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Inhibition of Ristocetin-induced Platelet
Agglutination by Vancomycin

By J. L. Moake, P. L. Cimo, D. M. Peterson, P. Roper, and E. A. Natelson

Ristocetin and vancomycin are structurally
similar glycopeptide antibiotics. Both van-

comycin and ristocetin in high concentra-

tions (3.0 mg/mI) cause the precipitation
of fibrinogen, plasminogen, and IgG from
platelet-poor plasma (PPP). In contrast to

ristocetin, vancomycin (0.5-1.5 mg/mI)
does not agglutinate platelets in normal
platelet-rich plasma (PRP) or formalin-

treated platelets in the presence of normal

PPP. Preincubation of vancomycin (0.5-
1.25 mg/mI) with normal PRP, von Wille-
brand platelets in normal PPP, or for-
malinized platelets results in inhibition of

platelet agglutination induced by risto-

cetin (0.7-1.25 mg/mI) or ristocetin and

normal PPP. This inhibition can be over-

come by increasing the final concentration

of ristocetin in the platelet suspension.

Preincubation of formalin-treated platelets

with the major fraction obtained by
carboxymethyl-Sephadex C-50 chroma-
tography of commercial vancomycin also
results in inhibition of agglutination in-
duced by ristocetin and normal PPP. Incu-
bation with vancomycin (1.25 mg/mI)
does not interfere with von Willebrand
factor (vWF) or factor VIII coagulant activi-

ties in normal PPP or in Sepharose 4B void
volume fractions of PPP. These results indi-
cate that vancomycin interacts with nor-
mal, von Willebrand, and formalin-treated
platelets and inhibits the binding of risto-
cetin (or ristocetin-vWF complexes).

R ISTOCETIN AND VANCOMYCIN are glycopeptide antibiotics with

similar structures and bactericidal mechanisms.’ Both antibiotics contain

amino, phenolic, and sugar residues, form ionic bonds with C-terminal carboxyl

groups in bacterial cell wail glycopeptide precursors,’-3 and cause the pre-

cipitation of fibrinogen and other plasma proteins.4’5 Ristocetin induces the

agglutination of platelets in normal platelet-rich plasma (PRP)4 and the agglu-

tination of formalin-treated platelets in the presence of the factor V Ill-associated

von Wiliebrand factor (vWF).5 vWF is present in normal plasma, but is absent

or reduced in the plasma of most patients with the von Willebrand syndrome.4’6

It has been suggested that ristocetin may attach to platelet membrane suif-

hydryl7 or carboxyl groups,8 alter platelet surface charge, and increase platelet

binding affinity for vWF.8’9

Vancomycin does not agglutinate platelets in normal PRP,’#{176}” and pre-

liminary reports8” have indicated that it interferes with ristocetin-induced ag-

glutination. The inhibitory effect might result from the interaction of vanco-

mycin with plasma factor VIII molecules or competition for platelet ristocetin-

binding sites. The effect of vancomycin on ristocetin-induced agglutination of

normal and formalin-treated platelets is described in this report.
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MATERIALS AND METHODS

Blood from 12 normal donors and 3 patients with the von Willebrand syndrome (clinical status:

2 severely affected, I mildly affected) was anticoagulated with 1/10 volume 3.8#{176}� sodium citrate,

and PRP was prepared by centrifugation at ISO g for 10 mm. PPP was obtained by centrifuging

PRP at 10,800 g for 15 mm. Platelets were adjusted to 200,000/zi with PPP, as determined by

the Coulter Counter12 (Model ZBI, Coulter Electronics, Hialeah, Fla.) and phase �

and aggregation studies were performed with collagen, adenosine diphosphate (ADP), and

epinephrine as described previously.’4 Stock solutions of ristocetin (Abbott Laboratories, North

Chicago, lii.) and vancomycin (Eli Lilly, Indianapolis, md.) were prepared in deionized water

or in phosphate (16 mM)-buffered or imidazole (16 mM)-bufl’ered NaCI (0.124 M), pH 7.4. For

direct agglutination studies, 50 �zl of ristocetin, vancomycin, water, or buffered NaCI (as con-

trols) was added to 0.4-mi samples of either PRP or formalin-treated plat�let5�S suspended in

phosphate-buffered NaCI (platelets, 300,000/zl) to which 50 �.tl of normal PPP had been added.

