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Abstract-The anthocyanin and flavonol glycosides in Larkspur flowers (cv. Dark Blue Supreme) are 
delphinidin 3-di(p-hydroxybenzoyl)glucosylglucoside, kaempferol 3-robinobioside-7-rhamnoside 
(robinin), kaempferol 3-rutinoside, kaempferol 7-rhamnoside, and kaempferol 3- 
(caff eylgalactosylxyloside)-7-rhamnoside. As young flowers age the pH of epidermal tissue increases 
from 5.5 to 6.6 and the color of many of the cells changes from moderate reddish-purple to light 
purplish-blue. Many of the older cells also contain blue crystals. Visible absorption spectra of 
moderate reddish-purple and light purplish-blue cells were simulated with a solution of the 
anthocyanin (lo-* M) plus robinin (5 x lo-’ M) at pH 5.6 and 7.1, respectively. Changes in the 
absorption spectra of living tissue with heating or cooling and of concentrated solutions of the 
anthocyanin with dilution or moderate heat, indicate that in the natural state the pigment is present in an 
associated form. 

INTRODUCTION 

Of the several hundred in viva absorption 
spectra of flower petals that we have recorded, 
several exhibited characteristics of special inter- 
est. Among these were the moderate reddish- 
purple flowers of larkspur cv. Dark Blue Sup- 
reme [Consolida ambigua (L.) P. W Ball & 
Heywood (Delphinium ajacis auct.)] because 
they show distinctive sharp absorption bands not 
apparent in others[l]. We now report the pH, 
anthocyanin and flavonol glycosides responsible 
for these sharp absorption bands. 

RESULTS AND DISCUSSION 

Anthocyanin 
The absorption spectrum of the isolated an- 

thocyanin in 1% HCl-MeOH showed a A,,, at 
545 nm (log E 4.36) and an unusual A,,, at 248 nm 
(log E 4.37). The E440/Ev,Fmax was clearly that of a 
3-substituted anthocyanin. Typical R,'s (X 100) 
were 15 (1% HCl): 11 (n-BuOH-HOAc-H20, 
6: 1:2); 15 (n-BuOH-2N HCl, 1: 1); and 47 
(HOAc-HCl-H20, 15 : 3 : 82). After base hyd- 
rolysis, Rf’s in the same solvents were 12, 3. 2, 

and 36, respectively, and the anthocyanin now 
had a A,,, at 535 and 278 nm. Changes in Rf’s and 
absorption spectrum after base hydrolysis estab- 
lished that the isolated anthocyanin was acy- 
lated. 

The acyl moiety obtained from base hydrolysis 
was chromatographically and spectrally indis- 
tinguishable from an authentic sample of p- 

hydroxybenzoic acid. Typical R,'s (x100) were 
21 (iso-PrOH-NH40H-H20, 8 : 1: 1); 60 (C6Hs 
propionic acid-H20, 2: 1 : 1); and 5 (toluene- 
HOAc-H20, 4: 1: 5). The R,‘s of the m-isomer 
were distinctively different. The acyl moiety and 
p -hydroxybenzoic each became orange yellow 
when sprayed with diazotized sulphanilic 
acid[2] and the absorption spectrum of each in 
EtOH showed a A,,, at 250 nm, shifting to 
278 nm with the addition of NaOEt. 

The mass spectral fragmentation pattern of the 
acyl moiety and that of an authentic sample of 
p-hydroxybenzoic acid were identical. Each 
showed that the molecular ion was m/e 138 and 
principal fragments were observed at m/e 121 
and 93 presumably due to loss of OH and C02H, 
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respectively. The structure was confirmed by 
reactton with diazoethane to give ethyl p- 

ethoxybenzoate, which possessed the expected 
mass spectral fragmentation pattern. The mass 
spectrum of the p-isomer could not be disting- 
uished from that of the m-Isomer, but the (I- 
Isomer showed a principal fragment at m/e 120 
due to loss of Hz0 from the molecular Ion. There 
was no intense peak due to loss of CO,H. 
Chromatography prevmusly confirmed the acyl 
moiety as the p-isomer. 

