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ABSTRACT

Dubick, M.A., B.A. Ryan, J.J. Summary, and C.E. Wade: Dextran metabolism following
infusion of 7 5% NaCI/6% dextran-70 to euvolemic and hemorrhaged rabbits Drug Dev
Res. 25:29-38, 1992

Dextran metabolism was evaluated in euvolemic and hemorrhaged rabbits following ad-
ministration of a 7 5%NaCI/6% Dextran-70 (HSD) solution Control rabbits and those bled
8 mI/kg body weight were infused i v with 4 ml/kg of HSD or HSD containing 14C-Dextran-
70 Blood samples were withdrawn pnor to and at times up to 96 hr after HSD infusion Peak
serum dextran concentrations were about 29% higher in hemorrhaged rabbits thi-'i in con-
trols, yet serum dextran t,,2 was similar in both groups Molecular weight (MW) distribution
of dextran in serum showed a slight shift toward a MW >70,000, consistent with excretion
of lower MW forms in the unne. After 96 hr concentrations of 14

C-Dextran were 20-fold
higher in liver from both groups of rabbits, in companson to spleen, lung, and kidney In
addition, dextranase activity in liver was markediy higher than in the other tissues assayed
These studies indicate that dextran infubed as HSD does not associate with any protein
fractions, is found only in low concentrations in tissue, and has a serum half-life adequate
to serve as a useful plasma volume expander
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INTRODUCTION

Recent ycarb hac seen renewed interest in the use of hyperitonic-hypCronotic solutions
to treat hcmorrhagic shock IKramcr ct al , 1989. Dubick ct al.. 1989. Wade et al., 19891
Studies in expenmental animals hac shown small volume infusion of a 7 5% hpcrtonic
saincl6% Dcxtran-70 (HSD) solution to be effective in restoring cardiovascular and renal
function, and tissue blood flow, thereby improving survival following potentially lethal hem-
orrhage [Dubick ct al.. 1989; Vadc et al.. 1989] In human field trials. HSD has also been
reported to improse survival of trauma victims [Holcroft ct al., 19891 Currently. HSD is being
evaluated in Phase Ill clinical trials at 4 mlIkg body weight, a lower dose than that employed
clinically for either Dcxtran 40 or 70 in physiological saline [Toren, 19801.

An essential part of the nev drux anplication for HSD filed with the US Food and Drug
Administration (FDA). are data associated with its pharmacology. Although the .etabolic
aspects of previous clinical dextrans have been reported [Hammarsten et al., 1953; Hunt,
1971, Gruber. 19691, FDA guidelines dictate that since HSD is a combination drug, its unique
properties must be addressed In addition, information is lacking pertaining to dextran me-
tabolism under conditions of hypovolemia Therefore, the present study investigates aspects of
the *issue distribution and metabolism of HSD following its administration to both euvolemic
and hemorrhaged rabbits

MATERIALS AND METHODS
Animals and Treatment

Adult, female New Zeatand white rabbits (Elkhorn Rabbitry, Watsonville, CA)
weighing 2 5 to 3 5 kg, were randomly ass,gned t, either the hemorrhage (n = 10) or control
(n=8) group Rabbits were catheterized via the middle ear artery and in the hemorrhaged
group, bltd 8 ml/kg body wcight over a 15-min period to mimic a moderate hemorrhage This
represents about 11% of blood volume and was selected since our preliminary observations
indicated that rabbits are relatively ir.olerant to hemorrhage After a 30-ramin stabilization
period, rabbits in both groups were iluse," i v with 4 ml/kg body weight with HSD (Lot No.
NC 54845) 'AB Pharmacia, Uppsala, Sweden) without or with 5 tiCikg carboxyl-
1
4
C-Dextran-70 (Lot No 2275-289, sp act 0 8 mCi/g), DuPont-New England Nuclear,

