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i Juniper wood is the domestic source of cedanvood oil 
: for the United States but the Junipers are also known 
i to contain natural wood prcscnarives (Gucnther. 
: 1952:. In fact. the prcferred status of junipcr wood 

(ndar) for use a$ fence posts comes from s long 
r history of its use in wet lands. The control of woad 
i ror and termites is a pcrcnnial problem in most parts 
1 of Ihe Unitcd States and the world. Many of the 
j methods for wood preservation have wed arsenic . andlor chlorinated hydrocarbons which arc environ- 

I mentally hazardous. Cartcr (1976) has found that 
Rcriculirermes flavipes Koliar (southern termite) could 
nor survive on sawdust from J. vigininna nor could ! Qep survive on filtcr paper treated with 3 penrane 

f extract of the 1. virginiam sawdust. 
I Adams (1987) has recently reponed on thc yiclb of 
f rht heartwood volatile oils from 12 taxa af Jwuperw. 
ad noted that in addition to t he  two species currently 
~tilited (1. ahei Buch. and J. uirginiano L.). two 
additional species of juniper of the United Stalcs 
might bc oammercially harvested: J .  erylhroarpa 
Cory and I .  smpubrurn Sarg. These species were I abo examined for their potential as sourccs of 
phyrocheminls (Adams. 1951). Because plant mater- 
ials were  collected for these analyses an opportunity 
kcame available to examine the antibacterial and 
antifungal activities of thc heartwood. bark/sspwood 
and leavcs of these juniper taxa. Previous examination 
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of the hexane and methanol soluble cxtractr of the 
leavcs of J .  monosperma revealed considerable 
bioacriviry (McChesney and Adam$. 1985). 

The purposes of this study were to determine the 
antibacterial and antifungal activities of the  
heartwood. barklsapwcmd and leaves of the principal 
Juniperw species of the United St'atcs. 

MATERIALS AND METHODS 

Samples of w d  and herbarium vouchers were 
collected horn J. ahei (Ad- 5m7-5009, 9 km W of 
Ozonn, Crockett Co.. TX; A d m  5010-5016.2 km E 
of Junction, Kimble CO., TX); I. culifornica 'A' 
(Adam 5067-5071. 13 km NE of 1-40, Granite Mtns., 
San Bcrnardino Co.. CA) and I. californica 'B' 
( A d a m  5072-5076, 30 km SE of Yucca, Yuma Co., 
AZ) ('A' and 'B' refer to the two chemical races 
discovered by Vasek and Scora (1967) and recan- 
firmed by Adams. von Rudloff, and Hoggc (1983) 
using leaf volatile oils); 1. erytkrocnrpa (Adamr 
4987-4996. 32 km El of Alpine, Jcff Davis Co.. 'IX); 
I. deppeana (Adam 4974-4983. 32km W of Ft. 
Davis, 'Jeff Davis Co.. TX); I. monosperma (Adamr 
X27-5036, 2 km W of Santa Rosa. Guadalupe Co.. 
NM); I. occidenrdis, (Adam 5077-5W. 8 km W gf 
~ u n t u r ? h a l h e u r  Co., OR); I. cxcidentalir var. 

LLT -0S7-S,  2 km W of Sonora Jct ., 
Mono Co.. CA); J. osreosperma (Adam 337-5a56. 
25 k m  E of Monticrllo. San Juan Co.. W; I. 
pinchorii (Adam 6997-5(Xll. 7,dkrn E of Ft. 
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Abbrwlrtlonr and aymbolr rc Table 1. I 

Abbreviationr md symbols aa Tab& 1. 
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J. d o ;  - ++ + - - ++ . +  - 
I - J. a l i l b m h  'A' - - ++ + - ++ + +. + 

1' J. uliromlu '8' - - ++ + - - *++ + + 4 

J. dwwm - -. ++ + - - + 4 + j; J. orythr#rw - - ++ + - ++ + + + - 
I J. mm0s-r - - +++ + - - . ++ + + - 

J. ~&donnliP var. - - ++ + - k ++ + ++ + 

i 
bv~rreIIk? 

J. w'dentolis ver. - - ++ 4 - - ++ + + + .  
gop'dentrlls 

J. oswrpemr - - ++ + - - ++ + + + 
F J. ppinchotii - - ++ + - ++ + ++ + 

J. 8mpu~orum - - ++ + i - ++ - ++ + 

f J. drgininna - - + + - - ++ + ++ - 
Srrootomycin rull8ta + + +++ + + +++ ++++ 

1 mg/mL !, 
Abbrevietlons ana symbols as Tabla 1. 

Abbieviations and symbols as Table 1. . 

leaf extracts (Table 3). A more thorough examination 
of the leaf extraas from' ground material is in 
ptogres. 
Only minor antifungal activities of the heartwood 

extracts were observed against any of the fungi (Table 
4). However, hexane was removed with heat, so no 
volarilcs were prcsent in the hexane extracts. It should 
be noted that Oda t r  al. (19n) found high insecticidal 
aaivity in the volatile oils of Juniperrr recurva. A 
study of the antimicrobial activity of the volatik 
h ~ o o d  oils is in progress. Essentially no antifungal 
T v l t y  was found in the bark/sapwood (Table 5). 
which is a little surprising because the antibacterial 
"ivity of the barklsapwood extracts toughly 
par;rileled the antibacterial activity of the correspond- 
"% heanwood cxtncts (Tables 1 and 2). 

