaves and roots, 

while it was increased in the stems. This increase was due to the 

significant increase in stem dry weight. With the exception of the 

third harvest plants, there was an overall increase in the vincaleuko- 

blastine (VLB) concentration of the leaves with a maximum of 26 per- 

cent at the final harvest. There was no VLB detected in the other 

plant parts of both control and treated plants. The concentration of 

VLB was found to decrease with age. 
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THE EFFECT OF GIBBERELLIC ACID ON THE GROWTH, 
METABOLIC PRODUCTS AND ANTINEOPLASTIC ALKALOIDS 

OF CATHARANTHUS ROSEUS (L.) G. DON 

INTRODUCTION 

Catharanthus Roseus (L.) G. Don 

Catharanthus roseus (L.) G. Don commonly known as Vinca 

rosea L. or Lochnera rosea (Reichb. ) family Apocynaceae, belongs 

to the group of plants known as the periwinkles. Interest in this 

group of plants has increased tremendously during the past few years, 

due primarily to the isolation of the antineoplastic alkaloid vincaleuko- 

blastine from C. roseus. 

The alkaloid -rich Apocynaceae has been discussed in several 

recent review papers (14, 86). Bisett (5,6) presents the most comprehensive 

reviews of the Apocynaceae available today, which are primarily con- 

cerned with the alkaloids of this group. The most recent compilation 

of alkaloid data from the Apocynaceae has been published by Raffauf 

and Flagler (72) in which an attempt was made to correlate alkaloid 

types with the taxonomy of this group. 

There is a disagreement on the classification of this plant by the 

aforementioned authors. There has been an excellent agreement 

between the taxonomic classification of Pichon (65, 66) and the phyto- 

chemicals isolated from species of this group (14). Therefore, it was 

decided to use the classification of Pichon (65, 66), who has classified 
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Vinca and Catharanthus in the following manner: 

Family: Apocynaceae 

Sub - Family: Plumerioideae 

Tribe: 

Sub -Tribe: 

Genus: 

Alstonieae 

Catharanthinae 

Catharanthus G. Don 

Section 1. Lochnera (Reichb. f. ) Pick. 
Catharanthus lanceus (Boj. ex A. DC. ) 

Pich. 
Catharanthus longifolius (Pich.) Pich. 
Catharanthus tricophyllus (Bak.) Pich. 
Catharanthus roseus (L. ) G. Don 

Section 2. Cupa- Veela (A. DC.) Pich. 
Catharanthus pusillus (Murr.) G. Don 

Section 3. Androyella (Pich. ) Pich. 
Catharanthus scitulus (Pich.) Pich. 

Vinca L. 

Vinca herbaceae Waldst et. Kit. 
var. libanotica (Zucc.) Pich. 
var. sessilifolia (A. DC. ) Pich. 
var. herbaceae Pich. 

Vinca major L. 
var. difformis (Pourr.) Pich. 
var. major Pich. 

Vinca minor L. 

Botanical Considerations of C. roseus (L.) G. Don 

Description of the plant: It is a woody, fast growing erect shrub 

with opposite, oblong, and petiolate leaves, with acute base and round 

tip. The plant is pubescent or glabrous. The flowers are white, rose . 
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or violet. Also, other color combinations are available as horticul- 

tural variants. The follicles contain 15 -20 seeds each, and vary 

between 3 -4 cm long and 2 -3 mm in diameter. Each follicle is 

enclosed by a thin black tegumen (61). 

Habitat: The plant is indigenous to Madagascar, however, it is 

wide spread in Southeast Asia, Australia, South Africa, and North 

America. It is cultivated in many parts of the world as an ornamental. 

The plant, as many other periwinkles, has a long history for its 

usefulness in the empirical treatment of various illnesses. The 

many types of activity attributed to the periwinkles as home remedies 

have been reviewed by Farnsworth (14). Some of the reputed uses 

of C. roseus are listed in Table I. 

Comprehensive reviews concerned with Vinca and Catharanthus 

species have been published. Included are reports on the pharma- 

cognosy of these species (14), the botanical characteristics (61), the 

pharmacology (63), and the chemistry of alkaloids isolated from these 

plants (62, 91, 99). Also, Svoboda and co- workers (91), and Johnson 

et al. (33) have published reviews on the phytochemistry, structure 

elucidation of certain alkaloids, and the antitumor effects of C. roseus 

alkaloids. General reviews concerning alkaloids of the Apocynaceae 

have also been published by Willaman and Schubert (102), Raffauf and 

Flagler (72) and Bisset (5, 6). 
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Table I 
Folk Uses of C. Roseus* 

Reported Uses Part Used 

Abortive agent 
Anti- diabetic 

Anti- galactagogue 

Astringent 

Bitter 
Depurative 

(purgative) 
Diaphoretic 
Dysentery 
Dyspepsia 
Emmenagogue 
Hemostatic 
Indigestion 

Menorrhagia 

Menstrual 
regulator 

Skin infections 

root 
leaf & whole plant 

leaf & whole plant 

leaf, root, whole 
plant 

whole plant 
root & whole 

plant 
whole plant 
root, whole plant 
leaf 
root 
root 
leaf, whole plant 

leaf, root 

above - ground 
parts 

leaf, root, whole 
plant 

Toothache root 
Urinary antiseptic above - ground 

parts 
Vermifuge root 
Vomitive leaf 
Vulnerary root, whole plant 
Wasp stings juice of the plant 

Locality References 

Philippines 
South Africa 
Natal 
India 
Australia 
South Vietnam 
Philippines 

25, 
65, 101 

71 

France 65, 69, 70 

South Vietnam 

South Vietnam 64, 70 
South Vietnam 64, 70 

Madagascar 64, 70, 85 
South Vietnam 64, 70 
South Vietnam 64, 69, 70 
South Vietnam 64, 69, 70 
Philippines 25, 71 

Madagas car 85 
South Vietnam 1, 64 
Central Vietnam 
South Africa 57, 101 
India 

North Vietnam 64 
China 

South Vietnam 64 
Madagascar 1, 85 

Vietnam 64 
Madagas car 85 
Madagas car 85 
Maurice 64, 70 
India 57 

* Adapted from Farnsworth (14). 
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Seventy -two alkaloids have been isolated (to date) from three 

of six Catharanthus species (Table II). Ajmalicine, ammocalline, 

catharine, leurosine, lochnerinine, pericalline, perimivine, perivine, 

tetrahydroalstonine, vindoline, and vinosidine are alkaloids common 

to both C. roseus and C. lanceus (29, 67, 87). Cathalanceine, 

lanceine, pericyclivine and periformyline are reported only from 

C. lanceus (7, 15, 32, 46). Ajmalicine and vindorisine have been 

reported from C. pusillus (20) and C. roseus (29, 20). 

Table II 
Alkaloids Isolated From Catharanthus Species 

C. 
roseus 

C. 
lanceus 

C. 
pusillus Reference 

Ajmalicine (ö-yohimbine) x x x 20, 29, 67, 
87, 88 

Akuammicine x 93 

Akuammine (vincamajoridine) x 31 

Alstonine x 68 

Ammocalline x x* 93 

Ammorosine x 93 

Carosidine x 93 

Carosine x 92 

Cathalanceine x 7 

Catharanthine x 23 

Catharicine x 92 

Catharine x x* 89 

Catharosine x 53 

Cathindine x 93 

Cavincidine x 93 
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Table II Continued 

Alkaloid 
C. 

roseu6 
C. 

lanceus 
C. 

pusillus Reference 

Cavincine 

Desacetylvincaleukoblastine 

Dihydrositsirikine 
Isoleurosine 
Lanceine 

x 

x 

x 

x 

x 

93 

96 

40 

89 

32 

Leurocristine x 90 

Leurosidine x 90 

Leurosine x x 16, 87, 44 

Leurosivine x 93 

Lochnericine x 23 

Lochneridine x 89 

Lochnerine x 51, 88 

Lochnerinine x x 46, 51 

Lochnerivine x 93 

Lochrovicine x 95 

Lochrovidine x 95 

Lochrovine x 95 

Maandrosine x 93 

Mitraphylline x 93 

Neoleurocristine x 92 

Neoleurosidine x 92 

Pericalline x x 7, 93 

Pericyclivine x 15, 19 

Periformyline x 46 

Perimivine x x 7, 95 

Perividine x 94 

Perivine x x 16, 44, 87 

. i 

- 
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Table II Continued 

Alkaloid 
C. 

roseus 
C. 

lanceus 
C. 

pusillus Reference 

Perosine x 93 

Pleurosine x 92 

Pusiline x 45 

Pusilinine x 45 

Reserpine x 3, 8, 37, 56 

Rovidine x 96 

Serpentine x 88 

Sitsirkine x 89 

Tetrahydroalstonine x x 32, 46, 88 

Tetrahydroserpentine 
(Ajmalicine monhydrate) x 88 

Vinaphamine x 96 

Vinaspine x 96 

Vincaleukoblastine x 46, 88 

Vincaline I x 73 

Vincaline II x 73 

Vincamajoridine (see 
akuammine) 

Vincamicine x 89 

Vincarodine x 92 

Vincathicine x 96 

Vincolidine x 95 

Vincoline x 95 

Vindolicine x 89 

Vindolidine x 92 

Vindoline x x 23, 44 

Vindolinine x 23 

Vindorosine x x 2,0, 52 
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Table II Continued 

C. C. C. 
Alkaloid roseus lanceus pusillus Reference 

Vinosidine x x 93 

Vinsedicine x 24 

Vins edine x 24 

Virosine x 87 

Yohimbine x 16 

6 -Yohimbine (see ajmalicine) 30 

Personal Communication - N. R. Farnsworth. 

Gibberellic Acid 

The marked effects of gibberellins on plant growth have been 

well established through extensive investigations during the past 

decade (79). A recent bibliography (83), dealing with the period 1957 

to 1963, listed over 1200 references. New, naturally occurring gib - 

berellins continue to be characterized. Thirteen are now known to 

exist (60). 

Naturally Occurring Gibberellins 

Gibberellin is the generic name of several closely related chemi- 

cal substances which exert profound effects on plant behavior (79). 