Boston, MA) Blood samples (6 ml) were withdrawn prior to and 0 17, 0 5, I, 2 4, 6, 24,
48, 72, and 96 hr after the HSD infuson In experiments where no radioactive dextran was
infused, a blood sample, was also drawn 7 days after HSD infusion After each blood sample,
an equivalent volume of saline was infused back into the arnmal to help maintain plasma
volume During the experimental period, rabbits were indivicually house in metabolic cages
Urine samp!es collected over 24 hr were centrifuged at 3,,OCg for 10 min and frozen with
serum samples at -20'C until assayed

Dextran Measurements

Dextran concentrations in serum and urin were determined by the anthrone reaction
following recipitation of serum with 10% iricholoacetic acid (TCA) and oxidation of endog-
cnous gluc )se with glucose oxidase [Wect et al , 1976] In addition hemoglobin and hemat-
ocit concentrations were detertined as part of CBC measurements and protein concentrations
were determined by the Burct assay on a Cobas Fara II Autoanalyzer (Roche Analytical
Instruments. Bellcvil!e, NJ). Changes in hemoglobin, henatocrit or protein concentrations
were used to estimate plasma volume e ,pansion as previously described [Dubick et al , 1989,
lalvorsen ct al , 1989] In the experiments employing 4C-dextran, an aliquot of serum and

deproteinized serum was counted for radioactivity by liquid scintillatior Data were expressed
as dpmii scrun or dpmn/mg dextran
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Gel Filtration
To quantitate the molecular %%eight distribution of the dextran fractions following HSD

infusion, protein-fire serum aliquots were applied to a 0.9 X 87 cm column of Scphadcx
200/100 INdlsson and Nilsson, 19741 equilibrated with 0.3% NaCI and eluted with the same
solution, as previously described [Dubick et al.. 19891.

Tissue Distribution

The tissue dtstnbution of '4C-dextran in liver, lung, kidney, and spleen was determined
at the end of the 96 hr experimental period. These tissues have been shown previously as
primarly involved in dextran metaboism [Gruber, 1969). Tissues were oxidized in a Packard
Tricarb Oxidizer (Packard Instruments, Downer's Groe, IL) and data expressed as dpmtg
tissue In other experiments, the uptake and binding of i'C-Dextran-70 to crude membrane
fractions were determined in vitto with liver. Crude liver membrane fractions were prepared
according to the method of Dangott et al. [19861, and incubated with the i'C-dextran in the
absence or presence of a 100-fold excess of cold Dextran 70, for 0, 5, 10, 15, and 30 mim.
Time 0 samples were collected immediately after addition of C-Dextran-70 After centri-
fuging in a microfugc, the resultant pellet was washed four times with saline The final pellet
was resuspended in the membrane buffer and an aliquot counted for radioactivity by liquid
scintillation

Dextranase Activity
To further evaluate dextran metabolism, dextranase (E C.3 2 1.11) activity in liver,

lung, kidney, and spleen was determined at the end of the 96-hr experimental period according
to the method of Janson and Porath, as described in the Worthington Manual. 1988 (Wor-
thington, Freehold, NJ) Activity was expressed a mU/mg protein

Statistical Analysis
The radioisotope dilution technique was employed to evaluate ph rmacokinctic param-

eters of dextran during the first 24 hr following HSD infusion in both uvolemic and hemor-
rhaged rabbits The best-fit for 4C-Dextran-70dis,pearance curves w .re plotted on a semlog
scale and analyzed by least squares non-linear regression [Remington and Schork, 1970] to
determine half-life A BMDP non-linear regression program was employed for kinetic analysis
[Ralston et al , 1979] The best fit of the data was described by a I-compartment model
defined by the equation Y = Ac", where Y is the concentration of drug at tie t, A is the
concentration of drug administered at time 0, k is the rate constant of elimination, and t is
time Statistical comparison of the kinetic parameters derived, dextranase activity, and tissue
distribution between the two groups was by Student's t-test with P<0.05 considered signifi-
cant I Remington and Schork, 19701 Analysis of variance was used to analyze liver membrane
binding and liver uptake of dextran with tine as the independent variable [Remington and
Schork, 19701

