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with biological, chemical, and physical prop- 
erties identical to those of human interferon. 
Upon removal of PHA from human lympho- 
cyte cultures interferon production ceased 
within 2 hours. Readdition of PHA resulted 
in reinitiation of interferon productioa. 
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Oral administration of nelsmycin may in- 
crease fecal fat excretion in normal human 
subjects ( 1) .  Histologic changes of the jejunal 
mucosa resulting from this antibiotic were 
reported by Jacobson, Prior and Faloon ( 2 ) ,  
but weire not confirmed by Rubin and 
Dobbins(3). In a more recent study, defective 
hydrolysis of a long-chain unsaturated fat was 
demonstrated in 2 adults receiving oiral neo- 
mycin(4). For this reason, the effect of neo1- 
mycin and other antibioltics on pancreatic 
lipolysis was studlied in vitro. 

Methods. Pancreatic juice was collected at 
room temperature from a pancreaticocuta- 
neous fistula in an asymptomatic non-fasting 
32 year old white male. Injection of radio- 
opaque material revealed that the fistula com- 
municated directly with the main pancreatic 
duct. The colorless, slightly turbid, alkaline 
fluid (amylase activity 947 Somogyi units per 
ml) was centrifuged for 15 minutes a t  2,SiO0 
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g and 4"C, lyophilized, and stored in a 
vacuum desiccator a t  4°C. Just prioir to use, 
the lyophilized powder was dissolved in 1 ml 
of cold 0.015 M Tris (Trihydroxymethyl ami- 
nomethane) buffer, pH 7.0, and the final coa- 
centration of protein adjusted to 2 mg per ml. 
Proltein was measwed by the method of War- 
burg and Christian ( 5 ) .  

Liplollysis was measured a t  room temper- 
ature by a modification oif the turbidimetric 
method of Vogel and Zieve(6). The tri- 
glycevide substrate was a stable emulsion oif 
olive oil (0.0470) and sodium taurocholate 
(0.4%) in 0.05 M Tris buffer, pH 7.0. The 
reaction was started by adding 2 0  to 43 pg 
of pancreatic fluid protein to1 2.8 ml of the 
olive oil emulsiotn. After inverting the mixture 
3 times, lipolytic activity, reflected by 
clearing olf thie mixture, was measured by the 
change in absorbancy per minute between 2 
and 5 minutes. Absorbancy was recotrlded in 
a 3 ml quartz cuvette with a 1 cm light path 
using a Zeiss spectrophotometeir set at 650 
mp. No change in absorbancy was noted in a 
control cuvette when an equal volume od 
buff elr without pancreatic enzyme was added 
to olive oil emulsion. The pH of the assay 
mixture remained constant during the initial 



906 NEOMYCIN INHIBITION OF PANCREATIC LIPOLYSIS 

1 2 3 4 5 
Time (min)  

FIG. 1. Absorbancy change of olive oil emulsion 
after addition of pancreatic enzyme ( 0 ) .  Two 
minutes later, naomycin (0.4 mg) was added to  
reaation mixture (0). Assay conditions are as 
described in text. 

5 minutes of reaction. No change in pH was 
detected after the addition of neomycin and 
other antibiotics to the reaction mixture. 
Acetone (0.1 ml) was added to the reaction 
mixture to stop lipolysis aftw 6 minutes of 
digestion. Silica gel chromatography of the 
reaction products was performed according to 
the method of Brown and Johnston( 7 ) .  

ResuZts. After addition of 20 p g  of lyophi- 
lized pancreatic juice protein to the olive 
oil substrate, the decrease in absorbancy was 
linear from 2 to 5 minutes (Fig. 1) .  The rate 
of the reaction was proportional to the amount 
of added protein between absorbancy changes 
of 0.015 and 0.10 O.D. units per minute. When 
neomycin sulfate (0.4 mg) was added to the 
reaction mixture 2 minutes after pancreatic 
l i p ,  complete inhibition of lipolysis occurred 
(Fig. 1). There was no change in absorbancy 
of the triglyceride substrate when neomycin 
sulfate ( 2  mg per 100 ml) was added prior 
to pancreatic lipase. The calcium concen- 
tration of the mixture was less than and 
potassium citrate ( 3  X M )  did not 
reverse the inhibition. Neither potassium 
citrate ( 3  X 10F3 M )  nor potassium sulfate 
( 3  X lom3 M) alone produced any effect on 
1 ipol y tic activity . 