Presently, thirteen gibberellins have been characterized and identified 

and are designated as GA1 through GA13 (60). Gibberellin, GA3, 

.,, m 

. 
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proved to be identical with a substance reported as gibberellin X, 

and is known as gibberellic acid (GA). GA has been employed 

by most investigators since it is believed to be the most active of 

the gibberellins and a relatively pure form is available. It has now 

been isolated from several different sources (42). GA has been 

found in immature barley and immature grass seed (35, 36), 

Echinocystis macrocarpa seed (13), Zea mays, Phaseolus multi - 

florus (34), and Phaseolus coccineus seed (82). 

Mechanisms of Action 

Several mechanisms of action are listed in the literature (60). 

Bernier et al. (4), and Sachs and his co- workers (76, 77), have 

reported the effect of gibberellin on cell division in the stem apex. 

The increase in cell number, supplying potentially expandable cells, 

accounts for a portion of the tremendous growth responses frequently 

recorded following gibberellin treatment. The daughter cells are 

also stimulated to elongate by such treatments (60). This suggested 

that GA has enhanced auxin effects. Lockhart (43) has also reported 

that GA induced an increase in plasticity very similar to that observed 

with auxin. In dwarf kidney beans, ten times as much auxin was 

found after GA- treatment as in untreated controls (58). 

The manner in which auxin levels are controlled by gibberellin 

is the source of much controversy. The most prevalent suggestion 
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is that gibberellin influences oxidative or peroxidative enzyme activ- 

ity resulting in a decrease in IAA degradation (21, 26, 27, 50, 103). 

Halevy (26, 27) demonstrated a decrease in peroxidase and "IAA 

oxidase" activity caused by GA- treatment. The decrease was depen- 

dent on GA concentration and was inversely proportional to growth. 

McCune (21, 50) found six peroxidative enzymes in dwarf maize, 

capable of oxidizing IAA. It has been demonstrated several times 

(9, 39, 100) that GA has no effect on the purified enzyme in vitro, 

ruling out the possibility of a direct influence of GA on enzyme action. 

Action of Gibberellic Acid 

It was suggested that gibberellins were factors limiting subapical 

meristematic activity in rosette plants. Thus, the transition from 

the rosette habit of growth to stem elongation is the result of cell 

division in the subapical region of the shoot. This process is con- 

trolled by gibberellin. 

Sachs and Lang (78) concluded that GA induced stem elongation 

in rosette plants was due to the stimulation of mitotic activity im- 

mediately below the apical meristem. The cells produced in this 

zone after elongation constitute the tissues of the mature elongate 

stems. In caulescent plants a subapical zone of mitotic activity 

was observed as much as two cm in length, similar in activity to 

that in rosette plants receiving prolonged treatment with GA. It 

0. 
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would appear from the reports in the literature on the action of GA 

in the cell that both cell extension and cell division play an impor- 

tant role in GA- induced growth. The work of Sachs and Lang indicate 

that cell division is implicated to a greater extent than heretofore 

believed. 

Effect of GA on Alkaloid- Producing Plants 

Among medicinal plants the most intensive investigations have 

been done with those producing alkaloids. Curry and Wassink (11) 

reported that GA substituted for the long -day requirements necessary 

for the flowering of annual Hyoscyamus niger. Lang (41) found that 

GA substituted for the cold treatment needed by the binennial variety 

to flower. Lang's results have since been generally confirmed with 

cold- requiring, long -day plants. The first work reporting the effect 

of GA on the alkaloid formation in Hyoscyamus niger was that by 

Masuda and Hamor (48). They reported a considerable increase in 

total weight of the treated plants due to an increase in stem weights, 

but the weight of the leaves decreased slightly. The total alkaloidal 

content of the overground portion of the plant was somewhat less than 

that of the untreated plants. The concentration of alkaloids in the 

leaves was markedly reduced in the treated plants. Significant 

increases in height were noted. 
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Atropa belladonna and Datura stramonium have been studied to 

a considerable extent regarding the effects of GA on the growth and 

alkaloid biogenesis of the plants. Smith and Sciuchetti (84), applied 

GA in concentrations of 100 and 1, 000 p. p. m. as an aqueous spray 

three successive times at 10 -day intervals to the leaves and tops of 

Atropa belladonna. Among the specific effects reported for the 

treated plants were: increased stem elongation which resulted in a 

two- to three -fold increase in heights; a spindly and vine -like type 

of growth; leaves which appeared slightly chlorotic, and were nar- 

rower and thinner; more rapid onset of flowering; significant 

increases in stem dry weights, but significant decreases in leaves- 

tops and root dry weights. There were no significant changes in 

the total dry weights. 

Of pharmacognostical interest was the profound effect that GA 

had on alkaloid formation and accumulation in the plant. It was 

found that the concentration of alkaloids in the various morphological 

parts of the treated plants ranged from 43 to 84 percent lower than 

that of controls. Of the plant parts, the stems showed the greatest 

decreases at each concentration of GA. It was also found that the 

total alkaloid content of GA- treated belladonna was about one -half 

that of the untreated plants. 

In a continuation of this study, treated and untreated belladonna 

were allowed to overwinter, and it was found that the second -year 
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crop of the previously treated plants did not demonstrate the "gib - 

berellin effects" noted in the first -year growth following treatment 

(81). Reverse effects were noted in some instances. The plants 

previously treated with 100 p. p. m. of GA generally closely resem- 

bled the controls in their growth and alkaloid patterns. However, 

plants which received the higher concentrations of GA the previous 

year were markedly affected. This treatment induced about a 50 

percent decrease in growth (dry weight) and about a 15 percent de- 

crease in height. The concentration of alkaloids in the leaves and 

roots was not significantly altered, whereas, that in the stems was 

increased about 44 percent. The total alkaloid content of this group 

was about 56 percent that of the controls. It was concluded that the 

higher concentration of GA (1, 000 p. p. m. ) had a toxic effect on the 

plant. 

A favorable influence on growth and total alkaloid production 

was noted in Datura stramonium from a two -spray treatment at bi- 

weekly intervals of 100 p. p. m. of GA (84). The total dry weight was 

increased about 60 percent over controls and the stems indicated 

almost a twofold increase. The 46 percent increase in total alkaloid 

production was due primarily to increased growth. 

A review of the literature on other species of plants producing 

alkaloids has indicated that very little has been done regarding the 

effects of GA on such plants. It was then deemed desirable to study 
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the effects of GA on the growth, metabolic products and antineoplastic 

alkaloid content of Catharanthus roseus since it is the source of four 

highly active alkaloids, two of which, leurocristine and vincaleuko- 

blastine, are now used in treating human neoplasms. 

Markiewicz (47) reported that GA- treatment of C. roseus caused 

a reduction of the fresh and dry weights of the plants. No other studies 

on the effects of GA on C. roseus have been found in the literature. 

In view of the fact that no work had been performed regarding 

the effect of GA on the total alkaloid content of C. roseus it was decided: 

(a) to determine the growth effects of GA on the pink variety of 

C. roseus grown under controlled greenhouse conditions during a 

seven -week observation period at which time periodic harvests were 

made; 

(b) to determine the effect on the total alkaloid production 

during the experimental period; 

(c) to ascertain the effects of GA- treatment on the production of 

the antineoplastic alkaloid vincaleukoblastine (VLB) during various 

growth phases of the plant; 

(d) to devise a method for the separation and quantitative deter- 

mination of VLB when only small quantities (one gram) of powdered 

plant material are available; and 

(e) to determine the effects of the growth regulator on other 

metabolic products. 



EXPERIMENTAL 

Plant Growth and Treatment 

Plant Material 

15 

The seeds which were used in this study were from the 1959 

crop of mixed pink flowering and white flowering Catharanthus roseus 

(L.) G. Don grown in India. They were generously supplied by 

Norman R. Farnsworth, Ph. D. , Chairman, Department of Pharma- 

cognosy, University of Pittsburgh. 

Germination 

On July 7, 1964, the seeds, which were previously dusted with 

Ferbam 1 
to retard damping -off, were planted in a prepared flat 

containing a sterile mixture of two parts sandy -loam and one part 

of sand. Approximately 50 grams of complete organic fertilizer2 

were incorporated into the soil mixture of each flat. After planting 

the seeds in the soil, a thin layer of vermiculite was spread over the 

surface of the soil to retain moisture needed for germination. The 

1Ferbam Wettable Powder Fungicide : made by the General Chemical 
Division of the Allied Chemical and Dye Corporation, 40 Rector St., 
New York 6, New York. Analysis: 76% Ferric dimethyldithiocar - 
bamate, 24% inert ingredients. 

2 Organic 2 Morcrop , Chas. Lilly Co. , Seattle, Washington. Analysis: 
5% total nitrogen, 3% available phosphate, 2% available potash. 

O 
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flats were covered with glass plates which were removed when satis- 

factory seedling growth had been attained. The temperature range 

during this period was 20o to 30o C. 

Plant Growth 

On July 24, the larger seedlings were transplanted into paper 

bands filled with the previously described soil mixture. The paper 

bands were arranged in flats, 80 per flat, and 12 flats were filled. 

The flats were sterilized prior to transplanting. Fertilizer (organic 

morcrop) was incorporated into the top soil layer of the flats prior 

to transplanting, but after sterilization of the flats. 

On August 24, the plants were transplanted from the paper bands 

to one - gallon metal cans. Each can was filled with the previously 

described soil mixture, to which was added about 15 grams of com- 

plete fertilizer per can. The plants that were to be used for height 

measurement were transplanted first in order to commence with a 

uniform group of plants. 

Randomization and Treatment Plan 

The plants of the pink -flowering variety, recognized by their 

pink stem, were divided into two groups of 120 plants each. One 

group (C1 -C120) served as a control; the other (GA1- GA120) was the 

group receiving GA treatment. The plants numbered 111 through 120 

for each group were designated for height measurements and the marking 
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stakes were labeled with red crayon in order to facilitate rapid and 

accurate recording of data. Further, each group was divided into 

subgroups of 30 plants each so that separate harvests at two week 

intervals could be performed. One hundred extra pink plants were 

designated as (X) for extra material for alkaloid extraction proce- 

dures and some to be utilized as seed stock. 

The aforementioned labeling stakes were placed in a box and 

were mixed thoroughly. Then they were distributed at random to 

the cans which were arranged on two greenhouse benches. 

