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Abstract

Guided by the principle of primum non nocere (first do no harm), we report a cautionary note
on the potential fatal toxicity of chloroquine (CQ) or hydroxychloroquine (HCQ) in combination
with anti-diabetic drug metformin. We observed that the combination of CQ or HCQ and
metformin, which were used in our studies as potential anti-cancer drugs, killed 30-40% of
mice. While our observations in mice may not translate to toxicity in humans, the reports that
CQ or HCQ has anti-COVID-19 activity, the use of CQ resulting in toxicity and at least one death,
and the recent Emergency Use Authorization (EUA) for CQ and HCQ by the US Food and Drug
Administration (FDA) prompted our report. Here we report the lethality of CQ or HCQ in
combination with metformin as a warning of its potential serious clinical toxicity. We hope that
our report will be helpful to stimulate pharmacovigilance and monitoring of adverse drug

reactions with the use of CQ or HCQ, particularly in combination with metformin.
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Introduction. Guided by the principle of primum non nocere (first do no harm), we report a
cautionary note on the potential fatal toxicity of chloroquine (CQ) or hydroxychloroquine (HCQ)
in combination with anti-diabetic drug metformin. We observed that the combination of CQ or
HCQ and metformin, which were used in our studies as potential anti-cancer drugs, killed 30-
40% of mice. While our observations in mice may not translate to toxicity in humans, the
reports that CQ or HCQ has anti-COVID-19 activity [1], the use of CQ resulting in toxicity and at
least one death, and the recent Emergency Use Authorization (EUA) for CQ and HCQ by the US
Food and Drug Administration (FDA) prompted our report. Here we report the lethality of CQ or
HCQ in combination with metformin as a warning of its potential serious clinical toxicity. We
hope that our report will be helpful to stimulate pharmacovigilance and monitoring of adverse

drug reactions with the use of CQ or HCQ, particularly with metformin.

Methods. Animal experiments were conducted following approval by the Animal Care and Use
Committee guidelines of the Johns Hopkins University (Baltimore, MD). Tumor bearing or non-
tumor bearing immunocompromised mice were injected with 100 uL of saline vehicle,
chloroquine (CQ, 60 mg/kg), hydroxychloroquine (HCQ, 60 mg/kg) and/or metformin (250
mg/kg) once daily intraperitoneally daily for 4 weeks as described [2 3]. A combination of CQ
and metformin in the above-mentioned dose and frequency was administered to animals in the
combination treatment group. In a separate study, non-tumor bearing immunocompromised
and immunocompetent mice were treated with HCQ and metformin once daily in the above-
mentioned dose for 38 days. Blood was drawn for chemistry and hematology via cardiac
puncture, and organs and tissues were harvested, examined and processed for transmission

electron microscopy as described [3].

Results. Based on our previous findings that metformin and CQ or HCQ curbed the growth of
human pancreatic xenografts in athymic nude mice [2 3], we sought to determine whether the
combination of metformin, which inhibits mitochondrial Complex I, and CQ that inhibits

autophagy could be synergistic as an anti-cancer metabolic cocktail. In contrast to single agent
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metformin or CQ, which have anti-tumor activity, we found that the combination of metformin

and CQ was lethal in 40% of tumor bearing or non-tumor bearing mice (Figure 1A).

To determine whether HCQ is similarly lethal in combination with metformin, we tested the
metformin+HCQ combination in non-tumor bearing nude mice, which showed a 40% mortality
(Figure 1B). To determine whether immunocompromised nude mice were particularly sensitive
to the combination, we treated immunocompetent C57BL/6 mice with the metformin+HCQ,

which resulted in 30% lethality.

We then sought to determine the basis for the toxicity of metformin+HCQ combination in
autopsy studies and found that body weights were not significantly different (Table 1) among
the different groups. While organ weights were not different among the groups, we observed
via transmission electron microscopy an increase in the number of autophagosomes in the
heart, liver and kidneys of athymic nude mice treated with metformin+HCQ combination
(Figure 1C). While the hematological findings were not different among the groups, we found
that lactate dehydrogenase (LDH) and creatine kinase (CK) levels were elevated in all treatment

groups as compared to control vehicle treated group (Table 1).

