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[REFRINT FROM THERAPEUTIC GAZETTE, MARCH, 188s.]

Experimental Investigation of the Reactions of
Various Copper Salts with Grape Sugar
—Some New and Reliable Tests
for Sugar in Urine.

BY GEORGE HAY, M. D.

——

WI’I‘H the object in view of finding out
experimentally some ready method of
ascertaining beyond a doubt the presence of
grape sugar iIn the urine, I have for many
months been making experiments.  When the

results of these experiments are looked into

it will be seen that I have adhered to one
systematic method of investigation, that be-
ing, in my opinion, the only way to arrive at
satisfactory conclusions. Some years ago |

-pointed out,in the Pihdla’ Medical Times, “The
* Fallacy of Trommer's Test,” the precise

dates being July 21st, 1877, and October 27th,
1877. Since that time my opinions regarding
Trommer's test have not altered in the least
degree, and I am now more than ever con-
vinced that Trommer's test is utterly unreli-
able as usually applied, and is, in point of
fact, no test at all. When applied to a solu-
tion of grape sngar in pure water, Trommer's
test will answer very well, but wllen applied to
diabetic urine, the results are far from being
satisfactory. Sugar will apparently be found
when none is present, and, conversely, no
sugar will be found when it is really present.
The importance of knowing the presence or
absence of sugar in the urine is too manifest
to require any remark. I shall therefore
without further introduction detail my experi-
ments as shortly and conecisely as may be

done consistently with being intelligible, and |

I shall avoid all attempts at theorizing,
although that is a much more easy thing than
real experimentation. 1 shall detail the re-
sults 1n the exact order in which I made the
experiments under the headings of the various
copper salts.

§ 15t. 'CHLORIDE OF COPPER.

a. Chloride of copper, gr. j; dissolve in
water f. 2 1j. in a test tube. Add solution of
caustic potash in excess. Precipitates blue
hydrate——protoxide of copper. Heat. Pre-
cipitate becomes black protoxide.

4. Chloride of copper, gr. j., dissolve in
water f. 7 ij. Add aqueous solution of grape
sugar gr. }, then add caustic potash in excess.
—an intense blue solution. Heat, Solution
becomes yellow, afterwards there forms a
beautiful red precipitate of suboxide of cop-
per. Heating continued—precipitate becomes
a dirty brick red, unchanged by continued
heating.

¢. Chloride of copper, grs. ij., in solution:
add to urine f. I 1j. containing grape sugar
gr. 1—greenish-grey precipitate.  Add caustic

potash in excess—greenish-grey precipitate
becomes dissolved to intensely Dlue  Huid.
Heat,  Fluid becomes fArst m.:;tl‘ll}-' black,
Afterwards, fluid red by transmitted light.
l.rjmll ][mg continued h;—:g['ing red color (iiﬁa])—
pears and fluid contains yellowish-red precipi-
tate of suboxide of copper. Let settle. Re-
ductign and separation very slow,

#. Chloride of copper, grs. iv., in solution.
Add to urine f. J iv. containing grape sugar,
gr. . Greenish-grey precipitate. Heat. Fil-
ter. Divide filtrate into two equal parts. To
ane part add caustic potash in excess—blue
solution. Heat. Same changes occur as in ¢.,
but much more rapidly, and precipitate separ-
ates sooner and is of a distinctly orange color.
To the other portion of filtrate add a little
Rochelle salt, then potash in excess—blue
solution. Heat. Precipitation and reduction
very much retarded by presence of Rochelle
salt and the precipitate not nearly so charac-
teristic as when the Rochelle is omitted.
Takes several hours to precipitate.

% znd. SULFHATE OF COPPER.

a. Sulphate of copper saturated solution,
gtt. xv. Water f. 2ij. Add potashin excess
—precipitate blue hydrated oxide of copper.
Heat. Precipitate becomes black protoxide,

& Sulphate of copper saturated solution,
| gtt. xv. Water f. 21j. Solution of grape sugar,
| gr. . Add potash in excess—blue solution.




Heat. Very soon a precipitate forms, dark
orange-red, suboxide of copper.