For inhibition studies, 50 �zl of vancomycin, water, or buffered NaC1 (as controls) was incubated

for 5 mm at 37’C with either 0.4 ml PRP or formalinized platelets, and then ristocetin (or other

aggregating agents in the case of PRP) was added to produce the desired final concentrations. The

p’-1 of 15-mg/mi stock solutions in water was 6.2 for ristocetin and 3.6 for vancomycin: it was 6.8

for stock solutions of both vancomycin and,ristocetin in buffered NaCl. The pH of PRP samples

remained unchanged (at 7.8) following the addition of vancomycin or ristocetin.

Proteolytic activity has been found in some ristocetin preparations.16 For detection of any

contaminating proteolytic activity in 2-mg/mi solutions of vancomycin and ristocetin, librin

polymer clot lysis tests were performed as described by Jenkins et al.:’6 and the electrophoretic

mobility of fibrinogen a, �, and �y chains was determined by sodium dodecyl sulfate (SDS)-

polyacrylamide gel electrophoresis after incubation of 5 mg/mi human tIbrinogen (Merck, Sharp,

and Dohme, West Point, Pa.) with vancomycin, ristocetin, or water (as control) for either 30 mm

or 4 hr at 37’C.’7 The electrophoretic mobility ohs, /i, and y chains of fibrinogen preincubated

with vancomycin and ristocetin was compared with the migration of a, /1, and ‘y chains of human

fibrinogen purified from fibrinogen concentrates (Cutter Laboratories, Berkeley. Calif.) by DEAE-

cellulose chromatography)7

To determine the plasma protein precipitation pattern at high antibiotic concentrations, 3.0-

mg/mi final concentrations ofcommercial vancomycin or ristocetin were added to 3.0-mi samples

of normal PPP and incubated at 37’C for I 5 mm: the precipitates were collected by centrifugation

at 50,000 g for 10 mm. Precipitates were suspended in 5 ml Tris-buffered NaCi, pH 7.4, repreci-

pitated three times by 3.0 mg/mI vancomycin or ristocetin, and resuspended in 0.5 ml Tris-buffered

NaCI for analysis by immunodiffusion and SDS polyacrylamide gel electrophoresis. Double

immunodifl’usion was performed by the method of Ouchteriony’8 in 1.25#{176},,agarose plates using

antisera to fibrinogen, albumin, igG, lgA. 1gM, C3 (�lA[8lC), transferrin, ceruloplasmin (Meloy

Laboratories, Springfield, Va.), plasminogen, factor VIII, haptoglobin, and hemopexin (Behring

Diagnostics. Somerville, N.J.). Electrophoresis on SDS polyacrylamide gels (3#{176},,stacking and 7#{176},,

separating gels) was at 3 mAmp/gel in 2 mM Tris 1-Id, 0.19 M glycine. and 0.1#{176},,SDS. pH �

To study the effect of vancomycin (1.25 mg/mI final concentration) on vWF and factor VIII

coagulant activities, 3-mi samples of normal donor PPP were incubated for 5 mm at 37#{176}Cwith

0.3-mi aliquots of vancomycin (12.5 mg/mi) or water (as control). Then 2-mi samples were frac-

tionated on Sepharose 4B (Pharmacia, Piscataway, N.J.) columns with dimensions of 0.9 x 30 cm,

bed volumes of 18 ml. and flow rates of 1.5-2.0 mi/mm. Column equilibration and elution were

done with 20 mM Tris HCI, I mM sodium citrate, and 120 mM NaCI. Fractions of 1.3 ml were

collected. Void volumes were determined by passing 0.4-mi solutions of Blue Dextran 2000 (Phar-

macia) through the columns. Assays of vWF activity in PPP and column fractions were done by

measuring the rate and extent of ristocetin-induced formalinized platelet agglutination by the

method of Macfarlane et al. (0.4 ml platelets at 300.000/pi + 50 M1 test sample + 50 Mi of 10

mg/mi ristocetin).15 Samples of PPP and column fractions were tested for factor VIII coagulant

activity using factor VIII deficient plasma (Dade Reagents, Miami, Fia.) and the method of Bowie

et al. based on the one-stage activated partial thromboplastin time.20 Both vWF and factor VIII

activities were expressed in U/mi (100#{176},,activity = I U/mi: 50#{176}cactivity = 0.5 U/mI, etc.) and in