In 1% HCI-MeOH, solutions which contained 
molar ratios of delphtnidin 3-glucoside to p- 
hydroxybenzoic acid of I :O, 1: I, 1: 2, and 1 3 
exhtbited EkIv,.,,/E ,,,n,c, h of 0.30, 0.74, 1.18, and 
1.63 respecttvely. In the same solvent the 
E L”m.,xlE”lr,n‘,x of the isolated anthocyanm was 
1.04, thus indicatmg that the ratio was 1 :2. 

Complete hydrolysis with acid yielded del- 
phmrdm and glucose whereas partial hydrolysrs 
yielded delphimdin 3-glucoside as the only mter- 
medtate. Typical R,‘s (X 100) for an authentic 
sample of delphtnidm 3-glucostde and the inter- 
medrate compound were 18 (HOAc-HCI-H20, 
3.1:8) and 13 (n-BuOH-HCI-H20, 7:2:5). 

All the above criteria indicate that the isola- 
ted anthocyanin was delphinidin 3-di(p- 
hydroxybenzoyl) glucosylglucoside. The loca- 
tton of the acyl groups and the glucose-glucose 
lmkage have yet to be established. 

There are a number of conflictmg reports as to 
the anthocyanin present m “violet” larkspur 
flowers. Willstater and Mteg[3] Isolated delphinin 
from “vtolet” larkspur flowers (Delphinium 
consofida L.), the first described acylated an- 
thocyanin, and reported that thts pigment con- 
srsted of I mol of delphimdin and 2 mol each of 
glucose and p-hydroxybenzoic acid. Harborne 
[4], who reported great dtfficulty with purtfication, 
isolated an anthocyanin from a “dark-blue” form 

of Delphimum consolida and concluded that the 
pigment was probably delphmidm 3.5-diglu- 
coside. No p-hydroxybenzoic acid was detec- 
ted in the alkaline or acid hydrolysis and HzO, 
oxidation also failed to yreld p-hydroxybenzoic 

acid glucose ester. Shtbata and Yoshttama[_5] 
Isolated an anthocyanin from “violet” flowers of 
larkspur (Delphinium consolida L.) which 
they postulated was p-hydroxybenzoyl- 
caffeyldelphinidin 3-diglucostde. Although 

the anthocyanin we report was obtained 

from moderate reddish-purple Cons&da am - 
higua (Delphinium ajacis) flowers the results 
agree with those reported by Willstater and 
Mieg[3] Discrepancies reported for the an- 
thocyanin In “violet” larkspur are most likely due 
to use of different plant material, since the vari- 
ous annual larkspurs are known to be of complex 
hybrid ortgin 

Kaempferol glycoside copigments 
The major flavonoid copigments were kaemp- 

ferol glycosides. They were separated mto 4 
fractions by column chromatography on MN- 

Polyamide-SC6 and the compounds in each frac- 
tton were resolved by preparative TLC. 

Fraction 1 contained the anthocyanin and 
compound 1. Spectral data for compound 1 were 
those of a 3,7_disubstituted kaempferol (Table 1) 
Complete hydrolysis wrth actd yielded kaemp- 
ferol, galactose and rhamnose whereas controi- 
led acid hydrolysis yrelded 4 Intermediate 
kaempferol glycosrdes which were chromatog- 
raphtcally mdistingurshable from those obtained 
from an authentic sample of kaempferol 3- 
robinobtoside-7-rhamnoside (robmin) The inter- 
medtate glycosides formed were kaempferol 3- 

galactostde, kaempferol 7-rhamnostde. kaemp- 
ferol 3-galactoside-7-rhamnostde, and kaemp- 
ferol 3-robinobrostde 161 Spectral and 
chromatographrc criterra tndtcated that com- 
pound 1 was robintn. 

Fraction 2 only contained compound 2. AI- 
though complete hydrolyses with acid yielded 
kaempferol, galactose and rhamnose. spectral 
data (Table 1) were not indicative of a kaemp- 
ferol glycoside. The A,,,.,, at 337 nm was lower 
than that expected although ttlirostde, originally 
thought to be kaempferol 7-p -coumaryl-3- 
glucostde [7] but subsequently ldentrfied as the 3- 
p-coumarylglucoside 181. ha9 a A,.,, at 3 17 nm 
Compound 2 also showed an 18 nm borate shaft 
which indicated the presence of an o-dihydroxyl 
group Base hydrolyses of compound 2 changed 
its R, (Table 1) and yrelded a compound 
chromatographtcally and spectrally mdistmg- 
uishable from an authenttc sample of cafferc 
acid. Both the acyl moiety and caffeic acid 
showed the characten\ttc orange brown color 
when treated with diazotized sulfanilic acid and 
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Table 1 Properttes of kaempferol glycostdes Isolated from Dark Blue Supreme Larkspur flowers 