¢. Sulphate of copper saturated solution, |
Urine, f. 3 ij., containing grape sugar, |

git. xv.

ar. 1. Add potash in excess—blue solution.
Heat. Reduction very slow. In about an
hour yellow precipitate of suboxide of copper.
Heating continued precipitate becomes or-
ange-yellow suboxide. Let settle.

&. Sulphate of copper saturated solution,
gtt. xxx. Urine, f. 3 iv., containing grape sugar,
gr. 8. Greenish precipitate. Heat. Cool
by immersion. Filter. Divide filtrate into
equal parts.

To one part add potash in excess—blue
solution, Heat. Fluid becomes clear red
by transmitted light, afterwards opaque, and
in half an hour containg a reddish-brown pre-
cipitate of suboxide of copper.

To the other part of filtrate add Rochelle |
then potash in excess—blue |

salt grs. iv.,
solution. Heat, Fluid becomes clear red
by transmitted light, afterwards opaque, and
in ten minutes contains a distinctly yellow
precipitate of suboxide of copper. It ap-
pears, therefore, that in thiscase precipitation
is accelerated by the presence of Rochelle
salt. In regard to this particular reaction I
am informed that I have been anticipated as
regards publication.
ment upon ‘Trommer's test but not half so
good as some other tests of my own, which
shall be detailed in this article, and which I
shall particularly recommend.

) 31.5.—L"i'l]‘l’HK HITRATE.

a. Copper nitrate, strong solution, gtt. x.
Water, f. 21j. Add potash in excess—pre-
cipitate blue hydrated protoxide of copper.
Heat.
oxide.

4. Copper nitrate, strong solution, gtt. x.
Water, f. 3 ij., containing grape sugar gr. L
Add potash in excess—blue gelatinous preci-
pitate appearing semi-solid in the tube.
Heat. [In a short time a ditty oranrec-olored
precipitate of suboxide, which becomes dirtier
on continued heating.

¢. Copper nitrate, ‘gtt. x. Urineg, f. 3 ij,,
containing grape sugar gr. ).  Greenish-grey
precipitate.  Add potash in excess—yields
dirty blue precipitate. Heat. Reduction
very slow and very imperfect, and accom-
panied by a great deal of white precipitate
which masks the reaction.

4. Copper nitrate, gtt. xx.
containing grape sugar gr. %
nrecipitate very abundant.

Urine, f. 3 iv.,
Greenish-grey
Heat. Cool

It i a decided improve- |

Precipitate soon becomes black prot- |

; thoroughly by immersion. Filter and divide
filtrate into two equal parts. To part 1 add
potash in excess—an intense blue solution.
Heat. In fifteen minutes yellow precipitate
of suboxide of copper, which becomes
orange-yellow on continued heating. Let
settle.

To part 2 add Rochelle salt, grs. iv., and
then potash in excess—an intense blue solu-
tion. Heat. In five minutes orange yellow
precipitate of suboxide of copper. There-
fore the precipitation is accelerated by the
presence of Rochelle salt, and is much more
characteristic. The precipitate becomes
darker orange on continued heating.

The nitrate yields better results by this
method than the sulphate, and it seems to me
that phosphates and other interfering sub-
stances are more thoroughly removed from
the urine,

Sath.—COPPER ACETATE,

a. Copper acetate, saturated solution, ati.
xx. Water, f. 31). Add potash in excess—
blue precipitate,hvdrated protoxide of copper.
Heat. The precipitate becomes black pro-
toxide.

4. Copper acetate, saturated solution, gtt.
Xx. Water, f. 31j,, containing grape sugar,
gr. 1. Add potash in excess—slight blue pre-
cipitate, Heat. [Precipitate changes to yel-
low, and ultimately becomes a full red sub-
oxide of copper.

¢. Copper acetate saturated solution, git.
ix or more, * Urnine, f. 31j., containing grape
sugar gr. }. Shake the tube, Abundant grey
precipitate, Add potash in excess—greater
part of precipitate redissolved to a purple-
blue solution. Heat. Fluid becomes clear
vellow, next a dingy brown, and yields in half
an hour's heating a reddish-brown precipitate
of suboxide of copper.

