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An improved HPLC assay for ciprofloxacin in biological sam ples 

PE1 Yuan—Yin ．MENG Xu，Charles H NIGHTINGALE (~ckool of P harmae~，University 

Connecticut，Storrs CT 06266，and Hartford打。单 ira1．Hartford CT 06I15，U8A) 

^B钉 R ^CT A simple and sensitive high per— 

form ance liquid chrom atographic m ethod w as 

developed for determination of ciprofloxacin 

(CiP)in 0．1 ml of rabbit and human setum 

and CSF． Separation of Cip and pipem idic 

acid (internal standard)was achieved on Nu 

oleosil CIe(4．6 mm × 250 mln)using fluores— 

cence detection with k 。274 nm and m|418 

nln． T he m obile phase w as com posed of ace— 

tonitrile and phosPhate buffer 10 mm ol·L 

(pH 2．7)containing tetrahutylammonium hy— 

drogen sulfate 5 m mol ·L-j(18 l 82．vol ‘ 

vo1) and the flow rate was set at 1．0 ml 

·m in ． The retention tim es were 5．9 min 

for Cip and 4．0 min for pipem idic acid． The 

inter<lay coefficient of variation was< 6．97 

( = 5)and the intra—day coefficient of vatia— 

tion was< 3．33 ( 一 5)． The lira its of 

detection were 3 ng ·m l serum and 5 ng 

·mr CSF，(r≥ 0．9996)． Application of 

this m ethod w as dem onstrated w ith sire ultane— 

OUS m easurem ents of concentration——tim e pro—— 

files of Cip in rabbit serum and CSF during iv 

infusions at constant rates of 0．33． 1．0．and 

2．5 m g ·kg-1·h-1． 

KEY W ORDS ciprofl0xacin}high pressure 

liquid chrom atography；pharmacokinetics 

ciprofl0xacin (Cip) is a new fluoro— 

quinolone antibiotic， which exhibits excellent 

activity against a broad spectrum of bacteria 

and is highly effective in the treatm ent of a 

wide variety of infectious diseases． T he m ini— 
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mum inhibitory concentrations (M 1C ) of Cip 

ranges from 0．008 to 2．0 g ·ml一 ． For 

pharmacokinetic studies in tissHe sites w here 

sam ple volum e is sm all and w here drug pene— 

tration iS poor，it is necessary that the m ethod 

of analysis be quite sensitive，requiring small 

sam Ple volum es and be extrem ely accurate． 

U nfortunately m ost of the existing assays do 

not m eet this criteria． A m ong the h h—per- 

formance liquid chromatographic L HPLC ) 

m ethods of analysis for Cip in biological flu- 

ids[ 一 ． nearly half of these m ethods did not 

use internal standards． The detection lira its 

of most of these methods were above 0．01 g 

· m l～ ． w hich do not m ake them useful for 

m easuring Cip concentration around the M lC． 

In addition，all of these m ethods need a sam — 

Ple size of 0．2 — 0．5 m1． In this article．we 

described an im proved H PLC assay for Cip in 

biological fluids and its application in the de— 

term ination of Cip pharmacokinetic curves in 

rabbit serum and CSF during iv infusion． 

M ^TERIALS AND M ETH 0Ds 

Chemicals and reagents Cip standard powdcr． 

pipem idic acid (internal standard) and tetrabutyiam— 

monium hydrogen sulfate were obtained from S_呕ma 

Chemical Co． HPLC—grade acetonitrile and dichloro— 

methane were purchased from M ailinckrodt Specialty 

Chemical Co O ther chem icals and reagents were all 

of analytical gradc- Deionized HPLC grade water was 

used throughout the experim ents． 

Chrom atographic condition The chromato— 

graphic system consisted of a W aters 510 solvent dellv— 

ery pump．a W ISP 710A automatic injector．a W aters 

730 data module，and a Kratos 980 program mable flu— 

orescence detector． Separation was accom plished on a 

Nucleosfl C1日column (4．6 mm ×250 mm ，Alltech As— 

sociates，Inc)． Derection was at an excitation wave— 
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length of 274 nm and an emission wavelength of 4 18 

