
remainder of the interval before the 
next shock. This excitatory action was 
readily abolished by intravenous injec- 
tion of 32 mg of sodium pentobarbital 
(Fig. IC). 

In addition to this relatively direct 
action on the LGN, reticular stimula- 
tion improved the temporal resolution 
of a geniculate unit in response to in- 
termittent light (Fig. 2). The data for 
each histogram in Fig. 2 required 4 
minutes of recording time, the record- 
ings following each other immediately 
in the order A, C, B, and D, respec- 
tively. The dark-adapted cat's eye was 
stimulated by intermittent flashes of 
fixed intensity. A geniculate neuron 
was able to discharge spikes in response 
to each flash for frequencies up to 24 
cy/sec. At 32 cy/sec (Fig. 2A) the 
unit could no longer follow each flash, 
frequently failing to discharge. This 
can be readily appreciated from the 
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Fig. 2. Effect of reticular stimulation upon 
responsiveness of single geniculate neuron 
to intermittent light stimulation. Horizon- 
tal black and white bars stand for light off 
and light on, respectively. By means of 
a scaler-analyzer channel width of 1 msec, 
a total of 4800 stimulus cycles were ana- 
lyzed, each having a duration of 1/32 
second. Ordinates represent counts per 
channel and abscissae time after end of 
flash (recycle pulse). N means total num- 
ber of spikes analyzed during 2.5 minutes. 
Arrows indicate stimulation of midbrain 
reticular formation. A, Poststimulus time 
histogram with only flicker stimulation. B, 
Poststimulus time histogram with flicker 
stimulation and single-shock stimulation of 
midbrain reticular formation. C, Unitary 
activity to steady illumination without 
reticular stimulation. D, Unitary activity 
to steady illumination with reticular stimu- 
lation. 
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fact that the total number of spikes dis- 
charged over the 2.5 minutes of stimu- 
lation was 1294, in contrast to the total 
number of flashes, that is, 32 cy/sec X 
150 sec = 4800. The presence of a 
peak at approximately 25 msec after 
the end of the flash indicates the corre- 
lation between the light stimulus and 
the response. When the stimulating 
shocks were applied to the midbrain 
reticular formation in synchrony with 
the end of each flash, the ability of the 
unit to respond to the high frequencies 
of flash was greatly improved (Fig. 2B). 
Not only is there a great increase in 
the total number of spikes but also 
spikes are more sharply restricted to a 
particular phase of the flicker cycle. 

Under steady illumination (half in- 
tensity of flickering light) the effect of 
midbrain stimulation was to raise the 
mean rate of discharge of the genicu- 
late neuron without any special correla- 
tion between the stimulating shock and 
the time of occurrence of spikes (Fig. 
2D), as compared with Fig. 2C in 
which no reticular stimulation was used. 

In evaluating these results two obvi- 
ous sources of error need to be ex- 
cluded. First, the effect of the -direct 
spread of stimulating current from the 
midbrain to the LGN is unlikely to be 
significant, since the effect long out-- 
lasts the duration of the shock. Fur- 
thermore, as shown in Fig. 2D, there is 
no correlation between the time of oc- 
currence of the shock and the discharge 
of spikes. Second, there is also the 
possibility that midbrain stimulation 
antidromically excites optic tract axons, 
thus affecting the geniculate neurons 
after the manner of an axon reflex. 
This possibility is excluded because the 
direct recording from single optic tract 
axons has failed to reveal any evidence 
that they are activated by stimulation 
of the midbrain reticular formation, at 
least from the stimulating site used in 
these experiments. This finding also ex- 
cludes the possibility that centrifugal 
influences from the midbrain to the 
retina (5) are indirectly affecting the 
LGN by a -subsequent centripetal dis- 
charge from the retina. 

While the effects, of midbrain stimu- 
lation reported here have all been ex- 
citatory as far as geniculate neurons 
are concerned, the possibility that in- 
hibitory influences also occur is not ex- 
cluded, since the number of units so 
far tested is only small (6). 

TETSURO OGAWA 
Department of Physiology, 
University of Sydney, 
Sydney, Australia 
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Citrus Flavonoid Complex: 
Chemical Fractionation and 
Biological Activity 

Abstract. A study was made of the 
anti-inflammatory activity of the frac- 
tionated components of a citrus flavo- 
noid complex. Several highly active 
components, distinct from hesperidin 
and naringin, were isolated and tested 
for anti-inflammatory activity. A meth- 
od for evaluation of this biological 
activity is recommended. 

Following Szent-Gyorgyi's original 
-observations -of theeffects of his vita- 
min P or citrin preparations (1), in- 
vestigations by the many workers pro- 
duced an experimental and clinical 
literature of contradictory thought and 
observations that culminated in the rec- 
ommendation that the designation vita- 
min P be abandoned (2). Nevertheless, 
work in this field has continued and 
the term "bioflavonoids" was coined to 
denote those flavonoid compounds hav- 
ing biological activity. 