RESULTS
Dextran Concentrations and Clearance

In the present study, rabbits were weight matched so that similar amounts of dextran as
HSD were administered to both the euvolemic control (12 4±0 6 il) and hemorrhaged
(13 0±0 4 til) groups Nevertheless. serum dextran concentrations, measured 10 mis follow-
ing HSD infusion, were about 20% higher is hemorrhaged rabbits than in controls (Table I)
Plasia volume expansion by HSD in hemorrhaged rabbits averaged 5-10% greater than in
euvolenuc controls Therefore, if this difference in hemodilutmon between groups was ac-
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TABLE 1. Effect or USU Adminisration on Dtran
Concentrations and Pharma *inei Parameters in Serum
From Euvolemic and Hemorrhaged Rabbits _

Euvolmc Hemorrhaged
Dextran concentration' (mg/di) 474 ± 28 (t 572 ± ?t (10)*
Half-life (hr) . 0 ± 05 (F) 74 ± 04(10)
Plasma clearance (ml/hr) 13 3 ± I 6 hp 11 0 ± I 1 (10)

Pita expressed as mean ±SE (n)
righest concentration measured at t0 mm after hSD infusion

*P<0 05 different from euvolemic control

counted for, serum dextran concentrations would be 29% higher in the hemorrhaged group
than controls

In both the euvolemtc and hemorrhaged rabbits, dextran concentrations in serum were
highest at the initial sampling time. Dextran concentrcions decreased over time and were
generally undetectable after 48 to 72 hr Based on the be,,t-fit regression model, a plot of serum
dextran concentrations vs. time depicted that dextran t,,, in serum was 7 0 and 7 4 hr in control
and hemorrhaged rabbits, respectively (Fig I, Table I) In iddition, calculation of serum
clearance from the dose of HSD administered and the area under the serum concentration vs
time curve, revealed that clearance appeared to be about 21% lower in the hemorrhaged rabbits
than their euvolemic counterparts However, the differences were not statistically significant
(Table I) Clearance of the radiolabeled Dextran-70 paralleled the disappearance of dextran in
HSD (data not shown) As shown in Figure 2, iaC-Dextran-70 contained lower molecula,
weight components than the Dextran-70 in HSD Therefore, only the cold dextran serum data
wer, ased to evaluate dextran turnover from serum in these studies However, " C-Dextran-70
metabolism indicated that dextran was not bound to serum proteins

Gel filtration chromatography was employed to detect changes in the molecular weight
distribution of the administered dextran for up to 6 hr after infusion in serum and 24 hr in une
At each time point assayed, no differences in molecular weight distribution were observed in
serum between hemorrhaged oreuvolemic rabbits In compar 3on to the native '4C-Dextr m-70
infused, the molecular weight profile of 14C-Dextran at 6 hr post-infusion showed the Typ:Lal
slight shift to the left (Fig 2A) In urine from both groups of rabbits, approximately 25 to 307
of the administered dose of 14C-Dextran-70 was excreted in the first 24 hr In additiot,, .t each
time point assayed no appreciable differences in the molecular weight distribution of 'C-
Dextran was observed between euvolemic and hemorrhaged rabbits (Fig 2B) At , and 24 hr
the major urinary "4C-Dextran peak corresponded to molecular weights less tha 40,00

Tissue Distribution

At the end of the 96-hr experimental period, concentrations of a4C-Dext-,n-70 were
determined in liver, kidney, spleca, and lung from both groups of rabbits A. %:own in Figule
3A, concentrations of labeled dextran, expressed as dpm/g tissue, were simila" i lung, spleen
and kidney, whereas they were about 20-fold higher in liver In liver these coic'. ations of
dextran were approximately 39 tig/g or < 10% of the infused dose A,.ao, no s:kmficant
differences were observed between the 2 groups of rabbits (Fig 3A)