Discussion. Between March 16 and 21, 2020, partly based on a non-randomized study using
HCQ with azithromycin [4] , claims disseminated through Twitter and amplified by the media
that CQ or HCQ could be a therapy for COVID-19. Many individuals have started to take this
drug, resulting in chloroquine poisoning in Nigeria (@ NCDCgov #COVID19Nigeria) and a death
in Arizona. Notably, CQ and HCQ doses which are used for the treatment of rheumatic
diseases, could lead to the development of hypoglycemia, cardiomyopathy and retinopathy [5].
Here we report the lethality of metformin+CQ or +HCQ as a warning of its potential deadly
toxicity, noting that the dosages in mice are similar to those in human with allometric scaling.
Consistent with our findings, the combination of CQ and metformin resulted in CNS neuronal

damage after cardiac arrest in rats [6]. We hope that our report will be helpful to stimulate
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pharmacovigilance and monitoring of adverse drug reactions with the use of CQ or

HCQ, particularly in combination with metformin.
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Table 1. Body weight, organ weight, CBC and clinical chemistry parameters of mice administered with Vehicle (Control), Metformin, HCQ or Metformin and HCQ.

Non-tumor-bearing nude mice Non-tumor-bearing C57B/L6 mice

Parameter Unit Control Metformin HCQ Metformin+HCQ Control Metformin HCQ Metformin+HCQ