U/mg protein. Protein concentrations were determined for PPP samples and column fractions by

the fluorescamine assay method, which is sensitive in the microgram range.2’
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RISTOCETIN AND VANCOMYCIN 399

Commercial vancomycin (200 mg) was fractionated on carboxymethyl-Sephadex (CM-Sephadex

C-SO, Pharmaeia) by discontinuous ammonium acetate elution.22 Column dimensions were 3 x 50

cm, and 5 g ofCM-Sephadex C-SO were used. Fractions of 5 ml were collected and the absorbance

at 280 nm (A,50) determined. (In order to convert A280 values to mg/mi, it was assumed that

the molar absorbance at 280 nm was equivalent for each vancomycin fraction.) Before determining

the efFects of column fractions on platelet agglutination, ammonium acetate was removed using

the ethanol acetone precipitation method of Nieto and Perkins.22

RESU ITS

Vanconn’cin Inhibition of’ Ristocetin-induced Platelet Agglutination

Vancomycin in concentrations of 1.0, 1.25, and 1.5 mg/mI did not agglu-

tinate platelets in normal PRP. A comparison of platelet agglutination patterns

obtained with 1.25 mg/mI ristocetin and 1.25 mg/mI vancomycin is shown in

Fig. IA. Preincubation of PRP from normal donors with vancomycin (0.75

1.25 mg/ml) resulted in inhibition of platelet agglutination induced by 1.25

mg/mI ristocetin (Fig. I B). This inhibitory effect could be overcome partially by

increasing the ristocetin concentration to 1.5 mg/mi (Fig. 1C). When the ag-

glutination response to ristocetin was restored to the platelets of all three von

Willebrand patients by the addition of normal PPP, ristocetin-induced agglu-

tination could be inhibited by 1.0-1.25 mg/mi vancomycin. The man with

severe von Willebrand syndrome (whose platelet agglutination pattern is shown

in Fig. 2) had template bleeding times of 12 16 mm, decreased glass bead re-

tention, 26#{176}�factor VIII coagulant activity, and no detectable vWF activity.
Vancomycin did not agglutinate formaiin-treated platelets suspended in nor-

mal PPP (Fig. 3). Preincubation of formalized platelets with vancomycin re-

sulted in inhibition of platelet agglutination induced by ristocetin and PPP. In

contrast, preincubation of vancomycin with normal PPP did not interfere with

ristocetin-induced agglutination of formalinized platelets (Fig. 4). When for-

maIm-treated platelets were incubated with vancomycin (10 mg/mi), centri-

fuged for 7 mm at 1500g. washed once in 2 ml of phosphate-buffered NaCl and

resuspended in 0.4 ml of the same buffer, then agglutination induced by risto-

cetin (50 �tl: 0.7 mg/mI final concentration) and PPP (50 zl) was inhibited. ThisI�VWA (2

1 mInute

Fig. 1. Effect of vancomycin on ristocetin-induced platelet agglutination in normal PRP. (A)
Either ristocetin (1) or vancomycin (2) was added to PRP in final concentrations of 1.25 mg/mI.
(B) Ristocetin (1.25 mg/mI final concentration) was added following preincubation of PRP either
with buffered NaCI (1) or vancomycin in final concentrations of 0.75 mg/mI (2), 1.0 mg/mI (3),
or 1.25 mg/mI (4). (C) Following preincubation of PRP from three different donors with vancomycin
in a final concentration of 1.25 mg/mI, ristocetin was added in final concentrations of 1.25 mg/mI

(1a, 2a, 3a) or 1.5 mg/ml(lb, 2b� 3b).
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Fig. 2. Effect of ristocetin and vancomycin on platelet agglutination in PRP from a patient
with severe von Willebrand syndrome. (A) Ristocetin (R) was added after the PRP was adjusted

to 2OO�OOO/Ml with autologous von Willebrand PPP. (B) von Wiliebrand PRP was adjusted to
200,000/,uI with normal PPP prior to the addition of ristocetin (R). R + V 1.25 mg/mI: pre-
incubation of von Willebrand PRP + normal PPP with 1.25 mg/mI vancomycin (V) prior to the
addition of 1.25 mg/mI ristocetin (R). Ristocetin and vancomycin were at final concentrations in
th. test suspensions.