A ml,l m EtOH, nm R, x 100 
Band I Band II *Solvents 

Isolated tProducts of 
kaempferol +H,BOI acid 
glycosldes Alone +NaOEt +AICI, +NaOAc Alone +NaOAc 1 2 3 4 hydrolyses Identtfication 

1 350 399 400 353 266 

2 337 392 400 355 266 

§2A 351 400 400 352 266 

“2B 335 398 395 351 266 

3 350 405 398 354 266 
4 367 430 429 369 266 

266 50 54 82 74 Km, Gal, Rha Km 3-robmobtostde 
7-rhamnostde 
(robmm) 

266 49 40 74 62 Km, Gal, Xyl, Km 3-(caffeylgal- 
Rha, SCaf actosylxylostde) 

7-rhamnoside 
266 39 57 86 56 Km, Gal, Xyl, Km 3-(galactosyl- 

Rha xylostde) 
7-rhamnosrde 

275 63 32 64 68 Km, Gal, Xyl Km 3-(caffeylgal- 
actosylxylosrde) 

275 62 31 64 69 Km, Glc, Rha Km 3-rutmostde 
264 89 4 14 83 Km, Rha Km 7-rhamnostde 

* Determmed by TLC on plates wtth a 250 pm layer of mrcrocrystalhne cellulose (Avtcel) m 1, n-BuOH-HOAc-Hz0 
(6 1 2); 2, HZO, 3, 15% HOAc, 4, Phenol-H20 (73:27 w/w) t Abbrevtations. Km = Kaempferol, Glc = glucose, 
Gal = galactose, Rha = rhamnose, Xyl = xylose, Caf = caffetc actd $ Product of base hydrolyses P Obtamed from base 
hydrolyses of 2 ” Obtamed from a-L-rhamnostdase hydrolysis of 2. 

each had h ZZ” 244,295 (infl.), 326 nm; A 2:“’ 252, 
302, 345 nm (dec.), AE,‘,O,H~A’C’~ 250 (infl.), 310 (infl.), 
336; and A ?~~H-H~Bo) 295, 334 nm. Typical Rf's 
(X100) were 56 (Phenol-H,O, 73/27 w/w); 18 
(GHspropionic acid-HzO, 2 : 2 : 1); 0 (Toluene- 
HOAc-H20, 4: 1: 5) and 7 (C6HsHOAc-H20, 
6:7:3). 

Compound 2 was hydrolyzed by WL- 

rhamnosidase to yield rhamnose and a new 
kaempferol glycoside substituted only in the 
3-position and still acylated (Table 1). Base hyd- 
rolysis yielded caffeic acid and complete hyd- 

rolysis with acid yielded kaempferol, galactose 
and xylose. Controlled acid hydrolysis yielded 
only one intermediate glycoside which was 
chromatographically indistinguishable from 

kaempferol 3-xyloside. Typical Rf’s (X 100) were 
88 (n-BuOH-HOAc-HzO, 6: 1: 2); 11 (HzO); 35 
(15% HOAc); and 77 (Phenol-Hz0 73: 27 w/w). 
The new kaempferol glycoside which resulted 
from hydrolysis of compound 2 with (Y-L- 

rhamnosidase was kaempferol 3- 

caffeylgalactosylxyloside. In 95% EtOH, solu- 
tions which contain molar ratios of robmin to 
caffeic acid of 1: 0, 1 : 1, and 1 : 2 exhibit 

E,siE UVmax of 0.64, 0.85 and 1.09, respectively. 
In the same solvent the EZeh/ E uv mdX of compound 
2 was 0.81 which was indicative that 1 mol of 
caffeic acid was present. Therefore, compound 2 

is kaempferol 3-(caffeylgalactosylxyloside)-7- 
rhamnoside. The galactose-xylose linkage and 
the location of the acyl group have yet to be 
established. Compound 2 was also present in 
flowers of larkspur cv. White Supreme. 