Six minutes after adding pancreatic en- 
zyme, lipids were extracted from 3 ml of the 
reaction mixture and subjected to thin layer 
silica acid chromatography (Fig. 2 ) .  The olive 
oil emulsion yielded only olne triglyceride 

spot; when larger quantities of emulsion were 
extracted, traces of fatty acid and glyceride 
were detected. The product from the reaction 
mixture containing emulsion and pancreatic 
enzyme was predominantly fatty acid with 
small amounts of mono and diglycerides. The 
spot for triglyceride was barely detectable. 
In  the reaction mixture containing neomycin, 
the triglyceride spot remained mostly unhy- 
drolyzed and much less fatty acid was de- 
tected. 

Other antibiotics were tested for their 
ability to inhibit lipolysis. Polymyxin, s t rep 
tomycin, kanamycin, bacitracin, and ampicil- 
lin all inhibited lipolysis at  concentrations of 
less than 3 mg per 100 ml. No inhibition was 
seen with tetracycline, chlortetracycline, 
chloramphenicol, sulfisoxazole, or penicillin G 
at concentrations up to 50 mg per 100. 

Discussion. The results of these studies 
suggest that neomycin inhibits pam~eat ic  
lipolysis in vitro at  concentrations likely to be 
present in human intestine after usual oral 
doses of the drug. These findings are con- 
sistent with recent observations in man(4). 
Polymyxin and baci tracin have similar effects 
on serum cholesterol and bile acid excretion as 
neomycin( 8) .  It was of interest therefore, to 
find that these antibiotics also inhibited lipol- 
ysis in relatively low concentrations. 

Neomycin inhibition may result from a 
direct action on pancreatic lipase or physico- 
chemical effects on the substrate system. 
Other enzymes, such as L-glutamic-decarbo- 
xylase have been reported to be inhiblited 
by several antibiotics( 9) .  Inhibition of hog 
and dog pancreatic lipase by chlmotetracyc- 
line was shown to be due to the presence of 
calcium in the antibiotic preparation ( 10). 
This possibility was excluded in OUT studies. 
Neomycin has also been reported to pre- 
cipitate bile salts in vitro and alter micelle 
formation ( 1 1 ) . No precipiitation was noted 
in our experiments, possibly because we used 
lower concentrations of neomycin. Further 
studies with this in vitro system may prove 
useful in determining the mechanism by which 
neomycin inhibits lipolysis. 

Summary. The effect of antibiotics on pan- 
creatic liplysis was studied in vitro. Neo- 
mycin and some other antibiotics inhibited 
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FIG. 2. SiIicic acid chromatography of lipids recovered from reaction mixture 6 min, after 
addition of pancreatic enzyme. Reference compounds were chromatographed for comparislon. 
Origin is at  left. Solvent system was 90% hexane, 20% diethyl ether, 2% acetic acid, and 3% 
methanol. Plate sprayed with 10% phosphomolybdic acid in ethanol. 

lipdysis at coimentrations belolw 3 mg per 
100 ml. These antibiotics may directly effect 
pancreatic l i p s e  or alter the physico-chemical 
state of the substrate. 

1. Jacobson, E. D., Falooa, W. W., J. Am. Med. 
i\ssn., 1961, v175, 109. 

2. Jaoocbson, E. D., Prior, J. T., Faloon, W. W., 
J. Lab. Clin. Med., 1960, v56, 245. 

3.  Rubin, C. E., Dobbins, 111, W. D., Gastroen- 
terol., 1965, v49, 67'6. 
4. Rogers, A. I., Vloerman, D. A., Blo'om, E. C., 

Kalser, M. H., J. Am. Med. Assn., 1966, v197, 117. 
5. Warburg, O., Christian, W., Biochem. Z., 1941, 

v310, 384. 

6. Vogel, W. C., Zieve, L., Clin. Chem., 1963, v9, 
168. 

7. Brown, J. L., Johnston, J. M., J. Lipid Res., 
1962, v3, 480. 

8. Powell, R. C., Nunes, W. T., Hardhg, R. S., 
Vacea, J .  B., Am. J. 'Clin. Nutritilon, 1962, v l l ,  156. 

9. Marcos, P., Mayor, F., Slanltos-Ruiz, A., Ann. 
Real. Acad. Farm., 1963, v29, 171. 

10. Rokos, J., Burger, M., Prochazka, P., Nature, 
1958, v181, 1201. 

11. Fdoon, W. W., Woolfolk, D., Nankin, H., 
Wallace, K., Haro, E. N., J .  Clin. Invest. Abst., 1964, 
v43, 1254. 

Received April 17, 1967. P.S.E.B.M., 1967, v125. 