Since aC-Dextran concentrations were markedly higher in liver. oiher experiments
examined the binding of dextran to liver as well as its uptake '4C-Dextran-70 bound rapidly
to crude liver membrane preparations, but the degree of binding at each tilme point was not
significantly higher than the background bound-to-free ratio (B/F) For example, the B/F ratio
at 30 min was 6 0± 1 3 X 10-/mg protein compared with 3 7±0 6 X 1,1 4/mg protein at time
0 In addition, the binding could not be displaced by over 100-fold excess cold Dextran-70,
further suggesting that the binding was non-specific in nature
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Fig I Dextran cl'aance from serum of euvolemic (solid line) and hemorrhaged rabbits (dashed line)
Data represent mean ± SE of eight euvolemic and ten hemorrhaged rabbits The SE are contained within
the size of the symbols Lines are derived from linear regression kinetic analysis of the dextran concen-
trations measured Otl'cr details of the parameters that define the tine are presented in the methods section

Dextranase Activity

Additional experiments determined the dextranase activity to liver and the other tissues
assayed The highest dextranase specific activity, expressed as mU/mg protein, was found tn
liver and kidney (Fig 3B). Of the tssues assayed, the lowest activity was found in lung
Dextranase activity in liver and spleen from hemorrhaged rabbits were about 20% higher than
in tissue from control rabbits, but the differences were not statistically significant (Fig 3B)
In contrast lung dextranase activity was 19% lower in hemorrhaged rabbits than in controls
(Fig 3B)

DISCUSSION

In the present study, dextran concentrations in serum peaked early and were significantly
higher in the hemorrhaged rabbits in comparison to the euvolemic control These results are
consistent with our previous observation following administration of HSD at a dose of 4 ml/kg
to hemorrhaged and euvolemic swine [Dubick et al , 1989] and probably reflect differences in
blood volume due to the hemorrhage In addition, we observed the typical shift to higher
molecular weight dextran components in serum over a 6-hr period, consistent with previous
reports that low molecular weight components are rapidly excreted by the kidney [Arturson
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Fig 2 A: Molecular weight distribution of i4C-Dextran-70 in serum from euvolemic and hemorrhaged
rabbits Profiles at 6 hr post-infusion are compared with inial profiles of the native 1

4C-Dextran-70
(0- 0 -) Hemorrhaged rabbit (A-A). euvolemic rabbit, (0-- -) B: Molecular weight distribution of
l'aC-Dextran in urine from euvolemic and hemorrhaged rabbits Data are expressed as a percentage of
DPMs applied to the column and represent data averaged trom two rabbitsdgroup at each time period
Euvolemic (0--), hemorrhaged (A- - -A)

and Wallenius, 1964a] while glomerular filtration of dextrans with molecular weights >50-
60,000 is very low and dextrans are neither reabsorbed nor secreted by the renal tubules
[Arturson and Wallentus, 1964b, Arturson et al , 1966, Leypoldt et al , 19871