Fraction 3 contained both compounds 2 and 3. 
Compound 3 had the spectral characteristics of a 
3-substituted kaempferol (Table 1). Complete 
hydrolysis with acid yielded kaempferol, glucose 
and rhamnose whereas controlled acid hyd- 
rolysis yielded only one intermediate glycoside 
which was chromatographically the same as 
kaempferol 3-glucoside. Typical R’s (x100) 
were 65 (n-BuOH-HOAc-HzO, 6: 1:2); 13 
(HzO); 38 (15% HOAc) and 72 (Phenol-HzO, 
73: 27 w/w). Compound 2 was chromatographi- 
tally and spectrally indistinguishable from an 
authentic sample of kaempferol 3- 
rhamnosylglucoside. Also present in this fraction 
was a kaempferol 3,7-diglycoside acylated with 
caff eic acid but chromatographically distinct 
from compound 2. Sufficient amounts were not 
available for complete identification. 

Fraction 4 contained only compound 4. Spec- 
tral data (Table 1) and its yellow fluorescence 
under UV radiation were characteristic of a 
7-substituted kaempferol. Complete hydrolysis 
with acid yielded kaempferol and rhamnose 
whereas controlled acid hydrolysis ytelded no 
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intermediate glycoside. Compound 4 was spectr- 
ally and chromatographlcally mdlstingulshable 
from an authentic sample of kaempferol 7- 
rhamnoside. 

Szmuluting in VIVO ahsorptmn spectru 

The pH of epidermal peels from young 
moderate reddish-purple larkspur flowers was 
5.5. Cells in this tissue were uniformly moderate 
reddish-purple. As flowers aged the pH in- 
creased to 6.6 and the color changed to light 
purplish-blue. Epidermal peels from agmg flow- 
ers contained appreciable numbers of cells 
ranging In color from moderate reddish-purple 
through light purplish-blue to light blue. Many of 
the older cells contained strong blue crystals m 
vacuoles whose cell sap color ranged from 
moderate reddish-purple to light blue. Since this 
tissue exhibited each such a wide range of colors, 
the pH of the bluer cells presumably was higher 
than 6.6 and Indicated a great variability m pH 
from cell to cell in aging tissue. The absorption 
spectra A) of a moderate reddish-purple cell. B) 
the light purplish-blue vacuolar sap of an 
adjacent cell, and C) an area in the same light 
purplish-blue cell Including the strong blue 
crystals are shown m Fig. I. 

The vtslble absorption maxima in nm and 
absorbance of a typical young moderate reddish- 
purple cell (Fig. IA) were: A,.537 (0.49), 
hz568 (0.40) and A?626 (0.27). The shape of 
the visible absorption spectrum of a IO ‘M 
solution of delphinidin 3-di(p -hydroxybenzoyl) 
glucosylglucoside in O-1 M Pi buffer pH 5.6 
approximated that of a typical young moderate 
reddish-purple cell. This solution lacked stability 
and the visible absorption maxima were at 
slightly shorter wavelengths. The addition of 
kaempferol glycoside coptgments resulted m a 
stable complex, a slight bathochromlc shift, and 
a sharpening of the visible absorption maxlma 
The absorption spectrum of a soiutmn of 
delphinidin 3-di(p-hydroxybenzoyl)gluco~yl- 
glucoside (lo-’ M) plus kaempferol 3-(caffeylgal- 
actosylxyloside)-7-rhamnoslde or robinm (5 x 
lo-’ M) in 0.1 M Pi buffer pH 5.6 closely matched 
that of a typlcal moderate reddish-purple cell. In a 
0.062 pm cuvette, ca I .4 x the pathlength of a 
typical epldermal cell, the absorption maxlma in 

OG- 

340 403 500 6CC 700 
Wavelength, nm 

Fig I Ab\orptmn spectra of two adjacent cells m epldermal 
peels from agmg Dark Blue Supreme Larkspur flower\ A 
moderate reddlsh-purple cell with no apparent crystal\ B 
Cryrtal free regmn of light purplish blue cell cont‘unmg a 
large cluster of strong blue crystA C Same cell as B but III the 

region containing the clutter of crystal\ 

nm and absorbance were. A,538 (0.68), A2569 
(0.58) and A,625 (0.40). 

The absorption maxlma in nm and absorbance 
of a typical sensecent light purplish-blue cell 
were: h ,539 (0.42), A2570 (0.48). and A,622 (0.37). 