FIg. 3. Effect of vancomycin on ristocetin-induced ag-
glutination of formalin-treated platelets in the presence of
normal PPP. (A) Ristocetin (1) or vancomycin (2) was

added in final concentrations of 1.0 mg/mI. (B) Ristocetin
(1.0 mg/mI final concentration) was added to platelets
and PPP which had been preincubated for 5 mm at 37#{176}C
with 50 .el of either water (1) or vancomycin in final con-

centrations of 0.5 mg/mi (2) and 1.0 mg/mI (3).

FIg. 4. Ristocetin-induced agglutination after incubation of either
formaIinized platelets or PPP with vancomycin. (1) Fifty Mi of PPP was
incubated for 5 mm at 37#{176}Cwith 50 MI of water and then added to a
0.4-mI suspension of formalinized platelets and 50 ui of ristocetin (0.7
mg/mI final concentration). (2) Fifty MI of PPP was incubated for 5 mm
at 37#{176}Cwith 50 MI of vancomycin (0.8 mg/mI) and then added to 0.4
ml of formalinized platelets and 50 MI of nstocetin (0.7 mg/mI final
concentration). Formalinized platelets were premncubated with van-
comycin (0.8 mg/mI final concentration) at 37#{176}Cfor 0 mm (3), 2 mm
(4), or 5 mm (5) prior to the addition of 50 MI of ristocetin (0.7 mg/mI
final concentration).
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Fig. 5. Inhibition by vancomycin of formalinized platelet agglu-
tination following preincubation of platelets with ristocetin. (1)
Fifty MI of ristocetin (0.75 mg/mi final concentration) and 50 MI of
waterwereadded to 0.4 ml formalinized platelets, and then 50 Ml of
normal PPP was added. (2) Fifty Ml of nstocetin (0.75 mg/mI final
concentration) was incubated with 0.4 ml formalinized platelets for
5 mm at 37#{176}C.Then 50 MI of vancomycin (0.85 mg/mI final con-
centration) was added, the mixture was incubated for 5 mm at
37#{176}C,and 50 Ml of normal PPP were added. (3) Fifty Ml of vanco-
mycin (0.85 mg/mI final concentration) was incubated with 0.4
ml of formalinized platelets and 50 Ml of normal PPP for 5 mm at

37#{176}C,and then 50 Ml of rmstocetin (0.75 mg/mi final concentration)
was added.
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inhibition was reversed completely by increasing the final ristocetin concentra-

tion to 1.25 mg/mI. Vancomycin inhibited PPP-induced agglutination of

formalinized platelets which had been incubated previously with ristocetin

(Fig. 5).

Commercial vancomycin was separated by chromatography on carboxy-

methyl (CM)-Sephadex C-SO into three peaks and one “shoulder” (Fig. 6A),

which were designatedfractions I-IV (according to Nieto and Perkins22). Of the

200 mg of vancomycin applied to the column, 166 mg (86��) was recovered.

Most (142 mg) was in fraction IV. Fractions II and III, which may be break-

down products of fraction IV,22 were present in small amounts. Insufficient

quantities ofeither fraction I or fraction III were obtained to assess the effects

of final concentrations greater than 0.2-0.3 mg/ml on formalinized platelet ag-

giutination. The effects of fractions II and IV on formalinized platelet agglutin-

ation induced by ristocetin and normal PPP are shown in Fig. 6B. Preincuba-

tion of formalin-treated platelets with 5O-�z 1 aliquots of concentrated solutions

(5 and 8 mg/mi) prepared from either fraction II or fraction IV resulted in

inhibition of platelet agglutination. In Fig. 6B this inhibition is compared to

that produced by equivalent concentrations of commercial vancomycin.

The PRP from each of 12 normal donors was obtained on 1-3 different days,

preincubated with 1.25 mg/mi vancomycin, and tested with aggregating agents.

In PRP samples from 2 donors the amplitude of aggregation responses to col-

lagen (0.3 mg/ml) was decreased by 3O#{176}�-3S�, and primary aggregation in

response to 10_6 M ADP was reduced by 30#{176}�.Aggregation was normal in

these two donors when the final concentration of ADP was increased to 1O� M.