In addition, the lack of small molecular weight components in serum during this time
penod agrees with reports that dextranases do not exist in serum ]Rosenfeld and Lukomskaya,
1957] Thus, it appears that, at least in the 6-hr period monitored, the dextran detected in
serum is of sufficient molecular weight to serve as a plasma volume expander Despite the
difference in serum concentrations, dextran turnover from serum was not significantly differ-
ent between control and resuscitated hemorrhaged rabbits. In the first 24 hr, the change in
serum dextran concentrations over time was best described by a one-compartment model and
is consistent with the observation that dextrans distribute rapidly following i v administration
[Gruber, 1969] These data indicated that the serum tI,2 of Dextran-70, administered as HSD,
was about 7 hr and is consistent with tI,2 of 6 2 hr following administrationi of Dextran-60 in
young children [Anurson et al , 1966] However, the value is lower that the > 12 hr reported
in normal adults following infusion of dextrans with molecular weights of 55,000 to 69,000
[Arturson and Wallentus, 1964aj It should be noted that HSD diffeis from early cliutcal
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Fig 3 A: Tissue distribution of 4C-Dextran in euvolemic (n = 5) and hemorrhaged in = 7) rabbits after
96 hr experimental period Data expressed as mean -SE of DPM/g tissue Euvolemic, open bar, heni-
orrhaged, hatched bar B: Tisue dextranase activity in euvolrmic (n = 7) and hemorrhaged (n = 8) rabbits
after 96 hr experimental period Data expressed as mean -ySE of mU/mg protein Euvolemic. open bar,
hemorrhaged, hatched bar *P<O 05 from euvolemic control

Dextran-70 in that its molecular weight range is narrower, ranging from 20,000 to 100,000
compared to 25,000 to 200,000, and this may account, at least tn part, for the differences tn
serum t,,2 observed

Although the t,,2 of dextran in serum was similar in both groups of rabbits, it appeared
that dextran clearance was about 21% slower in hemorrhaged animals than thetr euvolemc
counterparts As a plasma volume expander, infusion of dextran causes a hemodilution that is
a function of the dextran dose and time after infusion Previous reports discussing pharma-
cokinettes of plasma volume expander [Mishler, 1984, Klotz and Kroemer, 19871 have not
dealt with differential volume expansion as observed in euvolemic vs hemorrhaged animals
nor have they discussed possible difficulty in data interpretation as volume expansion changes
over time Nevertheless, it is clear that conventional pharmacokinctic analysis cannot be
strictly applied to plasma volume expanders that are heterogeneous in molecular size, such as
dextrans and hydroxyethyl starch [Klotz and Kroemer, 1987, Yacobi et al , 19821

As previously mentioned, studies with othe clinical dextrans indicate that initially,
dextrans are primarily cleared through the kidney [Arturson and Wallenius, 1964b, Arturson
et al , 19641 This reflects its major route of metabolism m the first hours following its
infusion In the present study, approximately 25 to 30% of the administered dextran was
excreted in urnie in 24 hr, slightly less than 31-47% previously reported for Dextran-60 and
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-70 [Thoren, 1980, Arturson and Wallenius, 1964b, Howard et al , 1956, Harrison, 1954]
Thus, if renal function is not impaired by an induced hypovolemic state or is corrected
following resuscitation [Dubick et al , 1989] it seems reasonable to assume that dextran
turnover would be similar in both groups of rabbits It should be mentioned that some authors
reported that dextran clearance followed a biphasic pattern [Emmrich et al , 19771 In these
situations it appeared that the first phase mainly represents renal clearance, while the second
phase presumably denotes dextran distribution and metabolism in tissues [Gray, 1953] It is
reported that dextran metabolism is a slow process [Gruber, 1969] and is insignificant with
respect to the rate of renal clearance However, this metabolism plays a more important role
after low molecular weight components of dextran are excreted Therefore, in the context of
HSD as a resuscitation fluid for use in the field prior to transport to the hospital, this second
phase of dextran clearance can be ignored

The present data also found that 96 hr after HSD administration, concentrations of
1
4C-Dextran were significantly higher in liver than in kidney, spleen, or lung. In vitro,

l'C-Dextran uptake by liver was non-specific in nature and was not associated with tissue
protein or membrane strictures Previous studies in experimental animals reported that dextran
accumulated in liver, kidney, and spleen [Persson, 1952, Swedin and Aberg, 1952, Linder,
19711 and that dextran concentrations in liver declined rapidly when plasma concentrations
fell to undetectable levels Although some storage of dextran in tissues has been observed by
us and others, it does not appear to be associated with any toxic effects and is completely
c,,abolhzed over time [Gruber, 1969]