In view of the increasing number of 
reports of the therapeutic utility of a 
water-soluble citrus flavonoid complex 
(3) prepared from citrus (mixed 
orange and grapefruit) peel and pulp 
(4) which have appeared continuously 
since '1948, we undertook to determine 

Table 1. Anti-inflammatory (A.I.) activity 
of components of a bioflavonoid complex. 
Test substances were administered orally 2 
hours prior to challenge. 

ED25 Potency Test substance (mg/kg) (A.I. units/g) 

Hesperidin* Inactive 0 
Naringin* Inactive 0 
Nobiletin 20 50 
Pentamethoxyflavone 20-- 50 
RS-1 3 333 
Hydrocortisone phos- 

phate (reference) 13.5 74 
* Tested at doses between 200 and 400 mg/kg. 
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the nature and biological activity of 
its components. 

The citrus flavonoid complex was 
separated into three fractions by differ- 
ential solubility in methanol and ethyl 
acetate. 

One hundred grams of citrus flavo- 
noid complex (3) was added to I liter 
of methanol, stirred for 1 hour at room 
temperature, and filtered on a sintered 
glass Buchner funnel. The insoluble 
material was washed with 100 ml of 
methanol, and when dried in a vacuum 
at 60'C resulted in 35 g of dark brown 
powder (fraction I). The combined 
methanol filtrate and washing, after 
concentration to approximately 300 ml 
under reduced pressure, was added to 
5 volumes of ethyl acetate. After stir- 
ring for 15 minutes the mixture was 
filtered; the insoluble material after it 
had been washed with 100 ml of ethyl 
acetate and dried in a vacuum at 60'C, 
was a light brown powder weighing 
29 g (fraction IH). The combined ethyl 
acetate filtrate and washings were con- 
centrated under reduced pressure to 
approximately 50 ml which, when dried 
in a vacuum at 600C, was a yellow 
powder weighing 32.7 g (fraction III). 

Each of the fractions and the un- 
treated flavonoid complex were as- 
sayed for anti-inflammatory activity by 
the modified (5) method of Ungar (6). 
Sixty-five percent of the anti-inflam- 
matory activity of. the starting material 
was concentrated in fraction III (7). 
When inflammation was produced by 
either inflammatory exudates or leuko- 
taxin, the citrus flavonoid complex dis- 
played a broader inhibitory potential 
than either cortisone or ACTH1 (8). 

Chromatography on Whatman No. 
3MM paper with the mixture of four 
parts of butanol, one part acetic acid, 
and five parts water (RAW) as the 
aqueous phase separated fraction III 
into six components which fluoresced 
in ultraviolet light with RF values of 
0.12, 0.18, 0.39, 0.54, 0.71, and 0.84. 
Only the component at RF 0.84 gave 
a typical. flavanone reaction when 
sprayed with the sodium borohydride 
reagent of Eigen (9). 

Fraction III was then fractionated to 
yield hesperidin, naringin, and rela- 
tively small amounts of 5,6,7,8,3',4'- 
hexamethoxyflavone (nobiletin), a 
npentamethoxyflavone isomeric but not 
identical with tangeretin, and an un- 
identified component (RS-1 ) with re- 
ducing properties, and an REP 0.71 ins 
BAW. 

Increased capillary permeability is 
the basic initial manifestation of in- 
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flammation, and practically all the 
methods devised for measuring inflam- 
mation have been based on the loss of 
plasma into the inflamed tissue. The 
various techniques have been discussed 
by Ungar (J0) who has presented a 
new method of bio-assay based on the 
direct measurement of the edema for- 
nmation characteristic of acute inflam- 
mation. This method, which is repro- 
ducible and reliable for the quantitative 
evaluation of anti-inflammatory ac- 
tivity, was used to assay the com- 
ponents of fraction III (Table 1). One 
unit of potency (ED-.-..) is the weight of 
test substance per kilogram weight of 
guinea pig producing a 25-percent re- 
duction of edema. The results demon- 
strate that there are in citrus peel ex- 
tracts factors acting to inhibit increased 
capillary permeability, that these fac- 
tors are distinct from hesperidin or 
naringin, and that the amount varies 
according to the methods of extraction 
and preparation employed. 

Unfortunately, the designations "bio- 
flavonoids," "citrus bioflavonoid com- 
plex," "citrus bioflavonoids," and simi- 
lar terms are applied interchangeably 
in the experimental and clinical litera- 
ture to materials of diverse origin, 
purity, identity, and biological activity. 
Thus even in a critical review (11) the 
implication, has been that results ob- 
tained with any flavonoid are applicable 
to all flavonoids as a class. Evaluation 
of the biological activity of flavonoid 
preparations by the procedure of Ungar 
(10) would differentiate between them 
according to anti-inflammatory activity 
and could add considerably to the 
clarification of the utility of "bioflavo- 
noids" in humans. 