The antifungal activity of thc extraas from 
uWound leaves (Table 6) was strong against C. 
moformpru and T. rnenrqrophyres from a number of 
t q ~ -  J ~ i p c r q  ostaospvnro and both varieties of 

J. o c c ; d d i s  w e n  patticularIy active against 
C. n c o f o r v  (huane extract, Table 6). The hexane 
extcacts of these taxa, which a n  active against C. 
ncoformans, are noticeably ineffective against T. 
mcntagrophyres. The methanol (polar) extra& of 1. 
catifarnica and I .  osreospenna showed activity against 
T. menrugrophytzr (Table 6). This would seem to 
imply that a ditrcrent component(s) is active against 
these two fungi. Almost no activity was Found against 
the otbcr fungi. 

Overall. many positive antifingal activities were 
found in the heartwood and leaf extracts which will 
warrant a further examination by bbguidcd 
fractionation. 
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Stockton. Pecos Co.. 'lX); ( A d a m  SWZ-AW, 10 km 
W of SheffieId. Pews Co., TX); J .  scuprrlorvm 
( A h  937-5066, Skm E of Clines Corner, 
Torrance Co., m); and J. v igh iaM (Ad- 
5017-5025, 7 krn W of Basttop, Bastrop 0.. TX). 
Voucher specimcps are deposited at Baylor 
University. 

The samples consisted of wood (2Ocm longx 5- 
10 cm in diameter) and leaves (400g). A11 samples 
wtrc kept cool (February collections) in the field and 

. then frozen in the lab until analysed. 
The woad samples were separated into heartwood 

and barklsapood:  each subsample was then kept 
separate. Portions of the heamvood. barklsapwood 
and leaves were dried (58  h; 100OC) to determine the 
percent moisture. Extracts were obtained from fresh 
heartwood, bark/sapwood and leaves by Soxhlet 
extraaion of each set of materials for 6 h (Adarns and 
McChesney, 1983). In each case the first solvent used 
was hexane and the second (sequential) solvent used 
was methanol. The materid was dried (4h  at 7UT) 
after the hexane extraction to remove the hexane 
before extraction with methanol (set Adams, 
Balandrin and Martineau, 1984, for detaiied notes on 
the extraction protocol). 

QuaIirative antimicrobial screening was carried out 
using the agar-well diffusion assay (Clark ct a/., 1981) 
against the following organisms: BaciIIus subtih 6633, 
Shlphyl~coccw aureus 65-78, Esckrichiu cofi 10536. 
Pseudomom aeruginosa 15442, Mycobaclerium smeg- 
maris m, Cryprococcus neoformans 32265, Sacc- 
hromyces cereuiriae 9763, Pycnoporut smguincus 
14622, Aspergillus fluuus 9170, Aspergillus fiunigarw 
26934, Trichophyton mcnlagrophyres 9972. 

All tcst organisms were obtained from the 
h e x i c a n  Type Culture Collection (Rockville, MD 
USA). Crude extracts and fractions were tested at a 
concentration of 20 mg/mL in ethanolic or aqueous 
ethanoIic solution. Results of the qualitative screen 
were recorded as the avcrage radius of thc zonc of 
inhibition surrounding the well containing the test 

solution (after 48 h incubation for bacteria. and 
incubation for fun& and are reported according i 
the following tqde: - = n o  activity; f = quation&: 
activity; + = 1-3 mrn zone radius; + 4 = 4-7 m r  -,., 
radius; +++ = &I2 rnm zone radius; +4 !, 
213 mm zone radius. Streptomycin sulfate Tims 
mL) aad amphotericin I3 (1 mg/mL) were included 
positive mntrok for antibacterial and antifunS 
activity, respctively. 

RESULIS AND DISCUSSION 

Antibacterial activity was assayed for Ule h e m  
barklsapwood and leaf extracts. kscntially no activi" 
was found against E. coli from the hexane extracts 
the heartwood (Table 1). Nearly all species shotue; 
aaivity against 5. WIU,  particularly in the hexant 
exrram of the heartwwd (Table 1). Little or  ~c 

activity wms obstmed against P. aefuginosa (Tabte 1) 
Almost all the *ties had antibacterial actiriq 
againsr B. subdis and M. mgmh (Table I), 7hr 
resultr of  this screen indicate that follow-up resea& 
(bic-guided fractionation) wiU k needed. 

Antibacrerial activity of the barklsapwod 
was very similar to that of the heartwood extracts (d 
Tables 1 and 2). In genera:. more activity was found 
in the non-polar extracts than the polar extram 
(Table 2) and activity was observed aaainst th? 
Gram-positive bacteria. 5. aurcw and B. subnlu. a d  
the acid-fast bacterium M. smegmoru. Activitier 
comparable to streptomycin were found in &K 

hexane extraa from 1. cdqornica and I .  monor 
(Table 2). 
The Ieaf extracts exhibited less antibacterial 

activity, in general, than the wood extracts (cf. T a b l a  
1, 2 and 3). However, these excracts were from 
unground leaves and some of the active cornponenn 
may be sequestered in gIands. SmdI antibacteria!: 
activities were found in both the non-polar and pols' 

Tsbk 1. An~ibvderinl activity of juniper hevtrood enmKg o[tn 48 huun 

HEX harane e*trw. MEOH. methanol extract 
Activities arm rapone0 as: + r 1-3 mm; ++ - 4-7 mm: +++ & S l 2  mm: 4 + +  =greater (hen 12 mrn 

2 
(average radius of Fhe zone of Inhibition). I-) .r no hhibition. . ! d  8 
E n r a m  were temed at 20 mg/mL lOOpt tppllod. Nf, not tested. 
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