nm with a sen$itivity of 0．005 Au FS． The mobile 

phase was composed of acetonit rile and phosphate 

buf~r 10 mmol·L～ (pH 2．7)containing tetrabutyl 

am moninmm hydrogen sulfate 5 131 131ol·L (18 ；82t 

vol vo1) The flow rate was set at 1131I·min一 ． 

Sam ple preparation 20 ul of pipemidic ac|d (0．3 

Ⅱg)，the internal standard，wa吕added to 1O0 u1 of hu— 

man or rabbit serum or CSF in a 1-5 mI polypropylene 

13qicro—centrifuge tube． 120 Hl of Na O． solulion 

(25 )and 20 uI of deinnized water were then added 

to thetube． A fler m ixing for afew seconds on a vor 

[ex 131 ixer． 1．I 131 I of CH zCI was added to each sam 

pie． The biphase m ixture was shaken for 10 131 in on a 

Eberbach shaker' and then centrifu ged for 7 min at 

100f)× g． After separating the 2 layers。the organic 

phase was con1pletely transfo rred to a second micro 

centrifu ge tube· and gently hrought to dryness by 

flowing over the sam pie at 55 ℃ ． The sam ple was re— 

constituted with 75 uI of mobile phase on a vortex 

mixer for 30 s． 40 uI of the reconstituted sam pie 1&,as 

injected onto the column via the autommatin injector- 

Eaiablhhment of standmrd curyes A taad ard 

stuck solution of Cip was prepared in HPLC grade wa— 

ter at a concentration of 32 ug ·mr  ． This StOCk So— 

lution was further diluted  with water， pooled rabbit 

serum or CSF to get concentrations of 6400， 3200， 

1600，800+ 400． 100。50+25． 12．5+ 6．25 ng ·ml一 

in serum ．or 800， 400t 100． 50， 25， 12．5， 6．25 ng 

· ml一‘in CSF． In these concentration ranges． 2 

standard curves were con§̈ ructed． 0ne served f0r the 

concentration range from 6400 to 100 ng ·m l-。for 

serum samples or from 800 to 50 ng · mI一 for CSF 

samples·and the other·from 100to 6．25 ng ·m l or 

50 to 6．25 ng ·mr  ，in serum and CSF respectively． 

The standard curves were fre8hly prepai d each day． 

For qualitY control purposes，2 “check sam ples for 

~ach curve were prepared independently- The concen 

tr~．tin ns of check”s~,mples fo r the fixst standard cutve 

were 12．5 and 5O ·mI一 for both serum and CSF 

samples}and those fo r the second were 200 and 1600 

ng 。m1-。for serum sam ples· and 100 and 400 ng 

’ mr  for CSF sam ples． Concentrations of Cip j几 

rabbit serum and CSF were calculated from the stan— 

d盯 d curves ~ollstructed by plotting the ratio of the 

peak area for Cip to that for the internsI standard 

against the labeled concentrations． W hen serum or 

CSF sam pies had Cip concentrations higher than the 

hishest point of the standard curve'the sam pies were 

diluted with pooled rabbit serum or CSF 

Validation procedures To test the inter-day re— 

produc Jbility， 5 aliquots of each check sample (for 

both serum and CSF) were assayed one by one on 5 

consecutive days- For intra-day reproducibility， 5 

allquots of the serum check sam Dles of 50 and 200 ng 

·mr  and the CSF checg samples of 50 and 400 ng 

‘m I were analyzed on the sam e day- Accuracy and 

prec~ion were evain ated by calculatins the recovery 

values from the standard curve and the co~fticlents of 

variation (el )among the aliquots，respectively． 

Sampling Six New Zealand white rabbits with 

neutropenia (white blood  cell count≤ 2× 10 L_。) 