However, further work is necessary 
to elucidate the relationship of the 
demonstrated effects of biologically ac- 
tive flavonoids in laboratory animals to 
their clinical effects in humans, par- 
ticularly in view of the species differ- 
ences in absorption and metabolism of 
these substances (12). 

Louis FREEDMAN 
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Product Developmnent Laboratory, 
U.S. Viftamin and Pharmaceutical 
Corporation, Yonkers, New York 

References and Notes 

1. S. Rusznyak and A. Szent-Gyorgyi, Nature 
138, 27 (1936). 

2. H. B. Vickery, E. M. Nelson, H. J. Almquist, 
C. A. Elvehjem, Science 112, 628 (1950). 

3. As provided in CVP, a combination of citrus 
flavonoid complex and ascorbic acid, U.S. 
Vitamin and Pharmaceutical Corp. 

4. B. Sokoloff, W. H. Eddy, J. B. Redd, J. Clin. 
Invest. 30, 395 (1953). 

S. C. E. French, J. R. Allen, K. J. Davis, Proc. 
Soc. Exptl. Biol. Med. 89, 41 (1955). 

6. G. Ungar, E. Damgaard, H. G. Weinstein, 
Am. J. Physiol. 166, 340 (1951); G. Ungar, 
E. Damgaard, F. P. Hummel, ibid. 171, 545 
(1952). 

7. L. Freedman, G. Ungar, A. J. Merritt, paper 
presented at 129th meeting of American 
Chemical Society, Dallas, Texas, April 1956. 

8. V. Menkin, Am. J. Physiol. 196, 1205 (1959). 
9. E. Eigen, M. Blitz, E. Gunsberg, Arch. Bio- 

chem. Biophys. 68, 501 (1957). 
10. G. Ungar, S. Kobrin, B. R. Sezesny, Arch. 

Intern. Pharmnacodyn. 123, 71 (1959). 
11. M. E. Shils and R. S. Goodhart, "The flavo- 

noids in biology and medicine," Nutrition 
Monograph Ser. No. 2 (National Vitamin 
Foundation, New York, 1956). 

12. C. W. Murray, A. N. Booth, F. DeEds, F. 
T. Jones, J. Pharm. Sci. 43, 361 (1954); A. 
N. Booth, C. W. Murray, F. T. Jones, F. De- 
Eds, J. Biol. Chem. 223, 251 (1956); F. 
DeEds, A. N. Booth, F. T. Jones, ibid. 225, 
615 (1957); A. N. Booth, 0. H. Emerson, 
F. T. Jones, F. DeEds, ibid. 229, S1 (1957); 
A. N. Booth, F. T. Jones, F. DeEds, ibid. 
230, 661 (1958); I, ibid. 233, 280 (1958); 
M. S. Masri, A. N. Booth, F. DeEds, Arch. 
Biochem. Biophys. 85. 284 (1959). 

26 October 1962 

Meteorite with Unique Features 

Abstract. A brief account of the dis- 
covery in Luizon, Philippines, of a large 
meteorite that does not fit into any of 
the currently used classifications is 
presented; together with results of pre- 
liminary studies of its unprecedented 
structure, specific gravity, and multiple 
magnetic polarity. Its probable terres- 
trial age is also discussed. . 

A 1955-lb meteorite of unique struc- 
ture has been recovered from a remote 
location in the Bondoc peninsula on 
southern Luzon Island in the Philip- 
pines (Fig. 1). 

The meteorite was located during our 
visit to Manila in 1958 through infor- 
mation obtained from the National Bu- 
reau of Mines in Manila. The Bureau 
had received a small sample, but was 
not interested in pursuing an investiga- 
tion. The specimen, together with mea- 
ger information, was then turned over 
to us; since that time we have been 
working through a local field party for 
its recovery. 

The first sample was a badly oxi- 
dized nickel-iron nodule weighing 684.1 
grams with a specific gravity of 7 plus. 
Later samples from the field ranged 
from 3.26 to 6.35 in specific gravity 
with an average of 3.94. All local geol- 
ogists and mining men called them 
"low-grade iron ore" and not meteoritic. 
It was felt that this was a very unusual 
meteorite and efforts to recover it were 
intensified. These were successful, and 
the meteorite arrived in Sedona, Ari- 
zona, on 10 August 1962 (Fig. 2). 

A section measuring 71.2 by 43.8 cm 
was cut from near the small end of the 
generally oval-shaped mass. This cut 
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