Treatment 

The first treatment was started on September 11, 1964, 18 days 

following transfer of the seedlings to the metal cans, or nine weeks 

from the initial planting of seeds. The treatment solution, consisting 

of a final concentration of 1000 jig of GA per ml of solution, was 

prepared as follows: a stock solution was prepared by dissolving 

1. 125 gm of 88. 9 percent GA3 in 50 ml of absolute ethyl alcohol 

which was kept under refrigeration until further dilution. Immedi- 

ately before each treatment, the required concentration mentioned 

was prepared by diluting 1. 25 ml of the stock solution with distilled 

3Gibberellic Acid 88. 9 percent, furnished through the courtesy of 
Dr. Edwin Alder, Plant Physiologist, Agricultural Research Center, 
Eli Lilly and Co. , Greenfield, Indiana. 
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water in a volumetric flask to make 25 ml. The O. 1 -ml aliquot of 

the treatment solution was applied with a pipette to the upper leaves of 

GA- designated plants. Application of GA was performed early in the 

morning to allow enough time during the day for absorption and trans - 

location of the growth regulator. 

A preliminary experiment indicated that the 100 pg dosage was 

the most appropriate. This experiment consisted of the following 

treatment plan: untreated (controls), 25 pg of GA, 50 pg of GA and 

100 pg of GA. The three plants per group were treated once and 

height measurements were performed on the third and seventh day 

following treatment. The height data indicated that the highest con- 

centration would be the most desirable for this experiment. 

Height Measurements 

Weekly measurements were commenced on September 11, 18 days 

after the plants were transferred to the metal cans, on the same day 

of the first GA treatment and five days prior to the first harvest. The 

last ten -numbered plants of each group, which were randomly ar- 

ranged, were utilized for height data, since these numbers, i. e. 

numbers 111 -120, would be survivors throughout the whole experi- 

mental period. The height, in centimeters, was taken from the 

base of the stem at soil level to the highest leaf. 
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Harvesting 

Four harvests were made at two -week intervals. The first har- 

vest was performed September 16, twenty -three days after trans- 

planting the seedlings to the metal cans, and five days after the first 

treatment. The plants were selected for each harvest according to 

the following numbering plan: plants ranging from 1 to 30 were the 

first harvest plants; from 31 -60, the second harvest plants; from 

61 -90, the third harvest plants; and from 91 -120, the fourth harvest 

plants. 

Harvesting was performed in the following manner. Each plant 

was thoroughly washed and then blotted with a cloth towel to remove 

excess water and divided into three portions: leaves -tops, stems, 

and roots. Each of the morphological parts was immediately weighed 

to determine fresh weight. The respective plant' parts were then 

dried in a circulating hot -air dryer at approximately 38o C. until dry 

and then the dry weights were determined. The plant parts were 

pooled according to treatment, powdered to a # 40 powder in a Wiley 

mill, and stored in air -tight glass containers until used for subse- 

quent analyses. 

Analytical Procedures 

The analytical investigations performed in this study are listed 
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below. 

(a) The establishment of a procedure for the separation and 

quantitative determination of the antineoplastic alkaloid vincaleuko= 

blas tine. 

(b) An assay for the total alkaloid content according to a modifi- 

cation of the procedure used by Szász and co- workers (98). 

(c) The determination of the chlorophyll content of plant leaves 

according to a modification (2 ) of Gjerstad's method (22). 

(d) The determination of the effects of the treatment on various 

other components using the selective solvent extraction technique 

(75, p. 35 -40). 

The last three techniques are well established, but were modified 

slightly. The first technique was of an original nature and it will be 

discussed in detail. 

Preliminary Alkaloid Extraction, Separation and Quantitation 

Initial experiments were designed to separate the four physio- 

logically active alkaloids, namely, vincaleukoblastine (VLB), leurosine, 

leurocristine and leurosidine from the other 65 alkaloids present in 

the plant. Therefore, preliminary efforts were directed toward a 

method which would assure the total extraction and separation of 

these alkaloids in a single extract and adequate separation and iso- 

lation of the four active alkaloids from each other. The individual 

.: 
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alkaloids could then be assayed employing a spectrophotometric 

method. 

Extraction and Separation. All extracts were conducted using 

5 -gm samples of the powdered whole plant. The powder was moist- 

ened with concentrated ammonium hydroxide and extracted with 

chloroform with vigorous stirring (74). The slurry was filtered 

through a Buchner funnel with suction. This procedure was repeated 

two additional times and the filtrates combined. The solution was 

reduced to a lesser volume, approximately ten ml, in a flash evapor- 

ator under reduced pressure. To this concentrate was added an 

equal volume of O. 1 M citric acid and the chloroform removed by 

vacuum distillation over steam. The citric acid solution (ca, pH 2. 0) 

was extracted with benzene using a gradient pH technique. The pH 

was raised by the addition of ten percent ammonium hydroxide to the 

following pH values: 4. 4, 6. 4, 7. 5 and 9. 5. Four additional extracts 

were similarly prepared after adding to each powder sample 0. 2 mg 

of the alkaloids of interest, namely, VLB, leurosine, leurocristine 

and leurosidine, respectively. 

Aliquots of the various extracts were chromatographed employing 

two - dimensional thin -layer technique on silica gel G, 250», thickness, 

using chloroform- methano195: 5in the first dimension and methanol for 

the second dimension (18), The developed plate was air -dried and 
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sprayed with ceric ammonium sulfate (CAS)4 spray reagent which 

forms characteristic colors with indole alkaloids (17). The work was 

repeated using silica gel H plates of 750 p thickness, but this did not 

appear advantageous. Although alkaloids were noted, the results 

were equivocal. 

The reference compounds, when chromatographed alone, mi- 

grated to a lower quadrant of the plate. The original extracts were 

rechromatographed on silica gel H, 750 p. The area containing the 

desired alkaloids was removed from the plate, extracted with meth- 

anol and then chloroform. The extracts were combined, concentrated 

in vacuo and rechromatographed on silica gel G as before. . The 

desired alkaloids could not be distinguished. The failure to detect 

unequivocally the alkaloids in question was primarily due to poor 

resolution on the TLC plates and not necessarily to the extraction 

technique. 

Subsequent attempts were based on the method reported by 

Svoboda, et al. (88) since they could effectively separate leurosine 

and vincaleukoblastine from other alkaloids in the so- called (A) 

fraction. An equivalent of that fraction was prepared by modifying 

Svoboda's techniques (88, 97) to suit small quantities of drug (one gm 

samples). The powdered drug was moistened with two percent 

4 For method of the preparation of CAS reagent see Appendix. 

' 

: 
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aqueous tartaric acid and extracted several times with benzene. 

The combined benzene extracts were reduced to a lesser volume, 

an equal volume of two percent aqueous tartaric acid was added, and 

the benzene removed by vacuum distillation with steam. 

The acid solution was washed several times with ethylene dichlor- 

ide utilizing a separatory funnel and the washings discarded. The 

aqueous phase was rendered alkaline to litmus paper by the addition 

of concentrated ammonium hydroxide and extracted with several por- 

tions of ethylene dichloride. The combined extract was concentrated 

to dryness in vacuo. Thin -layer chromatographic analysis of this 

fraction showed the presence of VLB but did not separate the other 

alkaloids. Based on these findings it was decided to concentrate on 

VLB only. 

Although the above method did permit adequate identification of 

VLB, there was some overlapping of other alkaloids which would 

interfere with the subsequent elution procedures for the compound. 

A modification of Svoboda's gradient pH method (93, 94) was found 

to be satisfactory. Extraction at pH levels 4. 0 and 6. 1 resulted in 

the removal of all VLB from the sample and excluded a number of 

undesirable alkaloids. 

Concurrent with the above experiments, several attempts to 

provide suitable separation of the alkaloids on TLC plates were eval- 

uated. The most satisfactory was found to be chloroform -methanol 

. 



24 

95:5 in the first direction and ethyl acetate -absolute alcohol 3:1 in 

the second direction. 

Quantitation. The general outline of the method was to elute VLB 

from the plate and recover it quantitatively followed by measurement 

of its absorbancy with an ultraviolet spectrophotometer. Prelimi- 

nary experimentation with reference VLB indicated that it followed 

Beer's law at concentrations of 2. 0 to 8. 0 pg per ml (Table III, 

Figure 1). 

Various trials were attempted to detect the VLB on the plate 

without changing the compound. The use of iodine spray and iodine 

vapors proved to be unsatisfactory. Iodine residues seemed to 

interfere with the U. V. absorbancy of VLB causing unreliable results. 

Visualizing VLB spots on the chromatograms under ultraviolet 

light was not possible, since the compound does not fluoresce under 

these conditions. However, it was found that if VLB was applied on 

a plate to which Radelin phosphor5 5 was added (100 mg per 30 gm 

silica gel) the compound quenched the fluorescent green background 

under the short wavelength ultraviolet light. It was found necessary 

to wash the silica gel before preparing the plates in order to remove 

impurities. Washing three times with boiling methanol was found 

satisfactory. Radelin phosphor was added to the silica gel before 

5Radelin phosphor, United States Radium Corporation, Morristown, 
N. J. 
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Table III 
Absorbancy of Vincaleukoblastine Reference 

Samples at 214 mµ 

µg VLB /ml 1 

Sample Number 
2 3 4 5 Average 

Solvent 
(Methanol AR) . 02 . 02 . 03 . 04 . 03 . 03 

2.0 .22 .20 .20 .21 .23 .21 

4.0 . 36 . 37 . 38 . 38 . 37 . 37 

6. 0 . 55 . 56 . 58 . 59 . 59 . 57 

8. 0 . 73 . 75 . 75 . 76 . 76 . 75 
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Figure 1. Standard curve of reference vincaleukoblastine. 

Each point represents the average of five readings (Table III). 
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washing was affected. Two hours of shaking of the washed and dried 

silica gel in a polyethylene flask was necessary to eliminate the 

problem of having particles of silica gel on the plates. 

Trials for establishing a VLB standard curve that would follow 

Beer's law were then made by chromatographing various concentra- 

tions of the alkaloid on methanol- washed and phosphor- treated silica 

gel G plates (200x200 mm). The VLB spot area was located and 

outlined on the dry developed plate. Extraction of the VLB from 

the silica gel was attempted by numerous techniques utilizing various 

solvents. The use of the vacuum zone extractor described by 

Matthews et al. (49) (Figure 2) with hot methanol was found to be 

most satisfactory. The absorbance values were plotted and were 

found to adhere to Beer's law over the range 2.0-8.0 pg VLB /ml 

(Table IV, Figure 3). A blank plate was also prepared and extracted 

in the same manner to correct for the absorbancy of the silica gel. 