In PRP obtained from two other donors, there was a 22%-3S� inhibition of

primary aggregation induced by i0� M ADP. However, this inhibitory effect

of vancomycin was not found consistently when the PRP of these two donors

�B /
20 R#{176}V(5mg/mi) R+ii (.5mg/mi)

10 1m�,uIe (.8m�+M�/’:

Fig. 6. Effects of commercial vancomycin and purified vancomycin fractions on ristocetin-
induced agglutination of formalin-treated platelets in the presence of normal PPP. (A) Purification
of 200 mg commercial vancomycin on CM.Sephadex C-SO. A280: absorbance at 280 nm. Fraction
volume was 5 ml. (B) Inhibitory effects of commercial vancomycin and column fractions II and IV.
Before addition of 50 MI of ristocetin (R; 1.0 mg/mI final concentration) and 50 Ml of normal

PPP, formalinized platelets were incubated at 37#{176}Cfor 3 mm with either SO MI of phosphate-
buffered saline (R), commercial vancomycin in final concentrations of 0.5 and 0.8 mg/mI (R + V),
column fraction II in final concentrations of 0.5 and 0.8 mg/mI (R + II), or column fraction IV in
final concentrations of 0.5 and 0.8 mg/mI (R + IV).
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402 MOAKE El AL.

was tested with lO� M ADP on different days. Vancomycin did not inhibit

either primary or secondary aggregation induced by epinephrine (4.5 x 10� M).

Precipitation of’ Plasma Proteins by R istocelin and Vancotnycin

Both ristocetin and vancomycin (3.0 mg/mI) caused the precipitation of

fibrinogen and other proteins from normal PPP (Fig. 7). By double immuno-

diffusion these other proteins included plasminogen and IgG, but not albumin,

IgA, 1gM, C3 (131A/j3lC), haptoglobin, hemopexin, transferrin, ceruloplasmin,

or factor VIII.

At concentrations of 2 mg/ml neither vancomycin nor ristocetin caused pro-

teolysis of fibrin polymer clots or altered the electrophoretic mobility of fIbrino-

gen a, �3, or #{176}ychains in SDS-poiyacrylamide gels.

Effects of Vancomrcin on Plasma Factor VIII Coagulant and v WF A clivities

Normal PPP samples were incubated with vancomycin (1.25 mg/mI final

concentration), and 50zl of vancomycin-treated PPP was tested in vWF assays

using 0.4 ml formaiinized platelets and SO �.tl of 10 mg/mI ristocetin. There was

no inhibition by 1.25 mg/ml vancomycin of normal PPP vWF activity. Follow-

ing incubation of normal PPP samples with vancomycin (1 .25 mg/mI final con-

centration), vWF and factor VIII coagulant activities were separated by Sepha-

rose 4B chromatography. There was no inhibition by vancomycin of vWF or

factor VIII coagulant activities in the void volume fractions of normal PPP, ir-

respective of whether activities were expressed in U/mi (as in the representative

experiments illustrated in Fig. 8) or in U/mg protein.

DISCUSSION

Vancomycin and ristocetin are structurally similar antibiotics”3 which, in high

concentrations, cause the precipitation of plasma tIbrinogen, plasminogen, IgG,

H �no�J�

1.0 R’ ti .
� .75 Fig. 7. Eiectropnoresis in SDS-poiy-
in .50 Precipitate acrylamide gels of precipitates produced

by the addition of either ristocetin or

vancomycin (3.0 mg/mI final concentra-
tions) to normal PPP. A 575: absorbance
at 575 nm in Gilford scanning densi-

1.0 . tometer of gels stained with Coomassie
� 75 Vancornycin brilliant blue. Standard proteins for
U) so Precipitate molecular weight estimations: fibrino-

gen, purified human fibrinogen; trans-

ferrin (Tf); bovine serum albumin (BSA);
ovalbumin (Ov); aldolase (AId). Fifty �g
of fibrinogen, 122 Mg of protein pro-

iii I i s i cipitated by ristocetin, or 162 �g of pro-
Standard Proteins Tf�SI� Ov Aid tein precipitated by vancomycin were