Average [STDEV |Average [STDEV Average |STDEV  |Average |STDEV Average [STDEV Average |STDEV Average |STDEV Average |STDEV
Body weight g 27.585 2.149 29.697 |1.043 28.973 3.166 29.301 0.194 29.240 0.793 28.109 0.564 28.064 3.339 27.774 2.169
Organ weight
Liver g 1.510 0.336 1.847 0.152 1.873 0.274 1.790 0.113 1.74 0.217 1.590 0.131 1.723 0.323 1.523 0.176
Spleen g 0.123 0.023 0.143 0.021 0.153 0.042 0.117 0.006 0.067 0.012 0.107 0.064 0.097 0.015 0.070 0.010
Heart g 0.220 0.035 0.223 0.038 0.167 0.040 0.173 0.006 0.173 0.015 0.183 0.006 0.167 0.032 0.187 0.012
R Kidney g 0.297 0.051 0.360 0.026 0.360 0.020 0.303 0.032 0.293 0.015 0.297 0.012 0.290 0.046 0.277 0.029
L Kidney g 0.307 0.023 0.353 0.031 0.343 0.046 0.307 0.031 0.250 0.01 0.263 0.031 0.260 0.035 0.257 0.015
CBC
WBC K /uL 3.10 0.399 3.75 1.194 10.21 1.785 11.13 4.427 6.36 1.048 7.57 4.603 5.01 0.752 4.35 1.314
Neut K /uL 1.43 0.483 1.19 0.433 4.37 0.709 3.57 0.548 1.77 1.039 2.88 3.590 1.29 0.168 1.04 0.477
Lymph K /uL 1.57 0.137 2.27 0.585 3.68 1.325 6.28 3.907 4.15 0.497 3.95 0.196 3.52 0.633 3.00 0.775
Mono K /uL 0.08 0.040 0.12 0.090 0.51 0.098 0.39 0.245 0.39 0.177 0.52 0.610 0.16 0.025 0.20 0.133
RBC M /uL 9.81 0.419 9.42 0.104 9.02 0.525 8.83 0.285 9.09 0.199 8.95 0.915 9.18 0.184 10.11 0.492
Hb g /dL 14.80 1.054 13.67 0.651 13.20 0.889 13.03 0.702 12.60 0.520 11.97 1.041 12.07 0.115 13.37 0.473
Hct % 53.27 2.831 49.87 3.721 45.87 3.444 47.87 3.870 40.83 1.250 40.53 4.557 40.80 0.60 45.93 1.721
PLT K /uL 1058.33 [73.433 |711.33 [298.574 |496.00 376.427 |1094.67 |[188.988 1170.67 |256.995 [1206.67 |86.524 1241.33 ]48.211 1183.33 [120.101
Clinical Chemistry
Chol mg /dL 140.33 13.577 |173.00 |2.646 150.00 4.359 131.33 10.693 128.00 3.00 114.33 5.033 112.33 9.074 120.33 7.234
Trig mg /dL 108.00 17.578 [103.67 [13.503 109.00 30.790 [169.33 |90.473 97.33 5.508 113.67 30.746 97.33 18.610 93.00 31.241
UA mg /dL 3.00 0.794 3.40 1.386 4.13 0.839 6.47 3.190 2.90 0.346 3.63 0.321 4.83 0.404 4.03 0.808
CK U/L 206.33 78.806 1406.33 |140.920 |1084.00 (454.175 [452.67 ([164.214 |240 138.098 [215.00 [102.504 |503.67 |349.632 (205.67 97.828
g-GTP uU/L 3.00 1.732 3.67 0.577 3.00 1.00 3.00 1.732 1.67 2.082 3.00 1.000 3.33 1.155 3.33 1.155
ALT U/L 59.33 19.088 [58.33 6.658 52.00 5.568 100.67 68.061 54.67 5.033 82.00 35.791 67.67 11.930 71.67 6.028
AST U/L 103.33 21.385 [163.00 [17.349 219.67 4.163 233.67 122.786  |92.67 23.159 187.33 79.387 168.00 32.419 145.33 9.504
Amyl U/L 969.67 261.077 |1205.00 |122.135 |1192.00 [196.929 [1313.33 [129.732 1264.00 [204.648 [1607.33 [383.981 |1546.33 |260.064 [1563.00 |78.848
ALP uU/L 112.00 11.000 |[121.67 |10.599 96.33 11.015 [74.67 8.737 75.33 3.055 90.67 31.974 84.33 3.512 87.67 16.862
T-Bil mg /dL 0.20 0.000 0.23 0.058 0.27 0.058 0.30 0.100 0.43 0.058 0.27 0.058 0.23 0.058 0.23 0.058
Direct-Bil mg /dL 0.10 0.000 0.17 0.058 0.27 0.115 0.20 0.100 0.47 0.058 0.27 0.058 0.17 0.058 0.20 0.100
Glu mg /dL 227.67 44.970 [225.67 [31.943 257.00 40.951 [356.33 117.619 237.67 42.028 192.67 75.936 244.00 23.065 261.00 64.257
T-protein g /dL 5.20 0.173 5.47 0.231 5.40 0.173 4.50 0.781 6.00 0.10 5.63 0.153 5.87 0.058 5.63 0.252
Ca mg /dL 10.73 0.153 10.77 0.643 11.17 0.306 11.73 1.686 10.10 0.436 10.17 0.451 10.63 0.231 10.20 0.100
BUN mg /dL 20.67 1.528 22.33 3.055 19.00 5.292 17.33 3.786 19.00 1.732 15.67 4.726 14.00 3.606 13.33 1.528
Cre mg /dL 0.40 0.000 0.37 0.058 0.33 0.058 0.33 0.058 0.20 0.2 0.30 0.000 0.43 0.058 0.40 0.000
Albumin uU/L 3.17 0.153 3.20 0.10 3.13 0.115 2.90 0.00 3.47 0.153 3.07 0.493 3.17 0.058 3.17 0.058
LDH U/L 309.00 39.611 |3077.67 |343.08 |2665.67 [319.639 (2645.33 [392.263 ([478.33 54.372 2884.00 [1018.500 [2879.67 (533.209 |2376.00 (337.311
HDL mg /dL 82.67 8.622 97.33 3.51 84.33 4.041 80.33 3.786 78.33 3.055 65.00 10.440 67.00 6.245 68.67 1.528
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