Vincaleukoblastine Determination 

Extraction. One -gram samples of dried powdered leaf material 

were dampened with several milliliters of two percent (w /v) aqueous 

tartaric acid solution and extracted by mechanical shaking for 30 

minutes with 20 ml of benzene. The benzene extract was decanted 

through a Btichner funnel and the crude drug rinsed by shaking several 

times with benzene. The rinsings were filtered through the Buchner 
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Figure 2. The vacuum zone extractor used for eluting the 
alkaloid spots. 
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Table IV 
Absorbency of Chromatographed and Extracted 

Vincaleukoblastine Reference Samples at 214 mp 

pg VLB /ml 1 

Sample Number 
2 3 4 5 Average 

Solvent 
(Methanol AR) . 03 .02 . 03 . 02 . 04 .03 

Blank .09 .08 .11 .08 .09 .09 

2. 0 . 25 . 22 . 24 . 22 . 25 . 24 

4. 0 . 38 . 38 . 36 . 38 . 39 . 38 

6.0 . 57 . 58 . 57 . 56 . 59 . 57 

8. 0 . 66 . 67 . 69 . 69 . 68 . 68 
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Figure 3. Standard curve for determination of vincaleukoblastine in C. roseus leaves. 
Each point represents the average of five readings (Table IV). 
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funnel and the combined benzene extracts were concentrated 

in vacuo to ca. ten ml using a flash evaporator, and an equal volume 

of two percent (w /v) tartaric acid solution added. Removal of the 

benzene was accomplished by in vacuo distillation using a steam bath. 

The aqueous acidic solution remaining was filtered through a Buchner 

funnel. The two tartaric acid filtrates were combined and extracted 

with three ten -ml portions of ethylene dichloride, which were then 

discarded. Using 58 percent (w /v) ammonium hydroxide, the tar- 

taric acid solution was rendered alkaline to litmus paper and extract- 

ed with three, ten -ml portions of ethylene dichloride. These 

ethylene dichloride extracts were combined, dried over anhydrous 

sodium sulfate, and concentrated in vacuo to dryness using a flash 

evaporator. The remaining tartaric acid solution was discarded. 

This dried extract was readjusted to a volume of five ml with ethy- 

lene dichloride, an equal volume of O. 1M citric acid solution added, 

and the ethylene dichloride removed by in vacuo distillation. The 

citric acid solution remaining was adjusted to a pH of 4. 0 with ten 

percent (w /v) ammonium hydroxide solution and extracted with three 

separate five -ml portions of benzene, then adjusted to pH 6. 1 with 

ten percent (w /v) ammonium hydroxide and extracted with benzene 

as before. Each benzene extract was concentrated to dryness. 

Quantitation. The entire extracts prepared above were each 

dissolved separately in a minimum amount of ethylene dichloride 
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(ca. O. 1 ml) and spotted on separate thin -layer silica gel G phosphor 

plates. These thin -layer silica gel G phosphor plates were prepared 

by adding one gram of Radelin phosphor to 300 grams of silica gel G 

and 2. 5 liters of methanol. This mixture was brought to a boil and 

the methanol decanted through a coarse sintered glass Buchner funnel 

to remove the fines. Then 2. 5 liters of methanol was added and the 

mixture again brought to a boil. The process was repeated three 

times and the silica gel dried in an oven at 100o C. until all methanol 

was removed. This oven -dried powder was reduced to a fine particle 

size by shaking in a stoppered polyethylene bottle on a mechanical 

shaker for two hours. For the preparation of five 200 X 200 mm 

chromatography plates, 60 ml of distilled water was added to 30 

grams of this phosphor - silica gel G and the mixture was shaken for 

one and a half minutes in a 250 ml Erlenmeyer flask. The DeSaga- 

Brinkmann apparatus6 was used to spread the matrix on five 200 X 

200 mm glass plates. Adjustment of the applicator to produce 250 p 

thick plates of matrix was made. After spreading, the plates were 

activated by heating at 100o C for 30 minutes. After the sample was 

spotted in the lower left corner, 14 mm from each edge, the plate 

was developed in a two -dimensional system. Each plate was placed 

into an equilibrated (30 minutes) glass developing chamber, 

6C. 
DeSaga, Heidelberg, Germany: U. S. representative; Brinkmann 

Instruments Co. , Cantique Road, Westbury, New York. 

- 

- - 
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(8 -1/2 in. X 4 in. X 8 -1/2 in. ), lined with eluent- moistened Whatman 

No. 1 filter paper. Chloroform:methanol, (95:5) was used as an 

eluent for the first dimension and the solvent was permitted to travel 

a distance of 140 mm from the point of sample application. The 

plate was then removed, air -dried and eluted a second time in the 

same dimension with the same solvent. When the first dimension 

was completed, the plate was air -dried and then developed similarly 

using the ethyl acetate:absolute ethanol (3:1) eluent, allowing the 

solvent front again to attain a height of 140 mm each time. Fresh 

prepared solvents were used for each plate. In determining the 

position of VLB, the plate was observed under short -wavelength 

ultraviolet light? and VLB was found to migrate characteristically on 

the developed plates (Figures 4 and 5). 

Alkaloids other than VLB exhibited characteristic fluorescent 

patterns under ultraviolet light that served as markers to establish 

the position of VLB. The plates were first observed under short- 

wave ultraviolet light and the major fluorescent areas were marked. 

Then the same procedure was repeated under long -wave ultraviolet 

light. Under these conditions, VLB does not fluoresce but can be 

observed as an area of purple quenching under short -wave ultraviolet 

light (Figures 4 and 5). 

7Chromato -Vue, Ultra Violet Products, Inc. , San Gabriel, California. 

. 
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Spots visible under short U. V. 
Spots visible under long U. V. 
Color reaction with CAS 
B, blue; L, lavender; O, orange; P, pink; Y, yellow 
VLB - vincaleukoblastine 

Figure 4. Typical patterns of spots on TLC plates as seen under 
U. V. light and following CAS reagent treatment of 
C. roseus leaf alkaloid fraction at pH 4.0. 
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- - - - -- Spots visible under short U. V. 

Spots visible under long U. V. 

Color reaction with CAS 
B, blue; G, grey; L, lavender; O, orange; P, pink; 
Y, yellow 
VLB - vincaleukoblastine 

Figure 5. Typical patterns of spots on TLC plates as seen under 
U. V. light and following CAS reagent treatment of 
C. roseus leaf alkaloid fraction at pH 6. 1 . 
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After the VLB was located on each plate, the area was marked 

and removed by means of the vacuum zone extractor (Figure 2). A 

total of 10 ml of hot methanol extract was volumetrically collected 

for each sample, which was then read at 214 mp in an ultraviolet 

spectrophotometer. 8 The samples were scanned in the region be- 

tween 340 and 200 my to assure that the spectrum was characteristic 

for that of reference VLB (maxima at 214 mp and 288 mp). A blank 

was prepared by eluting silica gel G phosphor from a plate which 

had been chromatographed in a similar manner, but to which alka- 

loids or extracts had not been added. 

To insure that the eluted material was in fact VLB, each eluted 

solution, following spectral analysis, was evaporated to dryness, 

dissolved in a minimum amount of ethylene dichloride, and chromato- 

graphed using VLB as a standard and methanol as an eluent. Plates 

were then sprayed with the CAS reagent and characteristic Rf 

values and chromogenesis of the eluted alkaloid and VLB were com- 

pared with literature reports (17). This served to establish the 

presence of VLB as well as the presence of other alkaloids which 

might have been eluted from the plate and which could have interfered 

with the spectral analysis. 

8Beckman DK2, ultraviolet spectrophotometer. 
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Total Alkaloid Determination 

A modification of the method of Szász et al. (98) was utilized in 

the analysis for total alkaloids. The powdered crude drug was dried 

for 24 hours in an oven at 1000 C. One gram of the dried sample 

was placed in an evaporating dish, thoroughly moistened with 58 per- 

cent (w /v) ammonium hydroxide solution and then air -dried. These 

samples were transfered, by washing with 20 ml of chloroform, to 

suitable Erlenmeyer flasks, the flasks stoppered, and the samples 

macerated with chloroform for 24 hours, after which they were 

filtered by means of Buchner funnels. After transfer to a 60 ml 

separatory funnel, each chloroform extract was shaken with 20 ml 

of two percent (w /v) sulfuric acid until all alkaloids had been removed 

as evidenced by a negative reaction of the chloroform extract on 

filter paper to the modified Dragendorff's spray reagent9 (54). The 

test was conducted by placing several drops of the sample on a filter 

paper and then spraying it with the modified Dragendorff's reagent. 

Adjustment of the resulting acid solution to pH 10 with 58 percent 

(w /v) ammonium hydroxide solution was then followed by exhaustive 

extraction with chloroform until the sample was free from alkaloids. 

The alkaloidal chloroform extract was dried over anhydrous sodium 

9For method of the preparation of the modified Dragendorff's reagent 
see Appendix. 
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sulfate, filtered into a 100 ml standard taper round - bottom flask 

and concentrated to dryness in vacuo using a flash evaporator. 

Two separate five -ml portions of methanol were added to the dry 

extract to assure the complete removal of moisture. Methanol was 

removed in the usual manner and the dried extract adjusted to a 

volume of 10 ml with chloroform. This was transfered to a suitable 

Erlenmeyer flask, followed by 5 ml of glacial acetic acid (99. 7 per- 

cent), and two drops of indicator, consisting of a O. 5 percent (w /v) 

solution of gentian violet in glacial acetic acid. The mixture was 

continuously stirred with a magnetic stirrer, and titrated to a visual 

green end point with 0.01 N perchloric acid in glacial acetic acid. 

Extreme care was required in the use of gentian violet as an indicator 

because of the numerous colors observed during the titration. 

Gentian violet acquires a purple color which changes through blue, 

on the addition of perchloric acid, to a greenish -blue at the end- 

point (55), Potassium biphthalate was used to standardize the per - 

chloric acid, because the low ionic strength due to the precipitation 

of potassium perchlorate during the titrations gives an extremely 

sharp end -point (12). Precaution was observed to assure that the 

glacial acetic acid absorbed no atmospheric moisture prior to its 

use in the titration procedure. 