J. Copper acetate, saturated solution, gtt.

Ix or more. Urine, f. I iv., containing grape
sugar, gr. 3. (irey precipitate persistent on
shaking. Heat. Buff-colored precipitate,

supernatant fluid green.  Cool by immersion.
Filter, and divide filtrate into two equal parts.
To one part add potash in excess. Smoke
colored solution, Heat.  Fluid becomes
' yellow then brown, and in fifteen minutes
deposits a reddish-brown precipitate of sub-
oxide of copper.

To the other part add Rochelle salt, grs.
iv.,, and then potash in success. Yields a
smoke-colored solution. Heat. Fluid goes
through the same changes as when Rochelle

| salt is absent.




§ 5th.—COPPER OXALATE.

a. Copper oxalate, dry, fine powder, grs. 1.
Diffused inwater, . 2 ij. Veryslightly soluble.
Add potash in excess—blue flocculent mass.
Heat with shaking deposits black protoxide.

b, Copper oxalate, dry, fine powder, grs. 1} |

diffused in water f.Iij., containing grape
sugar, gr. 3. Add potash in excess—blue
solution, Heat with shaking. Solution
speedily contains a beautiful and characteris-
tic red suboxide of copper, which upon con-
tinued heating becomes dingy red, unchanged
by long heating.

¢. Copper oxalate, fine powder, grs. 1},
diffused in urine f. 31, containing grape
sugar, gr. . Add potash in excess—white
flocenli and no blue solution.  Heat
shaking. Flocculi and fluid become yellow,
and in twenty minutes fluid contains vellow
precipitate of suboxide of copper. Un-
changed by long-continued heating. This
reaction is very curious.

with |

d. Copper oxalate ggs. iij., dry fine powder |
diffused in urine f. 31, containing grape |

sugar gr. §—greenish white mixture. Heat
with shaking. Cool by immersion. Fluid
contains white pulverulent precipitate. Filter,
Filtrate very pale green containing very little
of copper salt. Divide filtrate into two equal
parts. In one part diffuse grs. 1§ of copper
oxalate. Add potash in excess—greenish blue
solution.  Heat, Fluid becomes yellow, then
orange, and in twenty minutes heating con-
tains reddish brown precipitate of suboxide of
copper unchanged by long heating. To the
other part add potash in excess—smoke tinted
solution. Heat. Fluid becomes light straw
color, then dark vellow orange and in half an
hour heating contains a reddish brown precip-
itate of suboxide of copper. This precipi-
tate unchanged by long-continued heating.

B 6th. COPPER CITRATE,

a. Copper citrate s, |1= {JT}' p:}wd:_'r dif-
fused in water f. 3 ij. Sparingly soluble. Add
potash in excess—Dblue solution. Heat. In
a short time precipitate of black protoxides,

&, Copper citrate grs. 14 dry powder in wa-
ter f. 3 ij. containing grape sugar gr. L.

potash in excess—blue solution. Heat. Sol-

Add |

ution becomes yellow and soon deposits bright |

red precipitate of suboxide of copper.
continued heating changes to dirty brown sub-
oxide.

¢. Copper citrate grs. 1} dry powder in urine
f.31j. containing grape sugar gr. . Add
potash in excess—blue solution, Heat. Sol-
ution becomes yellow and in ten minutes de-

On |

posits dirty brown precipitate of suboxide of
COpper.

4. Copper citrate grs. iij. in urine f. 3 iv.
containg grape sugar gr. L. Heat with shak-
ing for ten minutes, Cool by immersion.
Grey precipitate.  Filter. Divide filtrate into
two equal parts. To one part add potash in
excess—very pale blue solution. Heat, Fluid
becomes yellow and in thirty minutes deposits
a little dirty brown suboxude of copper.

To the other part of filtrate add copper
citrate grs. 1§, then potash in excess—blue
solution. Heat. Fluid becomes yellow and
in five minutes deposits dirty brown suboxide
of copper. Very little changed by continued
heating.

§ 7th. COPPER TARTRATE.

a. Copper tartrate grs. 1} dry powder dif-
fused in water f. 3ij. Add potash in excess
—beautiful blue solution. Heat. Fluid re-
mains blue for a considerable time but upon
long continued heating deposits black prot-
oxide of copper.