Since Gray [19531 first suggested that dextran could be metabolized by mammals, and
its comr,,nents incorporated into the body's carbon pool, a number of studies have shown the
presence o; dextranases in mammalian tissue, including human [Rosenfeld and Lukomskaya,
1957; Ammon, 1963]. In the present study, dextranase activity 'Aas detected in all tissues
assayed, with the h-ghest specific activity in liver, followed by kidney, spleen, and lung
,ilthough dextranase activity in lung from hemorrhaged rabbits was significantly lower than in
euvolemic controls, overall, dextranase activity did not appear to be significantly affected by
hemorrhage In agreement with previous reports [Halmagyt, 1979], tissue dextranase also did
not appear to contribute significantly to the observed rate of dextran clearance from serum.
However, in the overall understanding of dextran metabolism in mammalian tissue, future
studies on the relationship between dextranase activity and rates of tissue dextran uptake may
be warranted

Thus, in conclusion, the data from the present study indicate that HSD resuscitation of
hypovolemia does not alter dextran metabolism at the tissue level in comparison to normal
animals Most significantly, given as a single bolus of 4 ml/kg, it has a serum tl,2 suitable for
its use as a pre-emergency room volume expander

ACKNOWLEDGMENTS

The authors thank Dr. Virginia Gildengoren for the statistical analyses, SGT Juergen
Pfeiffer and Dan Brooks for excellent technical assistance and Mr Donald L Calkins for
preparation of the manuscript

REFERENCES

Ammon, R The occurrence of dextranase in human tissue Enzymotogia 25:245-251. 1963
Arturson. G , and Wallenius, G The mntravascular persistence of dextran of different molecular size in

normal humans Scand J Clin Lab Invest 1:76-80. 1964a
Arturson. G , and Wallemus, G The renal clearance of dextran of different molecular sizes in normal

humans Scand J Chn Las. Invest 1:81-86, 1964b



Dextran Clearance in Hemorrhaged Rabbits 37

Arturson, G , Granath, K , Thoren, L , and Wallemus, G The renal excretion of low molecula, weight
dextran Acta Chir Scand 127:543-551, 1964

Arturson, G , Granath, K , and Grotte, G Intravascular persistence and renal clearance of dextran of
different molecular sizes in normal children Arch Dis Child 41:168-171, 1966

Dangott, L J , Puett, D, and Melner M H Characterization of protein tyrosine kmase activity in murme
Leydig tumor cells Biochim Biophys Acta 886:187-194, 1986

Dubick. M A . Summary, J J , Ryan, B A, and Wade, C E Dextran concentrations in plasma and urine
following administration of 6% Dextran-70/7 5% NaCI to hemorrhaged and euvolemic conscious
swine Cire Shock 29:301-310, 1989

Emmnch, P , Baumann, W , and Stechele, U Studies on the kinetics and renal excretion of low and high
molecular weight dextrans in preterm babies, newborns and young infants Enr J Pediatr 125:
181-190, 1977

Gray, I Metabolism of plasma expanders studied with carbon-14-labeled dextran Am J Physiol
174:462-466, 1953

Gruber, U F "Blood Replacement " Berlin Springer-Verlag, 1969
Halmagyi. M The dwelltime of colloidalosmotic infusions Beitr Infusionsther Km Ernahr 2:51-68.