Total alkaloid content of the samples was expressed as milli- 

grams of perivine per gram of sample. Perivine was chosen as the 
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standard reference alkaloid because it is representative of the 

average molecular weight and structural type of alkaloids present 

in C. roseus and it is the major alkaloid formed in C. roseus 

leaves (87). 

Determination of Chlorophyll Content 

The chlorophyll analysis performed entailed the use of a modifi- 

cation (2) of the method used by Gjerstad (22) in his work with 

Mentha piperita Linné. The method is described below. 

1. A one -half gm sample of the dried leaves from each treatment 

was accurately weighed and placed in a thimble in the extraction 

chamber of a Soxhlet extractor. 

2. One hundred ml of solvent (.0% water in acetone) was used 

in the extraction process which proceeded until no more color was 

noted in the solvent passing through the mare. 

3. The chlorophyll - containing solvent was transferred to a 

250. ml volumetric flask, and then brought to volume with subsequent 

washings of the solvent. 

4. The optical density of the solution was then read on the 

Bausch and Lamb Spectronic 20 Colorimeter. Readings were taken 

at 663 m» and 645 mp, respectively, for each sample. All determi- 

nations were made in duplicate. 
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5. The values thus obtained were inserted in the following 

simultaneous equations (ü =.) in which X is the concentration of 

chlorophyll a, and Y is the concentration of chlorophyll b. The 

equations were then solved for X and Y. 

lo 
Log l 663 = 

82. 04 X + 9. 7 7 Y 

645 
= 75 X+-15.6 Y 

Selective Solvent Extraction 

In order to ascertain the effect of the treatment on other types 

of components, in addition to the total alkaloids, VLB, and chloro- 

phyll, it was decided to perform the selective solvent extraction. 

The principle of the method entails the treatment of the pow- 

dered material with a series of different solvents in succession 

(75, p. 35 -40). The decrease in weight in the powdered material 

represents the amount of solute which is dissolved in each solvent. 

As a rule, each solvent was allowed to percolate until the marc 

was completely extracted. The sequence of solvents are listed 

below. 

1. Petroleum ether U.S. P. which may dissolve fats and fatty 

oils, waxes, essential oils, coloring matter and phytosterols, and 

less often, alkaloids (present in the free state), glucosides and 

resinous substances. 
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2. Absolute ether A. R. in turn, may dissolve a few glucosides 

and alkaloidal bases, resinous components and coloring matter and 

ether -soluble acids like gallic acid. 

3. Absolute alcohol A. R. will then extract certain alkaloidal 

salts, saponins or other glucosides of similar behaviors, sugars and 

tannins. 

4. Distilled water finally will dissolve some bitter substances 

and glucosides which may not have been dissolved by the previous 

solvents. Other substances such as sugars, salts, gums, mucins, 

proteins, xylans, inulin and pectins may also be extracted. 

The thimbles of the Soxhlet extractor were numbered with pencil 

and accurately weighed. Two grams of powdered leaf material were 

accurately weighed and placed in the extraction thimbles. One dupli- 

cate determination was made for each series. The thimbles were 

then placed in the Soxhlet apparatus and 100 -ml quantities of the sol- 

vents were added directly to the Soxhlet flasks. The temperature of 

each of the Labline10 hot plates was adjusted so that a regular rate of 

evaporation could be maintained for each solvent (about one cycle 

every ten minutes). The extraction was continued until the marc was 

completely extracted. The times required were about eight hours 

for the petroleum ether and ether, and about six hours for the alcohol 

and the water. 

10Labline Instruments, Inc. Manufacturers and Designers, Metrose 
Park, Ill. 
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After completion of each extraction, the thimbles were removed 

from the apparatus and air -dried. The thimbles were then placed in 

the oven at a temperature of 100o C. and dried to constant weight. 

No change in weight occurred after 20 hours in the oven. Accordingly, 

the thimbles were dried for 24 hours. When the thimbles were re- 

moved from the oven, they were placed in a dessicator until cool and 

then weighed accurately and quickly to prevent change in weight by 

absorption of moisture from the atmosphere. In order to determine 

the weight of material extracted by each successive solvent, the new 

weight obtained was subtracted from the previous recording. 
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RESULTS AND DISCUSSION 

Effect on Height 

The plants were measured weekly for a period of seven weeks 

(Figure 6). The first measurement was taken when the plants were 

about two weeks old (see Experimental for details of height measure- 

ments). Analysis of variance 1 
11 

of height data was performed. The data 

presented in Table V represents the average figures of the measured ten 

plants per group, the treatment calculated as percent of control, and 

the lowest significant difference (L. S. D. ) calculated from the analy- 

sis of variance at both five percent and one percent confidence levels. 

Table V 

Height Data of Plants During the Seven -Week Observation Period 

Measurement 
Number & Date 

Controls, 
cm 

GA- treatment 
cm 

Control, 
% 

L. S. D.''' 
. 05 . 01 

1 Sept. 11'`'` 8.90 .9.55 103.5 
2 Sept. 18 14.25 19.90 139.6 3.929 5.382 
3 Sept. 25 20.20 32.55 161.1 5.824 7.978 
4 Oct. 2 26.55 41.35 155.7 6.931 9.495 
5 Oct. 9 31.25 47.60 152.3 7.532 10.318 
6 Oct. 16 35.75 54.20 151.6 10.662 14.617 
7 Oct. 23 38.65 57.25 148.1 10.959 15.012 

The lowest significant difference at the five percent and one per- 
cent confidence level calculated from the analysis of variance. 

This measurement was performed before treatment started on the 
11th of September, five days prior to the first harvest. 

11 For details of Analysis of Variance refer to Appendix. 

J. 1 

J. 
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Figure 6. Effect of gibberellic acid on pink flowering Catharanthus 
roseus plants. 

C = contro. GA = gibberellin- treated plant 

OD 

,. 
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Figure 7 graphically depicts the height data given in Table V. 

A study of this data demonstrates that a significant increase in the 

height of the plants was induced by the GA treatment. It was noted 

that in the GA- treated plants the maximum increase over controls 

occurred at the end of the second week (measurement no. 3). This 

increase amounted to 61 percent (Table V). At the terminal harvest, 

the GA- treated plants were 48 percent taller than controls. The 

analysis of variance of the height data (Table V) indicates that the 

increase of the treated plants is statistically significant at the one 

percent confidence level. Only the height of the first measurement 

was not different from controls since this measurement was taken 

before treatment. 

Table VI 
Growth Rates Per Week of the Plants 

as Demonstrated by Height Measurements 

Measurement 
Number Date 

Controls, 
cm 

GA- treatment, 
cm 

2 Sept. 18 5. 35 10. 80 

3 Sept. 25 5. 95 12. 65 

4 Oct. 2 6. 35 8. 80 

5 Oct. 9 4. 70 6. 25 

6 Oct .16 4. 50 6. 60 

7 Oct. 23 2. 90 3. 05 



A GA - Treatment 
O O Control 

1 3 4 

Time in Weeks 

5 6 7 

Figure 7. Height data in cm of plants during seven -week 
observation period. 
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Effect on Fresh and Dry Weights 

Effect on Leaves 

There was no significant effect of the treatment on fresh and 

dry weights of leaves (Tables VII, VIII and Figures 8 and 9). 

Effect on Stems 

Stem dry weights (Table IX, Figure 11) were increased 13, 86, 

65 and 40 percent of controls at the first, second, third and fourth 

harvests, respectively. The maximal increase in growth (stem dry 

weight) occurred at the second harvest which corresponded to the 

maximal increase in height. The analysis of variance of the stem 

dry weights (Table VIII) indicated that only the second and third har- 

vest plants showed a significant increase at the five percent confidence 

level. This increased stem growth is a typical gibberellin effect 

which results from stimulation of the subapical meristem. The stem 

fresh weights showed a similar trend. However, the data was not 

analyzed statistically (Table VII, Figure 10). 

Effect on Roots 

The fresh weights of the roots were not markedly affected by 

gibberellin treatment (Table VII, Figure 12). On the other hand, 

root dry weight was increased except at the first harvest (Table IX, 
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Table VII 
The Effect of GA Treatment on Fresh Weight 

Treatment 
Harvest 

No. Leaves Stems Roots 
The Whole 
Plant 

Control 1 1.36 0.34 0.59 2. 29 
GA 1.36 0.40 0.61 2. 36 

Control 2 4.36 1.39 1.95 7.71 
GA 4.93 2.51 2. 56 10. 00 

Control 3 10.01 4.34 3.54 17.88 
GA 8.57 6.15 3.26 17.98 

Control 4 24.40 11.42 7.30 43.11 
GA 21.90 13.61 7.33 42.84 

Each figure represents the average weight in grams of ten plants 
for each group. 



Table VIII 
The Effect of GA Treatment on Dry Weight 

Treatment 
Harvest 

No. 
Leaves Stems Roots Whole Plant 

Weight.' LSD Weight LSD Weight LSD Weight LSD 
5% 1% 5% 1% 5% 1% 5% 1% 

Control 1 0. 166 0.038 -- -- 0.450 -- -- 0.2-49 -- -- 
GA 0.. 164 -- 0.042 - - - - 0. 450 0. 245 - - 

Control 2 0.544 -- 0. 187 -- 0. 157 -- 0.892 -- 
GA 0.627 -- 0.346 1. 181 -- 0.215 -- 1. 188 -- 

Control 
GA 

3 1. 345 
1.256 

- - 
-- 

0. 580 
1. 122 2. 101 

- - 
-- 

0. 3 73 
0.388 

- - 2. 398 
2.763 

-- 
-- 

Control 4 3. 171 -- 2.041 -- -- 0.869 6.077 -- 
GA 3. 143 -- 2.847 -- -- 0.961 6.951 -- 

m** 

Average weight of ten plants per group in grams. 

Lowest significant difference at both 5% and 1% confidence level calculated from the analysis 
of variance. 