&. Copper tartrate dry powder grs. 1} dif-
fused in water F. 3ij containing grape sugar
gr. +. Add potash in excess—bright blue
solution. Heat. Fluid becomes yellow and
in one minute deposits a characteristic bright
scarlet red precipitate of suboxide of copper
which changes extremely little upon long con-
tinued heating. This is the really typical
suboxide of copper reduced by sugar and the
more nearly we can approach to this in the
examination of a urine the more satisfactory
that examination will be. If there be an ex-
cess of tartrate of copper the supernatant fuid
remains blue after complete settling of the
suboxide,

¢. Copper tartrate dry powder grs, 1} dif-
fused in urine f. I ij containing grape sugar gr.
1. Add potash in excess—Dblue solution.
Heat. Fluid becomes yellow and in ten min-
utes deposits dirty vellow precipitate of sub-
oxide of copper, which upon long heating be-
comes a very dirty yellow. Sometimes .he
precipitate is characteristic but no dependence
can be placed on the method, although gener-
ally better than the sulphate plan . ¢ Trom-
mer's test.

« Copper tartrate grs. iij diffused in urine
f.3iv contaimng grape sugar gr. §. Heat
with shaking for ten minutes. A portion of
the tartrate dissolves. (There should be ex-
cess of tartrate /£ ¢ a portion should remain
undissolved.) Cool by immersion—buff col-
ored precipitate. Filter. Divide the light
green Altrate into two equal parts. To the
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one part add potash in excess—pale blue
color. Heat. Solution becomes yellow, de-
positing at first a whitish floceulent precipi-
tate which becomes in thirty minutes heating
a reddish brown pruu#itnte of suboxide of
copper.

To the other part of filtrate add copper tar-
trate grs, 1} then potash in excess—an intense
blue solution., Heat. Solution becomes
murky and in ten minutes deposits an orange
yellow precipitate of suboxide of copper which
is somewhat characteristic. Upon long con-
tinued heating the precipitate becomes dirty
orange vellow.

£ 8th. COPPER ACETATE FOLLOWED EY
- COPPER TARTRATE,

Copper acetate saturated solution gtt. xxx or
more, added to urine £ 3 1j containing grape
sugar gr, 3. Shake the tube—an abundant
whitish precipitate. Heat for ten minutes
and then cool by immersion—precipitate very
bulky. Filter, throwing the precipitate upon
the filter and allowing to drain in all cases
and to the filtrate add a few drops more of
copper acetate to make sure that everything
precipitable by it has been removed. If the
fluid remains clear add copper tartrate grs. 1},
then potash in excess—an intense blue solu-
tion. Heat. Very soon the fluid contains a
bright yvellow precipitate, changing to a bright
orange vellow, and in very few minutes there
separates a reddish-yellow or orange precipi-
tate of suboxide of copper, which alters but
little upon long-continued heating.  If the
tartrate is in excess the supernatant fluid is
blue. This re-action is very satisfactory and
the precipitate unmistakable. TLet settle.

-ﬁ{}lh, ZINC SULPHATE FOLLOWED BY COP-

PER TARTREATE.

Zinc sulphate solution, one in ten, gtt. x,
add to urine f. 3 ij containing grape sugar, gr.
}—an abundant flocculent white precipitate.
Heat a portion of the precipitate re-dissolved.
Cool by immersion and filter, ‘Test filtrate
with one or two drops of zinc sulphate solu-
tion. It it remains t:]f:ar, proceed as below;
if not, filter again. To filtrate, add copper
tartrate grs. 1}, then potash in excess—clear
blue solution. ([The potash must contain no
carbonate). Heat. In one minute the solu-
tion contains a bright yellow precipitate of
suboxide of copper, which, upon continued
heating, becomes bright orange yellow. This
reaction is quite satisfactory, and the precipi-
tate unmistakable. Let settle.

% 1oth, ZINC ACETATE FOLLOWED BY COP-

PER TARTRATE.