welzhing 2-4士 0-3 kg were anesthetized with iv ure— 

thane 1-5 g ‘kg ‘- A metal∞ nnula (0．6 131131 × 35 

mm ) was introduced into the cisterna m agna through 

the atlanto-occipital mem brane with a 3=dimenslonaI 

geared introd ucer and maintained in the position with 

dental acrylic (Lang dental M FG Co lnc· W heeling 

1L )． A n iv oatheter need~ was inserted into a 

marginal ear artery fo r sam pling- At 9 h after intru— 

duction of the ck~nnula．the animals were infused with 

cip (Miles pharmaeeuticals，West Haven CT．USA) 

th rough amarginal ear vein at a rate of O．33．1．0 and 

2-5 mg · kg一 ·h～ ． respectively． The serum and 

CSF samples were collected period ically from the ap— 

propriai e cannula and stored at一 20 ℃ until assay． 

ⅡESU LTS 

Chrom atography Typical chromato— 

gram s resulting from serum and CSF are 

shown in Fig 1t Both Cip and the internal 

standard appeared as sharp and well—resolved 

peaks with retention times of 5．9 and 4+0 

rain·respectively- Du ring the analysis of sam — 

ples' no interference due to endogenous sub— 

stances was detected． The 1im its of detection 

ofthe assay were 3 ng ·m 1一‘for serum and 5 

ng ‘m I— for CSF resulting in a signal—noise 

ratio of 4 l 1+ 

Accuracy and reprodu~iblllty T he stan 

dard curves for serum and CSF w ithin all the 

concentration ranges studied were linear( ≥ 

0·9995)t T he inter-day CV were< 6，97 ， 
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FIg 1． Chrom atogram s for rabbit CSF containing 

cIprofloxacln (Clp)0 (丑)．25(b)，and 8．1 ng·mr 

(c)． human serum containing Clp 0 (d)，and e-25 ng 

·m1 (e)． water solution of Clp 100 ng·mI叫 (f)- 

rabbit serum containIng Ctp 0 (g)，e-25 (h)·and t71 

nE·ml叫 (I)． 

the intra—day CV < 3．33％ ，and the variation 

in the percentage recovery was< 7．04 (Tab 

1)． 

Tsb 1． HPLC fee ciprofloxa~tn In rabbits( 一 5) 

Rabbit Iv Clp pharm acokinetlc curves 

The concentration—time profiles of Cip in the 

serum and CSF of 3 rabbits during iv infusion 

at 3 different rates were shown in Fig 2． The 

m easured Cip serum  concentration ranges 

were 1254——4359，605．3——1399，and 198．8—— 

234．5 ng ·m l一 ．and the CSP concentration 

ranges， 54．6— 516．4，7．7— 87．2，and 1，9—  

1 0．1 ng ·m l～ ， respectively． It was found 

that this H P LC m ethod offers a ng ·m l一 level 

of quantitative m easurem ent and could be used 

for direct determ ination of the Cip concentra— 

tions using infusion rates from 2．5 to 0-33 m g 

· kg一 ·h一 ． 

s 
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Fig 2- Cip concentration In rabbit SeTurn (solid)and 

CSF(open)duringIvInfusion of 2．5(口 )-1．0(△)， 

el 0．33(0)m‘·kg ·h～． (̈ 一3)． 

DISCUSSION 

Presently， the factors influencing the 

therapeutic activity of antibiotics is still lim it— 

ed_】．]and under study． T hese factors are re— 

lated not only to the corn plex jrtteraction 

am ong the hosts， microoganism s and antibi— 

otics，but also to the difficuItY in the accurate 

determ ination of drug concentrations at the 

site of infection CIS~． T he H PLC assay of Cip 

developed here offers a ng ·ml一 level sensi- 

tivity and requires only a m icroliter of sam ple 

volum e- T bus it provides a sim ple，sensitive 

and accurate analytica1 m ethod for the phar— 

m acokinetic and pharm acodynam ic study of 

Cip ，especially in CSP samples． In addition ． 

一 萎 
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since the sam ple volum e is only 0．1 m l at 