- - -- 

-- 

-.- 
-- 

* 

-- -- 

-- -- -- -- 
-- -- 

-- -- 

-- 

-- 
-- 
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Table IX 
Dry Weights of GA Treated Plants Expressed as 

Percent of Controls 

Harvest No. Leaves Stems Roots Whole Plant 

1 96.9 113.0 95.5 99. 0 

2 114. 6 185. 9 136.0 133. 4 

3 93. 2 164. 9 130. 9 115. 2 

4 99. 1 139. 5 110. 7 114. 3 
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Figure 8. Effect of GA on fresh weights of leaves. 
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Figure 9. Effect of GA on dry weights of leaves. 
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Figure 10. Effect of GA on fresh weights of stems. 
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Figure 11. Effect of GA on dry weights of stems. 
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Figure 13). There was a 36 percent increase at the second harvest 

and a 31 percent increase at the third harvest. However, the analy- 

sis of variance indicated that the increase in the root dry weight was 

not a significant increase (Table VIII). 

Effect on the Whole Plant 

The gibberellin treatment had a favorable effect on plant growth 

(total dry weight); however, no effects were noted on the fresh 

weights (Figures 14 and 15). Increases of 33 percent, 15 percent, 

and 14 percent were noted in the total dry weight at the second, third 

and fourth harvests, respectively (Table IX). However, the analysis 

of variance of the total dry weight data indicated that these increases 

were not statistically significant (Table VIII). 

Conclusion of Weight Results 

There was no consistent marked effect of the treatment on the 

fresh weights of various plant parts and the whole plant except on the 

stem. The stem fresh weights of treated plants (Table VII and 

Figure 10) showed consistent increases over control plants in all 

four harvests. 

The dry weights, which were statistically analyzed, showed that 

there was a significant increase in only the stem dry weights due to 

the gibberellin treatment. This increase was significant at the five 

percent confidence level in only the second and third harvest plants. 
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Figure 13. Effect of GA on dry weights of roots. 
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Figure 14. Effect of GA on fresh weights of the whole plant. 
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Figure 15. Effect of GA on dry weights of the whole plant. 
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There were appreciable increases in the root and whole plant dry 

weights when calculated as percent of controls. However, analysis 

of variance proved all these increases statistically insignificant 

(Tables VIII and IX). 

Effect on Flowering 

At each harvest the number of plants in flowering out of the 30 

harvested plants were counted. The percent of plants flowering at 

each harvest for both controls and GA treated plants was calculated. 

A study of the data in Table X indicates that gibberellin treatment 

did not affect the rate of flowering. 

Table X 

The Effect of GA Treatment on Flowering 

Harvest Harvest 
No. Date 

Control 
No. of 
Plants Percent 

in 
>k 

of 
Flower Flowering 

GA- Treatment 
No. of 
Plants Percent 

in of 
Flower Flowe rin g 

1 Sept. 16 0 

2 Sept. 30 10 33.0 

3 Oct. 14 25 83.0 

4 Oct.28 30 100.0 

0 

10 

23 

30 

33. 0 

76. 0 

100. 0 

This figure represents number of plants in flowering out of a group 
of 30 harvested plants. 
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Effect on Total Alkaloid Concentration 

One gram samples were assayed as previously described for 

total alkaloid concentration and the total alkaloid concentration was 

expressed as mg of perivine per gm of dried powdered plant material. 

The first harvest samples were not assayed due to insufficient amounts 

being available. 

Leaf Alkaloid Concentration 

There was an inhibitory effect of the GA treatment on the pro- 

duction of alkaloids in the leaves. The concentration of alkaloids was 

reduced 14 percent at the third harvest and 44.5 percent at the fourth 

harvest (Tables XI, XII and Figure 16). The latter decrease was 

considered significant. 

In the controls, the concentration of the alkaloids increased with 

the age of the plant (Table XI). At the fourth harvest, when all plants 

were in bloom, the concentration of the alkaloids reached a maximum. 

The GA effect seemed to be more pronounced on mature plants than 

younger ones. 

Stem Alkaloid Concentration 

Treated plants showed lower alkaloid concentration in the stems 

than controls (Table XI and Figure 17) and the concentration in the 
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same organ of treated and untreated plants decreased with age. This 

pattern was the reverse of that noted in the leaves. This phenome- 

non of decreasing alkaloids in stems by age is due to the increase of 

stem dry weight at a faster rate than the increase of the accumulated 

alkaloids. This suggests that the stems are not a site of alkaloid 

accumulation, but rather a vessel of translocation, which is to be 

normally expected. 

Table XI 
The Effect of GA Treatment on the Concentration of Total Alkaloids 

Alkaloid Concentration as mg /gm 
Harvest No. Treatment Leaves Stems Roots 

2 

3 

4 

Control .5. 3 4. 2 7. 7 

GA 6. 1 4. 1 6. 7 

Control 7. 0 2. 9 8. 7 

GA 6.0 2.4 7.9 

Control 7. 3 2. 0 8. 6 

GA 4. 0 1.7 5. 3 

Table XII 
The Effect of GA Treatment on the Concentration of Total Alkaloids 

Expressed as Percent of Controls 

Harvest 
No. Leaves 

Plant Parts 
Sterns Roots 

(percent) 

2 107.0 96.0 93.5 

3 86.0 82.5 91. 0 

4 55.5 86.0 62.2 

_r 
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Figure 16. Effect of GA on the concentration of the total 
alkaloids of the leaves. 
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Figure 17. Effect of GA on the concentration of the total 
alkaloids of the stems. 
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Root Alkaloid Concentration 

There was also a consistent decrease in the alkaloid concen- 

tration of the roots from GA treatment. This decrease was less pro- 

nounced at the earlier stages, i. e. 6. 5 percent in the second harvest 

plants and 9. 0 percent in the third harvest plants. However, the 

fourth harvest plants showed a significant decrease of 37. 8 percent, 

suggesting that the decrease caused by GA treatment was more pro- 

nounced in mature plants (Table XI and XII and Figure 18). 

Conclusions from Effect on Total Alkaloid Concentration 

It was concluded that GA treatment caused a general decrease of 

alkaloid concentration in all plant parts. This decrease was more 

pronounced in physiologically mature plants than in young plants, as 

indicated by the data for the leaves and roots (Tables XI and XII). 

Alkaloid concentration tended to increase by maturation in both 

leaves and roots, then leveled off at the final harvest, or when plants 

reached the total flowering stage. The reverse trend was noted in the 

stems. There was a consistent negative relationship between alkaloid 

concentration in stems and age of the plants, which is indicative that 

stems are not a site of alkaloid accumulation, but only serve as a 

means of translocation between the leaves and the roots. These data 

indicate that the increase in the dry weight of stems takes place at a 

higher rate than the increase in the total alkaloid content. 
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Figure 18. Effect of GA on the concentration of the total 
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Effect on Total Alkaloid Content 

The total alkaloid content was calculated from the dry weight 

and alkaloid analysis (based on concentration) data. This data repre- 

sents the combined effect of the treatments on growth (dry weights) 

and the concentration of alkaloids in the plant parts (Tables XIII and 

XIV). 

Effect on Leaves 

There was a 30 percent increase in the total alkaloid content in 

the second harvest plants. This increase was due both to increased 

growth and increased alkaloid concentration. A decrease of 19. 8 

percent, due primarily to a reduction in concentration, was found 

at the third harvest. There was a very significant reduction in the 

total alkaloid content of the fourth harvest plants of 45 percent. This 

was due entirely to the decrease in the alkaloid concentration. The 

total alkaloid content of treated plants followed the same trends noted 

in the total alkaloid concentration (Figures 16 and 18). This resulted 

in an increase of the second harvest, a slight decrease at the third 

harvest and a significant decrease at the fourth harvest. (Figure 19). 

The total alkaloid content in both control and treated plants 

showed a consistent increase with time which was mainly due to the 

increase of dry weights (Figures 9 and 19), since the alkaloid 
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Table XIII 
Total Alkaloid Content* of Plant Parts 

Harvest 
No. Treatment 

Plant Parts 
Whole Plant ** Leaves Stems Roots 

(in mg) 

2 Control 2.9 0.8 1.2 4.9 
GA 3.8 1.4 1.4 6.6 

3 Control 9.4 2.0 2.3 13. 7 

GA 7.5 2.7 3.1 13. 3 

4 Control 23. 1 4. 1 7. 5 34. 6 
GA 12. 6 4. 9 5. 1 22. 6 

* * 

Calculated from dry weight and alkaloid analysis data. 

Whole plant = leaves + stems + roots. 

Table XIV 
Total Alkaloid Content as Percent of Controls 

Harvest Plant Parts 
No. Leaves Stems Roots Whole Plant 

(percent) 

2 130. 0 179. 0 121. 1 133. 5 

3 80.2 139.0 130.0 97.0 

4 55.0 120.0 68.0 65.2 
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concentration did not increase significantly after the third harvest. 

Effect on Stems 

There was an overall increase in the total alkaloid content of 

the treated plants in the three assayed harvests (Tables XIII, XIV 

and Figure 20). When compared with controls this increase tended 

to be more pronounced at the early growth stages than during the 

mature stages. The total alkaloid content (compared with controls) 

was increased 79.0 percent at the second harvest plants, 39. 0 per- 

cent at the third harvest and 20. 0 percent at the fourth harvest. The 

maximum increase at the second harvest corresponded with data 

for height and dry weight. 

The overall pattern on total alkaloid content in stems was simi- 

lar to that on dry weight and height, while it was the reverse of 

that noted on concentration. 

The relationship between total alkaloid content and growth stage 

in both control and treated plants was positive, and also followed the 

trend of the dry weights (Figure 11) while it reversed completely the 

trend of the alkaloid concentration which was decreasing with time 

(Figure 17). 
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Effect on Roots 

The second harvest plants showed an increase of 21. 1 percent, 

which was due to the significant increase (36. 0 percent) in the dry 

weight which overcame the 2. 5 percent decrease in the total alkaloid 

concentration. The third harvest plants showed a 30 percent increase 

which was due mainly to the increased dry weights. The 32 percent 

decrease of the fourth harvest was due primarily to a significant re- 

duction in the concentration of root alkaloids (Tables XI and XIV). 

In both control and treated plants the total alkaloid content in- 

creased with time (Figure 21). This trend parallelled that of dry weight. 

Effect on the Whole Plant 

The overall effect of GA on alkaloid concentration and dry weight 

of various plant parts caused interesting effects on the total alkaloid 

content of the whole plant (Table XIV and Figure 22). There was a 

significant increase of 33. 5 percent at the second harvest. No ap- 

parent change was found at the third harvest. A significant decrease 

of 34. 8 percent was found at the fourth harvest. 