The shape and the absorption maxima of 
senescent light purplish-blue cells could not be 
matched by the absorption curves of a 10 ‘M 
solution of delphimdin 3-dl(p-hydroxy- 
benzoyl)glucosylglucoslde in a pH range 
of 6.6-7.2 The anthocyanm solutmns were 
unstable. Although increasing pH did result in a 
bathochromic shift m the A,,,.,, of the three visible 
bands, they were always at a shorter wavelength 
than those In the cells and the shape of the 
absorption curves more closely resembled those 
of young moderate reddish-purple cells. At the 
higher pH’s the addition of kaempferol glycoslde 
coplgment5 to the anthocyanin solutions resulted 
m a stable complex. a bathochromlc shift, a 
sharpening of the absorption maxima, and a 
shght increase rn absorbance. The most pro- 
nounced effect was a change in the absorbance 
ratios of A,. AZ and h; so that the shape of the 
absorption curves now resembled those of 
senescent light purplish-blue cells. The absorp- 
tion spectrum of a solutjon of delphmldin 
3 - di(p - hydroxybenzoyl)glucosylglucoside 
(lo-’ M) plus kaempferol 3-(caffeylgal- 
actosylxyloside)-7-rhamnoside or robrnm (5 x 
IO -’ M) in 0.1 M PI buffer pH 7. I closely matched 
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that of a typical senescent light purplish-blue cell. 
In a 0.062 pm cuvette, the absorption maxima in 
nm and absorbance were A ,540 (0.67) A,571 (0.73) 
and A,624 (O-58). Spectrophotometric measure- 
ments of tissue extracts indicated that there were 
no significant differences in the concentrations of 
anthocyanin or kaempferol glycoside copigments 
between young or senescing flowers. Therefore, 
color differences between moderate reddish- 
purple young cells and light purplish-blue senes- 
cent cells were primarily due to diff erences in pH. 

A change in color and shape of the visible 
absorption spectrum occurred when a concen- 
trated solution of the delphinidin derivative was 
diluted or heated without hydrolysis. Diluting an 
8 x 10m3 M solution to 8 x lo-’ M (pH 6.6) re- 
sulted in a change in the absorbance ratio of AX/A, 
from 0.58 to 1.10 and a much bluer solution. 
Raising the temperature from 11” to 52” of a 
5 x 10m3 M solution (pH 6.5) changed the absor- 
bance ratio of AJA, from 0.58 to 0.85 (Fig. 2). 
These changes indicated that the anthocyanin 
was changing from an associated to an unas- 
sociated form by diluting or heating. The 
concentration of the anthocyanin in larkspur 
epidermal cells was ca lo-* M and the an- 
thocyanin presumably was present in an as- 
sociated form. This was substantiated by 
changes in the absorbance ratio of AJA, when 
flower petals were subjected to various tempera- 
tures. The absorbance ratios of AX/Al of a young 
moderate reddish-purple petal at lo”, 30”, 60”, 
were 0.55, 0.62, and O-69, respectively. Raising 
the temperature resulted in a larger ratio and a 
bluer color due to less association. Examination 
of individual cells from these young petals 
showed no signs of crystal formation. 

The absorbance ratios of A,/A, of an old light 
purplish-blue petal at lo”, 36”, and 55” were 0.79, 
O-70, and 0.70, respectively, the opposite temper- 
ature effect of young petals. At the lowest 
temperature the formation of strong blue 
crystals was observed in many cells whi& 
resulted in a higher Aj/A, absorbance ratio for 
those cells and a general bluer petal color. The 
portion of the vacuole without crystals was also 
bluer due to the dilution effect from crystalliza- 
tion and a lesser degree of association in the 
solution. At the higher temperature the crystals 
dissolved and the solution color was not as blue. 
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Ftg 2 Effect of temperature on the vtsrble absorptton 
spectra (ca 100 pm pathlength) of a 5 x lo-’ M solutron of 
delphuudm 3-dt(p-hydroxybenzoyl) glucosylglucoside in Pi 

buffer pH 6 5. (A) I l”, (B) 30”, (C) 52” 

Cells at the higher temperatures, even though the 
anthocyanin was in a lesser degree of associa- 
tion, were not as blue as those which had formed 
crystals at the lowest temperature. Formation of 
the strong blue crystals had a dramatic effect on 
the blueing of cells and this phenomenon 
explains the appearance of light blue streaks in 
older petals. The formation of crystals is an 
important factor which previously has not been 
considered with respect to color changes in 
senescing tissues. 