m ost， it allows the experim ent to be carried 

out in animals without depicting their norm al 

physiological pool of CSF- T his insures that 

the results are m ore reliable and ac~curate than 

those experim ents w here the CSF pool is 

abnorm ally 1ow - 

C ip is oTle of the drugs w ith strong fluo— 

rescence． Comlpared w ith uv detection ．fluo— 

rescence detection provides not only a higher 

sensitivity but aIso higher selectivity- In de— 

veloping this assay m ethod ，it was found that 

the peak of m axim al absorbance of C ip in the 

moblie phase described in the procedure w as 

274 nm which is sl_唁htly shorter than 277 and 

278 nm reported in the literature 。· ·。· 。·”· 

The m axim al fIuorescence w as obtained at 418 

nm without any interferences com pared with 

the reported emission wavelength (≥ 445 

nIT1) 。’， 。·’ · ． Furtherm ore．it was  observed 

that the glass surface absorbed Cip and facili— 

toted the degradation of Cip under light- A s 

a result， any contact of Cip w ith glass should 

be avoided throughout the assay procedures． 
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爿摘要 介绍一种测定生物样品中环丙抄星 
。

(Cip)的 HPLC 方 法 及 其 应 用 实 例． 采 用 

Nuclcosil ClB为固定相 ，1 8：82乙腈 一磷 酸缓 

冲藏 10 mmol·L (含 硫酸四 丁基 铵 5 mmol 

·L ，pH 2．7)为 流动相 ， 

对血清和脑脊液中 Cip的最 

为 3 ng·ml_。和 5 ng·ml 

敏 、准确且样品需量少 (0．1 

荧光检测． 本法 

低检 测浓度 分别 
。

， 具有简便 、灵 

m1)等优点． 

关键词 环丙沙星}高压液相 谱法 ；药物动 

力学 。 

纸 ，劝 
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Proteetive effect of dipfluzine on experim ental brain edem a in rats 

WANG Yong—Li，HE Rui—Rong (D叩Ⅱr me of Ph d md cology， D ep d men of Phy．stology 

ebe~Medicat Colieg e，8̂ tjiazhuang 050017，Chiaa) 

ABSTRACT The effeCts of dipfluzine (1一 

diphenylmethyl一4一(3一(4一fluorobenzoy1))一 

piperazine， Dip)， a new calcium antagonist 

developed in China， on experim ental brain 

edem a in W istar rats with bilateral carotid 

artery ligatin n w ere com pared w ith those of 

cinnarizine (Cin)． Dip 25— 100 mg ·kg ip 

Protected the rats again st the charactefistic 

signs of global cerebral ischem ia that correlate 

w ell w ith the developm ent of brain edem a． 

Its effeCtS w ere m ore potent than those of 

Cin； and the effects of both drugs w ere m ore 

potent by both pretreatm ent and posttreat— 

m ent than those by posttreatm ent alone． Dip 

50 mg · kg一 ip attenuated the reduction in 

cerebral blood flow (CBF)and the infarct size 

after occlusion ， but did not alter C BF before 

ischemia· These findings suggested that Dip 

may be potentially useful to treat ischem ic 

brain edema in part by preserving CBF in the 

ischem ic zofie． 

K EY W O RD S dipfluzine} cinnarizine 

cerebr丑l I力farction；brain edem a 

Received 1993—02一l6 Accepted 1993一l2一O8 

Brain edema is a serious com plica tion in 

acute cerebrovascular disorders， yet there are 

few drugs available for its therapeutic in ter— 

vention． DipEuzine (1-diphenylmethyl一4一(3一 

(4-nuorobenzoy1))一piperazine，Dip)，a novel 

diphenylpiperazine calcium channel blocker 

first developed by D epartm ent of Chem istry， 

Beijing U niversity，has been demonstrated to 

possess selective and m ore potent dilatory ef— 

fects on Cerebral vessels than cinnarizin e (Cin ) 

did n t,itro and n l 。口’∞． A ccordingly ．D ip 

m ay be of prophylactic or therapeutic value for 

ischem ic brain edem a- T he present study w as 

to evaluate the therapeutic effects of D ip and 

Cin for experim ental brain edema induced by 

bilateral common carotid artery ligation in 早 

W istar rats． 
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