There was a considerable increase in total alkaloid content with 

time. This is directly correlated with the increase of dry weight of 

the whole plant (Figure 15). 
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Conclusions From the Effect on Total Alkaloid Content 

It was concluded that the effect of GA on total alkaloid content 

is not a simple relationship. It varies from one plant part to another. 

Even in the same plant part it depends on the physiological age of the 

plant. In stems, there was an increase throughout the experiment, 

(Figure 20) while in the leaves, roots and the whole plant, there was 

an increase when compared with controls at the early stages of plant 

growth. This trend was reversed at the late stages of plant growth 

(Figures 19, 21 and 22). 

Effect on Vincaleukoblastine (VLB) 

One -gram samples of dried powdered plant material were anal- 

yzed for VLB using the described assay procedure. The VLB content, 

if any, was lower than the minimum detectable concentration (5»g /gm) 

in both stems and roots in both pH level extracts. This is illustrated 

in Figures 23 -26. All stem and root samples were extracted, chro- 

matographed, and visualized under both long and short wavelengths 

of ultraviolet light. When no VLB was visible on the plates, they 

were sprayed with CAS to confirm the absence of this alkaloid in 

every sample. It was concluded that in both treated and control 

- 
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plants grown under the aforementioned greenhouse conditions, the 

VLB concentration of all harvests in both stems and roots was below 

the detectable concentration of 5 }xg /gm dry weight of plant material. 

The VLB concentration in the leaves of the treated plants was 

consistently higher than controls with the exception of the third har- 

vest plants (Table XV and Figure 27). First harvest plants showed 

an increase of 20.0 percent and the second harvest plants were 10. 5 

percent higher than controls, whereas the fourth harvest plants 

showed a correspondingly significant increase of 26.5 percent. 

In the treated plants there was a general overall trend of VLB 

decrease in the leaves as the plant matured (Table XV and Figure 27). 

This is in agreement with observations by Noble (59) who found that 

extracts of the leaves of young C. roseus plants showed a greater 

leukopenic activity than did the leaves of older plants and this was 

undoubtedly due to a lower concentration of the leukopenic alkaloid 

VLB in the older plants. These findings might indicate that the VLB 

accumulates in the younger leaves at a higher rate than in the older. 

Therefore, there would be a corresponding drop in VLB concentration 

as the plant matures. 
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Since the effect of the treatment on the dry weight of the leaves 

was not significantly altered, (Table VIII and Figure 10), the trend 

for the total VLB content per plant organ followed the pattern shown 

for the VLB concentration. The first, second and fourth harvest 

plants showed increases in the VLB content of 16.0, 26.8 and 20. 0 

percent, respectively. The exception was a 12. 5 percent reduction 

at the third harvest. 

Due to the increase in the dry weight of the leaves as the plant 

matures, both controls and treated plants had an increasing VLB 

content per plant organ as a function of time (Table XVI and 

Figure 28). 

Table XV 

Effect of GA Treatment on VLB Concentration of Leaves 

Harvest 
No. Control 

GA 
Treatment 

Percent of 
Control 

pg VLB /gm 

1 30 36 120. 0 

2 28 31 110. 5 

3 30 28 93. 5 

4 19 24 126. 5 

% 

- 



78 

Table XVI 
Effect of GA Treatment* on VLB Content of Leaves** 

Harvest GA Percent of 
No. Control Treatment Control 

}zg VLB /plant part 

1 

2 

3 

4 

5.0 5.8 

15.3 19.4 

40.5 35.0 

60.3 72.0 

116. 0 

126. 8 

87.5 

120. 0 

Calculated from dry weight and VLB concentration. 
** 

Leaves were the only plant part that contained VLB 
in detectable concentrations (over 5 pg /gm). 

Effect on Chlorophyll 

Due to the small quantities of the plant material remaining, only 

the leaves of the fourth harvest plants were assayed for the chloro- 

phyll concentration (Table XVII). 

Table XVII 
Chlorophyll Concentration of Leaves of 

The Final Harvest Plants 

Chlorophyll a Chlorophyll b 
Treatment mg /gm mg /gm 

Control 3.76 3.45 

GA 3.94 3.57 

.. 

a 
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- Spots visible under short U. V. 
Spots visible under long U. V. 
Color :,eaction with CAS 
B, blue; O, orange; P, pink; Y, yellow 
No VLB present 

sure 23. Typical patterns of spots on TLC plates as seen under 
U. V. light and following CAS reagent treatment of 
C. roseus stem alkaloid fraction at pH 4.0. 

- - ® 
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- - - - -- Spots visible under short U. V. 

Spots visible under long U. V. 

Color reaction with CAS 
B, blue; O, orange; P, pink; Y, yellow 
No VLB present 

Figure 24. Typical patterns of spots on TLC plates as seen under 
U. V. light and following CAS reagent treatment of 
C. roseus stem alkaloid fraction at pH 6. 1 . 

. 
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- - - -- Spots visible under short U. V. 
Spots visible under long U. V. 
Color reaction with CAS 
B, blue; G, grey; O, orange; P, pink; Y, yellow; R, red 
No VLB present 

Figure 25. Typical patterns of spots on TLC plates as seen under 
U. V. light and following CAS reagent treatment of 
C. roseus root alkaloid fraction at pH 4.0. 

® 
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- - - - -- Spots visible under short U. V. 

Spots visible under long U. V. ® Color reaction with CAS 
B, blue; O, orange; P, pink; R, red; G, grey; Y, yellow 
No VLB present 

Figure 26. Typical patterns of spots on TLC plates as seen under 
U. V. light and following CAS reagent treatment of 
C. roseus root alkaloid fraction at pH 6. 1. 
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Figure 27. Effect of GA on the VLB concentration of the leaves. 
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There was no significant difference between the control and the 

treated plants on either the quantity or the ratio of chlorophyll a to b. 

Results of Selective Solvent Extractions 

The selective solvent extraction was performed on the various 

organs of the final harvest plants only. 

Effect on Leaves 

GA treatment caused a decrease in the weight of components 

soluble in the various solvents with the exception of the alcohol - 

soluble fraction which showed 12.0 percent increase over the control 

plants (Tables XVIII, XIX and Figure 29). The only significant effect 

was a 36.5 percent decrease in the ether -soluble fraction. 

Effect on Stems 

The GA treatment caused a consistent decrease in the weight of 

soluble components with all solvents. That decrease was most pro- 

nounced in the ether -soluble fraction, which was 64 percent lower 

than controls (Tables XVIII, XIX and Figure 30). The alcohol - 

soluble fraction also showed a significant decrease of 37.2 percent. 
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Table XVIII 
Weights of Components Extracted by Various Solvents 

Treatment 

Solvent 
Plant 
Part 

Petroleum 
Ether 

Absolute 
Ether 

Absolute 
Alcohol 

Distilled 
Water 

Control Leaves 176 23 111 322 
Stems 131 30 95 193 
Roots 145 15 101 147 

GA Leaves 162 15 124 316 
Stems 110 11 60 173 
Roots 110 14 86 154 

Expressed as mg per gm dry weight. 

Table XIX 
Weights of Components Extracted by Various 
Solvents Expressed as Percent of Controls 

Plant Part 

Solvent 
Petroleum 

Ether 
Absolute 

Ether 
Absolute 
Alcohol 

Distilled 
Water 

Leaves 

Stems 

Roots 

92.0 

84.0 

76.0 

Percent 
63.5 112.0 

36.0 62.8 

90.0 84.0 

98.2 

89.6 

105.0 

Effect on Roots 

There was also a decrease in the weight of soluble components 

of various solvents with the exception of the slight increase of 5. 0 

percent in the water - soluble fraction. The petroleum ether - soluble 

' 

" 
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fraction showed a significant decrease of 24.0 percent (Tables XVIII, 

XIX and Figure 31). 

Conclusion of Selective Solvent Extraction 

It is apparent from the data that GA treatment had an overall 

reducing effect on weights of components soluble in various solvents. 

The exceptions were the alcohol -soluble fraction of the leaves, and 

the water - soluble fraction of the roots which showed slight increases. 

In the leaves, only the ether - soluble fraction was considered signifi- 

cantly lower than controls (36.5 percent). Two fractions in the stems 

were significantly decreased, the ether and the alcohol- soluble frac- 

tions, which showed 64.0 and 37.2 percent decrease. The petroleum 

ether -soluble fraction was the only significant decrease in the roots, 

of 24.0 percent. It could be concluded that GA treatment had an un- 

favorable effect on the biosynthesis of the previously mentioned 

components. 

Assay Procedure for Vincaleukoblastine (VL$) 

Several methods were tested in an effort to develop an assay 

procedure which would permit an accurate estimation of the content 

of the four antineoplastic alkaloids in small amounts of plant material. 

A modification of Svoboda's fractionation technique (88, 93, 94, 97) 
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served to separate VLB in pure form but not the other alkaloids. In 

view of those results, subsequent testing was restricted to VLB. 

A technique which involved elution of the compound from TLC 

plates followed by measuring its absorbancy with a spectrophotometer 

was ultimately utilized. It was possible to separate VLB with two - 

dimensional thin -layer chromatography and then locate the spot by 

examining the plate under U. V. light. Vincaleukoblastine exhibits a 

characteristic quenching effect of the fluorescent background which 

results when Radelin phosphor is added to the silica gel. The spots 

were then removed with the aid of a vacuum zone extractor using hot 

methanol. Attempts to quantitate the VLB by measuring its absor- 

bancy at 288 mp failed to give reliable data at such low concentrations. 

Absorbancy at 214 mi was found satisfactory, since the compound has 

a higher peak at that wavelength. Reference VLB samples were 

chromatographed and extracted in an identical manner as the unknown 

extracts to provide a standard curve for the quantitative determination. 
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SUMMARY AND CONCLUSIONS 

Growth Patterns 

There was a typical gibberellin effect on the growth patterns of 

the treated plants. These plants were consistently taller than the 

controls throughout the seven week observation period. Analysis of 

variance of the height data indicated that the increase was significant 

at the one percent confidence level. This is in agreement with simi- 

lar work reported in the literature to date (28, 38, 60, 79 ,,80, 84). The 

maximum increase in height over controls was 61. 1 percent and 

occurred at the end of the second week of treatment. 

