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Effects of Tetracycline on Leukotaxis 

R. Russell Martin, Glenn A. Warr, Robert B. Couch, 
Henry Yeager, and Vernon Knight 

From the Departments of Medicine and of 
Microbiology and Immunology, 

Baylor College of Medicine, Houston, Texas 

Tetracycline, in concentrations common during therapy, markedly depressed mi-
gration of human leukocytes in vitro. Sera from 12 of 13 volunteers who received 
oral tetracycline after infection with Mycoplasma pneumoniae inhibited leukotaxis 
of normal leukocytes. Random migration and chemotaxis of leukocytes from two 
additional subjects were depressed for up to 24 hr after a single 1-g dose of tetra-
cycline. When tetracycline was tested over a wide range of concentrations, leuko-
taxis was depressed by lower concentrations (0.01-10 f!glml) but was stimulated 
by higher concentrations (30-300 flg/ml) of the antibiotic. Metabolic studies 
revealed that production of leukocyte lactate was elevated significantly in the pres-
ence of a high level of tetracycline. The mechanisms by which tetracycline afTects 
lcukotaxis are not known. 

Leukotaxis (the migration of leukocytes toward 
an attracting stimulus) is one of the fundamental 
responses of polymorphonuclear leukocytes. This 
property has been examined in vitro with various 
modifications of the micropore filter chamber de-
veloped by Boyden [1]. Numerous substances have 
been shown to attract leukocytes, including bac-
terial culture filtrates [2, 3 ], extracts from leuko-
cytes themselves [ 4 ], components of the serum 
complement system [5, 6], and tissues infected 
with virus [7, 8]. 

The effects on polymorphonuclear leukocytes 
of drugs used in treatment of infections are usu-
ally monitored by the observation of changes in 
counts of total and differential leukocytes in the 
peripheral blood. The possibility that therapy with 
drugs may alter some of the functions of periph-
eral blood leukocytes has not been extensively 
investigated. However, Ward [9] and Peters et al. 
[1 0] have described the effects of corticosteroids 
on leukotaxis in vitro and in vivo, respectively. 
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We became interested in the effects of tetracy-
cline on leukotaxis when we observed reduced 
migration of leukocytes in a group of volunteers 
receiving this antibiotic [II]. The present studies 
extend these observations by means of a system-
atic evaluation of the influence of tetracycline on 
leukotaxis, measured in vitro. 

Materials and Methods 

Experimental infection with Mycoplasma pneu-
moniae was produced in normal volunteers by in-
tranasal and nasopharyngeal inoculation of 2 ml 
of broth containing 1 X 10° cfu of M. pneumo-
niae. These volunteers had initial low (~ 1 :2) or 
negative titers of growth-inhibiting antibody to M. 
pneumoniae in serum, and all volunteers became 
infected, as evidenced by a fourfold rise in anti-
body titer in serum and by repeated isolatio~ of 
M. pneumoniae from throat swab specimens. 

Leukocytes were collected after sedimentation 
of anticoagulated blood in dextran, as previously 
described [I 2]. A portion of the separately col-
lected serum was used on the day obtained, and 
the rest was stored at -70 C for subsequent tests. 

The system used for leukotaxis has been de-
scribed in detail [11]. Briefly, the modified Boyden 
chambers used were similar to those described by 
Cornel y [ 4] and consisted of two compartments, 
separated by a 13-mm diameter Millipore® filter 
(SSWP 01300) with a mean pore size of 3 f!m. 
The upper chamber held a volume of 0.35 ml 
containing 1.3 X 10° leukocytes, and the lower 
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chamber contained a total volume of 1.0 mi. To 
test migration of leukocytes toward an antigen, 
I.3 X I 0° leukocytes in 0.35 ml of fluid were 
added to the upper chamber, and 0.1 ml of anti-
gen was placed in the lower chamber. For tests 
with mycoplasma antigen and influenza vaccine, 
the basic medium was Hanks' balanced salt solu-
tion with I % gelatin (Hanks' -gel). The influenza 
antigen used was zonally purified, dialyzed mono-
valent influenza vaccine (AjHong Kong/ Aichi/ 
68, Eli Lilly, Indianapolis, Ind.) with a potency 
of I ,600 chick cell-agglutinating units/mi. In tests 
with serum, a final concentration in serum of l 0% 
was used in both upper and lower chambers. 

Preliminary· studies of the time-course of migra-
tion of leukocytes in the chambers revealed that 
leukocytes counted on the lower surface of the 
filters increased linearly between 60 and 90 min, 
then reached a plateau until 240 min, after which 
a decrease was noted. Incubations were conducted 
for 2 hr, with temperature maintained at 37 C by 
circulating water at a constant temperature. Filters 
were processed for microscopy, and for each filter, 
leukocytes on the bottom surface were counted in 
l 0 random microscopic fields at a magnification 
of X 400 [ I1]. Leukotaxis was expressed as the 
number of leukocytes migrating completely through 
to the bottom surface of the filter. Thus, for each 
condition of incubation for each subject, counts 
were made of a total of 30 random microscopic 
fields. Under the conditions described, virtually 
all of the cells counted were polymorphonuclear 
leukocytes. 

In incubations with· tetracycline, tetracycline 
HCl (USP, kindly supplied by the Upjohn Co., 
Kalamazoo, Mich.) was used in final concentra-
tions of 0.01-300 llg/ml. Each of the two volun-
teers received an oral 1.0-g dose of tetracycline 
(TETREX® bidCAPS®, Bristol Laboratories, 
Syracuse, N.Y.). The volunteers with infection 
due to mycoplasma received 250 mg of tetracy-
cline four times daily on days 22-28 after inocu-
lation. Levels of tetracycline in serum were mea-
sured by the agar diffusion method of Bennett 
et al. [13]. 