Zinc acetate solution, one in ten, gtt. x,
add to urine f. 3 ij containing grape sugar, gr.
¥—an abundant flocculent white precipitate.
Heat—nprecipitate does not apparently re-
dissolve to any considerable extent. Cool by
immersion and filter. To filtrate add copper
tartrate grs. 1d, and then potash (free from
carbonate) in excess—perfectly blue solution.
Heat. Inone minute solution contains bright
vellow precipitate of suboxide of copper,
which soon changes to a bright orange yellow,
very closely resembling precipitate obtained
as in & yth & This reaction is most satisfac-
tory, and precipitate unmistakable. Let
settle, The supernatant fluid will be blue if
enough of the copper tartrate has been used.
Be sure that enough of the zine acetate has
been added. It is sometimes necessary to add
as much as grs. ij of the solid acetate to urine
f.21j before all that is precipitable by it is
precipitated. If a large quantity of the
acetate has been needed, the addition to the
filtrate of a little Rochelle salt and dilution
with half a velume of water, will much favor
the reaction.

E r1th. ALUMINA SULPHATE FOLLOWED BY

COPPER TARTRATE,

Alumina tersulphate solution, one in ten
gtt. xx, add to urine f. 3 ij containing grape
sugar gr. 4. Heat—copious white floccu-
lent precipitate. Cool by immersion and
fitter, Test filtrate with a little more alumina
sulphate. If it remains clear, proceed as
below: if not, filter again. To clear hitrate,
add copper tartrate grs. 1}, a little Rochelle
salt, and then potash (free from carbonate) in
excess—clear blue solution. Heat. Solution
soon becomes yellow, and after one hour's
heating there is a yellow precipitate of copper
suboxide, which is not very satisfactory. The
yellow precipitate is preceded by a white
substance insoluble in excess of potash. It
will be found that the less the quantity of the
original precipitate, the sooner will the sub-
oxide make its appearance, This sulphate of
alumina method, though much better than
Trommer's test, cannot, in my opinion, be
very highly commended. Let settle.

ALUMINA ACETATE FOLLOWED BY
TARTRATE.

& 1zth.
COPPER
Alumina acetate, strong solution q. s., add

to urine f. 3 ij, containing grape sugar gr. .
Heat—reddish white flocculent precipitate.
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Cool by immersion. Filter. Test filtrate by
addition of a httle more acetate solution. If
it remains clear on heating, proceed as below;
if not, (lter again. To filtrate add copper
tartrate grs. 1}, and a little Rochelle salt.
Now add potash in excess—clear blue solu-
tion. Heat—fluid soon becomes yellow, then
orange yellow, and contains a white, insoluble
substance which settles first, leaving orange
vellow suboxide of copper suspended above
it. Let stand in tube-rack, and by and by
the orange yellow suboxide will also settle, so
that at the bottom of the test-tube there will
be two strata of precipitate, the white, insol-
uble substance lowest, over-laid by the orange
vellow precipitate of suboxide of copper.

This method cannot be considered so high-
ly satisfactory as some of those already de-
scribed.  Still, it 15 rehable, and much better
than Trommer's test.

§ 13th. TIN PROTOCHLORIDE FOLLOWED Y
COPPER TARTRATE.

Tin chloride, strong solution gtt. x added
to urine f. 3 ij containing grape sugar gr. 1.
An abundant beautiful pink precipitate.
Heat. Cool by immersion and flter. Test
filtrate by adding one more drop of tin solu-
tion. If Auid remains clear, proceed as below,
If not, add a few more drops tin solution;
heat and filter again. To filtrate add solution
of soda carbonate to faint alkaline reaction
and heat—yellowish white precipitate of tin
oxide. Filter hot. Filtrate contains no tin.
To fltrate add tartaric acid to faintly acid
reaction and then copper tartrate grs. 1}
Now add potash in excess—a beautiful, clear
blue solution. Heat. In five minutes fluid
becomes yellow; in ten minutes crange-yel-
low precipitate which almost completely sep-
arates in fifteen minutes as a beautiful orange-
yellow, and thoroughly characteristic precipi-
tate of su f copper. Let settle—
precipitate unmistakable and supernatant fluid
remains blue if [sufficient copper tartrate has
been added. This is an excellent method.