Fresh and Dry Weights 

There was no significant effect of the GA treatment on the fresh 

and dry weights of the leaves. The stems showed a considerable 

increase in the fresh weight and a significant increase in the dry 

weight. This increase in the dry weight reached a peak of 85. 9 per- 

cent in the second harvest plants. The observed stem dry weight 

increase can be explained on the basis of the height increase of 

treated plants. The fresh weights of the roots did not demonstrate 

a consistent effect due to the treatment. However, the dry weights 

of treated plants were consistently higher than those of the controls 

except for the first harvest plants. Increases in the root dry weights 
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reached a maximum of 36.0 percent at the second harvest plants. 

However, the analysis of variance of root dry weight data showed no 

significant difference. These data are partially in agreement with 

similar previously published studies. In a paper by Smith and 

Sciuchetti (84), Atropa belladonna and Datura stramonium plants were 

treated with gibberellic acid, and the effect on stem dry weights was 

found to be similar to that observed in the present study with C. 

roseus. These investigators generally reported significant decreases 

in the dry weights of the leaves and roots from GA- treated D. stra- 

monium and A. belladonna. It was concluded that these differences 

were due mainly to physiological specificities within the two plants. 

However, the major gibberellin effect, namely, increase of stem 

weights, was consistent. 

The fresh weight of the whole plant was not markedly affected, 

while the dry weights were consistently higher than controls after the 

first harvest plants. With all plant parts, the maximum increase, 

compared with controls, occurred in the second harvest. The increased 

dry weight of the whole plant was due mainly to the favorable effect 

that GA had on stem growth. However, this increase was not statisti- 

cally significant as shown by the analysis of variance of the dry weight 

data of the whole plant. 



Flowering 

There was no effect of the GA treatment on the rate of flowering. 

In both the control and treated plants, flowering progressed at approx- 

imately the same rate. The four harvests covered a range of no 

flowering at the first harvest, to 100 percent flowering at the final 

harvest. The literature (11, 41) reveals that GA treatment has a 

favorable effect on plants, and especially those with special flowering 

requirements such as long -days, cold - treatment, etc. 

Concentration of Total Alkaloids 

There was an unfavorable effect of GA treatment on the total 

alkaloid concentration, with the exception of leaves from the second 

harvest plants. which exhibited an insignificant increase. There was 

an overall reduction in alkaloids from the three harvests which were 

assayed, and in all the plant parts. These data are in complete agree- 

ment with a considerable number of experiments performed on other 

alkaloid -producing plants (79, 80, 84). 

The relative effect of GA treatment was more pronounced at the 

late harvests. This could be due to the cumulative effect of contin- 

uous GA treatment, or that the mature plants were more drastically 

affected than the younger plants. The effect on the leaf alkaloids was 

most significant, whereas the effect on root alkaloids was 

94 
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intermediate. Stem alkaloids were the least affected. In general, 

GA treatment caused decreases in the alkaloid concentration. 

Total Alkaloid Content 

For all plant parts, the second harvest plants of the treated 

group showed increases over controls in total alkaloid content. This 

trend was noted in the stems, at the third and the fourth harvests, 

but was less pronounced in the later harvests. The roots showed a 

higher increase in the third harvest, followed by a significant de- 

crease in the fourth harvest, whereas the leaves showed decreases 

in alkaloid content at the third and fourth harvests. The total alka- 

loid content per plant was not affected at the third harvest, but was 

significantly reduced at the fourth harvest. Increases as well as 

decreases in the total alkaloid content of GA- treated plants have been 

reported in the literature (10, 84). This variation has been attributed 

to species difference, other GA effects, and the age of plants at the 

time of treatment (10, 84). The total alkaloid content of control as 

well as GA- treated plants increased with age as a result of increased 

growth. 

It was concluded that the variable effect of the treatments on 

the total alkaloid content was due to the effect of GA on dry weights 

of the various plant parts during growth phases as indicated by each 

harvest. 
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Vincaleukoblastine (VLB) 

VLB was detected and assayed only in the leaf material. All 

of the stem and root samples from plants included in the study were 

extracted and chromatographed, but it was not possible to detect 

VLB. Thus, it was assumed that VLB was either absent, or present 

in concentrations below the limit of detection allowed by the analysis 

(5 pg/gm). 

With the exception of the third harvest plants, GA treatment 

caused an overall increase in the leaf VLB concentration, ranging 

from 11 to 26 percent of controls. The VLB concentration in both the 

control and treated plants generally decreased as the.plants matured. 

This observation was in agreement with those of Noble (59) who 

found that extracts from the leaves of young C. roseus plants showed 

greater leukopenic activity than did extracts from the leaves of older 

plants. However, it was found in this study that the total VLB content 

increased as the plant matured, in both control and treated plants, 

presumably due to an increase in dry leaf weight. 

Chlorophyll 

There was no marked difference between the controls and the 

treated plants, either in the quality or the quantity of chlorophyll. 

This does not agree with work done on other species, where decreased 

chlorophyll concentration was noted (80). 
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Selective Solvent Extracts 

There was a general trend for the GA treatment to decrease the 

weights of components extracted by various solvents. The only ex- 

ceptions were the alcohol fraction of the leaves and the water fraction 

of the roots. These indicated slight increases of 12. 0 and 5. 0 per- 

cent, respectively. The four extracts that were significantly reduced 

were the ether fraction of the leaves, both ether and alcohol fractions 

of the stems, and the petroleum -ether fraction of the roots. It could 

be concluded that GA causes an overall reduction for most soluble 

metabolites and an overall increase for the insoluble residues that 

were left after extraction, such as cellulose. This data is partly 

in agreement with similar work done on different species (80), in 

which a considerable decrease in the petroleum -ether extract was 

reported. 

The Establishment of an Assay Procedure for VLB 

A procedure for the quantitative determination of the leukopenic 

alkaloid vincaleukoblastine (VLB) in one gm samples was developed. 

In this procedure the alkaloid fraction containing VLB was extracted 

with benzene. After subsequent purification with vacuum distillation 

and gradient pH technique, separation was affected by means of thin - 

layer chromatography. The pure compound was finally eluted off 

the plate and determined spectrophotometrically at 214 mp, with a 
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standard VLB sample used as reference. The procedure was found 

to be accurate and reproducible. 
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APPENDIX 

1. Ceric Ammonium Sulfate Spray Reagent (17) 

The reagent was prepared by adding 1. 0 gm of ceric ammonium 

sulfate12 to 100 ml syrupy o- phosphoric acid and heating the mixture 

on a hot plate until solution was effected. The reagent was cooled 

to room temperature prior to use and stored in a tightly stoppered 

flask. No other special storage conditions were necessary. 

2. Dragendorff's Modified Spray Reagent (54) 

Solution A, was prepared by mixing 0.85 gm of bismuth sub - 

nitrate, 4. 0 ml of distilled water and 10 ml of glacial acetic acid. 

Solution B was prepared by dissolving 8 gm of potassium iodide in 

20 ml of distilled water. The stock solution was prepared by 

mixing solutions A and B as previously indicated. The spray reagent 

was prepared by mixing the following reagents. 

Stock solution 

Glacial Acetic acid 

Distilled Water 

3. Statistical Analysis 

10. 0 ml 

20. 0 ml 

100. 0 ml 

The analysis of variance for the height and the dry weight data 

12 The G. Fredrick Smith Chemical Company, Columbus, Ohio 
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was performed with the assistance and guidance of Dr. Roger 

Peterson, Statistics Department, Oregon State University. 

The analysis was performed on each individual observation in 

order to measure the differences within each group and between the 

groups. In this way it was possible to determine significant differ- 

ences between the control and treatment groups. Three examples 

of this analysis are presented in Tables XX, XXI and XXII. 



Table XX 
Analysis of Variance of Height Measurement of the First Week 

Replication 1 L 3 4 5 6 7 8 9 10 Total 

Control 12.0 13.0 9.5 9.0 6.0 10.5 11.0 5.0 9.5 10.0 95. 5 

Treatment 5. 5 11.0 5.5 14.0 8. 5 11. 5 5.5 6.0 13.5 8.0 89.0 

Total 17.5 24.0 15.0 23.0 14. 5 22.0 16.5 11.0 23.0 18.0 184.5 

Source 
of Variation 

Degrees of 
Freedom 

Sum of 
Squares Mean Square F 

Remarks* 
0.05 0. 01 

Difference 1 2. 12 2. 12 .24 NS NS** 

Residue 18 157. 12 8. 73 

Total 19 159. 24 

* 
0. 05 and 0. 01 refer to the significant level. 

** 
NS = not significant. 



Table XXI 
Analysis of Variance of Height Measurement of the Second Week 

Replication 1 L 3 4 5 6 7 8 9 10 Total 

Control 14.0 16.0 7. 5 21.0 8. 5 19.0 10.0 16. 5 14.5 15. 5 142.5 

Treatment 20.0 22.5 19.0 ?3. 0 13.0 22. 5 25.0 19.5 21.0 13.5 199.0 

Total 34.0 38. 5 26. 5 44.0 21. 5 41. 5 35.0 36.0 35.5 29.0 341. 5 

Source 
of Variation 

Degrees of 
Freedom 

Sum of 
Squares Mean Square F 

Remarks)"` 
0. 05 0.01 

Difference 

Residue 

1 

18 

159. 61 

314. 53 

159. 61 

17.48 

9. 13 S S' 

Total 19 474. 14 

a or 

** 
0. 05 and 0. 01 refer to the significant level. 
S = significant. 



Table XXII 
Analysis of Variance of Stem Dry Weights of the Second Harvest 

Replication 1 2 3 4 5 6 7 8 9 10 Total 

Control .07 .07 .23 .23 .05 .24 .21 .45 .17 .15 1. 87 

Treatment . 45 . 39 . 20 . 27 . 27 . 16 . 44 . 31 . 36 . 61 3. 46 

Total . 52 . 46 . 43 . 50 . 32 . 40 . 65 . 76 . 53 . 66 5. 33 

Source 
of Variation 

Degrees of 
Freedom 

Sum of 
Squares Mean Square F 

Remarks* 
0. 05 0. 01 

Difference 1 . 1264 . 1264 8.00 S NS** 

Residue 18 . 2843 . 0158 

Total 19 . 4107 

** 

0. 05 and 0.01 refer to the significant level. 

NS = not significant. S = significant. 

. 