1979
Halvorsen, L , Ashley, K D , Hands, R D , Nakayama, S , Smith, G J . Holcroft, J W , and Kramer,

G C Measurement of rapid plasma volume expansion after infusion of hypertonic saline using
changes in plasma protein Loncentration Circ Shock 27:319, 1989

Hammarsten, J F , Heller, B I , and Ebert, R V The effects of dextran in normovolemic and oligemic
subjects J Cho Invest 32:340-344. 1953

Harrison, J H Dextran as a plasma substitute with plasma volume and excretion studies oa control
patients Ann Sutg 139:137-142, 1954

Holcroft, J W , Vassar, M J , Perry, C A , Gannaway, W L , and Kramer, G C Perspectives on clinical
trials for hypertonic saline/dextran solutions for the treatment of traumatic shock Braz J Med
Biol Res 22:291-293, 1989

Howard, J M , Teng, C T , and Loeffler, R K Stud-es of dextrans of various molecular sizes Ann
Sarg 143:369-372. 1956

Hunt, H Relationships between the chemical and physicochemical properties of dextran and its phar-
macological effects In Derrick, J R and Guest, M M (eds ) "Dextrans, Current Concepts of
Basic Actions and Clinical Applications " Springfield, IL Charles C Thomas, 1971, pp 3-26

Klotz, V , and Kroemcr, H Clinical phariacokinetics considerations in the use of plasma expanders
Chn Pharmacokmnet 12:123-135, 1987

Kramer, G C , English, T P . Gunther, R A , and Holcroft, I W Physiological mechanisms of fluid
resuscitation with hyperosniotc/hyperoncotc solutions In J C Passmore, S M Reichard. D G
Reynolds, and D L Traber (eds) "Perspectises in Shock Research Metabolism, Immunology,
Mediators, and Models - New York Alan R Liss, Inc , 1989, pp 311-320

Leypoldt, J K , Frigon, R P, DeVore, K W , and Henderson, L W A rapid renal clearance method-
ology for dextran Kidney Int 31:855-860, 1987

Linder, J Morphology Bibl Haematol 37:279-298, 1971
Mishler. I M Synthetic plasma volume expanders-their pharmacology, safety and clinical efficacy

Chn taermatol 13:75-92, 1984
Nilsson. G , and Nitlsson, K Molecular weight distribution determination of clinical dextran by gel

permeation chromatography J Chromatogr 101:137-153, 1974
Persson. B H Histochemical studies on the fate of parenterally administered dextran in rabbits 2 On the

accumulation of dextran within the kidney, liver. leucocytes and reticuloendothelial system Acta
Soc Med Upsal 57: 421-437, 1952

Ralston, M L, Jennnch, R I , Sampson, P F , and Uno, F K Fitting pharmacokinetics models with
BMDPAR BMDP Technical Report No 58. Berkeley University of Californma Press. 1979

Remington, R D , and Schork, M A 'Statistics With Applications to the Biological and Health Sci-
ences " Englewood Cliffs, NJ Prentice Hall, Inc , 1970

Rosenfeld, E L , and Lukomskaya, I S The splitting of dextran and isomaltose by animal tissues Chn
Chin Aata 2:105-114, 1957

Sv,edn, B , and Aerg, B On dextian io spleen, liser and msuscle after intrasenous injection into rabbits
Scand J Chn Lab Inest 4:68-70, 1952

1lhoren. L The dextrans-Clinial data Dev Biol Stand 48:157-167, 1980



38 Dubick et Al

Wade. C E , Hannon, J1 P, Bossone, C A , Hunt, M M , Loveday, J A , Coppes, R ,and Gildengorin,
V L Resuscitation of conscious pigs following hemorrhage Comparative efficacy of small volume
esuscitation Circ Shock 29:193-204. 1989

Weet, J F , Cobh. C A , and Lebrie, S J A seiiuautrmated micromethod for dextran in the presence of
glucose J Lab Clin Med 87:898 -902, 1976

Worthington. C.C (ed.) "Destranase Worthington Mlanual -Freehold, NJ Worthington Biochemical
Corp., 1988, pp 135-136

Yacobi, A . Stoll, R G , Sum. C.Y , Lai, C M,, Gupta, S D., and Hulse, J D :Pharinucokinetics of
hydroxyethyt starch in normal suteccts J Clin. Pharmacol, 22:206-212, 1982