EXPERIMENTAL 

Plant material Seeds of annual larkspur cv Dark Blue 
Supreme and cv Whtte Supreme were purchased from 
George .I Ball. Inc . West Chrcaao. Illmots 60185 The Ball 
catalog hsts all thetr annual larkspurs as Delphmium aJaC1.S 

and specrmens key out to Consolrda ambigua (L ) P W Ball 
& Heywood (Delphtmrrm a]acrs auct ) A typtcal specrmen IS 
on deposrt m the Herbarmm of the U S Natronal Arboretum, 
Washmgton, D C Plants were grown locally m a greenhouse 
under standard condrttons 

Anthocyantn and kaempferol glycosides. Flowers were 
harvested, drted at 40” m a forced-draft oven and then 
ground to pass a 40-mesh screen. Ground ttssue was 
thoroughly extracted with 1% HCI-MeOH then wrth boding 
meOH Combmed extracts were reduced to min vol under red 
pres at 40”. The syrupy resrdue was taken up m crtrate-Pi 
buffer pH 5, pH adjusted to 3 wtth 2N NaOH and filtered. 
Anthocyanm and kaempferol glycostdes were separated mto 
4 fractrons by column chromatography on MN-Polyamrde 
SC-6 The column was eluted wtth 30 aq MeOH plus 4 ml of 
2N HCI/I until free of anthocyanm and then wtth MeOH plus 
4 ml of 2N HCl/l Compounds m each fractton were Isolated 
by PLC on 2-mm-layers of avrcel mtcrocrystalhne cellulose. 



2682 S ASE~ R N STEWAKT and K H NORRK 

The final purlficatlon for the kaempferol glycosldes was by 
column chromatography on Sephadex L,H-20 eluted with 
MeOH Identdicatlon of the Isolated compounds was by 
co-chromatography wrth authentic samples, UV spectra in 
EtOH usmg diagnostic reagents(91 and MS fragmentation 
patterns The various pigments were hydrolysed under usual 
condltlons and the products ldentlfied by Ttandard mean5 [ IO]. 

Cone entratwn of anthocyanm and kaempferol glycoside 
coplgments Ten 4-mm discs were cut from flower petals with 
a cork borer and they were extracted m 3 ml 1% HCI-MeOH 
for 24 hr m the dark Absorbance at 545 and 350 nm was used 
to determine the concentration of anthocyanm and kaemp- 
ferol glycoslde coptgments, respectively 

TXJL(< P_V metis~~,zmen~ The pH of erldermal pee!s (ca 
6 sq mm) from flowers was deterrnmed spectrophoto- 
metr.&l.y [ I_! 

Intact-tusue spectra Spectral absorption curves of entlre 
fresh petals (I X 4 mm aperture) or mdlvldual epidermal cells 
(20 pm aperture) were measured with a spectrophotometer 
developed in one of our laboratorle? [ 1 I] Controlled tempera- 
ture measurements of the absorption properties were made 
with petals or solutions between two quartz mlcroscope 
qlldes spaced La 100 pm apart The slides were held between 
2 metal plates wtth thermoeiectrlc elements mounted on the 
plates to heat or cool under the control of a variable power 
supply The metal plates had slrts (I x4 mm) m alignment 
with the light beam to permit light transmtsSlon through the 
quartz slides The temperature of the metal plates m contact 
w!th the shdes wa? momfnred w!th a thermistor-element 
electronic thermometer 

Vistble ah<;urptmn. maxuna of mdlu!rfLlal. cell.\ w.ere 
obtamed wtth a mlcrospectrophotometer previously 
descrlbed[l] Epldermal peels from either young moderate 
reddlsh-purple or agmg hght purplish-blue petals were 
placed m 0 3 M manmtol m a perfusion chamber and 
temperature changes were obtamed by placmg dry Ice or the 
hght beam from a prefocu\ed projector lamp on the metal 
portlon of the chamber which was In contact with the gla\s 

cover shps The temperature m the perfusion chamber was 
measured by a thermistor m a hypodermic needle which was 
Inserted through a latex gasket between the two cover slips of 
the chamber. 

Colornotatron All color notations except those m quotation 
marks are according to Kelly[ 121 
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