Metabolic studies of leukocytes. Determina-
tions were made on three separate occasions with 
leukocytes from the same individual. Leukocytes 
were placed in Hanks'-gel solution with 10% au-
tologous serum and 0.050 ml of D-glucose-U-14C 
(final specific activity, 0.023-0.064 [tCi/mol, New 

Ill 

England Nuclear, Boston, Mass.). Triplicate incu-
bations were performed in 25-ml flasks with plastic 
wells (Kontes Glass, Vineland, N.J.) under three 
experimental conditions: with no added antibiotic, 
with 1 [tg of tetracycline phosphate/ml, and with 
300 [tg of tetracycline phosphate/mi. Additional 
controls included flasks without leukocytes and 
flasks containing acid-treated leukocytes. The mix-
tures were kept at 4 C in the interval between 
the addition of radioisotope and the beginning of 
incubation. The flasks were gassed for 10 min 
with 95% o~-5% co~, then incubated for 2 hr 
at 37 C at 68 oscillations/min in a Dubnofi met-
abolic shaker. After incubation, 1.0 ml was with-
drawn for determination of glucose. Hydroxide of 
hyamine, 0.4 ml (Packard Instrument Co., Down-
ers Grove, III.), was added to the plastic wells to 
trap 14CO~, which was measured by pipetting 
0.100 ml of hyamine solution into 15 ml of tolu-
ene containing 1.0 rrig of 2,5 diphenzloxazole/ml 
and 0.25 mg of 1,4-bis-2-(5-phenyloxazolyl)-bcn-
zene/ml. Samples were cowated in a Packard Tri-
Carb model 3375 liquid scintillation counter and 
were corrected for quenching by the standard ex-
ternal technique. 

The glucose remaining after incubation was de-
termined by measurement of glucose enzymatically 
(Sigma Chemical, St. Louis, Mo.) in flasks with 
and without cells; production of lactic acid was 
measured enzymatically (Sigma Chemical) as the 
difference between content of lactic acid in super-
natant fluid of flasks with tissue that had been in-
cubated and that in those that had been initially 
killed with acid. 

Results 

The inhibitory effects of tetracycline on migration 
of leukocytes were discovered during a serial study 
of leukotaxis in which white blood cells and sera 
from 13 adult volunteers with experimental M. 
pneumoniae infection were used [ 11]. In the final 
week of that study, on days 22-28 after infection, 
13 volunteers received 1.0 g of tetracycline each 
day in an attempt to reduce carriage of M. pneu-
moniae. The random migration of leukocytes in-
cubated in autologous serum obtained on day 29 
(one day after completion of therapy with oral 
tetracycline) was 36% lower Cx2, P < 0.01) than 
random migration of the same leukocytes in con-
trol serum collected before infection (figure I). 
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Figure 1. Random migration (no chemotactic agent 
in lower chamber) and chemotaxis (mycoplasma an-
tigen in lower chamber) of autologous leukocytes 
collected from 13 volunteers on day 29 after infec-
tion with mycoplasmas. Clear bars show mean ± SE 
of migration in serum before infection (day 0), 
while dark bars show migration in serum taken on 
day 29. 

Although chemotaxis of leukocytes toward myco-
plasma was maintained in sera from day 29 (mi-
gration was greater with mycoplasma than with 
no antigen present, z2 , P < 0.01 ), migration was 
lower in magnitude than expected, based on other 
observations [ 11]. The possibility that sera from 
day 29 might interfere with leukotaxis was con-
sidered. 

The effects of these sera on migration of homol-
ogous leukocytes were then studied. Leukocytes 
from a single normal donor were tested simulta-
neously with sera obtained from the 13 volunteers 
at the start of the study (day 0) and at the com-
pletion of therapy with tetracycline (day 29). 
Levels of tetracycline in the sera from day 29 
were ::;;; 5 ~tg/ml. The random migration of leuko-
cytes (no chemotactic agent in the lower compart-
ment of the Boyden chamber) was a mean value 
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of 33 leukocytes per high-power field in serum 
from day 0, decreasing to 21 leukocytes per high-
power field in serum from day 29 (figure 2). In 
12 of the 13 individual serum pairs, migration of 
the homologous leukocytes was lower in serum 
from day 29 than in serum from day 0 from the 
same volunteer (paired t-test, P < 0.01). That 
this was not a result of the handling and storage 
of the sera was demonstrated by the unchanged 
values for migration of leukocytes in the serum 
from a normal control subject who did not receive 
tetracycline, but whose serum was collected and 
similarly processed. 

There was a similar suppressive effect by sera 
from day 29 on chemotaxis toward mycoplasma 
antigen of homologous leukocytes from the same 
donor (figure 3). In I 0 of the 13 serum pairs, 
chemotaxis was reduced in serum from day 29 
compared with migration in serum from day 0 
(paired t-test, P < 0.05). In one instance migra-
tion of leukocytes was the same in both sera, while 
chemotaxis of leukocytes was higher in sera from 
day 29 in two instances. Leukotaxis was reduced 
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Figure 2. Random migration of homologous leuko- · 
cytes from a normal donor in sera collected before 
illness (day 0) and on day 29 after infection with 
mycoplasmas. Migration in individual serum pairs is 
represented by 0--0. Migration in a normal con-
trol semm is represented by 0--0. Brackets show 
mean± SE. 

Exh. 1017
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

  Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
  With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

  Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
  Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

  Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