Molecular Weights (X103) 90 80 70 60 50 30 applied to the gels.
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Fig. 8. vWF (A) and factor VIII coagulant activities (B) in Sepharose 4B fractions of normal PPP
which had been preincubated either with a final concentration of 1.25 mg/mI of vancomycin
(Vanco) or with water (as control). A 280: absorbance at 280 nm. V0: void volume. Detection of
albumin and plasminogen was by double immunodiffusion. Detection of fibrinogen was by double
immunodiffusion and SDS-polyacrylamide gel electrophoresis.
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404 MOAKE El AL.

and other proteins (Fig. 6).� Ristocetin induces the agglutination of platelets in

normal PRP4 and of formalin-treated platelets in the presence of normal PPP.5

In contrast, vancomycin inhibits ristocetin-induced platelet agglutination in

PRP and in suspensions of formalinized platelets--an effect which cannot be

the result of alterations in platelet metabolism. Fraction IV (the major peak

obtained by cation-exchange chromatography of commercial vancomycin)22’24

and one of the minor fractions (II) are both potent inhibitors of platelet ag-

glutination induced by ristocetin and normal PPP.

Partial reversal of the vancomycin inhibitory effect is obtained by increasing

the concentration of ristocetin added either to normal PRP or to formalinized

platelets in the presence of normal PPP. Additionally, aggregation of platelets

in PRP by collagen, ADP, and epinephrine is not impaired significantly by

preincubation of PRP by vancomycin. These results indicate that vancomycin

inhibition ofristocetin-induced agglutination is relatively specific.

Agglutination is inhibited when formalin-treated platelets are incubated with

vancomycin and then sedimented, washed, and resuspended in buffered NaCi

prior to the addition of ristocetin and PPP. This inhibition is reversed by in-

creasing the final concentration of ristocetin. Platelet agglutination in response

to ristocetin and PPP is reduced if vancomycin is added after the incubation of

formalin-treated platelets with ristocetin. These findings suggest that vanco-

mycin and ristocetin compete for the same platelet receptor sites. In previous

studies, Coiier et al.’#{176}could not detect a stable interaction between ‘251-vanco-

mycin and platelets separated in void volume fractions of Sepharose 2B. It may

be that vancomycin is easily displaced from platelet binding sites. Alternatively,

iodinating a phenol group in vancomycin22 may interfere with binding of the

antibiotic to platelets.

Platelet agglutination is not inhibited when vancomycin is incubated with

PPP prior to the addition of PPP to a ristocetin-containing suspension of for-

malinized platelets. Furthermore, vWF and factor VIII coagulant activities in

PPP and in Sepharose 4B column fractions of PPP were not reduced by prior

incubation with vancomycin. Thus, a direct effect of vancomycin on factor

VIlI-associated vWF activity does not account for inhibition of ristocetin-

induced platelet agglutination.

vWF is present in the membrane and granular fractions of normal human

platelets,25’26 but cannot be detected in platelets from patients with severe von

Wiliebrand syndrome.25’27’28 When the latter platelets are incubated in normal

plasma and then agglutinated by ristocetin, vWF from the plasma binds to the

clumped platelets.9 lt is clear that platelet agglutination induced by ristocetin

and vWF does not require Ca2� or active platelet metabolism.4’5’7 However, it

is not yet known if ristocetin binds to platelets and induces the attachment of
vWF, or if complexes of ristocetin and vWF attach to platelets and result in

agglutination.

Externally exposed platelet surface proteins may be receptor sites for risto-

cetin or complexes of ristocetin and vWF. Evidence has been presented that

platelet membrane “glycoprotein I” (molecular weight 155,000)29 and a protein

of similar size which is loosely associated with the outer platelet membrane

(“giycocaiicin,” molecular weight 148,000)30-32 are important in agglutination
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RISTOCETIN AND VANCOMYCIN 405

induced by ristocetin and vWF. Vancomycin may interfere either with the bind-

ing of structurally similar ristocetin molecules or with the binding of ristocetin-

vWF complexes to these (or other) proteins on platelet surfaces. Our finding

that vancomycin interferes with the ristocetin-induced agglutination of plate-

lets, from severely affected von Wiilebrand patients, suspended in normal PPP

is evidence that vancomycin does not inhibit the interaction of ristocetin with

vWF which is already associated with platelet surfaces. Vancomycin should be

useful in further studies of the interaction of platelets with ristocetin and vWF.
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