J
Notrk.—The séparation of the excess of tin by soda

carbonate is ahin]ut:l].r necessary, for if this be not
done the copper is not reduced (o suboxide at all, but
a quite black pr#c:’pitau: forms on heating the alkaline
solution. This| black precipitate consisiz partly of
some material{ which is slowly soluble in hot hydro.
chloric acid with evolution of gas, and partly of
metallic copper, which does nmot dissolve in hot
hydrochlorie acid il air be excluded, but is rapidly
and completely soluble (after removal of all that is
soluble in hydrochlorie acid) in nitric acid or aqua
TEgia,

axid e

§ rgth. ACETIC ACID AND LEAD ACETATE
FOLLOWED BY COPPER TARTRATE.

Urine f. J ij containing grape sugar gr. }.
Add strong acetic acid gtt. iij, then solution
of lead acetate with shaking as long as a pre-
cipitate forms. Heat. Cool by immersion.
Filter. Test filtrate by addition of one or more
drops of sugar of lead solution. Filtrate remains
clear, proceed as below. If not, add more su-
gar of lead, heat and filter again. To clear
filtrate add copper tartrate grs. 1} and a little
Rochelle salt—precipitate of lead tartrate.
Never mind this. Add potash (free from
carbonate) in excess sufficient to dissolve all
oxide of lead at first precipitated—clear blue
solution. Heat. Fluid becomes yellow and
in five minutes there is a distinct orange-yel-
low precipitate of suboxide of copper. Let
settle.  Precipitate unmistakable.

Were I writing for chemists alone I should
stop here and not write another word, but as
the above article is intended for the use of
medical men, the majority of whom are not
chemists, a few additional words of explana-
tion are necessary. When I say “ Heat" I
mean heat by floating the tube in water which
is kept boiling as in a water bath and not by
holding the tube over a naked flame. When
I say “Cool™ [ mean that the tube is to be
placed in cold water. Further, in all cases it
should be ascertained that the urine contains
no albumen. If it does, the albumen should
be removed by heat and fltration before the
above tests are applied. If the above direc-
tions are carefully followed, no matter what
kind of urine is under examination, sugar will
be found by the new tests which I have pro-
posed and to which I shall refer presently un-
der the above sections.

These investigations have cost me a great
deal of labor, but—*" Nkl donnm sine fabore.”
The above tests are infinitely better than any
which have been hitherto proposed, and in an
experience of twenty-five years as a chemist I
have tried all hitherto proposed tests for sugar
in urine, Trommer’s test included, and have
found the majority of them worthless. I
started out in the above investigations with
the idea of finding but one reliable test for
sugar in urine and now better than Saul, the
son of Kish, I may say “Lo, I have found
seven!' The seven reliable tests are de-
seribed im Sections Sth, gth, roth, 11th, 12th,
13th, and r4th. 1 can confidently recommend

Note,—The precipitation of saccharide of lead is in
great measure prevented by the acidulation of the
fluid with acetic adid,

Fel
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8th, gth, roth, r3th, and r4th, as being in my
opinion excellent methods.  Fhe methods in
in Sections rith and 1z2th are not guite so
good. Any one of these methods may easily
be made a quantitative, gravimetrically, by
simply washing, drying and weiching the sub-

oxide, or volumetrically by dissolving it and |

adding a standard solution of suome substance
which will perox:dize it and indicate a final re-
action. .

I shall not propose any such at present. 1
shall only suggest that for guantitative pur-
poses Sth, gth, 1oth, and 13th would be the
best, and that of these four Sth and 13th
should take precedence. For the above tests

the officinal “liquor potasse ™ will not answer
at all—it is far too weak. A suitable solution
of potash may be made by dissolving six
sticks of caustie potash in distilled water £. % ij.
Twenty drops of such a sol:tion will usually
be found sufficient ; if not, add more.

Throughout the above investizations there
runs one general idea, viz, the separation of
interfering substances, these being removed by
the first precipitate mentioned in each section.
As 1 stated at the outset of this article I
shall make no attempt at theorizing but shall
leave that portion of the work to be done by
others.

616 Penn Avesve, Prrrspunci, Pa.
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